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NATIONAL FLOOD INSURANCE PROGRAM

Answers to
Questions
About the NFIP

GLOSSARY
Actual Cash Value (ACV): the cost to replace an
insured item of property at the time of loss, less the
value of physical depreciation. (pages 15, 20)
Base Flood Elevation (BFE): the elevation of surface
water resulting from a food that has a one-percent
chance of equaling or exceeding that level in any given
year. The BFE is shown on the Flood Insurance Rate Map
(FIRM) for zones AE, AH, A1-A30, AR, AR/A, AR/AE, AR/
A1-A30, AR/AH, AR/AO, V1-V30 and VE. (pages B, C, 19,
20, 26, 38, 40, 41, 42, 43, 52, 60)
Base Flood Depth (BFD): the depth on the Flood
Insurance Rate Map (FIRM) for Zone AO that indicates
the depth of water above highest adjacent grade
resulting from a food that has a one-percent chance of
equaling or exceeding that level in any given year.
Basement: any area of the building, including any
sunken room or sunken portion of a room, having its
foor below ground level (subgrade) on all sides. (pages
12, 13, 26, 28)
Coastal barrier: a naturally occurring island, sandbar,
or other strip of land, including coastal mainland, that
protects the coast from severe wave wash. (page 44)
Coastal Barrier Resources Act (CBRA): for the
purposes of the NFIP, the CBRA of 1982 designated
certain portions of the Gulf and East Coasts as
undeveloped coastal barriers. These areas are shown
on appropriate food insurance map panels and have
certain coverage restrictions. (page 44)
Coastal Barrier Resources System (CBRS):
communities, coastal barriers, and Otherwise Protected
Areas (OPAs) identifed under CBRA. (pages 44, 45)
CLOMR based on fll (CLOMR-F): a determination
letter issued by FEMA based on fll added to a property
on the condition that submitted site plans are built
according to the plan. (pages 43, 48)
Community Rating System (CRS): a program
developed by FEMA to provide incentives for those
communities in the Regular Program that have
gone beyond the minimum foodplain management
requirements to develop extra measures to provide
protection from fooding. (pages 53, 54, 55)
Conditional Letter of Map Amendment (CLOMA):
a determination letter from FEMA stating a proposed
structure that is not to be elevated by fll (natural
grade) would not be inundated by the base food if built
as proposed. (pages 43, 48)
Conditional Letter of Map Revision (CLOMR):
FEMA's comment on a proposed project that would,
upon construction, affect the hydrologic or hydraulic
characteristics of a fooding source and thus result in
the modifcation of the existing regulatory foodway, the

effective Base Flood Elevations (BFEs), or the Special
Flood Hazard Area (SFHA). (pages 43, 48)
Cooperating Technical Partners (CTP) program:
developed for state, local, regional, or tribal
organizations and universities with the interest,
capability, and resources to be active partners in
FEMA’s food hazard mapping program. (page 48)
Dwelling Policy Form: the policy form used to insure a
building designed for use as a residence for no more than
four families or a single-family unit in a residential building
under a condominium form of ownership. This form is
also used to insure residential contents in any building.
The owner of a residential building with fve or more units
can use this form to insure contents only in his or her
own residential unit. (pages C, 4, 13, 16, 17, 20)
Elevation Certifcate (EC): a community's permit fle
must have an offcial record that shows new buildings
and substantial improvements in all identifed Special
Flood Hazard Areas (SFHAs) are properly elevated. This
elevation information is needed to show compliance
with the foodplain management ordinance. FEMA
encourages communities to use the Elevation
Certifcate developed by FEMA to fulfll this requirement
since it also can be used by the property owner to
obtain food insurance. (pages 18, 20)
Emergency Program: the initial phase of a community’s
participation in the NFIP, as prescribed by Section 1306
of the Act. (pages 16, 39, 40, 52)
Federal Emergency Management Agency (FEMA): the
federal agency under which the NFIP is administered. In
March 2003, FEMA became part of the newly created
U.S. Department of Homeland Security. (pages A, B, C,
D, E, 2, 3, 4, 5, 7, 8, 10, 12, 13, 16, 17, 18, 19, 20,
21, 22, 24, 25, 31, 32, 33, 34, 36, 37, 38, 39, 41, 42,
43, 45, 46, 47, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 61)
Federal Policy Fee: a fat charge that the policyholder
must pay on each new or renewal policy to defray
certain administrative expenses incurred in carrying out
NFIP operations. (page 12)
FEMA Mapping and Insurance eXchange (FMIX):
specialists at the FMIX Customer Care Center can
help policyholders with questions about food mapping
and insurance. The FMIX provides the full range of
information needed to make informed decisions about
both insurance and risk. The FMIX also connects
customers with technical experts specializing in
subjects like modeling, GIS mapping, insurance
underwriting and claims, and the Hazus loss-estimation
software. (pages 19, 20, 47, 54)
Fill: earthy material sometimes placed in a Special Flood
Hazard Area (SFHA) to reduce food risk to structures
built upon the flled area. (pages 28, 41, 42, 43, 56)
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Flood Disaster Protection Act: a 1973 act that made
the purchase of food insurance mandatory for the
protection of property located in Special Flood Hazard
Areas. (pages 2, 9, 16, 46)
Flood Hazard Boundary Maps (FHBM): offcial map of
a community issued by FEMA, where the boundaries of
the food, mudfow, and related erosion areas having
special hazards have been designated. (pages C, D, 3,
10, 21, 39, 52)
Flood Insurance Rate Maps (FIRM): also called a
food map, an offcial map of a community on which
FEMA has delineated the Special Flood Hazard Areas
(SFHAs), the Base Flood Elevations (BFEs), and the
risk premium zones applicable to the community.
(pages A, D, 3, 5, 12, 18, 30, 39, 50)
Flood Insurance Reform Act of 2004: the 2004
Act further strengthened the NFIP with a number of
reforms, that included, reducing losses to properties
for which repetitive food insurance claim payments
have been made, creating policyholder awareness
about individual food insurance policies, increasing
policyholder information on guidance about the food
insurance claims process and establishing a minimum
food insurance training and education requirement for
insurance professionals. (pages E, 2, 36)
Flood Insurance Study (FIS): a compilation
and presentation of food risk data for specifc
watercourses, lakes, and coastal food hazard areas
within a community. (pages 39, 40, 41, 42, 45, 47, 51,
52, 61)
Floodproofng Certifcate: document of certifcation by
a registered professional engineer or architect that the
design and methods of construction of a nonresidential
building are in accordance with accepted practices
for meeting the foodproofng requirements in the
community's foodplain management ordinance. (pages
17, 36)
Freeboard: an additional amount of height above the
Base Flood Elevation used as a factor of safety (e.g.,
two feet above the Base Flood) in determining the level
at which a structure's lowest foor must be elevated
or foodproofed to be in accordance with state or
community foodplain management regulations. (pages
19, 52)
Full-Risk Rate: a rate charged to a group of policies
that results in aggregate premiums suffcient to pay
anticipated losses and expenses for that group. (pages
19, 40, 41)
General Property Form: the policy form used to
insure a non-residential building or a fve-or-more-unit
residential building not eligible for the Residential
Condominium Building Association Policy (RCBAP). This
form is also used to insure non-residential contents in
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any building or a building owner’s residential contents
located in multiple units within a building with fve or
more units. (pages C, 4, 13, 15, 16, 17, 18, 28)
Grandfathering: an exemption based on circumstances
previously existing. (pages E, 23, 24, 40)
Group Flood Insurance Policy (GFIP): issued by the
NFIP Direct Program in response to a Presidential
Disaster Declaration. Disaster assistance applicants,
in exchange for a modest premium, receive a
minimum amount of building and/or contents
coverage for a three-year policy period. An applicant
may cancel the group policy at any time and secure a
regular Standard Flood Insurance Policy (SFIP) through
the NFIP. (pages 4, 11)
Highest Adjacent Grade (HAG): the highest natural
elevation of the ground surface prior to construction
next to the proposed walls of a structure. (page A)
Homeowner Flood Insurance Affordability Act of 2014
(HFIAA): act repealing and modifying certain provisions
of the Biggert-Waters Flood Insurance Reform Act and
making additional program changes to other aspects
of the NFIP. (pages E, 2, 12, 21)
HFIAA Surcharge: the statutory annual surcharge
imposed on each policy by Congress in HFIAA, ranging
from $25 for single-family primary residences to $250
for all other properties. (pages 12, 21)
Increased Cost of Compliance (ICC) coverage:
coverage for expenses that a property owner must
incur, above and beyond the cost to repair the physical
damage the structure actually sustained from a
fooding event, to comply with mitigation requirements
of state or local foodplain management ordinances or
laws. Acceptable mitigation measures are elevation,
foodproofng, relocation, demolition or any combination
thereof. (pages 15, 17, 18, 22, 24, 35)
Individuals and Households Program (IHP): provides
fnancial and/or direct assistance to eligible applicants
who, as a result of a major disaster declaration, have
necessary expenses and serious needs that are unmet
through insurance or other means. (pages 4, 31)
Letter of Determination Review (LODR): FEMA’s ruling
on the determination made by a lender or third party
that a borrower’s building is in a SFHA. A LODR deals
only with the location of a building relative to the SFHA
boundary shown on the food map. (page 10)
Letter of Map Amendment (LOMA): an amendment
to the currently effective FEMA map which establishes
that a property is not located in a SFHA. A LOMA is
issued only by FEMA. (pages C, 10, 18, 40, 41, 42, 43,
46, 47, 48)

Letter of Map Change (LOMC): a general term used to
refer to the several types of revisions and amendments
to FEMA maps that can be accomplished by letter. They
include LOMA, LOMR, and LOMR-F. (pages 41, 46, 47,
48)

Other Needs Assistance (ONA): program which
provides money to qualifying property owners for
necessary expenses and serious needs caused by
a disaster. (page 4)

Letter of Map Revision (LOMR): an offcial amendment
to the currently effective FEMA map. It is issued by
FEMA and changes food zones, delineations, and
elevations. (pages 41, 42, 43, 46, 47, 48)

Otherwise Protected Area (OPA): an area established
under federal, state, or local law, or held by a qualifed
organization, primarily for wildlife refuge, sanctuary,
recreational, or natural resource conservation
purposes. (pages A, 44)

Letter of Map Revision Based on Fill (LOMR-F):
FEMA’s modifcation of the SFHA shown on the food
map based on the placement of fll outside the existing
regulatory foodway. (pages 41, 42, 46, 47, 48)

Out-As-Shown Determination: an alternative outcome
of the FEMA LOMA review process stating that a
specifc property is located outside the SFHA as
indicated on the FHBM or food map. (page 10)

Limit of Moderate Wave Action (LiMWA): the inland
limit of the area expected to receive 1.5-foot or greater
breaking waves during the one-percent-annual-chance
food event. The area between Zone VE and the LiMWA
on the food map is called the Coastal A Zone. While
the insurance rates are not different than Zone A
outside this area, property owners are encouraged
to build safer and higher to minimize risk to life and
property. (page 44)

Physical Map Revision (PMR): used to change food
risk zones, a PMR is an action whereby one or more
map panels are physically changed. (pages 41, 46, 48)

Lowest Adjacent Grade (LAG): the lowest point of the
ground level immediately next to a building.

Preferred Risk Policy (PRP): a lower-cost SFIP written
under the Dwelling Form or General Property Form. It
offers fxed combinations of building/contents coverage
limits or contents-only coverage. (pages 4, 40, 41, 42)

National Flood Insurance Program (NFIP): a federal
program established by Congress in 1968 designed to
provide an insurance alternative to disaster assistance
to meet the escalating costs of repairing damage to
buildings and their contents caused by foods.
(pages i, A-5, 7-9, 11-20, 22, 24, 25, 28-32, 34-37,
39-41, 43-59)
National Flood Insurance Reform Act (NFIRA): a
1994 act which strengthened the NFIP with a number
of reforms, that included, increasing the focus on
lender compliance and creating a mitigation assistance
program to further reduce the costly and devastating
impacts of food. (pages 2, 25, 46)
NFIP Direct Servicing Agent: a corporation,
partnership, association, or any other organized entity
that contracts with FEMA to service insurance policies
as direct business. (pages 5, 30, 32, 34, 35, 36)
Non-Special Flood Hazard Area (NSFHA): an area that
is in a moderate- to low-risk food zone (Zones B, C, X,
Shaded X)
Non-Primary Residence: a single-family building, 2--4
family building, or unit that the insured or the insured’s
spouse lives in 50% or less of the 365 calendar days
following the current policy effective date.
Offce of the Flood Insurance Advocate (OFIA):
advocates for the fair treatment of policyholders and
property owners by providing education and guidance
on all aspects of the NFIP. (pages 22, 34, 47)

Post-Flood Insurance Rate Map (FIRM): buildings of
new construction and those built after the effective
date of the frst food map for a community. Insurance
rates for Post-FIRM buildings are dependent on the
elevation of the lowest foor in relation to the Base
Flood Elevation (BFE). (page 12)

Pre-FIRM: a building for which construction or
substantial improvement occurred on or before
December 31, 1974, or before the effective date of an
initial food map. (pages 5, 12, 18, 19, 50)
Primary Residence: a single-family building,
condominium unit, apartment unit, or unit within
a cooperative building that will be lived in by the
policyholder or the policyholder’s spouse for more
than 50% of the 365 calendar days following the
current policy effective date; or 50% or less of the 365
calendar days following the current policy effective date
if the policyholder has only one residence and does not
lease that residence to another party or use it as rental
or income property at any time during the policy term.
(pages B, 20, 21, 22, 23)
Principal Residence: a single-family dwelling in which,
at the time of loss, the named insured or the named
insured’s spouse has lived for either 80% of the 365
days immediately preceding the loss or 80% of the
period of ownership, if less than 365 days. (pages 15,
20, 21, 31)
Private Flood Insurance: an alternative option to
purchase food insurance from a private company that
may have no affliation with the federal government and
has no affliation with the NFIP. In other words, not sold
or backed by the federal government. (page 12)
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Regular Program: the fnal phase of a community’s
participation in the NFIP. In this phase, a food map is
in effect and full limits of coverage are available under
this phase. (pages D, 16, 38, 40, 52)
Repetitive Loss (RL): an NFIP-insured structure that
has had at least two paid food losses of more than
$1,000 each in any 10-year period since 1978. (pages
5, 18, 35, 50, 58)
Replacement Cost Value (RCV): the cost to
replace property with the same kind of material
and construction without deduction for depreciation.
(pages 11, 15, 20, 31)
Reserve Fund Assessment: an amount dedicated to
the NFIP Reserve Fund as authorized by the BiggertWaters Flood Insurance Reform Act of 2012 (BW12).
Its purpose is to set aside a fund to pay future claims.
(page 12)
Residential Condominium Building Association Policy
(RCBAP): the policy form used to insure a building,
owned and administered as a condominium, containing
one or more units and in which at least 75% of the
building’s foor area is residential. The building must be
located in a Regular Program community. (pages B, 4,
15, 16)
Section 1316: Section 1316 of the National Flood
Insurance Act of 1968, as amended, which states that
no new food insurance coverage shall be provided for
any property that FEMA fnds has been declared by a
duly constituted state or local zoning authority or other
authorized public body to be in violation of state or
local laws, regulations, or ordinances that are intended
to discourage or otherwise restrict land development or
occupancy in foodprone areas. (pages 8, 25)
Severe Repetitive Loss (SRL): a SRL building is any
building that: is covered under a SFIP made available
under this title; has incurred food damage for which:
four or more separate claim payments have been made
under a SFIP issued pursuant to this title, with the
amount of each such claim exceeding $5,000, and
with the cumulative amount of such claims payments
exceeding $20,000; or at least two separate claims
payments have been made under a SFIP, with the
cumulative amount of such claim payments exceeding
the fair market value of the insured building on the day
before each loss. (pages 35, 36)
Special Flood Hazard Area (SFHA): an area having
special food, mudfow, or food-related erosion hazards
and shown on a FHBM or a FIRM Zone A, AO, A1-A30,
AE, A99, AH, AR, AR/A, AR/AE, AR/AH, AR/AO, AR/
A1-A30, V1-V30, VE, or V. The SFHA is the area where
the National Flood Insurance Program’s foodplain
management regulations must be enforced and the
area where the mandatory purchase of food insurance
applies. (pages A, B, C, 2, 3, 5, 9, 10, 17, 18, 19, 21,
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25, 39, 40, 42, 43, 50, 54, 55, 56, 60)
Standard Flood Hazard Determination Form (SFHDF):
required for all government-backed loans and is used
by lenders to determine the food risk for their building
loans. (page 9)
Standard Flood Insurance Policy (SFIP): the insurance
policy provided by the NFIP, paying for direct physical
damage to a policyholder’s insured property by food up
to the policy limit. The replacement cost may be more
than the policy limit. (pages B, C, 4, 11, 13, 14, 16,
18, 20, 22, 28, 30)
Substantial Damage: applies to a structure in a SFHA
for which the total cost of repairs is 50% or more of
the structure’s market value before the loss occurred,
regardless of the cause of damage. (pages 17, 18, 25,
30, 31, 40, 44, 55)
Substantial Improvement: a building that has
undergone reconstruction, rehabilitation, addition,
or other improvement, the cost of which equals or
exceeds 50% of the market value of the building before
the “start of construction” of the improvement. (pages
A, C, 30, 31, 38, 40, 44, 55, 56)
Suspension: FEMA’s removal of an NFIP participating
community from the program because the community
has not enacted and/or enforced the proper foodplain
management regulations required for participation.
(pages 8, 43, 52, 53)
Waiting Period: the time between the date of application
and the policy effective date, which is typically 30 days.
If food insurance is lender required at closing of a loan,
there is no waiting period. If a property is newly mapped
into an SFHA and there is no loan, there is a one-day
waiting period. (pages 21, 23, 24)
Write Your Own (WYO) Program: the WYO Program
operates within the context of the NFIP and involves
private insurance carriers who issue and service NFIP
policies. (pages 5, 16, 29, 30, 35, 36)

Since 1968, the National Flood Insurance Program (NFIP) has used food
insurance to empower Americans to protect the lives they’ve built.
1968 The National Flood Insurance Act of 1968 launches the NFIP with two primary goals: reducing
future food damage and protecting property owners.
1973 The Flood Insurance Protection Act of 1973 requires the purchase of food insurance for some
homeowners in high-risk food zones.
1979 Executive Order 12127 offcially makes the NFIP part of the Federal Emergency Management
Agency (FEMA).
1989 After making landfall in South Carolina, Hurricane Hugo causes more than $375 million in NFIP
claims damage.
1993 The Midwest Floods cause more than $270 million in NFIP claims damage.
1995 Spring fooding in Louisiana causes more than $585 million in NFIP claims damage.
2003 The NFIP digitizes its food mapping process, modernizing how the program represents food risk.
2004 The Flood Insurance Reform Act of 2004 eliminates incentives to rebuild on properties that
repeatedly food, increases transparency of the claims process, and establishes a food insurance
training requirement for insurance professionals.
2005 Hurricane Katrina becomes the most expensive hurricane in American history. In just one year, NFIP
claims damage exceeds $17 billion.
2012 The Biggert-Waters Flood Insurance Reform Act of 2012 authorizes the national mapping program
and implements rate changes to increase the NFIP’s fscal soundness. Hurricane Sandy causes
more than $8 billion in NFIP claims damage.
2014 The Homeowner Flood Insurance Affordability Act of 2014 restores grandfathering and places limits
on food insurance rate increases, ushering in a new customer-centric era at the NFIP.
2017 Hurricanes Harvey, Irma, and Maria result in more than $9 billion in NFIP claims damage.
2018 & Beyond FEMA announces a future-focused strategic plan to build a national culture of
preparedness and close the insurance gap.
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Introduction to the
National Flood Insurance
Program (NFIP)
Founded in 1968, the NFIP protects Americans against the fnancial
hardships of fooding. The NFIP has a proud legacy of helping people
before, during and after food disasters.
Over the next 50 years—and beyond—the NFIP is charting a bold
course. The goal is to double the number of properties covered by food
insurance and quadruple the amount invested in mitigation.
To reach these goals, the NFIP is reducing complexity, updating offerings,
improving the claims process, and increasing transparency. And above
all, the program will continue to ensure that our policyholders and our
customers are foremost on our minds.
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What is the defnition of a food?
Examples of Flooding

The NFIP defnes a food as an excess of water on land that is usually dry,
affecting two or more acres of land or two or more properties, one of which
belongs to the property owner, from one of the following:
• Overfow of inland or tidal waters,
• Unusual and rapid accumulation or runoff of surface waters from any
source,

Overfow

• Mudfow, or
• Erosion that suddenly occurs from an overfow of the body of water along
lakes or oceans.

What is the National Flood Insurance Program?
Runoff

The NFIP is a federal program created in 1968 by Congress to mitigate future
food losses across the country. In addition, the program provides access to
affordable, government-backed food insurance protection for property owners
in communities that enact and enforce foodplain regulations.
The NFIP provides a food insurance alternative to disaster assistance to
meet the escalating costs of repairing damage to buildings and contents
caused by foods.

Mudfow

Why did Congress create the NFIP?
Congress established the NFIP with the passage of the National Flood
Insurance Act of 1968 (NFIA). Previously, the national approach to managing
food risk was generally limited to constructing food-control works such as
dams, levees, and seawalls.
Considering mounting food losses and the increased burden of disaster relief
on taxpayers, Congress created the NFIP, which is now administered by the
Federal Emergency Management Agency (FEMA).
Congress intended the NFIP to:

Did You Know?
More than 24,000
communities currently
participate in the NFIP.

Deep Dive
If a community wants
to work with the NFIP,
see page 49.

• Reduce future food damage through enactment and enforcement
of foodplain management regulations; and
• Provide protection for property owners against potential food losses
through insurance policies.
Congress amended the NFIP over time, through the Flood Disaster Protection
Act of 1973, the National Flood Insurance Reform Act of 1994, the BunningBereuter-Blumenauer Flood Insurance Reform Act of 2004, Biggert-Waters
Flood Insurance Reform Act of 2012, and the Homeowner Flood Insurance
Affordability Act of 2014. For more on the evolution of the NFIP, see the
timeline on the previous page (pg. E).

How do communities work with the NFIP?
Communities elect to participate in the NFIP through an agreement with the
federal government to adopt and enforce development standards in high-risk
food areas (otherwise known as Special Flood Hazard Areas, or SFHAs). The
intent is to reduce future food risks, with the federal government making
food insurance available to property owners in that community in return.
For more on community participation with the NFIP, see page 49.
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Why do communities participate in the NFIP?
There are many reasons for communities to participate in the NFIP:
• To make the community more resilient in the event of fooding,
• To protect residents against the risk of fnancial uncertainty that fooding
can bring if food insurance is not available,
• To allow its citizens to purchase food insurance, thereby transferring the
fnancial risk of fooding in exchange for an annual premium, and/or
• Federal agencies may not provide food disaster assistance in a
community with SFHAs unless the community participates in the program.

What is the Special Flood Hazard Area (SFHA)?
The SFHA is a high food risk area defned as any land with at least a
one-percent chance of fooding within a given year (also referred to as the
base food). On food maps, SFHAs are labeled as zones starting with A or V.
The high-risk-area standard constitutes a reasonable compromise between
the need for developing measures to minimize the potential loss of life and
property and the economic benefts from foodplain development. Development
may occur within an SFHA, provided development complies with local foodplain
management ordinances, which must meet the minimum federal requirements.
Flood insurance is required by federally regulated lenders for insurable
structures within high-risk areas to protect federal fnancial investments.
In support of the NFIP, FEMA identifes high-risk food hazard areas throughout
the United States and its territories. Most food hazard areas are commonly
identifed on Flood Insurance Rate Maps (FIRM), or food map. Areas not yet
identifed by a food map may be mapped on Flood Hazard Boundary Maps
(FHBM) prior to a food map being produced. The food map is a guide to
indicate food risk. Whatever the risk, FEMA encourages food insurance to
protect personal belongings and structures. Several levels of food hazards
are identifed on these maps, including the SFHA.

What is a Flood Insurance Rate Map (FIRM)?
A FIRM or a food map, is an offcial map of a community which delineates
both the SFHA and the risk premium zones applicable to the community (see
food map example below). Flood maps help us to understand risks but are
only part of the story. Homeowners and business owners inside high-risk
areas are required to purchase food insurance if they have a governmentbacked loan on the structure, but those outside this area are encouraged
to buy food insurance. From 2015 to 2019, more than 40% of all NFIP paid
food losses occur in areas outside of mapped high-risk areas.
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Did You Know?
The NFIP was
established in 1968.

What is the Standard Flood Insurance Policy (SFIP)?
The SFIP is the contract between the policyholder and FEMA that provides the
conditions, coverages, exclusions, and the rights of the carrier and the insured.
The SFIP comes in three forms, the Dwelling Form, General Property Form, and
the Residential Condominium Building Association Policy (RCBAP) Form.

Deep Dive
Other Needs Assistance
(ONA) is a program
which provides money to
qualifying property owners
for necessary expenses
and serious needs caused
by a disaster.

What is a Preferred Risk Policy (PRP)?
A PRP is a rating option that offers low-cost coverage to owners and tenants
of eligible buildings located in the low- to moderate-risk B, C, and X Zones in
NFIP-participating communities.

How much coverage can be purchased under the SFIP?
The chart below details the maximums for both residential and non-residential
coverage available through the NFIP.

Coverage type

Residential

Non-residential/business

Structure
Contents

$250,000
$100,000

$500,000
$500,000

Note: coverage for co-op buildings and buildings with fve or more residential
dwellings differ from the above, please refer to page 16 for more information.

What is a Group Flood Insurance Policy (GFIP)?
FEMA offers GFIPs to individuals who do not have food insurance and have
received FEMA assistance after a Presidentially declared disaster. A GFIP is
purchased on behalf of recipients of an Individuals and Households Program
(IHP) award for food damage. In addition to meeting general conditions of
eligibility to receive assistance under the IHP, individuals must meet the
following terms for a GFIP certifcate:
• Flooding damaged the individual's property located in a high-risk area;
• FEMA provided the individual assistance for the repair or replacement of
the property damaged by fooding through the IHP, triggering a requirement
to obtain and maintain food insurance on the property;
• The damaged property is in an NFIP participating community and is
eligible for the NFIP's coverage;
• The individual did not have a previous requirement to maintain food
insurance on their damaged property; and
• U.S. Small Business Administration denied the application for a disaster
loan, or FEMA did not require an application for a disaster loan.
The coverage amount of the GFIP is equal to the FEMA IHP maximum
combined grant amounts for Other Needs Assistance (ONA) and Housing
(repair and replacement) Assistance, which is established each year. The GFIP
is for this defned coverage amount and is for three years. It is deducted from
the policyholder’s assistance amount. Individuals are required to continue to
have food insurance coverage after the three-year time frame.

INTRODUCTION TO THE NATIONAL FLOOD INSURANCE PROGRAM (NFIP) | 4

What is the NFIP’s Write Your Own (WYO) Program?
The WYO Program, launched in 1983, is a cooperative undertaking of
the insurance industry and FEMA. The WYO Program allows participating
property and casualty insurance companies to write and service federal food
insurance policies in their own names. Companies write policies and process
claims while the federal government pays all losses. All WYO companies
provide identical coverage and rates.

What is the NFIP Direct?
An alternative to the WYO Program, the NFIP Direct, is FEMA’s wholly owned
insurance company that assists in issuing NFIP food insurance policies.
Insurance agents have the option to write policies through the NFIP Direct
or a WYO company. The NFIP Direct also functions as the default carrier
should a WYO choose to leave the program.

Deep Dive
Curious if a homeowners,
renters, or auto insurance
provider is a participating
Write Your Own?
FloodSmart.gov/fnd.

How can individual insurance agents write and sell
food insurance?
Individual agents can write and sell food insurance through a participating
WYO company or by signing up to sell through the NFIP Direct. After signing
up to sell food insurance through the NFIP Direct, agents can acquire
detailed information about the prospective policyholder and the property such
as name, address, and supporting documents, completing the NFIP food
insurance application form, and submitting to the NFIP Direct for processing
and issuance.

How does the NFIP beneft property owners, taxpayers,
and communities?
Through the NFIP, property owners in participating communities may purchase
coverage against food losses. By employing wise foodplain management,
a participating community can reduce risk and protect its citizens and the
community against much of the devastating fnancial losses resulting from
foods. Careful local management of development in the foodplain can result
in construction practices that can reduce food losses and the high costs
associated with food disasters to all levels of government. Any structure in
a participating community can buy food insurance, whether located in or
out of the SFHA. Wise foodplain management includes focusing mitigation
grants to repetitive loss properties and those in high-risk zones. Lowering
the number of pre-FIRM structures in high-risk zones saves taxpayers,
homeowners, and communities.
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In Summary
All Write Your Own (WYO)
companies provide
identical coverage, and
rates are subject to NFIP
rules and regulations.

Online Resources
Download the food
insurance application
form here: fema.gov/
food-insurance/fnd-form.
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Policy Information
for Prospective Buyers
and Policyholders
When thinking through whether to purchase food insurance,
here are some important facts to keep in mind:
• Homeowners and renters insurance do not typically cover
food damage;
• Between 2015 and 2019, more than 40% of the National Flood
Insurance Program (NFIP) food claims came from properties
outside the high-risk food areas;
• Flood insurance can pay a claim regardless of whether there
is a Presidential Disaster Declaration (this is not the case with
federal disaster assistance);
• Disaster assistance comes in two forms: A Small Business
Administration loan—which must be paid back with interest—
or a Federal Emergency Management Agency (FEMA) disaster
grant, which is about $5,000 on average per household. By
comparison, the average food insurance claim payment over the
past fve years was about $69,000.
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WHY BUY FLOOD INSURANCE?

Did You Know?
More than half of declared
disasters involve fooding.
Flooding is the nation’s
most common and costly
natural disaster, affecting
every region and state.
Where it can rain,
it can food.

Flooding is the most common and costly natural disaster in the United States.
Just one inch of food water in an average-sized home can cause $25,000 in
damage. Homeowners and renters insurance does not usually cover fooding.
If a food were to occur, only food insurance would cover the cost of damage
and help policyholders get back to their routines more quickly.

What is the difference between food insurance and federal
disaster assistance?
Flood insurance is in effect 365 days and will cover fooding even when
there's not a Presidential Disaster Declaration in place. Flood insurance can
protect residential property up to $250,000 and contents up $100,000.
Federal disaster assistance is subject to a Presidential Disaster Declaration,
and survivors must register and be eligible for various types of federal aid in
the form of loans and grants. Federal disaster loans are low-interest loans
that must be repaid.

Who can purchase a food insurance policy?
Any homeowner, business owner, or renter wishing to insure a property
located within an NFIP participating community can purchase food insurance.
This includes owners of buildings under construction, condominium
associations, and owners of residential condominium units. For more on
participation in the NFIP, see page 50.

Online Resources
See how much
a food could cost at
FloodSmart.gov/foodcosts.

Who cannot purchase a food insurance policy?
The NFIP can provide food insurance coverage only in communities that
adopt and enforce foodplain management regulations that meet the minimum
NFIP criteria.
Property and business owners within NFIP-sanctioned communities that
are suspended due to failure to adopt regulations, properties in violation of
the local foodplain ordinance that receive a 1316 designation, or those in
communities that do not participate in the NFIP cannot purchase an NFIP
food insurance policy.

Getting Technical
Section 1316 of the National Flood Insurance Act of 1968, as
amended, provides for the denial of food insurance coverage for any
property which the pogram fnds has been declared by a state or local
authority to be in violation of state or local foodplain management
regulations.
To learn more about 1316 violations, see page 25.

If someone doesn’t live in a high-risk food area,
should he or she still purchase food insurance?
Floods can happen anytime, anywhere, and can be fnancially devastating. No
home is entirely safe from potential fooding. While FEMA designates certain
areas at greater risk of fooding than others, from 2015 to 2019, more than
40% of food claims come from properties outside high-risk food areas.
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WHO IS REQUIRED TO PURCHASE
FLOOD INSURANCE?
When is the purchase of food insurance mandatory?
The Flood Disaster Protection Act of 1973 mandates that federally
regulated, supervised, or insured fnancial institutions and federal agency
lenders require food insurance for buildings located in a participating
NFIP community and high-risk areas. Some fnancial institutions may require
food insurance for properties outside the high-risk area as part of their
risk management process.

Why is there a requirement to purchase food insurance in
communities that have not suffered fooding in many years?
A signifcant purpose of the NFIP is to alert communities to the danger of
fooding and to assist in reducing potential property losses from fooding.
Historical food data are only one element used in depicting a community’s
food risk.
More critical determinations can be made by evaluating the community’s
rainfall and river-fow data, topography, wind velocity, tidal surge, food-control
measures, development (existing and planned), community maps, and other
data. Over time, additional development or changes in these factors can alter
the food risk, and food maps may be revised accordingly.

Deep Dive
Flooding can happen
anywhere, even far
from water. In fact,
towns, cities, and their
suburbs have hidden
food risks that can
put a home or business
in danger. Changing
weather patterns, new
development, small
streams, and limited
drainage can turn a heavy
rain into fash foods
in minutes.

When do lenders require the purchase of food insurance?
Lenders must require the purchase of food insurance by property owners
who acquire loans from federally regulated, supervised, or insured fnancial
institutions for the acquisition or improvement of land, facilities, or structures
located within, or to be situated within, a high-risk area known as the Special
Flood Hazard Areas (SFHAs).
The lender reviews the current active food maps for the community in which
the property is located to determine its location relative to the high-risk area
and completes the Standard Flood Hazard Determination Form (SFHDF). If
the lender determines that the structure is located within the high-risk area
and the community participates in the NFIP, the borrower will be notifed that
food insurance will be required as a condition of receiving the loan. A similar
review and notifcation are completed when a loan is sold on the secondary
loan market, food maps are updated, or when the lender completes a routine
inspection of its mortgage portfolio.

Are lenders required to escrow food insurance payments?
Yes. If a lender, its servicer, or a federal agency lender requires the escrow of
taxes, insurance premiums, fees, or any other charges for a loan secured by
improved residential real estate or mobile homes in a high-risk area, it must
also require the escrow of all premiums and fees for any food insurance.
Requiring lenders to escrow for food insurance premiums improves
compliance with food insurance requirements by ensuring that homeowners
in high-risk food areas obtain and maintain food insurance for the life
of the loan.
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Online Resources
Find the Standard Flood
Hazard Determination
Form (SFHDF) at this link:
FloodSmart.gov/SFHDF.

What if a borrower disagrees with his or her lender’s
determination that a property is in a high-risk food area?

Did You Know?
An "out-as-shown
determination" is an
alternative outcome of
the FEMA Letter of Map
Amendment (LOMA)
review process stating
that a specifc property
is located outside the
Special Flood Hazard Area
(SFHA) as indicated on
the Flood Hazard Boundary
Map (FHBM) or food map.

If a borrower disagrees with a lender’s food zone determination, they should
frst work with the lender and the lender’s food zone determination company
to resolve the difference. Next, if the property appears to be outside of the
SFHA, the property owner may submit paperwork to FEMA for an out-as-shown
determination using the Letter of Map Amendment (LOMA) process.

Getting Technical
The Letter of Map Amendment (LOMA) is an amendment to the
currently effective food map which establishes that a property is not
located in a SFHA. A LOMA is issued only by FEMA.

What is a Letter of Determination Review (LODR)?
As a last resort, there is the option to request a Letter of Determination
Review (LODR) from FEMA. The lender and borrower must jointly submit this
request within 45 days of the date the lending institution notifed the property
owner that a building is in the high-risk food area, and that food insurance
is required. In response, FEMA will issue a LODR. Some lenders reserve
the right in their loan documents to require the purchase of food insurance
regardless of the food zone.
The LODR does not result in an amendment or revision to the food map.
It only agrees or disagrees with the lender’s determination; however, since
it does not revise the map, it is not binding, and the lender does not have
to accept it. The LODR remains in effect until the food map panel affecting
the subject building or manufactured home is revised. The LODR process
does not consider the elevation of the structure above the food level.
It considers only the location of the structure relative to the high-risk food
area shown on the effective food map. FEMA confrms the structure location
on the food map by examining the data source used by the lender to make
the determination.
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WHAT IS INCLUDED IN FLOOD
INSURANCE COVERAGE?
What food losses are covered?
The Standard Flood Insurance Policy (SFIP) forms contain complete defnitions
of the coverages provided. Direct physical losses by “food” are covered.
Floods can be localized and small in scale, only affecting two adjacent
properties (the street and the insured property), or larger scale, affecting
an area of the normally dry land of two acres or more. Small- or large-scale
fooding affects the lives and property of many homeowners, renters, and
business owners. Also covered are losses resulting from sudden food-related
erosion caused by a severe storm, fash food, and abnormal tidal surge
resulting in fooding. Damage caused by mudfows, as specifcally defned in
the policy forms, is also covered. For more on SFIPs, see page 4.

Did You Know?
Just one inch of water can
cause $25,000 in food
damage to a home. With
food insurance, property
owners are able to recover
faster and more fully.

What is the food insurance policy term?
Flood insurance coverage is available for a one-year term.

Is there a minimum coverage requirement for a food
insurance policy?
Yes, but the minimum amount of coverage that can be purchased may not be
the proper amount of protection needed. Contact the food insurance agent
to discuss specifc food insurance protection needs for a home, personal
property, or business.
If coverage is being purchased as the result of a lender requirement
(i.e., mandatory purchase requirement), the amount of food insurance
required must be at least equal to the lesser of:

Online Resources
Find the latest NFIP
Flood Insurance Manual
here: FloodSmart.gov/
Flood-Insurance-Manual_
Policyholders.

• The outstanding principal balance of the loan,
• The maximum amount available under the NFIP, or
• The total insurable value of the property.
Lenders reserve the right in their loan documents to require the purchase of
food insurance above the amount required by law. If so, they may expect the
amount of coverage to be as high as the building’s replacement cost value
(RCV). For more on RCV, see page 15.
Property owners should consult with their insurance agent and lender to
determine the appropriate amount of insurance to purchase. This does not
apply to the Group Flood Insurance Policy (GFIP).
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In Summary
A policy is valid for one
year, and must be renewed
to remain covered.

Is there a maximum amount of food insurance
a lender can require?
Yes. For maximums for both residential and non-residential coverage available
through the NFIP, please see the chart on page 4.
A lender can require higher limits based on loan conditions. Private and
excess coverage providers exist, and lenders are required to accept
an individual insurance policy to satisfy the food insurance purchase
requirement if the policy meets the defnition of “private food insurance.”
For more on the defnition of “private food insurance,” see glossary page C.

What are all the fees and surcharges in addition
to the premium?
FEMA charges a Federal Policy Fee, a Reserve Fund Assessment, and a
Homeowner Flood Insurance Affordability Act (HFIAA) Surcharge.
The NFIP defnes the Federal Policy Fee as a fat charge a policyholder must
pay on each new or renewal policy to defray certain administrative expenses
incurred in carrying out the Program. The fee can vary depending on the type
of policy.
As directed by Congress, the NFIP charges each policyholder a percentage
of his or her premium, known as the Reserve Fund Assessment, to build a
catastrophic reserve fund.
As directed by Congress, the NFIP charges an HFIAA Surcharge to offset the
slow-down of the elimination of current subsidized rates. The surcharge is
paid at the time of application or renewal each year until the subsidies are
eliminated. The surcharge revenue goes into the NFIP Reserve Fund used to
help cover the cost of future claims in a catastrophic event.

Are there limitations on the amount of insurance available
for certain types of property?
Items such as artwork, photographs, collectibles, memorabilia, rare books,
autographed items, jewelry, watches, gems, furs, and articles of gold, silver,
or platinum are limited to $2,500 coverage in the aggregate. This limitation
does not apply to other personal property items or household contents usual
or incidental to the building’s occupancy as a residence.
In addition, there are coverage limitations for property in a building enclosure
below the lowest elevated foor of an elevated post-Flood Insurance Rate Map
(FIRM) building located in a high-risk food area. There is also limited coverage
in basements, regardless of the food zone.

Getting Technical
Pre-Flood Insurance Rate Map (FIRM) buildings are those built
before the effective date of the frst food map for a community.
Post-Flood Insurance Rate Map (FIRM) buildings are new
construction and those built after the effective date of the frst food
map for a community.
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The General Property Form will pay for damage caused by pollutants to the
covered property if the discharge, seepage, migration, release, or escape
results from a food. The maximum that can be paid is $10,000. This
coverage does not increase the limit of coverage purchased for building or
personal property.
For limitations that apply for this coverage, refer to the General Property
Form Section III, Part C. For other restrictions under the SFIP, see the current
policy or contact a property insurance agent or company.

Getting Technical
Pollutants: Substances that include, but are not limited to, any solid,
liquid, gaseous, or thermal irritant or contaminant, including smoke,
vapor, soot, fumes, acids, alkalis, chemicals, and waste. “Waste”
includes, but is not limited to, materials to be recycled, reconditioned,
or reclaimed.

How many buildings or locations (and contents)
may be insured on each policy?
Only one building and its contents can be insured on a policy. However, the
Dwelling Form of the SFIP does provide coverage for up to 10% of the policy
amount for a detached garage at the described location used for storage or
to park an automobile. The use of this extension of insurance is an option
for the policyholder but reduces the building coverage amount. A detached
garage can be insured separately if the value of the building exceeds 10%
of the house coverage limit, or the insured wishes to avoid a reduction in
coverage on the home. There is no coverage for a detached garage used in
part or whole for business or used in part or whole for residential use.
Personal property (contents) are covered if personal property coverage is
purchased and when the property is inside a building at the insured location.

What coverage is available in basements and other low
enclosed areas?
The NFIP’s defnition of “basement” includes any part of a building where
all sides of the foor are located below ground level. Even though a room,
or a sunken portion of a room, may be considered a living area, it is still
considered a basement if it is below ground level on all sides.

Flood Tip
If there is a couch, computer, and television in a basement and the
basement foods, the food policy does not provide any coverage for
those items. Those same items would be covered if above the lowest
elevated foor.
Coverage is provided for the following:
• Foundation elements, including posts, pilings, piers, or other support
systems for elevated buildings,
• Basement and enclosure utility connections, and
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Online Resources
Find the General
Property Form here:
fema.gov/food-insurance/
fnd-form.

In Summary
Basement coverage
includes the electrical
and mechanical systems
and equipment installed
in a basement when it
was built or those same
equipment and system
items (if covered by the
policy) replaced in a
basement plus the cost
of food clean-up.
—
Personal property items
in a basement are limited
to the laundry appliances,
a freezer, the food within
a freezer, and an air
conditioning unit in its
functional use location
(not those seasonally
stored in a basement).

• Certain mechanical equipment necessary for the habitability of a building,
such as furnaces, water heaters, clothes washers and dryers, food
freezers and the food inside, air conditioners, heat pumps, electrical
junctions, and circuit breaker boxes.
Finished structural elements, such as carpeting and linoleum and contents
items, such as rugs and furniture, are not covered. The SFIP has a complete
list of covered elements and equipment.

What types of property are eligible to be insured against
food loss?
Insurance may be written on any building eligible for coverage with two or
more outside rigid walls and a fully secured roof that is affxed to a permanent
site. Buildings must resist fotation, collapse, and lateral movement. The
structure must be located in a community that participates in the NFIP.
• Manufactured (i.e., mobile, travel trailers without wheels) homes that are
affxed and anchored to a permanent foundation are eligible for coverage;
and
• Contents coverage for personal belongings located within an eligible
building can also be purchased.

Are mobile homes insurable under the NFIP?
Before the NFIP can insure manufactured homes (also known as mobile
homes) or travel trailers, they must meet certain conditions:
• The manufactured home must be built on a permanent frame, transported
to a site in one or more sections, and attached to a permanent
foundation; and
• NFIP only covers a travel trailer when it has the wheels removed, is
built on a frame, and is connected to a permanent foundation that a
community regulates under its foodplain management and building
ordinances.

What types of property are not insurable under the NFIP?
The following types of property are not insurable under the NFIP:

Buildings entirely over water
or principally below ground

Shrubbery

Gas and liquid storage tanks

Land

Animals and fsh

Livestock

Aircraft

Roads

Wharves and piers

Machinery or equipment in the open

Bulkheads

Most motor vehicles

Growing crops
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Are losses from land erosion, sewer backup, or seepage
of water covered?
The NFIP will pay for losses from land subsidence (erosion) under certain
circumstances. Subsidence of land along a lakeshore or similar body of water
that results from the erosion or undermining of the shoreline caused by waves
or currents of water exceeding cyclical levels that result in a food is covered.
Coverage is limited to the replenishment of soils that support the insured
buildings foundation. The policy will not pay to replenish eroded soils along
the lakeshore or similar body of water. All other land subsidence is excluded.
Unless there is a general condition of fooding in the area and the food is the
proximate cause of sewer or drain backup, sump pump discharge or overfow,
or seepage of water, the NFIP does not insure for direct physical loss caused
directly or indirectly by any of the following:
• Backups through sewers or drains,
• Discharges or overfows from a sump, a sump pump, or related
equipment, or
• Seepage or leaks on or through the covered property.

Does the NFIP apply a deductible to losses?
A minimum deductible is applied separately to a building and its contents,
although both may be damaged in the same food. Optional deductibles
are available, and an insurance agent can provide information on specifc
amounts of available deductibles. Optional high deductibles reduce policy
premiums but will have to be approved by the mortgage lender.
When a building is under construction, alteration, or repair and does not have
at least two rigid exterior walls and a fully secured roof at the time of the loss,
the deductible amount will be two times the deductible that would otherwise
apply to a completed building. The deductible does not apply to:
• Loss avoidance measures (see page 28),
• Condominium loss assessments (see below), or
• Increased Cost of Compliance (see page 17).

Does insurance under the NFIP provide coverage
at replacement cost?
Yes, for single-family buildings that are the policyholder’s principal residence
and are insured for at least 80% of the building’s total RCV at the time of loss
(or the maximum amount of insurance available under the NFIP) are eligible
for replacement cost coverage. Replacement cost coverage does not apply to
manufactured (i.e., mobile) homes smaller than certain dimensions specifed
in the policy.
Losses are adjusted on a replacement-cost basis for residential condominium
buildings insured under the RCBAP. However, coverage amounts less than 80%
of the building’s full RCV at the time of loss will be subject to a coinsurance
penalty. Building losses under the General Property Form are always adjusted
on an actual cash value (ACV) basis.
Contents losses are also always adjusted on an ACV basis. ACV means the
replacement cost of an insured item of property at the time of loss, less
the value of physical depreciation of the item damaged. Care of the building
and personal property have a lot to do with how an adjuster calculates
depreciation. Some items depreciate slowly over time, while others depreciate
more rapidly due to frequent use.
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Did You Know?
A deductible is a specifed
amount of money that the
insured must pay before
an insurance company
will pay a claim or that is
subtracted from the total
of the covered loss at the
time of issuing payment of
a covered loss and claim.
Talk with an agent to fnd
the right deductible.
—
A building’s replacement
cost value (RCV) is the
cost to rebuild a home
of like-kind-quality at
building costs of today for
all materials, labor, and
equipment.

Does the SFIP provide additional living expenses if the insured
dwelling is damaged by food and cannot be occupied while
repairs are being made?
Online Resources
To access the Dwelling
Policy Form, the General
Property Policy Form,
or the Residential
Condominium Building
Association Policy Form:
FloodSmart.gov/SFIP.

No, the SFIP does not provide payments for additional living expenses if
the home is unlivable due to a food. The SFIP does provide for advanced
payments in the event of a covered food loss. Claim payments are issued
to help the NFIP insured recover from the effects of food loss as quickly as
possible. Payments are intended for use to repair, rebuild, replace contents (if
insured), and to mitigate against future food losses.
In extreme cases, individuals and families need support beyond what their
insurance policy can provide. FEMA provides disaster assistance outside
of the SFIP program. Individual and household assistance may be available
through FEMA, but typically requires a Presidential Disaster Declaration.
Policyholders can learn more and apply at DisasterAssistance.gov or by
calling the FEMA Disaster Assistance Helpline at 800-621-3362.

What is the Dwelling Form of the SFIP?

In Summary
A Residential
Condominium Building
Association Policy
(RCBAP) is a special policy
for condominiums.

The Dwelling Form is used to ensure a building designed for use as a
residence for no more than four families or a single-family unit in a residential
building under a condominium form of ownership. This form is also used to
insure residential contents in any building. The owner of a residential building
with fve or more units can use this form to insure contents only in his or her
own residential unit.

What is the RCBAP Form of the SFIP?
The RCBAP Form is used to insure a building owned and administered
as a condominium, containing one or more units and in which at least 75%
of the foor area is residential. The building must be located in a Regular
Program community.
For more on the NFIP’s Regular Program, see page 52.

What is the General Property Form of the SFIP?

Did You Know?
A community without a
food map enters the NFIP
as an Emergency Program
Community. Once a
detailed engineering study
is completed for
the community and
a food map issued,
the community is brought
into the Regular Program
of the NFIP.

The General Property Form is used to insure a non-residential building or a
fve-or-more-unit residential building that is not eligible for the RCBAP. This
form is also used to insure non-residential contents in any building or a
building owner’s residential contents located in multiple units within a building
with fve-or-more-units.

What is the Mortgage Portfolio Protection Program (MPPP) policy?
This is a program designed to help lending institutions maintain compliance
with the Flood Disaster Protection Act of 1973. Policies written under the
MPPP can be placed only through a Write Your Own (WYO) company. This
policy protects the interest of the lender and is not protection of the property
owner or for the personal property within the insured structure.
The cost of this policy is added to the amount of the loan that the property
owner is already paying. The cost of an equal amount of coverage would be
less if purchased independently of the lender and directly from an insurance
agent who sells food insurance.

For more on the Regular
and Emergency Program,
see page 52.
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Can policyholders still start a food insurance claim even
if there is no Presidential Disaster Declaration?
Unlike FEMA disaster assistance, the NFIP's claim payouts do not require
a Presidential Disaster Declaration and can cover damage far in excess
of what federal disaster assistance provides.

What does it mean if a home is declared substantially damaged?
The term “substantial damage” applies to a structure in a high-risk food
area (i.e., SFHA) for which the total cost of repairs is 50% or more of the
structure’s market value before the disaster occurred, regardless of the
cause of damage. This percentage rule can vary among jurisdictions. Some
communities have a higher standard or degree of protection against risk
of food rather than the minimum requirements of the NFIP. Therefore, the
percent of damage versus the home value could be 40% or lower to reach the
threshold for substantial damage caused by any peril or combination of perils
sustained in one occurrence.
The determination about a structure being substantially damaged is made
at the local government level, generally by a building department offcial or
foodplain manager.
If a building in an SFHA is determined to be substantially damaged, it must be
brought into compliance with local foodplain-management regulations.

Survivor Story
Homeowner Danielle Rees was able to mitigate her future risk with
Increased Cost of Compliance (ICC) funding to elevate her home after it
was damaged in a food.
“In Hurricane Florence, I got about a foot
and a half of water downstairs. I have
three bedrooms and a laundry room, and
everything had to go. I will use…my ICC
funding to help elevate my home so I
don’t have to go through this again.”

What is Increased Cost of Compliance (ICC) coverage?
The NFIP wants to reduce future damage to homes and businesses. Flood
risk is sometimes higher than it needs to be due to structural characteristics
of the location or elevation of a building. If the home or business is damaged
by a food and is declared substantially or repetitively damaged, the property
owner may be required to meet specifc community-building requirements to
reduce food damage before he or she can repair or rebuild.
To help cover the costs of meeting those requirements, the NFIP offers
policyholders up to $30,000. ICC coverage can help pay for elevation,
relocation, and demolition for buildings insured under the General Property
Form. It pays for foodproofng, in addition to those listed in the Dwelling Form.
This coverage is separate from the FEMA or NFIP grant program. For more on
ICCs, see page 24.
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In Summary
A home insured for
$100,000 that was paid
a claim settlement of
$100,000, still has up
to $30,000 of Increased
Cost of Compliance (ICC)
coverage available, if it
is deemed substantially
damaged from fooding
causing it to reach or
exceed the substantial
damage limit.

Is there a limit to the amount a policyholder can collect
under ICC coverage?
Yes. The maximum amount a policyholder may collect under ICC is $30,000.

Online Resource
Find the General
Property Form here:
FloodSmart.gov/SFIP.

This amount is in addition to the amount the policyholder receives for physical
damage by a food. The total amount the policyholder receives for combined
physical, structural damage from a food and ICC is always capped by the
maximum limit of coverage established by Congress. The maximum amount
collectible for both ICC and physical damage from food for a single-family
dwelling is $250,000.

Is the ICC premium included in all SFIPs?
Yes, however, not all buildings are eligible for ICC coverage. To be eligible
for ICC coverage, a building must be declared substantially damaged or
a repetitive loss property by the local community and must be mapped
within a high-risk food zone. However, if the community has adopted and is
enforcing new food zones related to FEMA map changes and the building was
previously insured in a moderate-to-low hazard area, ICC coverage may still be
available to the policyholder.
For more information regarding ICC coverage, refer to Part D of the General
Property Form Section III.
For more on mitigation activities, see page 57.

Why is there a premium for ICC coverage in non-SFHA?
Rather than a fat fee, the NFIP, to the extent practical, charges each
policyholder the individual expected loss and expenses. For instance, the NFIP
currently charges a higher premium for ICC coverage provided to pre-FIRM
buildings located in SFHAs, since those buildings are more likely to fle ICC
claims (i.e., those properties are more likely to sustain food damage greater
than 50% of the structure’s market value, requiring higher funds to comply
with current foodplain management regulations).
However, the NFIP only charges a minimal amount for ICC coverage provided
to buildings located outside of SFHAs because those buildings are much less
likely to be eligible for ICC. This might occur if an insured structure in a nonSFHA is newly mapped into an SFHA and then experiences a loss.

What is an Elevation Certifcate (EC), and why is it important?
The EC is an administrative tool used by the NFIP. It is used to provide
elevation information necessary to ensure compliance with community
foodplain management ordinances, to determine the proper insurance
premium rate, and/or support a request for a LOMA to remove a building
from a high-risk food area.

How do policyholders obtain an EC?
Policyholders can hire a licensed land surveyor, professional engineer,
or certifed architect who is authorized by law to certify elevation information.
For a fee, these professionals can complete an EC for the policyholder.
To fnd a professional surveyor:
• Check with the local foodplain administrator to see if the prior owner had
fled an EC for building or improvement purposes;
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• Check with the state professional association for land surveyors;
• Ask the state NFIP State Coordinator; or
• Talk to the local building permit offce.

What is a Base Flood Elevation (BFE)?
The identifcation and management of food-prone areas under the NFIP is
founded on the food with a one-percent chance of being equaled or exceeded
in any year. Areas affected by the base food are shown as SFHAs on food
maps. The BFE is the computed elevation to which foodwater is estimated to
rise during the base food.

What is freeboard?
Freeboard is an additional amount of height above the BFE used as a factor
of safety (e.g., two feet above the base food) in determining the level at
which a building’s lowest foor must be elevated or food-proofed to meet state
or community foodplain management regulations.

What are subsidized rates?

Deep Dive
The methodology that was
used to develop a Base
Flood Elevation (BFE) can
now be improved upon
through advancements
in technology and
through collection of
additional information,
such as seasonal rainfall,
development, proximity
to water sources and
other factors.

The NFIP provides subsidized food insurance to policyholders living in foodprone regions, which cost less than the full-risk price. Most subsidized
rates are given when a pre-FIRM property is involved—buildings constructed
before the community adopted its frst food map—in high-risk areas and
undetermined-risk areas.

Who can a policyholder contact if he or she has a question
concerning food insurance policy coverages?
Policyholders should contact their food insurance agent or company with
questions about their specifc food insurance coverage, or visit FloodSmart.gov.
If the policyholder has additional questions, he or she can contact the NFIP
at 877-336-2627.

HOW TO PURCHASE FLOOD INSURANCE
If a policyholder is interested in purchasing food insurance, a local
homeowners, renters, or business insurance agent may be able to help.
A policyholder can also contact the NFIP at 877-336-2627.

How is food insurance purchased?
After a community joins the NFIP, everyone—homeowners, renters, rental
property owners, condominium unit owners, condominium associations, and
business owners—can get a policy which may be purchased from any licensed
property and casualty insurance agent or broker who is in good standing in
the state in which the agent is licensed.
The insurance agent will complete the food insurance application, obtain
the proper supporting documentation if required, and determine the rates for
establishing the food insurance premium. FEMA requires that the full annual
premium be submitted with the application.
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Online Resources
For additional help
fnding and purchasing
food insurance, visit
FloodSmart.gov.
—
Find an insurance provider
at FloodSmart.gov/fnd.
—
To check if a property is in
a high-risk food area, visit
msc.fema.gov.

The steps to purchase food insurance are as follows:
• Identify the food zone in which the structure is located (typically done
by an agent);
• Complete the food insurance application;
• If required, obtain supporting documentation (i.e., elevation certifcate,
photos, zone determination); and
• Submit the completed application, supporting documentation, and full
premium to the insurance company.

Who can a prospective policyholder call to talk about
policy options?
A prospective policyholder can contact his or her current insurance agent
or provider. For help fnding an insurance provider, he or she can call the NFIP
at 877-336-2627 or visit FloodSmart.gov/fnd.

How can a property owner determine if a property
is in a high-risk food area?
Flood maps can be viewed on FEMA’s Map Service Center website
at msc.fema.gov. Residents can also view maps generally kept in community
planning or building permit departments or contact his or her insurance agent,
who usually have access to food maps or a food zone determination service.

How are food insurance premiums calculated?
Several factors are considered in determining a food insurance premium.
Variables includes the amount of coverage purchased, the deductible amount
selected, the food zone, location, age, and design of the building, building
occupancy, as well as the type of foundation. For structures in high-risk food
areas built after the community entered the NFIP, the elevation of the building
in relation to the BFE is also a factor in determining the premium.

What is primary and principal residential occupancy?
A primary residence is a dwelling or condominium unit that is occupied at
least 51% of the year or for the period of ownership if owned less than one
year. A principal residence is when the structure is used for 80% or more of
the year or for ownership if it is owned less than one year. The occupancy will
determine how a food insurance claim will be paid under the Dwelling Form
of the SFIP.
To be eligible for replacement cost under the SFIP, the dwelling must be
the insured’s “principal residence,” and the dwelling must be insured 80%
or more of its full replacement cost or the maximum amount of insurance
available under the NFIP. If the dwelling only meets the defnition of a “primary
residence” and not the defnition of a “principal residence” in the SFIP, then
any claim for building damages will be paid using ACV.
For more on ACV, see page 15.

POLICY INFORMATION FOR PROSPECTIVE BUYERS AND POLICYHOLDERS | 20

Getting Technical
Primary Residence
This is a single-family building, condominium unit, apartment unit,
or unit within a cooperative building that will be lived in by the
policyholder or the policyholder’s spouse for:
• More than 50% of the 365 calendar days following the current
policy effective date, or
• 50% or less of the 365 calendar days following the current policy
effective date if the policyholder has only one residence and does
not lease that residence to another party or use it as rental or
income property at any time during the policy term.
There can be two primary residences. If the policyholder and the
policyholder’s spouse identify different primary residences, they must
submit the appropriate documentation for each person’s primary
residence. A two- to four-person family building may be considered a
primary residence for the purposes of assessing the HFIAA Surcharge
if the policyholder documents that the building is also his or her
primary residence.
Principal Residence
This is a single-family dwelling in which, at the time of loss, the
named insured or the named insured’s spouse has lived for either
80% of the 365 days immediately preceding the loss or 80% of the
period of ownership, if less than 365 days.

Deep Dive
On the effective date of
the map revision, the
effective date of a new
policy will be 12:01 a.m.,
local time, on the day
after the application date
and the presentation of
premium payment.
This rule applies only
where the Flood Hazard
Bounday Map (FHBM) or
food map is revised to
show the building to be
in a Special Flood Hazard
Area (SFHA) when it had
not been in an SFHA.

Can I buy food insurance as a major storm is approaching
or when fooding is predicted?
There is a 30-day waiting period before food coverage goes into effect.
This means that claims cannot be started for 30 days after purchasing
insurance—even if fooding occurs during this window. The effective date of a
new policy will be 12:01 a.m., local time, on the 30th calendar day after the
application date and the payment of premium.
There are exceptions to the 30-day waiting period:
Flood insurance that is initially purchased in connection with the
making, increasing, extending, or renewal of a loan becomes
effective at the time of loan closing, provided that the policy is
applied for and the premium payment is made at the time of or
prior to the loan closing;
When the initial purchase of food insurance is in connection with
FEMA and a local community revising or updating a Flood Hazard
Boundary Map (FHBM) or food map, the 30-day waiting period
does not apply if coverage is purchased within a year of the food
map revision; or
The 30-day waiting period does not apply if a property has been
affected by fooding from federal land caused by post-wildfre
conditions.
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In Summary
Flood insurance typically
takes 30 days to go
into effect. If an insured
building experiences a
food before the policy is in
force for 30 days, a claim
cannot be started.

What is presentment of premium payment?
Presentment of payment refers to the following:
• The date of the check or credit card payment by the applicant or the
applicant’s representative if the premium payment is not part of a loan
closing, or

Online Resources
Customers who require
assistance after using
existing NFIP resources
can reach out to the Offce
of the Flood Insurance
Advocate (OFIA) via
fema.gov/food-insurance/
advocate.

• The date of the closing, if the premium payment is part of a loan closing.
For a loan closing, a premium payment is considered made at closing when it
is paid from the escrow account (lender’s check), title company, or settlement
attorney, regardless of when the check is received by the writing company.

What is the Offce of the Flood Insurance Advocate (OFIA),
and how can a policyholder contact OFIA?
OFIA advocates for the fair treatment of policyholders and property owners by
(1) providing education and guidance on all aspects of the NFIP, (2) identifying
trends affecting the public, and (3) making recommendations for program
improvements to FEMA leadership. Before contacting OFIA, policyholders
are encouraged to review the NFIP’s online resources and contact the
policyholder’s insurance agent or company.
Primary Residence OFIA has successfully advocated to increase:
• Amount of premium refunds,
• Availability for lower premiums,
• Number of educated customers,
• Awareness of the NFIP's resources to maximize premium savings,
• Understanding of the claims process,
• Awareness of mitigation opportunities, and
• Understanding of the food mapping process and how to start an
appeal of a food insurance claim settlement of the NFIP.
If if a policyholder is unable to fnd the information they need from their
insurance provider or the NFIP, visit OFIA at fema.gov/food-insuranceadvocate.

Can OFIA assist if a policyholder’s premium rates seem too
high or if the policyholder has other questions about the SFIP?
OFIA does not provide quotes or service food insurance policies. For
questions about rates or other questions about the SFIP, policyholders should
frst contact an insurance agent or company. OFIA can verify that the correct
information has been provided by the insurance agent or insurance company.

What should homebuyers or sellers know about disclosure laws
in their state?
Mandatory disclosure laws dictate whether a seller is required to disclose
a property’s food risk or past food damage to a potential buyer. Each state
has different mandatory disclosure laws. Contact the state legislature or
insurance commissioner’s offce for specifcs.
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Survivor Story
John and Michelle Tipton renewed their food insurance for more than 24
years even though they never had a food. When Hurricane Matthew hit in
2016, they lost everything. With food insurance, they were able to rebuild
and elevate their home to better weather future storms.
“Our entire home was fooded with almost
two feet of water, damaging all of the
kitchen, bathrooms, hardwood foors,
drywall, electric. So now we’re rebuilding
from the ground up. We raised the level of
our foor four feet above where it used to
be. We’ve had food insurance ever since
we moved here but never dreamed we
would ever use it. If it weren’t for this food
insurance, we would be in dire straits.”

MAINTAINING FLOOD INSURANCE
After paying off the mortgage, homeowners often cancel food insurance that
a lender required. However, fooding is still a risk for everyone and incurring a
food loss without food insurance may necessitate a homeowner to take out
another mortgage or loan.

How is food insurance changed?
To make changes to a policy, contact the insurance agent.
Examples of changes that might impact a premium:
• Increasing, adding, reducing, or removing coverage amounts,
• Changing a building description,
• Revising maps,
• Correcting an incorrectly rated policy, or
• Changing primary residence status.
Examples of changes that will not impact a premium:
• Changing a mortgagee,
• Changing the mailing address,
• Changing insured information, or
• Assigning the policy.

Is there any beneft to maintaining continuous coverage
or assigning a policy if ownership changes?
Yes, there are benefts to maintaining continuous coverage. One example
would be preserving grandfathered rates, enabling policyholders to use a prior
food map for rating if the building was built in compliance or continuously
insured. Additionally, because a policyholder cannot plan for when a food will
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Did You Know?
When adding or increasing
coverage to an existing
policy there is a 30-day
wait before the change
goes into effect.

occur, there is a risk in not maintaining continuous coverage. A lapsed policy
will require a 30-day waiting period.
For more on continuous coverage and grandfathered rates, see page 40.

Online Resources
View the NFIP Flood
Insurance Manual online
here: FloodSmart.gov/
Flood-Insurance-Manual_
Policyholders.
—
To learn more
about Increased Cost
of Compliance (ICC)
coverage:
foodsmart.gov/food/
mitigating-food-damage.

Is there any beneft to maintaining continuous coverage
or assigning a policy if an ICC claim has been fled?
Yes, there are also benefts to maintaining continuous coverage if
an ICC claim has been fled. FEMA allows policyholders who are found
eligible to receive ICC payments, to assign their ICC payment so it can be
included in a FEMA-sponsored food mitigation grant involving eligible ICC
compliance activities. This is the only assignment of beneft for the
mitigation grant program.
The policyholder can agree to transfer this interest by submitting the ICC
coverage form to the local authorities, state, or community administering the
grant. Once the policyholder assigns the ICC claim, the local authorities, state
or community will be responsible for completing the eligible mitigation activity.
Upon receipt of the completed Assignment of Coverage D Form, the insurance
company should process the ICC claim in a customary manner up to the
policy limit of $30,000, when available.
Adjusters and insurance company representatives are required to verify and
include the necessary ICC documentation based on the selected mitigation
activity as they usually would.
Learn more about submitting the Assignment of Coverage D – ICC Coverage
Form (Appendix I) online.

Who does a policyholder contact if he or she wants to make
a change to his or her food policy?
Policyholders can contact an insurance agent for any food policy changes.

How can a policyholder identify his or her policy expiration date?
A policy contract is for a term of one year and must be renewed annually to
remain in effect. The exact date can be found on the declaration page of the
policy.

Can food insurance be canceled at the request of the insured
with a refund of premium?
Yes, in some cases. For example, if the policyholder sold the property and no
longer has an insurable interest in it, the policy can be canceled with a prorated return.
However, due to the seasonal nature of fooding, and to protect the lender’s
interest, there are limited valid cancellation reasons. The legitimate
cancellation reasons and the proper procedures and documentation required
to cancel a policy are outlined in the NFIP Flood Insurance Manual.
To request a cancellation, the policyholder should contact the insurance agent
servicing the policy.
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Is there a “grace period” for renewing an NFIP policy after
expiration?
All policies expire at 12:01 a.m. on the last day of the policy term. However,
coverage remains in force for 30 days after the expiration of the policy, and
claims for losses that occur during the period will be honored provided that the
full renewal premium is received within 30 days of the policy expiration date.
Coverage also remains in force for the beneft of any mortgagee, but only for
30 days after the mortgagee is notifed of the cancellation or expiration.

What is the requirement for purchasing food insurance after
receiving disaster assistance?
The National Flood Insurance Reform Act of 1994 requires individuals in
SFHAs who received disaster assistance after September 23, 1994, for food
disaster losses to real or personal property, to purchase and maintain food
insurance coverage for as long as the individuals live in the dwelling.

Did You Know?
In 2017, the NFIP paid
an average claim amount
of more than $94,000,
more than twice the
$35,000 limit for individual
disaster assistance.

What is a Section 1316 designation, and how does it impact
food insurance availability?
If a building is constructed in a way that violates state or local ordinances
related to foodplain management, it is given a Section 1316 designation.
The designation occurs as a last resort to a building determined not in
compliance with local ordinances related to foodplain management, after
being determined substantially damaged, and not being brought into
compliance standards. Contents and personal property contained in these
buildings are ineligible for coverage. The NFIP's food insurance is not
available for buildings with a Section 1316 designation. A community offcial
may request that FEMA rescind the Section 1316 designation when the
structure is determined compliant with the foodplain management laws,
regulations, or ordinances.
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In Summary
Coverage remains in force
for 30 days after the
expiration of the policy,
and claims for losses that
occur during the period will
be honored provided that
the full renewal premium is
received within 30 days of
the policy expiration date.

Things policyholders should know and do before a food:
Know what elevation the lowest foor is compared to the base food elevation (BFE);
Move furniture, valuables, utilities, and essential documents to a safe place above the BFE;
Make sure basements are waterproofed and the sump pump is working, then install a battery-operated
backup in case of power failure;
Install a water alarm to alert if water is accumulating in the basement;
Clear debris from gutters and downspouts;
Anchor any fuel tanks;
Store copies of irreplaceable documents (such as birth certifcates, passports, etc.) in a safe, dry place
and keep originals in a secure location;
Build an emergency supply kit;
Plan and practice a food evacuation route;
Ask someone out of state to be a “family contact” in an emergency, and make sure everyone knows their
address and phone number;
Make a plan on what to do with pets if required to evacuate the residence as many shelters do not allow
pets.
For more information on what to do before a food, visit FloodSmart.gov/prepare.
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Before and After a Flood
Policyholders and community residents can protect
themselves today by preparing their home or workplace,
collecting and securing key documents, developing an
emergency communications plan, and knowing what to do
when a food is predicted in their area.

FLOOD LOSS AVOIDANCE
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What is food loss avoidance?
Flood loss avoidance is a protective action to minimize food damage and
losses to buildings and personal property before a food occurs.

Online Resources
For the Standard Flood
Insurance Policy form, visit
FloodSmart.gov/sfp.

What loss avoidance measures are covered under a Standard
Flood Insurance Policy (SFIP)?
The NFIP's food policies will cover up to $1,000 in reasonable expenses
incurred to protect insured property and up to $1,000 to move insured
property away from a food or imminent danger of a food. To be eligible for
this beneft, the insured property must be located in a community where:
• A general condition of fooding exists; or
• An offcial has issued an evacuation order or other civil order for the
community requiring measures to preserve life and property from fooding.
No deductible is applied to this coverage.
For additional information on loss avoidance coverage, refer the General
Property Form Section III, Part C.

Deep Dive
Coverage for personal
property in a basement
is limited. Most of what
is kept, stored, and used
in basements is not
protected against food
loss by the Standard Flood
Insurance Policy (SFIP).

What loss avoidance expenses are eligible?
The following expenses are eligible for coverage:
• Sandbags (including sand to fll them),
• Fill to create temporary levees,
• Water pumps,
• Plastic sheeting and lumber used in connection with any of these items
listed above,
• Labor by the individual or a family member, which can be covered at the
federal minimum wage, and/or
• Reasonable expenses (up to $1,000) incurred to move insured property
to protect it from food or the imminent danger of food.

Did You Know?
Downspouts also carry
water suffciently away
from the foundation of a
home or business.

Policyholders should keep copies of all receipts and a record of the time
spent performing the work. For labor costs, the record should include family
members’ names and hours worked each day to determine the total hours
that can be paid for moving insured property.

What other steps should policyholders take before
fooding occurs?
Compiling an inventory of belongings after a food occurs and attempting
to remember everything one owns is diffcult and can be overwhelming.
Policyholders should prepare and keep a list of personal property within
the home or business when purchasing personal property coverage. It is
advisable to take photos or record videos of the home, interior, and personal
property.
Remember, it is important to update the list regularly. For each item on
the list include description, date and place of purchase, model number,
serial number (for large appliances), original purchase cost (with a receipt if
possible), and purchase orders and inventory records.
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STARTING A FLOOD INSURANCE CLAIM
How does a policyholder start a claim for a food loss?
A food insurance policyholder should immediately report any food loss to
the insurance company or agent who wrote the policy. A claims adjuster will
be assigned the loss, and the policyholder must typically start a proof of
loss within 60 days of the date of loss. A policyholder whose policy is with a
Write Your Own (WYO) company must follow the company’s claim procedures.
Claims adjustments may be handled remotely or in person, depending on the
circumstances and severity of damage.

Online Resources
For a detailed step-by-step
guide to starting a claim:
FloodSmart.gov/start.

Survivor Story
Rupi Prasad purchased food insurance for peace of mind during her
retirement years. With help from the NFIP, she was able to rebuild after
Hurricane Harvey.
“When fooding from Hurricane Harvey hit,
my house flled with about 20 inches of
water. The water came through the walls,
through the window, everywhere. I bought
food insurance just in case. Even after all
this, having food insurance meant having
one less thing to worry about.”

Are there materials to help policyholders walk through the
claims process?
To learn more about the claims process, visit FloodSmart.gov/start, or read
the Flood Insurance Claims Handbook at FloodSmart.gov/NFIP-ClaimsHandbook_Policyholders. An adjuster should provide a copy of the handbook
at the time of inspection or an electronic version during the adjustment.

What is an advance payment?
To help speed recovery, the NFIP allows advance payments to policyholders
on their food insurance claims. When a policyholder contacts his or her
insurance company, they can receive an advance payment of up to $5,000 on
a food claim, without an adjuster visit or additional documentation.
Additionally, a policyholder who provides evidence of damage to his or her
insured property in the form of photos or videos, receipts validating out-ofpocket expenses related to food loss, or a contractor’s itemized estimate,
can receive up to $20,000 in advance payments.

What types of losses are covered under the NFIP?
The NFIP's food insurance policies cover physical losses directly caused by
a food. Damage caused by moisture, mildew, or mold that could have been
avoided by the property owner will not be covered.
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In Summary
The NFIP will give up to
$20,000 right away to
kick-start recovery.

What is a proof of loss?

Did You Know?
As of 2018, the NFIP
has covered more than
2.3 million policyholders
who have experienced
a food loss.

Proof of loss is the policyholder’s valuation of claimed damage. It is a sworn
statement made by the policyholder that substantiates the insurance claim
and is typically required to be submitted to the NFIP or the WYO company
within 60 days of the loss. A printed form is usually available from the
adjuster assigned to the claim.
Note: Some WYO companies and the NFIP Direct may require the proof of loss
to be affrmed by a public notary.

What is a food in progress?
When a new food policy is purchased or changes are made to an existing
policy, it generally takes 30 days from the date of purchase or change in
coverage for food insurance policy to become effective. The NFIP pays
policyholders according to the terms and conditions of their policy; however,
under the SFIP there are some exclusions that may apply, such as a food
in progress. This exclusion only applies if a food begins before the policy or
additional coverage take effect.
Whether or not a food is in progress, the claim is evaluated on an individual
basis. Evidence that a food may be in progress may include ongoing fooding
in the community where the insured building is located, fooding that causes
damage from an opened spillway, breached levee, water released from a dam,
or water that escapes from the banks of a waterway.

What is the maximum that can be collected for a loss under
the NFIP food insurance policy?
A policyholder will never be paid more than the value of the covered loss, less
deductible, up to the amounts of insurance purchased. Therefore, purchasing
insurance to value is an important consideration. The amount of insurance a
property owner needs should be discussed with an insurance agent.

After starting a claim, what other steps should policyholders
take to start recovery?
After damage has occurred, it is a good idea to take photographs and video
of the damaged structure and property. Property owners can protect their
belongings by separating the damaged property from undamaged property
and moving items to save to a safe, dry place. Remember that some items
affected by fooding can be cleaned or repaired to pre-loss condition.
For more information on documenting damage and starting to clean up:
FloodSmart.gov/food/document-damage-and-start-clean-up.

What constitutes substantial improvement or substantial damage?
Substantial improvement is any rehabilitation, addition, or other improvements
to a building where the cost equals or exceeds 50% of the building’s market
value before the start of construction. Note that some communities may have
in their ordinances a lower percentage.
Substantial damage is the damage sustained by a building when the cost of
restoring the building to its pre-damaged condition would equal or exceed 50%
of the market value of the building before the damage occurred. Substantial
damage is determined regardless of the actual repair work performed.
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Substantial improvement or damage does not include any project for
improvement of a building to correct existing violations of state or local
health, sanitary, or safety code specifcations identifed by local code
enforcement offcials as the minimum specifcations necessary to ensure safe
living conditions. Also excluded from the substantial improvement requirement
are alterations to historic buildings as defned by the NFIP.

Are NFIP policyholders eligible for federal disaster
assistance funds?
The NFIP's policyholders are eligible to apply for assistance when the
community the NFIP policyholder lives in is part of a Presidential Disaster
Declaration that includes the Individuals and Households Program (IHP). If
disaster assistance is provided, it will not duplicate what the food insurance
policy provides.

Are there other resources that might help a policyholder’s
overall recovery?
The food insurance claim process is separate from non-proft recovery
assistance. The Federal Emergency Management Agency (FEMA) encourages
all persons experiencing loss to reach out to non-profts for recovery
assistance. FEMA cannot endorse or recommend which non-profts a person
should seek. Policyholders should work with local offcials to apply for
mitigation grants to make their property more food resilient in the future.

AFTER A CLAIM IS SUBMITTED
What are the requirements for Replacement Cost (RC) coverage?
Requirements for RC include the home being a single-family dwelling and the
principal residence. In general, the home also must be insured to no less
than 80% of the replacement cost value.

What should a policyholder do if he or she identifes additional
food damage?
If a policyholder identifes additional food damage after a claim has already
been submitted, policyholders may fle a request for an additional food
payment. He or she must repeat the same documentation and fling process,
including proof of loss for the newly discovered damage.
Submission must be completed within the 60-day limit or within extensions
of time granted by FEMA. The policyholder’s insurance company may contact
FEMA to accept a claim in the event the policyholder makes an additional
claim after the time limitation.
Policyholders should start the additional request by notifying their adjuster,
insurance agent, or company as soon as possible. Once the policyholder
has completed the proof of loss and gathered all necessary documentation,
including photos of the damage, he or she will need to present it to the
insurer. The insurer will determine if the adjuster needs to revisit the home
or business to verify newly claimed food damage. The policyholder must also
notify the insurance company or adjuster if he or she fnds that the amount
allowed by the adjuster was not enough to make the repairs.
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Deep Dive
A principal residence
means that at the time
of loss, the policyholder
or their spouse have lived
there for 80% of the 365
days preceding the loss, or
if the dwelling is owned for
less than 365 days, 80% of
the period of ownership.

Sometimes there is hidden damage or items that cost more to repair or
replace than the amount the insurance company initially paid on the claim.
The insurance company will need information from the policyholder and
contractor to assist in the review for additional payment. The contractor
should provide a detailed estimate showing quantities and unit costs.

Deep Dive

What are the components of a claim estimate?

Appeal requests
can be sent to
FEMA, 400 C Street SW,
3rd Floor SW, Washington,
D.C. 20472-3010,
or fema-nfp-Appeals@
fema.dhs.gov.

Insurance claims are comprised of four main components:

FEMA will receive and
begin processing appeals
sent by email more quickly
than those sent via U.S.
mail or express carrier.
Please note that
due to cybersecurity
requirements, FEMA
cannot access fle sharing
sites, CDs, DVDs, or any
electronic storage devices.

• Coverage: for coverage to exist the item of damaged property must frst be
within or part of an eligible building, and must be damaged by the food;
• Cause: the cause of fooding matters as the damage is only covered if it
is a direct result of fooding as defned by the policy;
• Scope: refers to the needed remedy of cleaning, repair, or replacement of
damage; and
• Price: the price is the cost per unit for cleaning, repair, or replacement
of building and/or personal property. Prices may be represented on a per
room per-item basis.

What should a policyholder do if he or she disagrees with a
claim amount or claim denial?
There are four steps available to policyholders if he or she disagrees with a
claim amount:
1. The frst thing to do is talk to the insurance agent or adjuster to clarify the
claim and remedy any errors.
2. If the policyholder has some or all of their claim denied by their insurer,
he or she may fle a food insurance appeal directly to FEMA. FEMA
will then gather claim details, review the policy, and provide an appeal
decision. There is no fee for fling an appeal, but the request must be
fled within 60 days of the date on the insurance company’s denial letter.
3. If the policyholder and the insurance company agree that a loss occurred
but disagree about the price, the policyholder can also seek an appraisal.
However, if the policyholder completes an appraisal, he or she cannot
also fle an appeal.
4. The last step available is to fle suit against the insurance company.
Policyholders may fle suit after fling an appeal; however, the appeal does
not extend the one year period of time to fle suit. Once the policyholder
fles suit, he or she also forfeits the option to appeal directly with FEMA.
Note: Unless the insurer is the NFIP Direct, FEMA is not a proper party to litigation.

What is the process for fling an appeal?
A policyholder may submit an appeal after their insurer denies all or part of
their claim in writing. An insurer will mail a denial letter to a policyholder, in
which the insurer will formally reject part or all of the claim and explain why
based on the specifc policy provisions. The policyholder may not appeal until
and unless the policyholder has received the denial letter. A policyholder who
wishes to fle an appeal must do so within 60 days of the date written on the
denial letter.
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To fle an appeal, a policyholder must:
• Explain the issue(s) in writing;
• Include a copy of the denial letter from the insurance company; and
• Provide supporting documentation, including but not limited to photos,
itemized estimates signed by a contractor, invoices, receipts, canceled
checks, credit card statements, and properly completed drying logs.
Note: there is no fee for fling an appeal, and there is not a need for a
third party to represent the policyholder. If the policyholder has third party
representation, FEMA will not pay for any costs incurred for representation.

What should a policyholder do if they disagree with an
adjuster’s recommendation?
Before fling an appeal, a policyholder should work with the adjuster and
submit supporting documentation to justify the differing position. If the
insured is unable to agree with the adjuster, the insured should contact the
adjusting frm and adjuster’s supervisor. If the policyholder and the adjuster’s
supervisor cannot reach an agreement, the policyholder should contact the
insurance company’s claims department.
As part of the effort, the insured may also consult a general contractor to
support the requested covered loss amount for the food damage.

How does a policyholder appeal if the adjuster missed damage
when scoping the loss?
Policyholders should work with the adjuster if the policyholder believes
additional food damage was missed during the inspection. After identifying
additional damage, policyholders should submit supporting documentation to
prove the loss.

What resources does a policyholder have if the prices in the
estimate are too low?
Policyholders must notify their insurance company or adjuster if he or she fnds
that the amount estimated by the adjuster is not enough to make repairs.
The insurance company will need information from the policyholder to assist
in a review for additional payment. The policyholder should provide a detailed
estimate from a contractor if applicable, showing quantities and unit costs
and explain why some prices are higher than estimated. Once the policyholder
has gathered all necessary documentation, he or she will need to complete
the proof of loss and present it to the adjuster or insurance company.

Getting Technical
Real world application: A garage door is damaged by food and the
cost to replace and install is initially estimated at $500. However
when the contractor assesses, the policyholder is told it will be
$1,000. If this increase is because the price of garage doors has
gone up post-disaster, the increase is likely covered. However, if
the increase is because the policyholder wants to upgrade to a
smartphone-connected door opener, this cost is not covered.
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Deep Dive
If a policyholder chooses
to have a third party
submit an appeal on
their behalf, the appeal
letter must be signed
by the third party and a
statement of authorization
must be signed by the
policyholder.

What is subrogation?
Subrogation is the right of the insurer to legally pursue a third party that
caused the loss as a means of recovering the amount of the claim paid by the
insurance company to the policyholder for the loss.

Online Resources
Customers who require
assistance after using
existing NFIP resources
can reach out to the Offce
of the Flood Insurance
Advocate (OFIA) via
fema.gov/food-insurance/
advocate.

FEMA has the right of frst recovery in the event of any subrogation claim
under the NFIP. The adjuster should consider subrogation on every food
claim and conduct an investigation to confrm the potential for subrogation.
This often requires the use of an expert to confrm causation and verify the
potential at-fault party. Investigations should be timely to prevent the loss of
key evidence that would allow a successful recovery.

If a policyholder is dissatisfed with a claim amount or claim
denial, when is it appropriate to fle a lawsuit?
Regardless of whether a policyholder has fled an appeal or received a fnal
determination of an appeal from FEMA, he or she must start the suit within one
year after the date the insurer frst denied all or part of the claim in writing.

What is the process to fle suit?
The policyholder must fle the suit in the United States District Court of the
district where the covered property was located at the time of loss. When the
NFIP Direct is the insurer, the policyholder may fle suit against FEMA. For all
other insurance companies, FEMA is not the proper party, and the policyholder
must sue the insurance company. Because an appeal is a pre-litigation
remedy, the policyholder cannot appeal after fling suit against an insurance
company on a food insurance claim issue.

When should the policyholder contact the state insurance
commissioner?
The NFIP is a federal program and, therefore, not subject to state regulations
or the offce of the state insurance commissioner.

Do policyholders need to hire a representative, such as an
attorney or public adjuster, to handle their NFIP claim?
The NFIP is committed to paying the full amount due on every food insurance
claim. Providing several free, non-adversarial dispute resolution processes to
make sure policyholders get every penny they are entitled to under their food
insurance policy. Most people do not feel it necessary to incur the expenses
of hiring an attorney or public adjuster to handle their claim.

How can the Offce of the Flood Insurance Advocate (OFIA)
assist during the claims process?
OFIA advocates for the fair treatment of policyholders and property owners by
providing education and guidance on all aspects of the NFIP, identifying trends
affecting the public, and making recommendations for program improvements
to FEMA leadership.
For the OFIA to best assist, it is important for policyholders frst to use the
NFIP webpages and online resources, and the policyholder’s insurance agent
or company.
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REPETITIVE LOSS AND IMPACT
ON COVERAGE
What is a Severe Repetitive Loss (SRL) property?
A SRL property is any NFIP-insured building constructed after 1978 that meets
one of the following criteria:
• Four or more separate claim payments where each is greater than $5,000
(including building and contents payments); or
• Two or more separate claim payments (building payments only) where the
total payments exceed the current value of the property.
In either case, two of the claim payments must have occurred within 10 years
of each other. Losses occurring at the same location within 10 days of each
other count as one loss.
For more information on Increased Cost of Compliance (ICC) coverage for
SRL properties, see page 17.

How is the loss history determined?
The loss history includes all of the NFIP's paid food claims paid on an
insured property, regardless of any change(s) of ownership, since the
building’s construction, or 1978 if the building was constructed before that
year. SRL properties are afforded coverage, whether new or renewal, only
through the NFIP Direct.

How and when are affected property owners notifed that their
property is an SRL property?
At least 90 days before the policy renewal date, the WYO company sends a
notice to policyholders and their food insurance agents that states the policy
is ineligible for renewal through the WYO Program and offering renewal with
the NFIP Direct. A follow-up notice is sent by the NFIP Direct 45 days before
the renewal date.

How should an SRL policyholder respond after receiving such a
renewal notice?
If the policyholder wishes to continue to have food coverage, he or she should
follow the renewal instructions provided by the NFIP Direct offer notice. He or
she will not be able to renew the policy with the present WYO company.

What procedures are available for property owners who believe
that their property should not be included as an SRL property?
When a policyholder has documentation that the NFIP-insured property has
not sustained the losses reported, a request for review may be presented,
in writing, to the NFIP Bureau and Statistical Agent. All documentation to
substantiate the review must be included with the request letter. The policy
will remain in the NFIP Direct during the review.
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What happens to an SRL property?
The appropriate FEMA Regional Offce provides information about the property
to state and local foodplain management offcials. States or communities
may sponsor projects to mitigate food losses to these properties or may be
able to provide technical assistance on mitigation options.

What happens if a property owner agrees to undertake
appropriate mitigation measures?
The property will be removed from the SRL validated list at the next renewal.
The policy will then be transferred from the NFIP Direct to the WYO company
that previously serviced the policy.

What kinds of mitigation measures are appropriate?
Depending on individual circumstances, appropriate mitigation measures
commonly include elevating buildings above the base food, foodproofng,
demolishing buildings, and relocating buildings from high-risk food areas.
Sometimes, mitigation takes the form of a local drainage improvement project
that meets the NFIP's standards.
For more on mitigation, see page 57.

If an NFIP policyholder who is an SRL property owner declines
an offcial mitigation offer from FEMA, will his or her food
insurance premium increase?
SRL policyholders who refuse an offer of mitigation will be subject to
an increase in their food insurance premium rate equal to 150% of the
chargeable rate for the property at the time the offer was made, as adjusted
by any other premium modifcations otherwise applicable to the property.
This increase will refect the property’s food risk more accurately to the SRL
policyholder’s declining an offer of mitigation under this program.
An SRL policyholder who has declined a mitigation offer may appeal the
insurance premium rate increase within 90 days of the notifcation. The
appeal must be based on one of the six provisions for appeal specifed in the
Flood Insurance Reform Act of 2004.
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All About Flood Maps
The Federal Emergency Management Agency (FEMA) and
the National Flood Insurance Program (NFIP) work with
communities across the country to identify food hazards and
promote ways to reduce the impact of those and other risks.
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Flood maps are used for foodplain management,
food insurance rating, and to determine food insurance
requirements. For example:
Online Resources
No matter where someone
lives or works, some risk
of fooding exists. To fnd
a community's food map,
visit: msc.fema.gov.

Community offcials use food maps to help understand and
communicate the local food risk, manage foodplains, and
require new and substantially improved buildings to be built
more safely and to mitigate losses from future foods. These
efforts make a safer, more resilient community in which to live
and work.

Mortgage lenders use food maps to determine a property’s
food risk and decide whether to require food insurance as a
condition of a loan.

Insurance professionals use the maps to determine a property’s
food risk and insurance cost.

Did You Know?
From 2015 to 2019, more
than 40% of food claims
came from outside the
high-risk food areas.

Developers and builders use maps as a part of location siting
and construction decisions.

Real estate professionals use maps to help clients make
informed decisions about buying or selling a property, ensuring
that there are no surprises at the time of closing.

Residents and business owners use food maps to learn about
food risk in order to purchase property and investigate how best
to protect their property, fnancially and tangibly, from fooding.

ALL ABOUT FLOOD MAPS | 38

FLOOD INSURANCE RATE MAPS
What is a Flood Insurance Rate Map (FIRM)?
A FIRM (or food map) is an offcial map of a community that delineates
both the special hazard areas and the risk premium zones applicable to the
community. Flood maps help us to understand risks but are only part of the
story. Homeowners and business owners inside high-risk areas are required
to purchase food insurance if they have a government-backed loan on the
structure. Still, those outside this area are encouraged to work with food
insurance agents and community offcials to purchase insurance.

How are food hazard areas and food levels determined?
Flood hazard areas are determined using:
• Information obtained through consultation with the community,
• Land surface topographical surveys,
• Statistical analyses of records of river fow, storm tides, erosion, wave
heights, and rainfall,
• Coastal and riverine, hydrologic, and hydraulic modeling, and
• Floodplain mapping analyses.
When a food study is completed for the NFIP, the information and maps
are assembled into a Flood Insurance Study (FIS). The FIS covers those
areas subject to fooding from rivers and streams, along coastal areas
and lakeshores, and/or shallow fooding areas. It is a compilation and
presentation of food risk data for specifc watercourses, lakes, and coastal
food hazard areas within a community. The FIS report contains detailed
food elevation data in food profles and data tables and is used to develop
a food map.
For more information on the FIS process, see page 51.

What is the difference between a Flood Hazard Boundary
Map (FHBM) and a food map?
An FHBM is based on comparative data and identifes the Special Flood
Hazard Areas (SFHAs) within a community. This allows the community to
join the NFIP Emergency Program, and the FHBM is then used for foodplain
management and insurance purposes. In areas that haven’t received updated
food maps, FHBMs are a previous version of the food map found at
msc.fema.gov.
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Deep Dive
Flood Insurance Study
(FIS) reports can be
accessed at FEMA's
Map Resource Center:
msc.fema.gov/portal/
advancesearch.

A food map is typically issued following a food risk assessment conducted
in connection with a community’s conversion from the NFIP's Emergency
Program to the NFIP’s Regular Program. If a detailed assessment, termed
an FIS, has been performed, the food map will show insurance risk zones,
foodplain boundaries, and in some cases Base Flood Elevations (BFEs).
The food map may also show a delineation of the regulatory foodway.

Deep Dive
Learning that a new
food map shows a
policyholder’s home or
business at a higher risk of
fooding can be stressful.
But rating options to help
ease the fnancial impact
are available.
One option available
through the NFIP is the
Newly Mapped Procedure.
In the frst year after a
map update, this option
provides the lower-cost
Preferred Risk Policy (PRP)
base premium before fees
and surcharges. Every year
after, premium increases
of up to 18% will be
applied until the premium
rates refect full-risk rates.

Actuarial rates, based on the risk zone designations shown on the food
map, are then applied for newly constructed, substantially improved, and
signifcantly damaged buildings.

Getting Technical
The NFIP uses an actuarial rate to evaluate proposed food insurance
premium rates. This study, based on projected data, is part of the
NFIPs goal of a fscally sound rating and coverage structure.

What food hazard zones are shown on the food map?
Several areas of food hazard are commonly identifed on the food map. One of
these areas is the SFHA, which is defned as the area that would be inundated
by the food event having a one-percent chance of being equaled or exceeded in
any given year. The “one-percent annual chance” food is also referred to as the
“base food.” SFHAs are labeled as zones starting with A or V.
Moderate food hazard areas, labeled Zone B or Zone X (shaded), are also
shown on the food map and are the areas between the limits of the base
food and the 0.2-percent-annual-chance food. The areas of minimal food
hazard, which are the areas outside the SFHA and higher than the elevation
of the 0.2% annual chance food, are labeled Zone C or Zone X (unshaded).

Can a National Flood Insurance Program (NFIP) policy be rated
based on the food map that was in effect when the building
was constructed, even if a food map is revised?

Did You Know?
For a full overview
of Base Flood Elevation
(BFE) and the
Regular Program,
please see page 52.

Yes. To recognize policyholders who built in compliance with the food
map that was effective when the building was constructed, the NFIP has
“grandfather rules” that allow policy premiums to be rated based on the
food map that was in effect when the structure was built. Supporting
documentation that confrms the food zone and/or BFE information from the
prior food map is required to grandfather the rating. NFIP “grandfathering
rules” only lock in the lower-risk zone or BFE for future premium rating and not
the actual rate itself.
NFIP grandfathering rules do not apply to the low-cost Preferred Risk
Policy (PRP); however, another rating option may apply called the Newly
Mapped Procedure.

If a building is substantially improved or damaged, can the
rating be grandfathered to a prior food map that was in effect
when the building was originally constructed?
No, if a building is substantially improved or damaged, the food map in effect
at the time of improvement or damage must be used for rating.
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When a property’s food zone changes from a moderate-to-low
risk food zone (i.e., Zone B, C, or X) to a high-risk zone (i.e.,
A or V) as a result of a food map update; can the property
continue to be rated using the moderate-to-low risk zone?
Yes. If a property owner has a loan, most lenders will require the homeowner
or businessowner to carry food insurance. Consequently, food zone
revisions on updated food maps can result in a fnancial challenge for many
homeowners. To save money on food insurance while protecting investments,
the NFIP offers a lower-cost food insurance option known as the Newly
Mapped Procedure.

Deep Dive
For more on Letter of Map
Change (LOMC),
see page 46.

Property owners who purchase food insurance within the frst year of a map
update may be eligible for a lower-cost option, known as a PRP. The building
must also meet the PRP claim history requirements. The rate will then slowly
transition to the full-risk rate (equivalent to a standard Zone-X rate) through
annual increases of no more than 18%. However, if the building is elevated
above the BFE, at some point, it may be cheaper to use the new map for
future rating.

If a property’s food zone changes from high-risk (i.e., Zone A
or V) to a moderate-to-low risk (i.e., Zone X) as a result of a
food map update, does one still need food insurance?
If a property owner is experiencing a decrease in food risk – moving from the
high-risk food area to the moderate- to low-risk food area – his or her food
insurance rates may now be more affordable.
While food insurance is now optional, the NFIP highly recommends
maintaining a policy for the property as risk is reduced, not removed.
The property may now be eligible for a PRP. The policyholder should contact
the insurance agent today to keep coverage and get money back once the
new map goes into effect. After converting the current policy to a PRP, the
policyholder will be refunded the difference in premium. There will be no gaps
in coverage and no additional money up front.

What procedures are available for revising a food map?
FEMA has established administrative procedures for updating effective
food maps and FIS reports based on new or revised scientifc or technical
data. Updates can also be made by a Letter of Map Change (LOMC). The
three LOMC categories are Letter of Map Amendment (LOMA), Letter of Map
Revision Based on Fill (LOMR-F), and Letter of Map Revision (LOMR).

What is a Physical Map Revision (PMR)?
A PMR is an offcial re-publication of a community’s food map to make
changes to BFE, foodplain boundary delineations, and regulatory foodways.
These changes typically occur as a result of new development, drainage
improvements, and changing weather patterns.
A PMR can be initiated by FEMA to re-study an area that covers multiple map
panels, but typically does not include an entire community or county. A PMR
can also be initiated when an application for a LOMR from the community is
received by FEMA, but the revised area covers multiple map panels. In that
case, FEMA processes the map update as a PMR rather than a LOMR.
The community is provided with copies of the revised information and is
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Online Resources
The Letter of Map
Amendment (LOMA)
application form can be
downloaded here: fema.
gov/food-maps/changeyour-food-zone/lomalomr-f.
—
Completed application
forms can be sent to
the attention of the
LOMA Manager the
LOMC Clearinghouse,
3601 Eisenhower Ave.,
Ste. 500, Alexandria,
VA 22304-6426

afforded a review period. When new or modifed food hazard information
(e.g., BFEs, high-risk areas, or foodway boundaries) is provided, a 90-day
appeal and comment period is provided. A six-month period for formal map
adoption of the revised map(s) by the community is also provided.

Did You Know?
A LOMA is submitted by
the owner or lessee of a
property. The requester is
responsible for providing
all the information needed
for the review, including
(if necessary) elevation
information certifed by a
licensed land surveyor or
registered professional
engineer.

Can a food map be appealed?
When new preliminary food maps are issued and updated food hazard
information is provided, FEMA must offer a 90-day appeal and comment
period. During this time, a community, builder, property owner or anyone else
can submit an appeal to their foodplain manager or administrator.
An appeal is a formal written objection to the addition or modifcation of
preliminary BFEs, SFHA boundaries, zone designations, or regulatory foodway
boundaries depicted on the preliminary food maps the community received.
A comment is an objection to a base map feature modifcation or addition,
an update to the FIS report materials, or any other non‐appealable change.
Comments usually involve changes to items such as road locations and road
names, corporate limits updates, or other base map features.
Another option for a property owner is to submit a LOMA once the new food
map becomes effective.

What is a LOMA?

Online Resources
A Letter of Map Revision
(LOMR) or LOMR-F is
is submitted by a home
or property owner or a
community offcial. For
more information on
submitting a LOMR:
fema.gov/food-maps/
change-your-food-zone/
loma-lomr-f.

A LOMA is a letter that offcially revises an effective food map. A LOMA
results from an administrative procedure involving the review of scientifc or
technical data submitted by the owner or lessee of property who believes the
property has inadvertently been included in a designated high-risk area or
has been included in the wrong high-risk area. Following the FEMA review of
the application and supporting documents, a LOMA amends the current food
map and establishes that a specifc property is not located in the high-risk
area or is located within the correct high-risk area.

What is a Letter of Map Revision Based on Fill (LOMR-F)?
A LOMR-F is a letter that offcially revises an effective food map. Following
the FEMA review of the application and supporting documents, a LOMR-F
states FEMA’s determination as to whether a structure or parcel has been
elevated on fll above the BFE and is, therefore, excluded from the high-risk
area. While the risk may be reduced, it is not removed, and food insurance
is strongly encouraged. A lower-cost food insurance policy may be available,
known as a PRP.
Note: changes made to the grade of the land after the frst food map
identifed the area as being of high-risk to fooding during the base food must
be properly permitted by the local government.

What is a Letter of Map Revision (LOMR)?
A LOMR is a letter that offcially revises the current food map. It is used to
change food zones, foodplain and foodway delineations, food elevations,
and planimetric features. Planimetric features are horizontal elements that
do not have any natural elevation. All requests for LOMRs should be made
to FEMA through the chief executive offcer of the community since it is the
community that must adopt any changes and revisions to the map. If the
request for an LOMR is not submitted through the chief executive offcer of
the community, evidence must be submitted that the community has been
notifed of the request.
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What is a Conditional Letter of Map Amendment (CLOMA)
or Conditional Letter of Map Revision (CLOMR)?
CLOMAs, CLOMRs, and CLOMR based on fll (CLOMR-F) are comments from
FEMA on proposed conditions and do not change the current food hazard
information. The proposed change area remains subject to community
foodplain management ordinance and the mandatory food insurance
purchase requirements based on the active food map. To refect a revision
to the effective food information, the as-built and current conditions must be
submitted, and a LOMA and LOMR must be issued.
A CLOMR is FEMA’s formal review and comments on whether a proposed
project complies with the NFIP's minimum foodplain management criteria.
Flood maps are based on existing, rather than proposed, conditions.
Communities, developers, and property owners often undertake projects that
may alter or mitigate food hazards and would like FEMA’s comment before
construction. A CLOMR contains formal review and comment. If a proposed
project complies with the NFIP's minimum foodplain management criteria,
the CLOMR also describes any future revisions that will be made to the food
maps upon completion of the project.
While obtaining a CLOMR may be desired, obtaining conditional approval is
not automatically required by NFIP regulations for all projects in the foodway
or “one-percent annual chance” foodplain. A CLOMR is needed only for
those projects that will result in a “one-percent annual chance” water surface
elevation increase of greater than one foot for streams with BFEs specifed,
but no foodway designated, or any one-percent-annual-chance water surface
elevation increase for proposed construction within a regulatory foodway. The
technical data needed to support a CLOMR request generally involve detailed
hydrologic and hydraulic analyses and are very similar to the data required for
a LOMR request.
In addition to the situations described above, property owners and developers
who intend to place structures in the one-percent annual chance foodplain
may need to demonstrate that the proposed structures will be above the BFE
to the lending institutions and local offcials before construction. If the project
involves only the elevation of structures on natural high ground, property
owners and developers can request a CLOMA from FEMA. If the elevation
of structures on earthen fll is the sole component of the project and there
is no fll placed in the regulatory foodway, the property owner can request a
CLOMR-F from FEMA.

What happens when a participating NFIP community chooses
not to adopt the effective food map and compliant foodplain
management ordinance?
As part of a community’s agreement to participate in the NFIP, communities
adopt and enforce these ordinances, including food maps. If communities do
not, FEMA will place them on probation or suspension from the program. This
is done only after FEMA has provided assistance to the community to help it
become compliant. If a community does not pass an ordinance that adopts
updated food maps before they become effective, they will be suspended,
which means food insurance policies cannot be written or renewed. Likewise,
federal fnancial assistance cannot be provided for:
• Post-disaster repair or reconstruction of buildings in an SFHA, or
• Loans for new acquisition or construction in an SFHA.
For more on community participation regulations, see page 50.
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On coastal food maps, what is the Limit of Moderate Wave
Action (LiMWA)?

In Summary
There are more than
460 Coastal Barrier
Resources System (CBRS)
communities.

Low-lying coastal areas are especially vulnerable to damage from erosion,
waves, and storm surge. Post-storm feld visits and laboratory tests
throughout coastal food hazard areas have consistently confrmed that wave
heights as low as 1.5 feet can cause signifcant damage to structures that
are constructed without considering coastal hazards. Flood maps for coastal
areas may now include a line showing the LiMWA, which is the inland limit
of the area expected to receive 1.5-foot or greater breaking waves during
the one-percent annual chance food event. The area between the LiMWA
and Zone-V line is known as the Coastal A Zone. While there currently is no
difference in rates between Zone A and Coastal Zone A, property owners are
encouraged to build to Zone-V standards to reduce their food risk. In some
communities and states, property owners are required to build to Zone-V
standards in Coastal Zone A.

What is the Coastal Barrier Resources System (CBRS)
and Otherwise Protected Areas (OPAs) and is federal food
insurance available in these areas?
Online Resources
For subsequent additions
to the CBRS, the insurance
prohibition date is shown
on the CBRS map found at
fws.gov/cbra.

The Coastal Barrier Resources Act (CBRA) of 1982 established the John H.
Chafee CBRS, a defned set of coastal barrier units located along the Atlantic,
Gulf of Mexico, Great Lakes, Puerto Rico, and U.S. Virgin Islands coasts.
These areas are delineated on a set of maps enacted into law by Congress
and maintained by the Department of the Interior through the U.S. Fish and
Wildlife Service (USFWS). There are more than 460 CBRS communities.
Most new federal expenditures and fnancial assistance are prohibited
within the CBRS. The prohibition that is most signifcant to homeowners
and insurance agents is the denial of federal food insurance through the
NFIP for buildings newly constructed or substantially improved after the area
was designated a CBRS. The CBRA does not prevent development, and it
imposes no restrictions on development conducted with non-federal funds.
Congress enacted the CBRA to minimize the loss of human life, wasteful
federal expenditures, and the damage to natural resources associated with
coastal barriers.
OPAs are undeveloped coastal areas established under federal, state, or
local law, or held by a qualifed organization, primarily for a wildlife refuge,
sanctuary, recreational, for natural resource conservation purposes. Flood
insurance is restricted in OPAs, though OPAs may receive other forms of
federal assistance.

Is federal food insurance available in the CBRS and OPAs?
Federal food insurance is available in a CBRS area if the subject building
was constructed (or permitted and under construction) before the CBRS
unit’s prohibition date. CBRS areas designated by the CBRA prohibit the sale
of federal food insurance for structures built or substantially improved after
October 1, 1983. Flood insurance may be obtained for structures located in
OPAs with written documentation from the government body overseeing the
area certifying that the structure is used in a manner consistent with the
purpose for which the area is protected. If an existing insured structure is
substantially improved or damaged, any federal food insurance policy will
not be renewed. If a federal food insurance policy is issued in error, it will be
canceled and the premium refunded; no claim can be paid, even if the error is
not found until a claim is made.
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How can one access CBRS boundaries?
As of February 2019, CBRS boundaries are no longer depicted on static,
legacy food maps but are available through the National Flood Hazard Layer
(NFHL) Viewer. FEMA and the USFWS work together to help stakeholders
access the most up-to-date information on CBRS boundaries. It is important
to use up-to-date information to determine whether a property is eligible for
food insurance under the NFIP.

What is the FIS process?
To determine what the food hazards are for an area, FEMA performs an
engineering study called an FIS. An FIS evaluates shallow food areas and
food hazard areas along rivers, streams, coasts, and lakes. An FIS is based
on different information, including:
• Historical information (such as river fow, storm tide, and rainfall data),
• Meteorological data,
• Topographic data,
• Hydrologic data,
• Hydraulic data,
• Open-space conditions,
• Flood-control works, and
• Development information.
The results of the FIS are shown on food maps and in the accompanying FIS
report. Flood maps and FIS reports are available through the Map Service
Center at msc.fema.gov/portal.
FEMA coordinates with other federal agencies (e.g., U.S. Army Corps of
Engineers) and other state partners to identify and gather existing data that
may inform the FIS development. FEMA then holds discovery meetings with
community offcials and other interested parties to review the data and obtain
additional relevant information to ensure that the FIS is as valuable and
accurate as possible.
FEMA continues to engage communities throughout the FIS process with
meetings such as:
• Flood risk review meetings, where draft food risk products are presented
to community offcials,
• Consultation coordination offcer meetings, where the preliminary food
map, FIS, and related food risk products are shared with community
offcials, and
• Resilience meetings, where food risk awareness and mitigation planning,
are discussed.
Communities are given the opportunity to review the preliminary maps and
provide comments and appeals on the engineering and mapping that went
into the map. Once maps are fnalized, communities must adopt the fnal map
to stay in good standing with the NFIP.

45 | ALL ABOUT FLOOD MAPS

Online Resources
Layer (NFHL) viewer can
be found here: fema.gov/
food-maps/productstools/national-foodhazard-layer.
—
A Flood Insurance Study
(FIS) Request Form is
available at fema.gov/
food-maps/changeyour-food-zone/status/
food-insurance-study.
It includes additional
information
and fees for requesting
FIS-related data.

MAP UDATES: AMENDMENTS AND REVISIONS
Who in FEMA should be contacted to initiate an amendment
or revision?
Online Resources
The NFIP Flood Insurance
Cancellation/Nullifcation
Request Form can be found
here: FloodSmart.gov/
CancellationRequestForm.

The easiest and fastest way to apply is online using the LOMC tool found
at hazards.fema.gov/femaportal/onlinelomc/signin
Requests for conditional and fnal map revisions can also be sent by mail
to the FEMA LOMC Clearinghouse. The address, forms, and instructions are
located on the FEMA website at fema.gov/letter-map-changes.
Please note applications involving updates to the food maps based on
changing conditions and physical revisions to the foodplain are processed
at a reduced fee if using the online tool instead of submitting by mail to:
LOMC Clearinghouse
3601 Eisenhower Ave., Ste. 500
Alexandria, VA 22304-6426

How long does it take to obtain a LOMA, LOMR, or PMR?
LOMAs and LOMR-Fs can generally be issued within 60 days of receiving a
complete application submission with all required documentation. LOMR
reviews take approximately 90 days for processing and are typically subject to
a 90-day public appeal period before the changes go into effect.

If a LOMA, LOMR-F, or LOMR is issued by FEMA, will a
lending institution automatically waive the food insurance
requirement?
Although FEMA may issue a LOMA, it is the lending institution’s prerogative to
require food insurance beyond the provisions of the Flood Disaster Protection
Act of 1973 and the National Flood Insurance Reform Act of 1994 before
granting a loan or mortgage. Those seeking a LOMA should frst confer with
the affected lending institution to determine whether the institution will
waive the requirement for food insurance if a LOMA is issued. If it will, the
policyholder may cancel food insurance coverage and obtain a premium
refund. If not, amending the food map to remove the structure from the highrisk area will generally lower the food insurance premium.
Even if the lender waives the requirement of food insurance, property owners
are recommended to keep coverage in force. In 2019, over 40% of all NFIP
claims originate from areas mapped outside those considered at high risk.

If a LOMA, LOMR-F, or LOMR is granted and the lender waives
the requirement for food insurance, how can a food insurance
policy be canceled?
To cancel a food insurance policy, the policyholder must supply a copy of
the LOMA, LOMR-F, or LOMR and a waiver for the food insurance purchase
requirement from the lending institution to the insurance agent or broker who
services the policy. A completed cancellation form with the LOMA, LOMR-F, or
LOMR and the waiver must be submitted by the insurance agent to the NFIP
or the appropriate company.
When a LOMA, LOMR-F, or LOMR is issued and cancellation requested, the
policyholder may be eligible for a refund of the premium paid for the current
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policy year only if no claim is pending and no claim has been paid during the
current policy year.
Although a LOMA is issued and the lender has waived the requirement for
food insurance, it is wise to keep coverage in force.

Can the Offce of the Flood Insurance Advocate (OFIA)
assist policyholders in the LOMC process?
OFIA will encourage the policyholder to contact the following as a frst step to
resolving a LOMC process:
FEMA Mapping and Insurance Exchange 877-336-2627 or msc.fema.gov/
portal for information on LOMA and LOMR, how to view or read a food map,
and understanding zone defnitions.

Why is the burden of proof on the person requesting
a map update?
FEMA works with the local community and exercises great care to ensure
that analytical methods employed in an FIS are scientifcally and technically
correct, engineering practices are followed to meet professional standards,
and the results of the FIS are accurate.
In making amendments and revisions to food maps and reports, FEMA must
adhere to the same engineering standards applied in preparing the effective
maps and reports. Therefore, when requesting revisions to food maps,
community offcials and property owners are required to submit adequate
supporting data.

Are there fees associated with food map updates?
There are fees for some map update requests, but some others are free.
To minimize the fnancial burden on policyholders while keeping the NFIP
sustainable, FEMA implemented fees for reviewing and processing requests
for some types of conditional and fnal map amendments and map revisions.
To get answers to specifc fee-related questions, please call FEMA’s NFIP at
877-336-2627 or visit fema.gov/food-maps.

What is the purpose of the application certifcation forms that
are required for map update requests?
FEMA implemented the use of forms for requesting revisions or amendments
to food maps to provide a consistent and comprehensive process for
requesters to follow.
Experience has shown piecemeal submissions to be time consuming and
expensive. The forms help FEMA complete its review in less time.
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How can someone obtain copies of the technical data used in
preparing the published food maps?
Flood Risk Study Engineering Library (FRiSEL)

Deep Dive
For questions about food
maps, LOMAs, LOMR-Fs,
food mapping procedures,
or the map revision
process, call 877-3362627 toll-free and ask to
speak with a “FEMA Flood
Map Specialist.”

The FRiSEL stores and provides technical and administrative support data
related to the following:
• FEMA-contracted studies and restudies, including studies and restudies
performed by participants in the FEMA Cooperating Technical Partners
(CTP) program,
• PMRs,
• CLOMAs,
• LOMAs,
• CLOMR-Fs,
• LOMR-Fs,
• CLOMRs, and
• LOMRs.
To obtain technical and administrative data, a written request must be
submitted to the FRiSEL at the address or fax number below.
FEMA Engineering Library
3601 Eisenhower Ave., Suite 500
Alexandria, VA 22304-6426
Fax 703-960-9125
FEMA Letter of Map Change (LOMC) Clearinghouse
FEMA provides food map revisions and information about food maps to
interested parties. Requests for conditional and fnal food map revisions
should be sent to the FEMA LOMC Clearinghouse at the following address:
LOMC Clearinghouse
3601 Eisenhower Ave. Suite 500
Alexandria, VA 22304-6426
Attn.: LOMC Manager
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The National Flood
Insurance Program (NFIP)
and the Community
From the Pacifc Northwest rivers to the beaches of the
Gulf Coast, the NFIP helps protect Americans against the
fnancial hardships of fooding.
Today, the NFIP protects more than fve million
policyholders across 24,000 communities from the
fnancial losses fooding can bring.

49 | THE NATIONAL FLOOD INSURANCE PROGRAM (NFIP) AND THE COMMUNITY

ROLE OF THE COMMUNITY IN THE NFIP
How does the NFIP beneft property owners, taxpayers, and
communities?
Online Resources
To learn if a community
participates in the NFIP,
refer to this list online at
fema.gov/food-insurance/
work-with-nfp/communitystatus-book or contact
the community offcial or
insurance agent.

Through the NFIP, property owners in participating communities are able to
insure against food losses. By employing wise foodplain management, a
participating community can reduce risk and protect its citizens and the
community against much of the devastating fnancial losses resulting from
food disasters. Careful local management of development in the foodplains
results in construction practices that can reduce food losses and the
high costs associated with food disasters to all levels of government. Any
structure in a participating community can have food insurance, whether
they are located in or out of the Special Flood Hazard Area (SFHA). Wise
foodplain management includes focusing on mitigation grants to repetitive
loss properties and those in high-risk zones. Lowering the number of pre-food
Insurance Rate Map (pre-FIRM) structures in high-risk zones helps protect
taxpayers, homeowners, and communities.
For more on the role of communities in coverage requirements and food
insurance claims, see pages 11, 30, and 31.

How does the NFIP defne a community?
A community, as defned for the NFIP’s purposes, is:
• Any state, area, or political subdivision,
• Any tribe, authorized tribal organization, or Alaska native village, and
• Any native organization with authority to adopt and enforce foodplain
management ordinances for the area under its jurisdiction.
In most cases, a community is an incorporated city, town, township, borough,
village, unincorporated area, county, or parish. However, some states have
statutory authorities that vary from this description.

Is community participation mandatory?
Community participation in the NFIP is voluntary, although some states
require NFIP participation as part of their foodplain management program.
Each identifed food-prone community must assess its food hazard and
determine whether food insurance and foodplain management would beneft
the community’s residents and economy. However, a community that chooses
not to participate within one year after the food hazard has been identifed
and a food map has been provided is subject to consequences including
exclusion from federal grants, loans, disaster assistance, and federal
mortgage insurance.
A community’s participation status can signifcantly affect current and future
owners of property located in SFHAs. The decision should be made with full
awareness of the consequences of each action.

Why is participation in the NFIP on a community basis rather
than on an individual basis?
The National Flood Insurance Act of 1968 allows the Federal Emergency
Management Agency (FEMA) to make food insurance available only in
areas where the appropriate public body has adopted adequate foodplain
management regulations for its food-prone areas.
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Individual citizens cannot regulate building or establish construction priorities
for communities. Without community oversight of building activities in the
foodplain, the best efforts of some to reduce future food losses could be
undermined or nullifed by the actions of others.
Unless the community as a whole is practicing adequate food hazard
mitigation, the potential for loss will not be reduced suffciently to affect
disaster relief costs. Flood insurance rates also would refect the probable
higher losses that would result without local foodplain management
enforcement activities.

How can property owners or renters fnd out if their community
participates in the NFIP?
NFIP food insurance coverage is available only in participating communities.
The NFIP provides a list of participating communities in the Community
Status Book.
To learn if a community participates in the NFIP, refer to this list online
at fema.gov/food-insurance/work-with-nfp/community-status-book
or contact a community offcial or insurance agent.

What is the role of the local community in its food hazard
assessment?
Prior to food hazard assessment, community offcials, FEMA representatives,
and selected contractors meet to discuss the land areas to be studied and
the level of study required.
FEMA works closely with community offcials and the contractors before and
during the study to obtain all relevant information and to obtain community
input before the food map, and collateral Flood Insurance Study (FIS) report
are published.
Additionally, these parties meet to discuss technical and administrative
procedures and ensure accurate study results. Community offcials also hold
public meetings to explain the assessment process to the public.

Do state governments assist in implementing the NFIP?
Each governor has designated an agency of state or territorial government
to coordinate that state’s or territory’s NFIP activities and designates a state
NFIP State Coordinator. The governor determines what offce they are located
in, which is most often in natural resources or emergency management.
FEMA provides a cooperative agreement to the Community Assistance
Program, State Support Services Element (CAP-SSSE). These offces provide
technical assistance and evaluate community performance in implementing
NFIP foodplain management activities, including the key activity of monitoring
foodplain management regulations and enforcement of those to reduce the
food risk.

Do federal foodplain management requirements take
precedence over state requirements?
The regulatory requirements set forth by FEMA are the minimum measures
acceptable for NFIP participation. More stringent requirements adopted
by the community or state take precedence over the minimum regulatory
requirements established for food insurance availability.
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Deep Dive
Find more information on
the Community Assistance
Program – State Support
Services Element (CAPSSSE) grant and State
NFIP Coordinator
activities here:
fema.gov/foodplainmanagement

For example, some states and communities require newly constructed
buildings to be built higher than the Base Flood Elevation (BFE) to further
reduce the risk of fooding (e.g., +2 feet). This is known as freeboard and
also can result in lower food insurance premiums.

Online Resources
For more information on
community probation:
fema.gov/glossary/
probation.
—
To learn more about FEMA
enforcement of foodplain
management, review 44
CFR §59.24 of the Code
of Federal Regulations.

FEMA supports state-initiated enforcement actions of higher standards
by providing technical assistance and initiating FEMA enforcement actions
where appropriate.
If a state chooses not to enforce its own foodplain management requirement
regulations, FEMA shall limit its enforcement actions to compliance with the
NFIP's criteria. After all technical assistance has been exhausted, FEMA may
strongly suggest that the foodplain management provision be omitted from
state law until adequate progress can be shown that the provision is being fully
enforced.

What is the NFIP’s Regular Program?
A community participating in the Regular Program of the NFIP is usually
provided with a food map and a detailed engineering study, termed a FIS.
Under the Regular Program, higher amounts of food insurance coverage are
provided than under the Emergency Program.

What is the NFIP Emergency Program?
The Emergency Program is the initial phase of a community’s participation in
the NFIP and was designed to provide a limited amount of food insurance.
A community participating in the Emergency Program either does not have an
identifed and mapped food hazard area or has been provided with a Flood
Hazard Boundary Map (FHBM). The community is required to adopt limited
foodplain management standards to control the future use of its foodplains.

COMMUNITY PROBATION AND SUSPENSION
What is community probation?
Probation is a FEMA-imposed change in a community’s status resulting from
violations and defciencies in the administration and enforcement of NFIP
local foodplain management regulations.

When can a community be placed on probation?
A community can be placed on probation 90 days after FEMA provides written
notice to community offcials of specifc defciencies. Probation is imposed
only after FEMA has consulted or attempted to consult with the community,
and the community has not been able to resolve defciencies and violations.

How long will probation last?
Probation lasts a minimum of one year even if program defciencies are
corrected, and violations are remediated to the maximum extent possible
before the end of the one-year period.
If program defciencies and violations have not been resolved to the maximum
extent possible at the end of one year, or if program defciencies were
serious and violations were multiple and substantive, and future compliance
remains questionable, FEMA may extend the probationary period in one-year
increments.
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Probation may be continued for up to one year after the community corrects
all defciencies and remedies all violations to the maximum extent possible.

What penalties are imposed when a community
is placed on probation?
A surcharge is added to the premium for each NFIP food insurance policy
sold or renewed in the community. The surcharge is in effect for at least one
year after the community’s probation period begins. The surcharge is intended
to highlight the community's noncompliance to policyholders. This is in an
effort to avoid suspension of the community, which has serious adverse
impacts on those policyholders. Probation does not affect the availability
of food insurance.

What is community suspension?
Suspension of a participating NFIP community occurs when the community
fails to adopt adequate foodplain management regulations, including
reference to the most current food map. FEMA may also suspend a
participating community when the community fails to enforce its foodplain
management regulations, or if it repeals or amends previously compliant
foodplain management measures.
FEMA will provide written notice of the impending suspension and grant
the participating community 30 days to demonstrate why it should not be
suspended. If the community is suspended following a period of probation,
the community is provided written notice of the impending suspension and
granted 30 days in which to show cause why it should not be suspended.
If suspended, NFIP food insurance policies cannot be written or renewed.
Policies in force at the time of suspension, however, continue in force for the
policy term.

REDUCING COST THROUGH BEST PRACTICE:
THE COMMUNITY RATING SYSTEM (CRS)
What is the CRS?
As a part of the NFIP, the CRS is a voluntary incentive program that recognizes
and encourages community foodplain management activities that exceed the
minimum NFIP requirements.
As a result, food insurance premium rates are discounted (in 5% increments
from 5% to 45%) to refect the reduced food risk resulting from the
community actions meeting the three goals of the CRS:
• Reduce food damage to insurable property,
• Strengthen and support the insurance aspects of the NFIP, and
• Encourage a comprehensive approach to foodplain management.

Why would a community want to join the CRS?
Many communities, especially those with severe food hazards, high rates
of growth, or a history of repeated fooding, are aware of the wide range
of actions they can take to reduce food risk and participate in the NFIP.
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Online Resources
For more information on
joining the Community
Rating System (CRS) and
to fnd an application:
fema.gov/food-insurance/
rules-legislation/
community-rating-system.

These foodplain management actions keep citizens safer, minimize property
damage, build resiliency, and foster a better quality of life within the community.
Joining the CRS enables communities to earn insurance premium reductions
for residents for activities already being implemented by a community.
Community participation in the CRS provides a national benchmark by which
a community can measure its performance in foodplain management.
It also provides recognition for a job well done and fosters a sense of
community pride.

Is there any way to obtain a community-wide discount on the
cost of food insurance premiums?
All communities in the NFIP adopt and enforce minimum standards for
managing construction and development in the SFHA. Some communities
want to achieve a higher level of safety and protection for citizens
than achieved through implementing minimum standards. When these
communities join the NFIP’s CRS, policyholders may receive a discount on
food insurance premiums.
Communities that join the CRS receive a rating according to a point
system devised to refect the level of safety provided through the foodplain
management activities they implement.
CRS communities are assigned a CRS Class, from Class 9 to Class 1,
that establishes the level of premium discount policyholders receives. The
discount on annual food insurance premiums can range from 5% to as much
as 45%, based on the community’s CRS Class. Policyholders in a CRS Class
9 community receive the lowest discount of 5%. The highest discount of 45%
is provided in CRS Class 1 communities and requires the most points.
The discount applies to food insurance policies for properties located in the
SFHA that qualify. Policies on properties located outside the SFHA receive
smaller discounts.

Why don’t all NFIP communities join the CRS?
Some communities believe that participating in the CRS will be timeconsuming.
A CRS-participating community must designate a local offcial to act as the
CRS coordinator and point of contact. This person will need to devote some
time to become familiar with the CRS and complete an application.
After the frst year, less time is required as the community standardizes its
implementation procedures. The time commitment for CRS Class 9 or Class
8 communities is much less than that for CRS Class 2 or 1 communities, but
the premium discount is not as signifcant.
CRS communities report that the additional commitment is well worth the
effort in reduced premiums, a safer community, and increased recognition and
awareness of food risk.

How can community members fnd out if a community
is in the CRS?
Community members can call NFIP at 877-336-2627, visit the CRS
website at fema.gov/food-insurance/rules-legislation/community-ratingsystem, or reference the NFIP Flood Insurance Manual at FloodSmart.gov/
Flood-Insurance-Manual_Policyholders.
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If a community is not participating in the CRS,
what can a resident do to have their community join?
The decision to join the CRS is a voluntary action of a community’s elected
offcials. As with many community actions, citizens can contact local elected
offcials and encourage the community to consider learning more about joining
the CRS.

How can a community acquire the CRS coordinator’s manual
and other information describing the program?
The CRS Coordinator’s Manual can be accessed at
fema.gov/food-insurance/rules-legislation/community-rating-system.

FLOODPLAIN MANAGEMENT
What are foodplain management regulations?
Floodplain management regulations refer to an overall community program of
corrective and preventive measures for reducing future food damage. These
regulations may be found in zoning codes, building codes, or in stand-along
foodplain management regulations.

What is the role of the community in foodplain management?
When a community chooses to join the NFIP, it must adopt and enforce
minimum foodplain management standards for participation. In return, the
federal government makes food insurance available for eligible buildings and
contents within the community.
FEMA works closely with state and community offcials to identify food hazard
areas and food risks. The foodplain management requirements within the
SFHA are designed to prevent new development, or substantially damaged or
improved buildings, from increasing food risk and to protect new and existing
buildings from anticipated food events.
When a community chooses to join the NFIP, it must require permits for
all development in the SFHA and ensure that construction materials and
methods used will minimize future food damage. Permit fles must contain
documentation to substantiate how buildings were constructed. Communities
must also ensure that their adopted foodplain management regulations and
enforcement procedures meet Program requirements.

Do the foodplain management regulations required by the NFIP
affect existing buildings?
The minimum federal requirements affect an existing building only when it is
substantially damaged or improved.
There may also be situations where a building has been constructed in
accordance with a local foodplain management regulation, and the owner
subsequently alters it in violation of the local building regulation, without a
permit. Such unapproved modifcations to an existing building may not meet
the minimum federal requirements.
A foodplain management regulation should defne “existing construction” for
the purposes of determining food insurance rates as structures for which the
“start of construction” commenced before the effective date of the food map,
or before January 1, 1975, for food maps effective before that date.
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In Summary
In the foodway,
development must cause
no more than a one-foot
increase in the
one-percent annual
chance food levels. Some
communities may have
even stricter requirements.

What is a regulatory foodway, and who designates it?
A regulatory foodway, which is adopted into a community’s foodplain
management regulation, includes the stream channel plus a portion of the
foodplain outside of the channel banks. That portion must be kept free from
encroachment so that water fows may pass without increasing food levels by
more than one foot. Some states specify a smaller allowable increase.
The intention of the foodway designation is not to stop development. Instead,
it is intended to assist communities in managing foodplain development
and its impacts on other property owners. The community is responsible for
prohibiting encroachments, including fll, new construction, and substantial
improvements within the foodway unless water fow analyses show it will not
increase food levels within the community.
In the foodway, development must cause no more than a one-foot increase
in the one-percent annual chance food levels. Some communities may have
even stricter requirements.

Do the foodplain management requirements apply to
construction outside the SFHAs within a community?
The local foodplain management regulations required by the NFIP apply
only in SFHAs, the high-risk food areas. However, communities may regulate
development in areas of moderate and low food risk.

FLOODPLAIN MANAGEMENT
Can modifcations be made to the basic foodplain
management requirement?
Participating communities must meet at least the minimum regulatory
standards issued by FEMA. FEMA reviews NFIP standards and policies
periodically and revises them when appropriate. Communities are strongly
encouraged to adopt standards that are more restrictive than the minimum
NFIP standards and policies.
Recent studies show that structures built to the minimum NFIP requirements
consistently and reliably incur less food damage. According to the Insurance
Information Institute, FEMA estimates that buildings constructed to NFIP
standards suffer about 80% less damage annually that those not
built in compliance.
If communities are having diffculty developing a regulation that is compliant
with the NFIP's minimum standards, community offcials should contact the
NFIP State Coordinator and appropriate FEMA Regional Offce.
For a list of the FEMA Regional Offces, see the Resources on page 61.

Where can additional information on foodplain management
requirements of the NFIP be found?
Interested parties can fnd additional information on foodplain
management requirements of the NFIP by visiting the website fema.gov/
foodplain-management.
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Mitigating Flood Risk
for Prospective Buyers
and Policyholders
More than anything, the National Flood Insurance Program
(NFIP) wants property owners and renters to mitigate their risk of
experiencing loss after a food. Mitigation is the effort to reduce
the loss of life and property by lessening the impact of disasters.
Effective mitigation measures can break the cycle of disaster
damage, reconstruction, and repeated damage. The Federal
Emergency Management Agency’s (FEMA’s) mitigation efforts
provide value by:
• Creating safer communities by reducing the loss of life
and property,
• Enabling individuals to recover more rapidly from food and
other disasters, and
• Lessening the fnancial impact on the federal treasury,
states, tribes, and communities.
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Is fnancial assistance available for NFIP policyholders
to mitigate food risks?
Yes, FEMA offers several Hazard Mitigation Assistance (HMA) grant programs,
listed below. The Flood Mitigation Assistance (FMA) grant program is only
available to NFIP policyholders.

Online Resources
Learn more about
the different types of
mitigation grants here:
fema.gov/grants/
mitigation.

What are the hazard mitigation grant programs?
The Hazard Mitigation Grant Program (HMGP)
HMGP is intended to help communities implement hazard mitigation
measures following a Presidential Disaster Declaration in the areas of the
state, tribe, or territory requested by the governor or tribal executive. The key
purpose of this grant program is to enact mitigation measures during the
reconstruction process that reduce the risk of loss of life and property from
future disasters.
Flood Mitigation Assistance Grant Program (FMA)
The FMA program is authorized by Section 1366 of the National Flood
Insurance Act of 1968, as amended to reduce or eliminate food risk of
severe repetitive and repetitive food damage to buildings insured by the NFIP.
The program provides funding to states, territories, federally recognized tribes,
and local communities for projects and planning that reduces or eliminates
the long-term risk of food damage to structures insured under the NFIP.
Funding is also available for management costs.
Building Resilient Infrastructure and Communities (BRIC) Program
Building Resilient Infrastructure and Communities (BRIC) will support states,
local communities, tribes, and territories, as they undertake hazard mitigation
projects reducing the risks they face from disasters and natural hazards.
BRIC is a new FEMA pre-disaster hazard mitigation program that replaces the
existing Pre-Disaster Mitigation (PDM) program and is a result of amendments
made to Section 203 of the Robert T. Stafford Disaster Relief and Emergency
Assistance Act (Stafford Act) by Section 1234 of the Disaster Recovery
Reform Act of 2018 (DRRA).

Does elevating a structure on posts or pilings remove
a building from the high-risk food area?
Elevating a structure on posts or pilings does not remove a building from the
high-risk food area.
If the ground around the supporting posts or pilings is within the foodplain,
the building is still at risk. During a food event, ground saturation may lead
to the decreased load-bearing capacity of the soil supporting the posts or
pilings, which can cause a partial or full collapse of the structure.
Flood insurance will still be required as a condition of a government-backed
mortgage for the structure. FEMA recommends securely elevating structures
above the high-risk food area to reduce the risk to life and property and has
established ratings that could result in signifcant savings in premium costs
for those who elevate.
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What mitigation opportunities may become available after
a Presidential Disaster Declaration?
When major fooding disasters have affected a region, it is common for
communities and individuals to consider relocation, acquisition, or elevation
of food-damaged structures.
Property owners who sustained extensive damage are often interested in
avoiding the recurrence of such an experience. Such mitigation projects must
be established on a case-by-case basis. Policyholders should be aware of their
options and contact local offcials to learn more about possible HMA funding.

Are there any specifc programs associated with a Presidential
Disaster Declaration available to assist with mitigation?
Yes, the HMGP is FEMA’s primary hazard mitigation program designed to
assist states and communities in implementing long-term hazard mitigation
measures following a major disaster declaration. States manage this program
and may set state-specifc project criteria. Individuals with questions should
contact local offcials for more information.
The U.S. Department of Housing and Urban Development (HUD) also provides
fexible grants to help cities, counties, and States recover from Presidentially
declared disasters, especially in low-income areas, subject to availability of
supplemental appropriations. In response to Presidentially declared disasters,
Congress may appropriate additional funding for the Community Development
Block Grant (CDBG) Program as Disaster Recovery grants to rebuild the
affected areas and provide crucial seed money to start the recovery process.
Since CDBG Disaster Recovery (CDBG-DR) assistance may fund a broad range
of recovery activities, HUD can help communities and neighborhoods that
otherwise might not recover due to limited resources.
Loans may be available to qualifying applicants to assist with the costs
of mitigation through the Small Business Administration. Due to the need
to coordinate many activities following Presidential Disaster Declarations,
individual citizens should raise questions and concerns about these postdisaster mitigation opportunities with local community offcials.

Survivor Story
Allison Marcillac and her family nearly lost their Santa Barbara home in
the California mudfows that devastated Southern California in January
2018. The mudfows occurred only a month after the Thomas Fire, the
largest fre in state history at the time. With the help of food insurance
from the NFIP, they are rebuilding and taking mitigation measures so they
are better prepared for future food events.
“You could just see our bedrooms
just being washed away. It was like
Armageddon. Had we not gotten out of
bed that night, things would be different.
In rebuilding our home, we had to elevate
it four and a half feet and we put in food
vents and worked with food control down
at the county. I feel very safe there now.
You could never predict this, I would have
never in a million years. I will always have
food insurance.”
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Online Resources
For more information
on obtaining a Small
Business Administration
Disaster Loan: sba.gov/
funding-programs/disasterassistance.

RESOURCES
Flood Hazard Areas
The defnitions for the various food hazard areas are below.
Zone V: primary frontal dunes and areas along coasts subject to inundation
by the one-percent annual chance food event with additional hazards
associated with storm-induced waves. Because detailed coastal analyses
have not been performed, no Base Flood Elevation (BFEs) or food depths are
shown. Mandatory food insurance purchase requirements apply.
Zones VE and V1-V30: primary frontal dunes and areas along coasts subject
to inundation by the one-percent annual chance food event with additional
hazards due to storm-induced velocity wave action. BFEs derived from detailed
hydraulic coastal analyses are shown within these zones. Mandatory food
insurance purchase requirements apply. Zone VE is used on new and revised
maps in place of Zones V1-V30.
Zone A: areas subject to inundation by the one-percent annual chance food
event. Because detailed hydraulic analyses have not been performed, no
BFEs or food depths are shown.
Zones AE and A1-A30: areas subject to inundation by the one-percent annual
chance food event determined by detailed methods. BFEs are shown within
these zones. Mandatory food insurance purchase requirements apply. (Zone
AE is used on new and revised maps in place of Zones A1-A30).
Zone AH: areas subject to inundation by one-percent annual chance shallow
fooding (usually areas of ponding) where average depths are one to three
feet. BFEs derived from detailed hydraulic analyses are shown in this zone.
Mandatory food insurance purchase requirements apply.
Zone AO: areas subject to inundation by one-percent annual chance shallow
fooding (usually sheet fow on sloping terrain) where average depths are
one to three feet. Average food depths derived from detailed hydraulic
analyses are shown within this zone. Mandatory food insurance purchase
requirements apply.
Zone A99: areas subject to inundation by the one-percent annual chance
food event, but will ultimately be protected upon completion of an underconstruction federal food protection system. These are areas of special
food hazard where enough progress has been made on the construction
of a protection system, such as dikes, dams, and levees, to consider it
complete for insurance rating purposes. Zone A99 may be used only when
the food protection system has reached specifed statutory progress toward
completion. No BFEs or food depths are shown. Mandatory food insurance
purchase requirements apply.
Zone AR: areas that result from the decertifcation of a previously accredited
food protection system that is determined to be in the process of being
restored to provide base food protection. Mandatory food insurance
purchase requirements apply.
Zones AR/AE, AR/AH, AR/AO, AR/A1-A30, and AR/A: dual food zones
that, because of the risk of fooding from other water sources that the food
protection system does not contain, will continue to be subject to fooding
after the food protection system is adequately restored. Mandatory food
insurance purchase requirements apply.
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Zones B, C, and X: areas identifed in a community’s Flood Insurance Study
(FIS) as areas of moderate or minimal hazard from the principal source of
food in the area. However, buildings in these zones could be fooded by
severe, concentrated rainfall coupled with inadequate local drainage systems.
Local stormwater drainage systems are generally not considered in a
community’s FIS. The failure of a local drainage system creates areas of high
food risk within these rate zones. Flood insurance is available in participating
communities but is not required by regulation in these zones. Zone X is used
on new and revised maps in place of Zones B, and C. No mandatory food
insurance purchase requirements apply.
Zone D: unstudied areas where food hazards are undetermined, but fooding
is possible. No mandatory food insurance purchase requirements apply, but
coverage is available in participating communities.

FEMA REGIONAL OFFICES

For a list of Regional contacts and disaster declarations by state and FEMA
Region: fema.gov/about/organization/regions.

Region

States/ Territory

Region 1

Connecticut, Maine, Massachusetts, New Hampshire,
Rhode Island, Vermont

Region 2

New Jersey, New York, Puerto Rico, Virgin Islands

Region 3

Delaware, Maryland, Pennsylvania, Virginia,
District of Columbia, West Virginia

Region 4

Alabama, Florida, Georgia, Kentucky, Mississippi,
North Carolina, South Carolina, Tennessee

Region 5

Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin

Region 6

Arkansas, Louisiana, New Mexico, Oklahoma, Texas

Region 7

Iowa, Kansas, Missouri, Nebraska

Region 8

Colorado, Montana, North Dakota, South Dakota,
Utah, Wyoming

Region 9

Arizona, California, Hawaii, Nevada, Guam,
American Samoa, Commonwealth of Northern Mariana
Islands, Republic of Marshall Islands, Federated States
of Micronesia

Region 10

Alaska, Idaho, Oregon, Washington
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Preface
Whenever possible, residential structures should
not be located in flood-prone areas. Flooding in
these areas is virtually assured at some point in
the future, bringing with it the potential for
property damage-no matter how well a structure
is designed-as well as danger to building occu
pants. However, it is not always possible to
avoid flood-prone areas. This manual is for
designers, developers, builders, and others who
wish to build elevated residential structures in
flood-prone areas prudently.
The readers of this manual are assumed to have
knowledge of conventional residential construction
practice; the manual is limited to the special design
issues confronted in elevated construction.
This is a revision of a manual of the same title pub
lished in 1976 by the Federal Insurance Admini
stration. This re\'ision reflects changes since 1976
in floodplain management techniques and regu
lations, improvements in construction materials
and practice, increases in construction costs, and
additions to the relevant literature. This revision
also contains increased information on elevating
structures in coastal areas, although all the tech
niques described here apply to both coastal and
riverine areas unless otherwise state<l.
A second document, published by the Federal
Emergency Management Agency (FEl\IA), Design
Guidelines for Flood Damage Rrdur:tion, supple
ments this manual's discussion of elevated residen
tial structures with information on the full range of
other floodplain management strategies.
A third document, Design and Construction
Manual for Residential Buildings in Coastal High
Hazard Areas, is published jointly by FEMA an<l
the U.S. Department of Housing and lirba.n Devel
opment. It provides structural engineering guide
lines and other information on designing structures
in coastal areas subject to severe wind and velocity
wave forces. Structures in such areas shoul<l not be
designed without consulting it.

V

ENVIRONMEN~fAL AND REGULATORY FACTORS

Flooding and the
Built Environment
Rivers and seacoasts have always been focal points
for development. Access to water has provided
drinking supplies and sanitation, an important
source of energy, and a valuable part of the trans
portation system. Recreational opportunities and
aesthetic enjoyment further stimulate waterside
development.
This development pattern, however, leads to a con
flict between the natural and built environments.
The need for direct access to water places human
settlements in low-lying areas that are subject to
periodic flooding by rivers and the sea. In the
United States, more than six million dwellings and
a large number of nonresidential buildings are
currently located in the nation's 160 million acres
of floodplains. Flooding of these floodplains is
responsible for more damage to the built environ
ment than any other type of natural disaster. The
total flood damage in 1978, for example, was an
estimated $3.8 billion. The following year,
Hurricane Frederic alone caused $ 1.8 billion in
damages.
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RIVERINE FLOODING
Floods are part of the natural hydrologic process.
Riverine flooding is associated with a river's
watershed, which is the natural drainage basin that
conveys water runoff from rain and melting snow.
Water that is not absorbed by soil or vegetation
seeks surface drainage lines, following local topo
graphy and creating rivers and other streams.
Flooding results when flow of runoff is greater
than the carrying capacity of watershed streams.
Riverine flooding usually involves a slow buildup
of water and a gradual inundation of surrounding
land. However, flash flooding, a quick and intense
overflow with high water velocities, can result from
a combination of steep slopes, a short drainage
basin, and a high proportion of surfaces impervious
to water and unable to absorb runoff.
In addition to the direct threat to buildings,
development in riverine floodplains alters natural
topography, modifying drainage patterns and
usually increasing storm water runoff. Develop
ment also displaces much of the natural vegetation
that formerly absorbed water and decreases the
permeability of the soil by covering it with build
ings or with nonporous surfaces for roads, side- walks, and parking. The effect of these changes is
to increase the severity of flooding throughout the
riverine environment.

COASTALFLOODING
Coastal flooding is generally due to severe ocean
based storm systems. Hurricanes, tropical storms,
and extratropical storms such as "northeasters" are
the principal causes, with flooding occurring when
storm tides are higher than the normal high tide,
and are accompanied by water moving at relatively
high velocity and velocity wave action. The
maximum intensity of a storm tide occurs at
high tide, so storms that persist through several
tides are the most severe.

2

The velocity and range of coastal floods vary in
part with the severity of the storm that induces
them. The damaging effects of coastal flooding
are caused by a combination of the higher water
levels of the storm tide and the rain, winds, waves,
erosion, and battering by debris.
The extent and nature of coastal flooding is also
related to physiographic features of the terrain and
the characteristics of the adjoining body of water.
Pacific coastal areas are vulnerable principally to
earthquakes, tsunamis (seismically induced tidal
waves) and other natural forces that can trigger
excessive erosion, mud slides, and flash flooding.
Great Lakes coastal areas are subject to erosion and
severe winter storms. The Atlantic and Gulf Coasts
are consistently exposed to the forces of hurricanes, lesser tropical storms, and northeasters.
Coastal flooding is most frequent on the Atlantic
and Gulf Coasts, which are made up of a succession
of barrier islands, beaches, and dunes. These
physiographic elements are maintained in dynamic
balance as sand is moved by wind, waves, and
ocean currents. This self-replenishing beach-dune
system takes the brunt of the force of storm
surges and helps buffer inland areas.

In coastal areas the removal of beach sand and the
leveling of dunes, along with the construction of
seawalls, jetties and piers, are common practice.
These can help destroy the shoreline's natural protec
tion system, exacerbating the impact of storm
surges and high winds.

3

Floodplain Management
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Then:>have long been attempts to moderate the
impact of riverine flooding, with major federal
efforts in the lI nited States since 1936. Until
recently, these efforts have Leen concentrated on
flood control measures devised to reduce or
elimi11atr flooding itself-chiefly dams, levees and
similar structural works. Despite a number of
positive results, these measures have not succeeded
in reducing flood damage significantly.
Since the mid-1960s, therefore, federal policies
have reflected a recognition that structural works
need to be complemented by nonstructural mea
sures. Rather than trying solely to prevent floods,
current floodplain management programs ad<lrcss
the need to reduce the losses incurred when
ine,·itabk flooding docs happen.
Elernting residential struchnes aLovc tl1c reach of
flood waters, the subject of this manual, is only
one of several floodplain management techniques
currently used to reduce flood damage. For
example, constrnction is prohibited in critical
floodplain areas (termed floodways) unless it has
been determined that construction will not in
crease flood levels elsewhere. Where buildings are
already located in these critical areas, they can
either be relocated out of the flood area, elevated,
or floo<lproofed to reduce the damage they will
suffer in a flood. Buildings that are badly damaged
by flooding can be razed or floodproofed rather
than being restored to their original, vulnerable
condition. Vacant land in flood-prone areas can be
purchased Ly the local community and reserved for
recreation, farming, or other safe uses.
These and other floodplain management techni
ques (discussed in l><'signGuidrlinPs for Flood
l)u111aw Heducliun, cited in the Preface) can be
used i11a coordinated way to respond to each
communit) 's ,·arious needs, resources, and flood
hazards. Elcrnt<'d rcsiden tial structures, if used at
sites appropriat<' for them, can Le useful corn
pon<'nts of dfrctiv<· floodplain management.
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NATIONAL FLOOD INSURANCE PROGRAM
The National Flood insurance Program (NFIP) is
the federal governmcn t 's principal administrative
mechanism for reducing f100<ldamage. Estab
lished Ly Congress in 1968, the N FIP is adminis
tered Ly the Federal Emergcnq '\lanagcment
Agency (FE:\IA). The NFJP insures Luildings and
their contents in flood-prone areas, where conven
tional insurance had, prior to the NFIP, been
generally unavailable.
The NFlP proYides this im;urance only in com
munities that agree to implement comprehensive
land-use planning and 1na11agcmcnt to reduce the
likelihood of flood damage in their jurisdictions.
Community response to this incentive generally
inYolves the adoption of zoning, building code, and
dewlopment regulations that place various rey_uirc
ments and restrictions on new construction and on
substantial imprmements to c,isting construction .
.Yotl? that sonu• fond gol'<'rrllll<'ntshal'e adopted
codes and ::;;oni11µ
ordin"n,·es that are r·onsid('mbly
more n'striclire th"n the lllinimums n'quin'd by
FF.HA. The rt'.rn/1i.~that .fruniliarity 16th design
1·(11111ot
lie relied
require111e11tsill on<',·um111r111it_,.
on clse1rhcr<'.
The rate structure of the \FIP's insurance pre
miums reinforces the intent of these regulations
by charging higher insurance rates for buildings
subject to greakr hazard. These insurance rates arc
set primarily 011the La8is of designated hazard
zones and the elevation of the building or structure
in relation to the Ind of floo(ling likely to occur
in each zone. This differential rate structure
provides a significant financial incentive tu locate
buildings in less hazardous zones or to increase
buildings' flood safct) b) elevating them higher
than the N FIP's mi11imurn elevations.
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It is thus vital to be aware of the N FIP rate struc
ture, as well as local regulations, when siting and
designing new development or substantial improve
ments to existing construction. This information
can Le obtained from local insurance agents, public
officials, and regional FEI\IA offices.

BASE FLOOD ELEVATIONS(BFE's), A ZONES,
AND V ZONES
The NFIP and related local and state regulations
define likely flood levels on the basis of the "100year" flood, which is the flood that has a one
percent chance of being equalled or exceeded
during any given year. Over a 30-year period, there
is at least a 26 percent chance that this "Lase"
flood will occur.

GULF OF MEXICO

ZONE C

Figure 1.1. Flood Insurance Rate Map

ON POST-TYPE
A Zones

FOUNDATION
V Zones

bottom of
lowest
structural
member

Figure 1.2. Elevation Requirements for Post
Type Foundations
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The Lase flood elevations (13FE's), or likely flood
ing levels, at different sites in a community during
the 100-year flood are determined on the basis of
historic records, climatic patterns, and hydrologic
and hydraulic data. A community's BFE's are
mapped on flood insurance rate maps (FIRM's),
which are provided Ly FE:\-IAfor use by local
floodplain managers and FE:\IA officials (see
Figure 1.1).
FIR:\1's generally show flood-prone areas as either
A Zones or V Zones. Riverine flood-prone areas
and coastal flood-prone areas subject to storm
surges with velocity waves of less than three feet
during the 100-ycar flood arc generally classed as A
Zones. FEMA's design standards (see Figures 1.2
and 1.3) for A Zones call for the top of a building's
lowest floor (including basements) to be elevated
to or above the llFE. "Coastal high hazard areas"
arc shown on FIRJ\,l's as V Zones. The V Zone is
the portion of the floodplain subject to storm
surges with velocity waves of three feet or more
during the 100-ycar flood. FEMA standards for
V Zones require the lowest portion of the
structural members supporting the lowest floor to
be elevated on pilings or other columns to or above
the BFE. In addition, the space below the lowest
floor in a V Zone must not be used for human

habitation and must be free of obstructions.

ON SLAB FOUNDATION

'.\TFIP
1Tljttin'11w11I:- for A and\

A Zones

Zo1w,-;a.~of ./anwirT
I 98-J arc ,-111111narizcdin Fi;.!:111"<'
J.4.

Note that FIRM's arc based on a variety of assump
tions about expected flood severity, development
patterns, etc. The actuaJ level of flooding from a
100-year flood may Le significantly greater. In
addition, the "500-year" flood level, which would
be significantly greater than the 100-year flood's,
could conceivably occur once or even more often
during a building's lifetime. These uncertainties
are further reasons for locating buildings in less
hazardous zones or elevating them higher than the
NFIP's minimum elevations.

lowest floor

Figure 1.3. Elevation Require
ments for Slab Foundations

BOTH A AND V ZONES (Numbered and Unnumbered)
All structural components must be adequately connected and anchored to prevent flotation, collapse, or permanent
lateral movement of the building during floods.
Building materials and utility equipment must be resistant to flood damage. All machinery and equipment servicing
the building must be elevated to or above the Base Flood Elevation (BFE), including furnaces, heat pumps, hot water
heaters, air-conditioners,
washers, dryers, refrigerators and similar appliances, elevator lift machinery, and electrical
junction and circuit breaker boxes.
Any space designed for human habitation must be elevated to or above the BFE, including bedroom; bathroom; kitch
en; dining, living, family, and recreation room; and office, professional studio, and commercial occupancy.
Uses permitted in spaces below the BFE are vehicular parking, limited storage, and building access (stairs, stairwells,
and elevator shafts only, subject to design requirements described below for walls).

A ZONES (A1-A30)
Buildings must be elevated such that the lowest floor (including basement) is elevated to or above the BFE on fill,
posts, piers, columns, or extended walls.
Where fully enclosed space exists below the BFE, walls must be designed to minimize buildup of flood loads by
allowing water to automatically enter, flow through (in higher velocity flooding), and drain from the enclosed area.
For low velocity conditions, vents, louvers, or valves can be used to equalize flood levels inside and outside enclosed
spaces. For high velocity conditions, breakaway walls (see below) or permanent openings should be used.

V ZONES (V1-V30)
Buildings must be elevated on pilings or columns such that the bottom of the structural member supporting the lowest
floor is elevated to or above the BFE.
Buildings must be certified by a registered professional architect or engineer to be securely fastened to adequately
anchored pilings or columns to withstand velocity flow and wave wash.
Space below the lowest floor must be free of obstruction or enclosed with breakaway walls (i.e., walls designed and
constructed to collapse under velocity flow conditions without jeopardizing the building's structural support.
-- Fill may not be used for structural support.
No construction is allowed seaward of the mean high tide line.

Figure 1.4. Key Floodplain

Requirements of the National Flood Insurance Program as of January 1984.
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SITE ANALYSIS AND DESIGN

Site Selection and Analysis
SITE SELECTION
Whenever possible, site selection should avoid
flood-prone areas. If this is not possible it should
be recognized that the risk and severity of flooding
generally decreases with the distance from the
river channel or from coastal waters. However, this
is not always the case, so it is important to check
the level of expected floods in relation to the
proposed site. If the base flood elevation (l3FE)
has not been determined, it would be wise to con
sult local flood history data before making a final
site selection.
The regulations of the National Flood Insurance
Program (NFIP) specifically prohibit building or
landfill in a floodway, if such has been designated,
if the results would obstruct the flow of flood
waters and thereby increase flood heights.
Similarly, building in a coastal high hazard area
is also not permitted unless the stmcture is land
ward of the mean high tide level.
Development should be diverted away from
identified mudslide or erosion-prone areas. Only
where site and soil investigation and proposed con
struction standards assure complete safety for
future residents should such sites be considered.
Overall, customary site selection criteria should be
used to evaluate the suitabilily of a site. Drain
age, height of the water table, soil and rock forma
tions, topography, water supply, and sewage
disposal capability should be considered along
with economic and planning criteria such as
cost, access, and compatible land use.

SITE ANALYSIS
The site clements of primary importance for
analyzing an elevated residential project arc
flooding, soil, and wind characteristics.
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Flooding Characteristics
Floodwaters impose hydrostatic forces an<l hydro
dYnam ic forces. Hydrostatic forces result from the
static mass of water at any point of flood water
contact with a structure. They are equal in all
directions an<l always act perpendicular to the
surface on which they are applied. Hydrostatic
loads can act vertically on structural members
such as floors and <leeks, and can act laterally on
upright structural members such as walls, piers, and
foundations (see Figure 2.1).

Figure 2.1. Hydrostatic

Hydrodynamic forces result from the flow of
flood water around a structure, including a drag
effect along the sides of the structure and eddies
or negative pressures on the structure's down
stream side (Figure 2.2). These are more common
in flash floods, coastal floods, and when flood
water is wind-driven.

Forces

A number of hydrologic factors must be evaluated
in the design of an elevated structure:

DPpth of expected flooding and, in coastal
areas, height of waw crests, which will deter
mine the required elevation of a building and
the hydrostatic forces to be expected.

_J
Figure 2.2. Hydrodynamic

I

Frequenf'Y of flooding, which is the amount
of time between occurences of damaging
floods. This will have an important influ
ence on site selection.

Forces

Duration of flooding, which affects the length
of time a building may be inaccessible, as well
as the saturation of soils and building materi
als.
Velocity of flood waters and waves, which
influences botl1 horizontal hydrodynamic
loads on building clements exposed to the
water and debris impact loads from water
borne objects.
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Rate of rise, which indicates how rapidly
water depth increases during flooding. This
determines warning time before a flood,
which will influence the need for access and
egress routes elevated above floodwaters and
whether valuable possessions can ·he kept
underneath the structure and moved only
when flooding is imminent. Flash flood areas
often receive little or no warning of flooding.
Another hydrologic factor is ice, which in northern
climates can cause serious damage to structures if
flooding should occur during the spring before the
ice melts. In some cases winddriven ice or ice jams
have completely demolished bridges, homes, and
businesses, snapping large trees and pushing
buildings completely off their foundations.
Floating debris can he equally dangerous in this
regard. There is little that can he done to avoid
these phenomena short of avoiding sites where
they are especially likely to occur.
Hydrologic data concerning a site, including both
technical studies and historical records, can often
he provided by the local or state government and
federal agencies such as the Federal Emergency
Management Agency, the U.S. Army Corps of
Engineers, and the U.S. Geological Survey. If
needed information is not available from these
sources, engineers familiar with hydrologic and
hydraulic techniques can analyze the flooding
potential.
Soil Characteristics
The characteristics of the soil in a flood area-soil
hearing capacity, for example-can he important
in determining an appropriate design. Highly
erodable soil would not he desirable for use as fill
in elevating a structure in a high velocity area
unless the fill is properly protected. When erosion
removes soils supporting building foundations, the
foundations can fail (see Figure 2.3).
Figure 2.3. Erosion Caused This
Foundation to Collapse.
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Soil data can be obtained from soil survey reports
published by the Soil Conservation Service of the
V.S. Department of Agriculture. It may be
desirable to consult a qualified soils engineer
familiar with the soils at the site.
Large-scale topographic maps of ground elevations
can be used to determine natural drainage patterns,
mudslide- and erosion-prone areas, and the feasibi
lity of using fill. Local or state agencies or the U.S.
Geological Survey can often supply this informa
tion. Detailed topographic maps (2-foot contour
intervals or less) must usually be developed as part
of the site-specific investigation and are necessary
for developing grading and landscaping plans.
Winds

Buildings elevated off the ground can be more
vulnerable than other buildings to wind (see Figure
2.4 ). Data on expected winds appear in building
codes and Standard A58. l of the American
National Standards Institute. Design and Con
strnction .Hanual for Residential Buildings in
Coastal High Hazard Areas, cited in the Preface,
discusses designing for V\ind in coastal areas.

Figure 2.4. Wind Forces
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Site Design
Site design for elevated structures should follow
standard planning criteria applicable to any site
work. Typical factors to consider include slopes,
natural grades, drainage, vegetation, orientation,
zoning, and location of surrounding buildings, as
well as expected direction of flood flow.

SITE FLOODINGCHARACTERISTICS
Buildings should be positioned in the area of the
site that will experience the lowest flood levels and
vdot:itics. In coastal areas, this means as far back
from the beach as possible and, if feasible, behind
dunes. Buildings should be oriented to present
their smallest cross-sections to the flow of
floodwater. This reduces the surface area on which
flood and storm forces can act.
When multipk buildings arc to he placed on the
same site, the objective of site design is the same as
for an individual building. One approach is to
disperse buildings throughout the site, appl)ing
the criteria discussed above to each building. An
altnnative to such dispersal, when local zoning
ordinant:es allow (e.g., a planned unit development
ordinance), is to group buildings in clusters on the
safest parts of the site, leaving the more vulnerable
areas open. This approach not only reduces flood
damage but can also allow greater flexibility in
protecting the natural feahues on the site (see
L"
') r:')
1· 1gure .....
o .
Adjacent buildings, bulkheads, or other structures
should also be considered in site layout, both for
their potential to screen and divert flood waters
and water-Lorne debris and for their potential to
become floating debris themselves. Bulkheads
also tend to divert flood waters around their ends,
adversely affecting adjacent sites.

Figure 2.5. Planned Unit Development
Ordinances Allow Greater Flexibility in
Site Design
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ACCESSAND EGRESS
Access to and egress from a building can be facili
tated by locating parking and driveways-as well as
the building-in the area of a site least likely to be
flooded. Access and egress are important during
flooding to ensure that building occupants can
evacuate and that police and fire protection and
other critical services can continue to be provided.
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Figure 2.6. Site Design to Reduce Flood Hazards
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In new developments, roads should be located
to approach buildings from the direction away
from the floodplain, so that access roads will
be less likely to be blocked by flood waters and
debris (Figure 2. 7). To reduce potential erosion,
siltation, and runoff problems, roads should not
disrupt drainage patterns, and road crossings
should have adequate bridge openings and culverts
to permit the unimpeded flow of water. If roads
are to be raised, the slope of embankments should
be minimized and open faces stabilized with
ground cover or terracing.

VEGETATION
Vegetation aids in slowing the rate of storm water
runoff by holding water, thus allowing it to filter
into the ground or evaporate gradually. In
addition, vegetation helps prevent erosion and
sedimentation from flooding. Natural vegetation
should be retained wherever practical, and new
plantings should be introduced in locations that
will be most affected by runoff.

Figure 2.7. Improperly Sited Streets Can Block
Emergency Egress and Access

Crushed stone can be used to control erosion under
low-lying elevated structures and other locations
where vegetation is difficult to maintain.
Larger bushes and trees can be sited to deflect
floating debris away from elevated foundations.
Landscaping can also be used to screen elevated
foundations from view. Trees, plantings, fencing,
etc., can all provide this dual function of utility
and aesthetics.

FLOOD WATER DRAINAGE AND STORAGE
Good site drainage in riverine areas allows flood
waters to recede from a site without eroding it or
leaving standing water that causes damage to
structural elements or health hazards from stagnant
water.
Water enters a riverine site either from precipita
tion or as surface runoff from upstream portions of
the watershed. What happens to this water can be
a major determinant of the degree of flooding and
15

the amount of flood damage. Site development
that increases the volume of storm water runoff
can increase flooding levels. Ideally, runoff rates
after development should not exceed the rates
Lefore development.
Site design should work to protect the individual
site as well as to minimize increased flood levels
elsewhere. A number of key factors such as the
amount of nonporous surface and the amount of
on-site surface water storage can in part determine
the ability of a site to absorb water. Land-use
regulations in some communities rel{Uire devel
opers to defray part of the cost of developing
regional water retention sites to offset the effects
of development.
On the site, open channels can be used both to
divert water away from crodablc areas, such as
short steep slopes, and to collect and transport
water runoff to larger drainage courses. Channels
with grass cover are appropriate where the channel
gradient and consequent water velocity arc low;
they then serve as percolation trenches Ly allowing
gradual infiltration while water is being trans
ported. Where vegetation cannot be established,
concrete and asphalt pa"ing or riprap can be used
as channel linings. However, such linings can
increase the velocity of runoff, and consideration
should be given to velocity checks to control the
rate of flow.
On some sites it may be possible to use fill
material-from either on-site or off-site-to
improve drainage and control runoff. Special con
sideration should be given to soil conditions and
slope stability, as well as flood water velocities and
duration, to avoid erosion during flooding. When
restructuring topography, exposed cut and fill
slopes, as well as borrow and stockpile areas,
should Le protected. Runoff should be diverted
from the face of slopes, and slopes should be
stabilized with ground cover or retaining walls.
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DUNE PROTECTION
Dunes provide a natural shoreline defense against
storm surges and waves. Most coastal communi
ties require that construction be behind the
primary dune and that dunes not he cut or
breached by site features such as walkways or
beach access roads. Cross-over walkways should
be provided (see Figure 2.8).
Existing dunes should be maintained through
vegetation and sand fencing, which limit wind
losses and promote further dune growth. If no
dunes exist and the beach is sufficiently wide,
successive tiers of sand fencing can induce dune
formation; some communities require this before
a residence can he built.
Figure 2.8. Dune Access
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ARCHITECTURAL

DESIGN EXAMPLES

Many of the twentieth century's most important
buildings have been elevated residential structures.
The rise of modern architecture, inspired by the
raised houses of Le Corbusier in the 1920s, was
made possible by structural innovation~. The Villa
Savoie at Poissy (1929), for example, is lifted
above the ground on pilotis, freeing the lower level
for parking and affording a spatial continuity with
the landscape (Figures 3.1 and 3.2). In his
Towards A New Architecture Le Corbusier was
exultant about the possibilities of elevated design:
The house on columns! The house used to
be sunk in the ground: dark and often humid
rooms. Reinforced concrete offers us the
columns. The house is in the air, above the
ground; the garden passes under the house.

Figure 3.1

Figure 3.2
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Since the Villa Savoie was centered on a <lorne-like
rise in a large pasture, Corbusicr di<l not need to
concern himself with the problem of flooding.
Other masters of mo<lern architecture, however,
have used thr principles of elevated residential
design to create aesthetically satisfying and func
tionally sound responses to hazardous flood eon<li
tions .
.Mies van der Robe's Farnsworth House (1950),
consi<lere<lone of the great icons of mo<lern archi
tecture, owes at least some of its appearance to its
floo<l-prone site (Figures 3.3 and 3.4). Built along
the Fox River in rural lllinois, the house was
designed to accommodate a body of water that
overflows its banks each spring. i\lies' solution to
the problem was to raise the plane of the first floor
above the floo<l le,-el, creating his first clear-span
buil<ling. The resulting stmcture seems to float
above its site.
Good design and good flood protection must con
tinue to Le treated together. Goo<l design entails
effective use of the site and careful consideration
of the needs of the surrounding neighLorhoo<l an<l
community.
The Lest houses provide a clear
transition from ground to dwelling, integrating the
foundation with the rest of the stmcture. Creative
landscaping with trees, shmLs, an<l fences can
enhance the appearance of elevated structures by
softening the effect of potentially harsh or barren

Figure 3.3
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exposures. Inventive landscaping also helps to
control erosion and protect the dwelling from the
impact of debris and high velocity flooding.
Effective use of terracing and level changes can
help achieve continuity with the surrounding areas
and, equally important, provide a sense of variety
by indicating the different functions that occur
simultaneously on a single site.
Such site considerations are but one part of a total
elevated design scheme. The following examples
are concerned with some of the many other
important factors involved in floodproof design.

Figure 3.4
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Design Studies
The following desi6rn studies were developed by a
number of architectural firms and architectural
schools using the information presented in this
manual.

BRIDGEPORT,CONNECTICUT
With an elevation requirement of 10 fret above
grade, the architects have desig11cd these luxury
townhouses around a raised central social deck
(Figures 3.5 and :3.6). Parking is located beneath
the deck. Access to the deck and to tJ1c town
houses is provided b) stairs and a timber ramp.
The ramp provides access for children, the handi
capped and the elderly. During times of flooding,
the ramp can also be used for driving automobiles
and rescue vehicles up tJ1edeck level. Steel girders
resting on concrete piers support both the social
deck and tl1etownhouses ( Figure 3. 7). The deck
has a double floor construction, allowing added
insulation and protecting utility services.

J

Figure 3.5
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CHARLESTOWNAND NEWPORT, RHODE
ISLAND
The architect here has chosen two case study
areas, Newport and Charlestown, Rhode Island,
with distinctly different cultural and natural
conditions that affect flood design considerations.
Newport is a compact commercial and recreation
center that has many residences along the water's
edge. The area studied in Newport is a protected
harbor with access from Rhode Island Sound into
Narragansett Bay. The portion of Charlestown
that is the second study area is a beachfront area
with vacation house development. Most develop
ment is in a coastal A Zone. Both study areas have
high development pressures.
In both areas historic, scenic and community
values influence the design of elevated structures.
In Newport the close proximity of a Historic
District injects height, bulk, material, and size
considerations into any planned development.
(In the case of historic structures in floodplain::;
listed on the National Register of Historic Places or
a state inventor~- of historic place:,:,restoration may
he accomplished \.,·ithout elevating the fir:-;tfloor
through a variance procedure.)
Similarly in
Charlestown, simply elevating structures, without
regard for the natural environment, could produce
ungainly and visually distracting elements. lt is
necessary in flood area design to not only meet
engineering requirements, but to also be cogni
zant of the visual effect such design will have on
the prevailing character of the area.
Charlestown

An inventory of critical natural factors was made
to determine how and where development should
take place in the Charlestown floodplain. As a
result, specific land area within the floodplain was
deemed acceptable for residential development.
The analysis then proceeded to the evaluation of
methods of elevation appropriate to the develop
ment area.
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Base F load Level

Earth FIii

Figure 3.8

For numerous functional and aesthetic reasons,
earthfill with heavy stone revetment was chosen
as the method for elevating residential structures
in Charlestown (Figure 3.8). The homes were
clustered to keep down the cost of fill and because
the land available for safe building in the flood
plain was limited (Figure 3. 9). A small-scale,
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Figure 3.9
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single-family scheme was chosen for visual con
tinuity with earlier buildings (Figure 3.10). All
houses, a small amount of private space, and all
utilities are located on the common filled area.
Low intensity land uses such as parking, road and
driveways, playgrounds, etc., are located on the
lower surrounding areas. Ramps and steps are used
to accommodate the height differences from
parking to the finished first floor.
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Figure 3.10
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Newport

Development in the wharf area in Newport, Rhode
Island, is structured by a combination of natural
and cultural conditions. Although separated from
the older historic areas of Newport by a highway,
its proximity to them requires special considera
tion of height, materials, and size. It is in a special
flood hazard zone, yet its water's edge location
makes it visually attractive. Changes in the use of
the wharf area and its new relationship with neigh
boring areas have resulted in an expansion of com
mercial and residential development. The low
height above sea level means that new structures
would have to be raised approximately to the level
of the highway to comply with local flood regu
lations. For the restoration of historic buildings,
however, there is no need to elevate the first floor
as long as a variance is obtained.
Analysis indicated that the optimal solution would
be a combination of elevation techniques, because
different zones in the wharf area are suited to dif
ferent elevation strategies (Figures 3.11 to 3.13).

Figure 3.11

/
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Figure 3.12
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In the area farthest from the water, earth fill offers
flood protection and a gradual level change from
that of the highway. A transitional middle section
could combine berming with raised structures.
Level changes can be integrated by linking
extended decks with ramps and stairs. In the area
closest to the water, raised structures would not
alter the water-to-land relationship or block ,iews.
Commercial uses are most likely to locate in the
filled area, where first floor spaces are usable.
Residential, restaurant, and small office uses are
more suitable to the raised structures, which afford
increased privacy and better views.
Spaces under and between the new buildings
can be used for pedestrian malls and thus rein
force the tourist and commercial uses of the
area. Decks, balconies and trellises can connect
different building levels. utilities for the raised
structures could be run beneath these raised
decks and trellises and then into the fill, being
protected from flood damage. This manipulation
of the spaces and level changes created by flood
protection enhances the visual intrical') and human
scale of the wharf.
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SAN FRANCISCO,CALIFORNIA
Pacific coast flooding is generally associated with
high seas and rains. Ocean storms accompanied by
high winds have caused considerable erosion and
damage to beach and coastal floodplain property.
Inland rain storms, on the other hand, falling on
the mountainous terrain cause major canyon and
valley flooding. Both coastal and canyon flooding
are dangerous high-velocity situations. Slow-rising
and lower-velocity conditions occur on coastal
marshes and low-lying riverbeds.
The architect has developed several very interesting
and distinctive residential concepts for single- and
multi-family housing. The use of landscaping,
fences, and exterior decks minimizes the elevated
appearance of the structures while providing fimc
tional visual highlights. Structurally the two
concepts are quite different. Although both
concepts use wood posts, the single-family
residence uses a two-way structural grid supporting
prefabricated housing units, while the multi-family
structure is conventional wood frame construction
built upon a wood-post-supported platform.
Parking for both residential concepts is under the
structure.
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Single-Family Residential Concept
A two-way wood post structural grid supports the
living units at levels above the base flood and serves
to organize and unify the various units with
minimal impact on the ecology of the area (Figures
3.14 to 3.16). A seven-foot clearance beneath the
horizontal structural members allows for parking,
storage, and sheltered recreation space separated
from and below the living units. The reduced land
coverage of this design is in keeping with the
architect's concern for efficient land use. Shared
facilities, clustering buildings, etc., further give
these houses a unique identity and sense of
community. Within the prescribed vernacular of
poles, decks, railings, and fences, architectural
variety with continuity is achieved. The fences are
strapped together to prevent pieces from floating
away if damaged during a flood. Water heater and
furnace and air conditioning equipment are located
18 inches above base flood level with all ductwork
in second floor or attic space.
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Septic
Tank

Multi-Family Residential Concept

To reduce costs, the architects have designed a
conventional wood frame structure built upon a
wood post platform (Figures 3.17 and 3.18).
Raising the first floor to at least eight feet above
grade provides an opportunity to put parking
under the building. This reduces the area of the
site that has to be built upon and places cars closer
to apartments. However, parking under the
structure requires fire separation. Exposed
entrance stairs and fencing minimize the elevated
appearance of the structure while providing visual
variety and privacy.
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CHICAGO,ILLIN01S
Flooding in the Midwest is of two types: riverine
and lake flooding. The characteristics of both are
usually slow rise and low velocity. However, flash
flooding and lake shore scouring can and do occur.
The Great Lakes area, more specifically, the
Wisconsin, New York, Ohio, and Michigan lake
shores, have experienced growing problems of lake
flooding and slow erosion caused by the increasing
occurrence of high waters and high winds.

GardenApartment Concept

Figure 3.19

Figure 3.20
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Although elevated eight feet and constructed of
reinforced concrete block, this rowhouse does not
appear to be designed for a potential flood condi
tion (Figures 3.19 and 3. 20). The covered parking
and entrance level is handsomely integrated with
the above living levels by reinforced concrete block
walls that organize the entire structure. The walls
are constructed parallel to the direction of possible
water flow. Unfortunately, the architect enclosed
the stairway-entranceway, with a potentially
serious effect on flood insurance rates.

Aesthetic Considerations
There is a common misconception than an elevated
residential structure will be inherently unattrac
tive-a box on stilts (Figure 3.21). This is not true.
Elevated structures offer challenging design oppor
tunities to be aesthetically appealing as well as
functionally sound.
Residential development requires a significant
financial investment, and if it is aesthetically
appealing it contributes to the economic value of
the area, both for the owner and for the com
munity as a whole. All communities have both
positive and negative examples of this. Good
quality tends to foster better quality, and poor
conditions lead to even poorer conditions.
Appealing design can thus be an important element
of making the most of our limited development
resources.

Figure 3.21
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SITE DESIGN
Integration of development an<l site should Le
<lone so that the two complement each other. A
careful site analysis can give many clues to the best
design of the huil<ling for its relation to topo
graphy. location ancl orientation, an<l location of
fenestration ( ,·iews. etc.). eutrys. an<l parking.
Landscapi11g-creatfre use of trees, shrubs, fences,
walls. ctc.-servcs two purposes. It integrates the
rlernt1·1l portion of the <lcvelopment with its
surrouwlings and, at the same time, helps control
erosion and protect the <lwclling from the impact
of dcLris and fast-mO\ing water (Figures 3.22 an<l
:-).23).
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Figure 3.22

The relationship and compatil,ility of dnclopment
witl1 the s1uromuling neighLorhoo<l and com
munity ::-ho1ddLe considered in or<ler to gi,e a
sense of continuit~ with the surroun<ling areas,
rather than an unattractin- "ho<lge-po<lge·· of unrelated den·lopmcnt.
·
Terracing an<l len·l changes can be usc<l to give a
:-ense of, ariety and to identify <liffcrent uses, as
well as to integrate building with site.

----0(JIL.D!l--lGi

'?L-fVA1fV BY

Sf£'.UC-iURAL- Hf-ANS

Figure 3.23
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BUILDING DESIGN
The integration of the foundation with the site and
the building is perhaps the most important aesthe
tic challenge when designing elevated structures.
Many elevated structures give the impression that
the support foundations are treated separately
from the building and the site, giving the impres
sion of a building set on spindly legs (figure 3.24).
It is essential to recognize that the foundation is an
integral part of a building, rather than only "some
thing to set the building on." A well-designed
elevated residence should provide a smooth transi
tion from ground to dwelling, with the foundation
integrated with and complementary to the building
itself.
Other special considerations when designing
elevated residences include the design of any
needed stairs and the use of the areas under the
structure. More general considerations include the
shape and form of the building (configuration,
shape of roof, etc.), textures and color of building
materials, the use and treatment of balconies,
terraces, railings, windows, shutters, screens, and
entries, and the arrangement of interior spaces.

Figure 3.24
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Figure 3.25. This wood structure successfully uses
the same material throughout the building
foundation, structure, treatment of railings, wall,
and roof material, as well as connection and
anchorage details. The design honestly expresses
the structure, foundations and other building
elements. While it is obvious this is an elevated
structure, it still feels very much a part of the site.
The foundation members are also integrated well
with the building itself (see also Figures 3.54 to
3.57).

Figure 3.26. This is an example of integrating the
site, the building, and the foundation so they relate
well to each other. This foundation appears to be
part of the building rather than stilts holding it up.
It shows how a modest, simply designed building
can also be very aesthetically appealing through the
use of natural materials and interesting treat
ment of fenestration and I ighting fixtures. Simple
but well-thought-out landscaping ties the building
effectively to the site.

Figure 3.27. This is a good example of how the configuration of a cluster layout can contribute to
functional advantage as well as visual appeal. The sawtooth arrangement allows for two sides of each
unit to have access/view to the ocean. This form also breaks up the long, continuous (and often mono
tonous) wall approach, thus adding variety and interest. With this configuration the materials, treatment
and form of the units can be simple but still attractive.
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Figures 3.28 to 3.29. This is an excellent example of cluster-type elevated residential development.
The development is well-integrated with the site; the various levels seem to roll over and blend with the
dune. The vegetation and simple fencing add much to this marriage. The individual units also relate very
well to each other, providing a good example of an overall development's being "more than the sum of
its parts." The individual units provide the individual amenities-privacy, plan layout, etc.-while still
being a part of a comprehensive whole with a strong sense of community. The form, scale and character
of the development are also excellent. The sloped roofs, the balcony treatment, use of levels, and the
articulation of the other elements add variety and a character that complements the site and over al I
development. The use of materials-color, texture, scale-also contributes to the design's appeal (see
also Figures 3.63 to 3. 70).

Figure 3.30. The exterior treatment of this devel
opment adds visual appeal to a development that
could otherwise be quite monotonous.
The
exterior colored panels with white structure and
coordinated interior panels provide interest,
as does the simple treatment of balconies with a
variety of planes, panels, railing and roof trellis
members.

39

Figure 3.31. This is a good example of how a simple structural grid infrastructure can be used as a basis
for a relatively modest, well-designed and visually appealing residence. The plan is simple, developed
around the columns, but provides a very livable, interesting and functional space. The cantilevered
balconies also add interest as well as defined exterior areas. The roof shape contributes to a spacious
interior that makes the house feel larger than it really is, allows in natural light through the transom
windows, and through its form adds much to the overall aesthetic appeal of the design (see also Fig
ures 3.40 through 3.45).
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Figure 3.32. The diagonal battens used to enclose
the stairwells for protection provide an aestheti
cally appealing screen-textural affect. The colored
awnings also add a necessary highlight to an
otherwise colorless exterior. Notice also the pole
light fixture.

Figure 3.33. Passersby have to look very carefully
to see that this development is actually elevated.
Good use of landscaping and building form
includes attached and detached units.

Figure 3.34. This structure uses a mixture of materials, texture and color very successfully and provides
a variety of form for visual appeal. The space under the building remains open and light through a
combination of white unobstructed walls and piers, landscaping, and layout relative to other buildings.
A human scale is accomplished by breaking the building up into different heights and sections, rather
than an imposing three-story box, as is often done (see also Figures 3.58 through 3.62).
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Figures 3.35 and 3.36. This is a good example of
using a variety of shapes and forms (wall surfaces,
planes, balconies, etc.) as well as wall treatments
(materials, texture, color) to create a sense of
variety essential for an aesthetically pleasing
development.
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Figure 3.37. In the interior, color, scale, texture, and floor arrangement must be given careful attention
(see also Figures 3.40 through 3.45).
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Figures 3.38 and 3.39. Well-designed elevated residential structures can take many forms and styles. The
principles in this manual are applicable to any style.
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Recent Design Examples
The projects in this section are some of the best
design exam pies discovered in a state-of-the-art
survey conducted as part of the development of
this manual. While these examples range from a
single-family detached unit to a multi-family high
rise, there appears to be a clear trend toward higher
density, cluster-type development. This is
probably due to higher land rnlues and the experi
ence gained from major floods over the last couple
of decades. This is a promising trend that encour
ages professional design involvement in residential
structures and leads to a more comprehensive
approach to elevated residential and other develop
ment in flood-prone areas.
Virtually all the recent design examples that were
submitted in response to our surn'y were coastal,
as opposed to riverine, projects. This suggests that
the state of the art is being set for the most part
in coastal areas, especially in the higher-use resort
areas. It should be noted, however, that what is
being done in coastal areas can often be applied
successfully in riverine, lake, and other ilood
prone areas as well.
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THE LOGAN HOUSE
Tampa, Florida
Architects: Rowe Holmes Barnett
Architects, Inc., Tampa, Florida

The Logan House (Figures 3.40 to 3.45), located
adjacent to a federally protected tidal estuary near
Tampa, Florida, exemplifies a skillful blend of
flood protection and energy conservation. The
natural site of the house, only four feet above sea
level, suggested the possibility of flooding. Flood
regulations required Rowe Holmes Associates to
elevate the structure an additional six feet. They
chose, however, to raise the house almost eight feet
to be able to use the first level as both a carport
and protected outdoor living area.
The 2,000-square-foot structure is designed in
what is known in Southern vernacular as the
"dog trot" style, incorporating a long breeze
way/ventilating device covered with the same
roof as the house but open on the sides. The
wood frame house is supported on IO-inch-square
pressure-treated pine poles augered deep into the
soil to withstand hurricane forces common to this
area of the country. The floor serves as a horizon
tal diaphragm to provide the pole structure addi
tional rigidity.
Several of the features that protect the Logan
House from flood damage also promote energy
conservation. For example, elevating the structure,
the major flood protection strategy, helps draw
cool (lower) air up and through the house.
A central utility core-unfortunately located on
the lower level where it is vulnerable to storm
forces-is serviced by a stairway, allowing pro
tected access to the carport and outdoor space.

Figure 3.40
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SUMMERWOOD ON THE SOUND
Old Saybrook, Connecticut
Architects: Zane Yost & Associates, Inc.,
Bridgeport, Connecticut
Summerwood on the Sound (Figures 3.46 to 3.50),
a 76-unit cluster development, won a 1979 design
award for architects Zane Yost & Associates, Inc.
The development is built on a peninsula tidal
estuary protected by a barrier beach.
Equal in importance to protecting the buildings
from flooding was the preservation of the salt
marsh ecological environment. For this reason,
the architects chose to locate the units only along
the natural contours of the 30-acre site. For
further protection of land as well as buildings,
the structures are elevated above flood level,
topping crawl spaces with internal drains to permit
flood water to pass in and out. The wood frame
structures are covered with horizontal siding and
use picket fences to soften the effect of the raised
structures. Redwood stairs and decks adorn the
water side of the units.

,

Figure 3.46

Although the overall density on the site is low
(2.5.units/acre), the clustering of the units makes
for a comfortable neighborhood scale.

Figure 3.47
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THE BREAKERS CONDOMINIUM
Redington Beach, Florida
Architect: Rowe Holmes Barnett
Architects, Inc., Tampa, Florida
The Breakers Condominium in Redington Beach,
Florida (Figures 3.51 to 3.53), is composed of 38
two-bedroom units oriented to take advantage of a
spectacular ocean view. Using a "double saw-tooth
stepback" plan, the architects oriented the
buildings around a communal atrium garden,
creating a pleasant internal garden on an otherwise
flat and treeless site.
The 1,200-square-foot units, completed in 1973,
are composed of exterior masonry walls and flat
slab and column construction to reach a height of
12 feet above sea level, which is the 100-year
high flood elevation. A heavy Spanish stucco
finish and louvered privacy screens made of red
wood soften the effect of the typical condominium
construction.
All the units share the atrium garden on either
their entry or walkway sides. The units also share
a game room and beachside pool and deck.
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CAMPUS-BY-THE-SEA
FACILITY
Catalina Island, California
Architect: Leonard E. Lincoln, AIA,
Palo Alto, California

1

Catalina Island (Figures 3.54 to 3.57), developed as
a resort center in the 1920s, is located 21 miles off
the coast of southern California. Many of the
original structures built on the island were
destroyed by flash floods in 1980 when storm
waters cascading down a series of ravines swept
them off their concrete pier foundations.

The newly replaced key facilities of Campus-by
the-Sea, a conference center, are no longer threat
ened by such flooding. For example, the new
three-level dining complex makes use of poles that
serve as both foundation and roof support for the
7,000-square-foot structure. The structure is
·· supported by 55 poles, ranging from 25 to 40 feet
in length. These poles are set on concrete pads,
which were poured at the base of 10-foot-deep
caisson holes. The poles were specially pressure
treated to resist decay and termite attack. A
preservative (pentachlorophenol) was carried by a
low-viscosity petroleum gas, allowing for deep
penetration through the sapwood into the
heartwood.
1

Figure 3.54

Several of the new two-unit cabins on the site have
also used this kind of structure, and more similar
construction is expected to take place in the
near future.
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Figure 3.56
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STARBOARD VILLAGE
Pensacola Beach, Florida
Architects: Davis & Associates,
Architects & Planners, PA,
Orlando, Florida

Figure 3.58

Starboard Village (Figures 3.58 to 3.62) is a
33-unit condominium project consisting of six
low-rise buildings on the Gulf of Mexico. All the
living areas are raised above grade, allowing parking
at ground level. Each building is designed with a
module using a one-story unit with two-story units
above. All structures are concrete frame and slab
systems, supported on concrete-piling with shear
walls designed to withstand hurricane forces.
Wood-accented stucco as the primary finish main
tains a residential quality. The architects exercised
special care in locating the air-conditioner units,
mounting them under concrete stairs and on the
underside of the second floor concrete slabs.
Wood louvers then enclose the units.
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GULL POINT CONDOMINIUMS
Perdido Key, Florida
Architects: H. Shelby Dean-Richard H. Fox,
Architects, Anniston, Alabama
The design of this 16-unit condominium (Figures
3.63 to 3. 70) on the Gulf of Mexico successfully
integrates storm protection, energy conservation,
function, and economics.
The architects used pile construction to elevate
the units several feet above the minimum required
by the National Flood Insurance Program. This
was done because analysis of the flood insurance
premium rate structure showed that the added
margin of safety from the additional elevation
would qualify the units for significant savings in
annual insurance costs.
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The buildings' exteriors are of cedar. The buildings
were configured to reduce the impact of hurricane
winds while maximizing views and privacy. At the
same time, fenestration was placed to maximize
natural ventilation. This and the use of insulated
glass have reduced the need to use the units' air
conditioning.
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A variety of forms and shapes provide visual
interest and a variety of living spaces for the units'
occupants, who use the units mostly as vacation
homes. The units are situated around a central
pool and landscaped area, which provides the occu
pants a well-defined community space.
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Figure 3.70
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DESIGN AND CONSTRUCTION GUIDELINES

Foundations
The common methods of rlcvating residential
structures arc earth fill, elevated foundations,
shear walls, posts, piles, and piers. The selection
of an elevation technique depends on a number
of variables, includin~ hydrologic factors, physi
cal conditions at the site, and cost. The deter
mination of the appropriate technique requires
analysis of these factors in the contcx t of federal,
state, and local regulatory requirements. fn some
cases it can he advantageous to use a combination
of elevation method,-. For example, a building
raised on fill at one end and piers or posts at the
other coul<l proYitle ground floor access at the
cud uf Llie building away from the floodplain
while minimizing obstruction of flood waters
at the end nearer the stream channel.
The following discussion of the design and con
struction of elevated residential structures is based
on accepted building practice. Generally, a con
servative approach has been taken in order to
ensure compliance with the building codes most
widely used in the l!nited States. In addition, the
performance criteria presented later in this manual
can be used to review a building's expected re
sponse to flooding. Analysis of flood-induced
loads and soil conditions, as well as normal loads,
stresses, and deflection of structural members, is
required to ensure satisfactory building perform
ance.
'.\otc that foundation~ in \ Zorw,- ,-hould lw
desig1wd in accordance \\ iLh /)e,ipz 1111dCon
-~truZ·tiunll1rnu11lfor Residential Buildings in
Coastal IIigh Ila::;ard_treas. l'itcrl in tlw Pn,facc.
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FILL
At many A-Zone sites with low-velocity flooding it
is feasible to elevate structures on earth fill (Figure
4.1 ). Earth fill is a widely used elevation technique
that with proper construction practices and
materials can be the most economical means of
elevating a building two or three feet above grade
or in some locations even higher. Fill should not
Le used in V Zones, where high-velocity flooding
occurs, or at sites where fill would constrict the
flow of flood waters and cause increased flooding
heights or velocities.

Figure 4.1. Elevation by Earth Fill

The advantages of fill (as opposed to piles or
similar elevated foundations) include its generally
traditional appearance, ease of access to the lowest
floor (i.e., no stairs are required), the ability at
many sites to connect the filled area to higher
ground for emergency evacuation in a flood, the
safety of building elements from deterioration
caused by exposure to flood waters, and the
thermal insulation the earth provides the bottom
of a house. In cold climates, furthermore, spring
flood water under a house elevated on piles can
freeze, ·with the danger of uplifting the structure.
A site's topography and soil conditions may pre.
cludc use of fill. Before fill is put in place existing
vegetation and any unstable topsoil must be
removed. The fill should then be placed in layers
not exceeding 12 inches deep, with layer com
pacted with pneumatic or sheepsfoot rollers
or vibrating compacting equipment. For most
residential applications, compaction to 95 percent
of the maximum density obtainable with the
Standard Proctor Test Method issued by the
American Society for Testing and Materials (ASTM
Standard D-698) is usually sufficient.

Provision must be made for adequate surface
drainage and erosion protection. Riprapping may
be required for critical exposed slopes of a fill
pad.
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ELEVATED FOUNDATIONS
In some situations site topography, poor soil
conditions, aesthetics, or cost considerations may
make it desirable to use an extended masonry or
reinforced concrete foundation to elevate a house
up to three or four feet above grade. Such a foun
dation can be bermed with earth fill to provide
easy access and a conventional appearance.
Elevated foundations must be designed to with
stand both hydrodynamic forces caused by
velocity waters and hydrostatic forces caused by
standing water. This may require added reinforce
ment in the walls. Where the foundation is not
bermed with fill, a further design consideration
would be the provision of sufficient openings in
the foundation to allow the unimpeded flow of
flood waters through the foundation. This can
help minimize both hydrodynamic and hydro
static forces without affecting the strength of the
foundation if designed properly.

SHEAR WALLS
Shear walls, although more commonly used for
motels, apartments, and other more massive
structures, can also be used to elevate smaller
residential structures (Figure 4.2).
A shear wall acts as a deep beam in resisting
forces in the plane of the wall. Structurally,
the most critical design consideration is the low
resistance of a shear wall to lateral forces. Shear
walls should thus be used only in areas subject to
low- to moderate-velocity flooding and should be
placed parallel to the expected flow of flood
waters. It is important that load and impact
forces be determined for the entire range of flow
directions. In addition, a shear wall's vulnerability
to lateral forces makes it critical that connections
between the wall and the foundation elements
below grade be well designed.
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Figure 4.2. Elevation by Shear Walls
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POSTS
Post foundations (Figures 4.3 and 4.4) use long,
slender wood, concrete, or steel posts set in pre
dug holes. Posts can be round, square, or rec
tangular in section, though square and rectangular
posts are easier to frame into than round ones.
With steel pusts, wide flange shapes or pipe or
square tube sections are usually used.

Figure 4.3. Elevation by Posts
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Figure 4.4. Elevation by Posts

Post foundation holes are dug by hand or machine.
Posts longer than 16 feet generally require machine
assistance for safe handling. Posts are generally
less resistant to lateral forces from flood waters
than piles or reinforced concrete masonry piers.
Bearing capacity and stability of posts can be
improved by pouring a concrete bearing pad at the
bottom of the hole and/or pouring a concrete
collar around the post after it has been partially
backfilled (Figure 4.5).
Post Embedment

The depth to which posts should be embedded
depends on soil conditions, including the depth of
the frost line; vertical loads; lateral loads from
flood waters, debris impact, and wind forces; the
anticipated erosion and uplift; and the spacing and
size of the posts.
Figure 4.5. Reinforced Concrete Collar

The following comments and sketches indicate
embedment techniques for wood posts; steel and
concrete posts' requirements are similar.

68

Hole Df'plh and Post End Braring. Wood posts are
generally embedded 4 to 8 feet. Hole excavations
beyond 8 feet become uneconomical, so piles are
used.
If design loads arc small and the allowable soil
bearing capacity is adequate, i.e., dense sand or
medium-stiff clay, the post can be set on undis
turbed earth at the bottom of the hole (Figure
4.6).

For larger loads and/or poorer soil conditions, a
concrete pad should be poured into the bottom of
the hole (Figure 4.7). The pad should be approx
imately as thick as half its diameter, with a mini
mum thickness of 8 inches.
If extremely poor soil conditions are encountered
it may be necessary to use concrete backfilling or
piers, as discussed below, or to drive a group of
piles and cast a pile cap for each post to bear on, as
shown in Figure 4.8, anchoring the posts securely
to the caps. This can be more expensive than other
foundation types.
Figure 4.6. Earth Bearing
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Figure 4.7. Post on Concrete Bearing
Pad

Figure 4.8. Post/Pile Foundation
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Wood posts can also be supported entirely out of
the ground on concrete piers (Figure 4.9). More
thorough maintenance is possible with this ap
proach, but additional bracing may be required
for lateral stability.
Hole Size. In post construction the hole should be

a minimum of 8 inches larger in diameter than the
greatest dimension of a post section. This allows
for alignment and backfilling.
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Figure 4.9. Post/Pier Foundation
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Figure 4.10. Concrete Backfill
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Clean, well-compacted backfill is
necessary to ensure a structure with good lateral
stability and resistance against wind and water
uplift. Common backfill materials are sand, gravel,
crushed rock, pea gravel, soil cement, concrete, and
earth.

Backfilling.

Granular fills that provide good drainage are
generally considered the best. Drainage around the
posts at grade level should be positive to keep
water from collecting and deteriorating the posts.
Backfill materials should be mechanically tamped
to adequately compact them. Wetting such back
fill materials as earth or gravel will aid compaction.
Backfilling the hole with concrete rather than
gravel or sand, as shown in Figure 4.10, adds stabil
ity to the structure and increases the bearing
area. Shallower embedment may be possible with
this method.
Soil cement is an economical alternative to con
crete and attains strength nearly equal to it. Soil
cement is made by mixing the earth removed from
the dug hole with cement in a ratio of 1 part
cement to 5 parts earth (plus water as directed by
the manufacturer). To achieve the best results
all organic matter should be removed from the
earth, and it should be sifted to remove all parti
cles larger than 1 inch.

Anchorage
Lateral forces and flood forces arc less likely to
overturn or uplift posts if the posts are anchored
to a foundation. Two ways to anchor posts are to
embed them in concrete or to fasten them to metal
straps, angles, plates, etc., that arc themselves
anchored in concrete footings, piers, or pile caps.
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Figure 4.11 shows one method of anchoring wood
posts in concrete. Large ( 5/8- to 3/ 4-inch in
diameter) spikes or lag bolts are driven into the
post around its base. The post is placed into the
hole and secured to bracing restraints to prevent
movement through the footing while the concrete
sets.
The metal fastening method of anchorage can be
used above or below ground. Figure 4.12 shows a
square wood post lag bolted to a metal shoe that
is anchored in a pier. In Figure 4.13, heavy gauge
galvanized steel straps arc used to anchor the wood
post to a concrete pad.

Figure 4.11. Spike Anchorage of Post
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Figure 4.12. Metal Angle Anchorage
Detail
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Figure 4.13. Galvanized Strap Anchorage Detail
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PILES
Pile foundations (Figure 4.14) use long, slender
wood, steel, or reinforced concrete piles that are
driven or jetted into the ground. Vertical loads can
be carried by driving piles to a load-bearing layer,
such as rock (end-bearing piles), or by driving the
piles deep enough into the earth to develop enough
friction between the surface of the piles and the
surrounding soil to carry the load ( friction piles).
Friction piles, which can also have an end-bearing
component, are most often used for typical light
residential loads.

Figure 4.14. Pile Foundations

Piles are stmcturally stronger than posts and arc
therefore more suitable for the extreme wind and
water forces and erosion in coastal V Zones. Piles
in V Zones should be designed in accordance with
Design and Construction :Hanualfor Residential Buildin7s in Coastal High Ha:ard Area.~,cited
in the Preface.
Pile Materials

Piles can be concrete, steel, or wood. ln coastal
areas, where steel piles are not desirable because of
corrosion problems, concrete piles can be particu
larly good when combined with precast concrete
floor beams; such stmctural systems can be
efficient, economical, and flood resistant.
Concrete piles can be particularly suitable for
buildings of more than two stories.
The rnlnerabilities of different pile materials
to environmental conditions are discussed in the
materials section later in this manual.
Wood piles are probably the most widely used
foundation for elevated residential structures.
In some locations, square timbers are preferred
over round piles because of cost, availability, and
ease of framing and connecting the stmctural floor
beams to the piles. The most popular suitable sizes
(in inches) are 10 x 10 and 8 x 8 square roughsawn
members.
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Round timber piles are also frequently used.
Generally, round piles are available in longer
lengths than square timbers, and for lengths
greater than about 25 feet round piles are fre.
quently the only piles available. Round piles are
often preferred because they can provide greater
cross-sectional area, peripheral area, and stiffness
than square sections, particularly the 8 x 8 timbers.
A minimum tip diameter of about 8 inches, and a
butt or top diameter ( at the floor beam level) of
about 11 inches or more are recommended for
round piles.
Pile Embedment Methods

A major consideration in the effectiveness of pile
foundations is the method of inserting piles into
the ground. This can determine the amount of the
piles' load resistance. It is best to use a pile driver,
which uses leads to hold the pile in position while
a single- or double-acting hammer ( delivering about
10,000 to 15,000 foot-pounds of energy) drives
piles into the ground. A pile driver should he used
for precast concrete piles and steel piles.
The pile driver method, while cost-effective for a
development with a number of houses being con
structed at one time, can be expensive for a single
residence. An economical alternative, the drop
hammer, consists of a heavy weight (several
hundred pounds) that is raised by a cable attached
to a power-driven winch. The weight is then
dropped 5 to 15 feet onto the end of the pile.
Drop hammers must be used with care because
they can damage wood piles.
Disadvantages of pile driving include difficulties
with alignment and with setting a driver up on un
even terrain. The advantage is that the driving
operation forces soil outward from around the pile,
compacting the soil and causing increased friction
along the sides of the pile, which provides greater
pile load resistance. A much less desirable but
frequently used method of inserting piles into
sandy coastal soil is "jetting." Jetting involves
passing a high pressure stream of water through a
pipe advanced alongside the pile. The water blows

73

a hole in the sand into which the pile is continu
ously pushed or dropped until the required depth
is reached. Sand is then tamped into the cavity
around the pile and the end of the pile pounded
with the heaviest sledge hammer or other weight
available. Unfortunately, jetting loosens not only
the soil around the pile but also the soil below the
tip. Therefore, only low end and side friction load
capacity is attained, and the piles must be inserted
deeper into the ground than if they were driven.

If the soil is sufficiently clayey or silty, a hole can
be excavated by an auger or other means. The hole
will stay open long enough to drop in a pile. Some
sands have enough clay or silt to also permit the
digging of a hole. Then sand or pea gravel can be
poured and tamped into the cavity around the pile.
Again, this does not provide as good load resistance
as driving the pile into the ground, and longer piles
are necessary. With short wood piles, some final
driving with a sledge hammer can be helpful.
Soil Conditions and Embedment Depth
Local buil<ling eod<':-:oftPn i-JH-cif~the required
cmbe<lmcnt Jcplhs of pik,-, t'.g:.. lo al lca,,,t 6 fret
Ldo,\· gradt'. Such code~ often do not takc into
account tht' con<lition:-:at specific :--ilt:'s:a :,;oib
e11gin<'<'r:-:houl<lbe conwlted in doubtful situ
ations. ln a<l<lition, D<'signand Construction
Jlanual for Re.~idential Buildings in Coastal lligh
J/a:,urd ArPa.~.citt'<l in tlw Prdacc, proYi<lesuse
ful information on thi:- ;,:ubject.

The required depth of pile embedment depends
primarily on the number of piles used, the size and
weight of the structure, and the type of soil at the
building site. The pile depth is also influenced by
the lateral forces from flooding an<l wind and
debris impact, the manner in which the piles are
inserted into the soil, and the nec<l to allow for
erosion of the soil that supports the piles.

Figure 4.15. Pier Foundations
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In riverine environments the soil types and the
anchorage provided by the frictional force of
the soil against the sides of the pile vary widely.
Sand is the dominant soil component in most
coastal areas, but in some areas there may be

an underlying layer of several feet of clay. General
ly, clay soils provide greater load-bearing capacity
with less penetration than sandy soils.
Clay soils are also less susceptible to erosion. The
depth of erosion of sandy soils caused by wave
action is virtually impossible to predict. Piles
supporting residential structures on sandy coastal
shorelines should penetrate the ground deeply
enough to provide resistance to wind and water
loads even after extensive erosion has occurred.
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Posts arc often backfilled partly with concrete to
improve their resistance to lateral forces. The same
technique can be used with piles. After piles are
driven, the area around each pile is dug out and a
thick concrete collar is poured, extending several
feet below grade. Such collars provide protection
from minor erosion, add some deadweight to the
structure, and increase piles' pull-out resistance.

Pier foundations use brick, concrete masonry
blocks, or poured-in-place concrete to elevate
structures. To resist horizontal wind and water
forces, piers should rest on substantial spread
footings or a grade beam, with reinforcing steel
rods extending from these elements through
the full height of the piers to resist tensile stresses.
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Figure 4.16. Reinforced Brick Pier
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The vulnerability of pier materials to environ
mental conditions is discussed in the materials
section later in this manual.
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PIERS
Pier foundations (Figure 4.15) are suitable in areas
away from a river or coastline where flood waters
move with low velocity and erosion will be
minimal.
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Brick and Concrete Masonry Piers

Brick piers and concrete masonry piers should
be a minimum of 12" x 12" and reinforced with
steel rods (Figures 4.16 and 4.17). Hollow con
crete masonry units should be filled with concrete.

Figure 4.17. Reinforced Concrete Masonry Pier
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Reinforced brick piers can be used to elevate
structures 1½ to 6 feet off the ground. Concrete
masonry piers are effective for elevations of l½ to
8 feet. In general, the height of reinforced con
crete masonry piers should be limited to a maxi
mum of ten times their least dimension. Square
piers are preferable. If the piers are rectangular
the longer dimension should not exceed the
shorter dimension by more than 50 percent.
According to the National Concrete Masonry
Association, the allowable working stresses for
concrete masonry piers are the same as those for
the design of concrete masonry walls. The pier
masonry should be laid with type Mor S mortar.
The association also recommends that the spacing
between piers supporting floor joists not exceed
8 feet in the direction perpendicular to the joists,
nor 12 feet in the direction parallel to joists.
Figure 4.18. Wall Foundation

These minimum requirements apply whether the
pier is free standing or laterally braced. In cases
where exceptionally large loading conditions may
exist, the pier cross-section should be increased
and/ or additional reinforcement added. A larger
cross-section can be obtained by using piers several
feet in length. The long dimension should be
placed parallel to anticipated flood flow, as in
Figure 4.18. In coastal areas, however, flood .
forces may come in at an angle, loading such a pier
adversely, so alternatives should be considered.
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Poured-in-Place Concrete Piers

Poured-in-place concrete piers are essentially re
inforced concrete columns. They are cast in forms
set in machine- or hand-dug holes. The holes can
be widened or belled at the base to form a footing
integral with the pier, or, as shown in Figure 4.19,
a separate footing can be poured. If soil conditions
are appropriate the footing can be eliminated and
loads left to end bearing and friction between the
soil and pier (Figure 4.20). Poured-in-place piers
of the latter type can be particularly effective for
larger homes or developments of single-family
homes and townhouses.

FZ!:':ll-Jf-ORC'BO
C.OIJC,,flf::1<:-

Poured-in-place concrete piers can be used to
elevate a structure 1½ to 12 feet or more. The
dimensions, reinforcement, and spacing of con
crete piers depend on the type of building framing
used and on building and environmental loads;
structural analysis is required.
Figure 4.19. Reinforced Concrete Pier

Pier Footings

Pier footing sizes are a direct function of soil
bearing capacity and loading, and can be computed
on the basis of local codes. Depth of pier footings
depends on local frost penetration levels and
expected flooding, wind, and erosion levels.
Footings in areas with soils of high volume change
potential can be unstable, and should be designed
with the guidance of a soils engineer.

BRACINGELEVATED FOUNDATIONS
Elevated foundation elements must be braced
when analysis indicates that their size, number,
spacing, and embedment will not be sufficient to
resist lateral forces. Even in areas where low
velocity flooding is anti~ipated, bracing can pro
vide added assurance that the structure will with
stand the impact of floating debris or greater-than
expected flood or storm forces. Although bracing
placed underneath a structure may be struck by
floating debris, the effects of this on a structure's
survivability are generally outweighed by bracing's
beneficial effects.

Figure 4.20. Drilled Pier Foundation
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Knee Braces and Diagonal Bracing
Knee braces (Figure 4.21) and diagonal bracing can
be effective in providing lateral strength. Lumber
more than 2 inches thick is usually recommended.
Bolts are preferred over nails for connecting
bracing, because of bolts' greater resistance to
pullout forces. Knee bracing is usually bolted
between the floor joist and post or pile.

Figure 4.21. Knee Brace

Figure 4.22. Diagonal Bracing
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Diagonal bracing (Figures 4.22 and 4.23) is bolted
at the base of one post or pile and fastened in a
like manner to the adjacent post or pile just below
the floor beams. Although diagonal bracing is
more likely than knee bracing to be struck by
floating debris, this is generally outweighed by the
greater lateral stability with diagonal bracing,
especially in higher elevated structures. Steel rods
can sometimes be used to diagonally brace wood
posts or piles. The rods are fitted through drilled
holes flooded with wood preservative and fastened
with nuts and cast beveled washers. Welded
connections or drill holes can be used to provide
rod bracing in steel post or pile foundations. Such
rods are usually 5/8 to 3/4 inches in diameter.
Steel diagonal ties, while effective, require con
siderably more monitoring and maintenance than
wood because of steel's susceptibility to corrosion.

Figure 4.23. Diagonal Bracing

Shear Walls and Floor Diaphragms
In areas with low- to moderate-velocity flooding,
shear walls placed parallel to the flow of flood
waters and firmly attached to piles or posts can
help brace them (Figure 4.24).
With wood shear walls, the plywood sizes, the
strength of wall edges, and the walls' anchorage are
all important to effective bracing.
A shear wall can Le used in conjunction with a
floor diaphragm (Figure 4.25) to transfer hori
zontal forces or reduce embedment depth when,
for example, solid rock is reached when digging
foundation holes. A floor diaphragm can be used
with either pole frame or platform construction.
Floor diaphragms usually call for 1/2- or 3/4inch plywood.
The severe lateral forces encountered in coastal
V Zones can require the use of trusses, grade
beams, or slabs to provide adequate support.
These are discussed in Design and Construction
Manual for Residential Buildings in Coastal High
Hazard Areas, cited in the Preface.

Figure 4.24. Shear Wall Bracing
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~ ~ t-Figure 4.25. Floor Diaphragm Bracing
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Framing Construction and
Connections
The framing construction and framing connections
in an elevated home can be critical to its ability to
withstand flood forces with minimal damage.
Construction in most non-flood areas must support
loads imposed by the weight of the building
materials ( dead load), weight of people and objects
(live load), and modest loads imposed by wind.
Under normal conditions and with typical methods
of framing construction and framing attachment,
these loads act downward through gravity to hold
the building's structure together.
However, these loads represent only a portion of
the loads imposed on any structural system in
flood-prone areas, particularly in coastal V Zones.
Additional forces can be applied to these structures
by floating debris, velocity flooding, extreme
winds, and wave action. These buildings' structural
system must be capable of withstanding these loads
and still support the structure and its contents.
Coastal V Zones are virtually certain to be .
subjected to the extremes of these forces, and
homes there should be designed in accordance with
Design and Construction Manual for Residential Buildings in Coastal High Hazard Areas, cited
in the Preface.
Even in riverine and coastal A Zones, however,
prudence suggests that homes be built with a
margin of safety beyond that needed in non-flood
areas. Consideration should also be given to the
possibility that flood forces may be greater than
those anticipated on the basis of past floods or
hydrologic analyses. Coastal areas pose the addi
tional danger that shifting dunes or other storm
induced topographic changes can transform rela
tively safe A Zones into V Zones, which experi
ence the full force of ocean storms.

ritdt:r
Figure 4.26. Toe Nailing Provides
Limited Pull-Out Resistance
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Measures to provide a home with an extra margin
of safety to resist these forces are not expensive,
e.g., having floor joists 12 inches on center instead
of 16 inches on center, or using deformed shank
or annular ring nails because of their greater holding
ability. Nor are the needed craftsmanship and
anchorage methods uncommon to the carpentry
trade. Simple nailing, for example, especially end or

toe nailing, provides little resistance to flood forces,
partially because of the tendency to split the wood
in the toe-nailed member (Figure 4.26 ). Bolts, lag
bolts, or nails in metal anchors at right angles to the
direction of force (Figure 4.27) are well-known
methods of increasing structural strength.
The following paragraphs discuss prudent framing
construction and connections practice from the
bottom up, starting with the foundation-to-floor
beam connections and floor beam construction
and ending with wall-to-roof connections.

FOUNDATION-TO-FLOOR-BEAM
CONNECTIONS
Post and Pile Foundations

The connection of a post or pile foundation to
the framing system of a structure is influenced by
the method of framing used and the cross-sectional
shape of the post or pile.

Figure 4.27. Metal Framing Anchors

Framing Methods. Two different methods for
framing into post or pile foundations are in common
use today: platform construction and pole frame
construction.
Platform construction entails simply cutting posts
or piles off at the desired elevation and framing
them with beams to support floor joists and deck.
The platform thus formed serves as the first
habitable floor and construction platform for any
type of conventional framing structure desired
(Figure 4.28).

Figure 4.28. Platform Construction
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In what is termed pole frame construction, the
posts or piles are extended up to or through the
roof, with beams framing around them as supports
for floor joists and roof rafters (Figure 4.29). This
method securely ties the entire structure together
and is excellent for sites where lateral forces may be
strong.
A basic problem with piles is their alignment.
Posts can be plumbed and aligned easily before
they are backfilled, but piles must be jacked and
pulled into position. This can be more of a problem
with pole framing than platform construction. A
solution is to locate piles either on the interior or
exterior of a structure, not in the walls. Then, as
shown in Figure 4.30, allowance can be made for
alignment variations.
Square posts or piles usually
require only conventional framing techniques. With
round posts or piles, however, the framing is some
what more complicated, and it is generally best to
frame the posts with a pair of beams, girders, or
rafters-one on each side.
Cross-Sectional Shape.

Figure 4.29. Pole Frame Construction

The roundness of wood posts is not a problem
when using bolted or spiked connections as shown
in Figure 4.31. The framing is then the same as
for any other timber member.

Figure 4.30. Exterior Pole Framing
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Figure 4.31. Bolted Connection to Round Pole

Another connection method is to eliminate the
curve of the post or pile by clapping and then con
necting with bolts, gusset plates, or other devices.
As Figures 4.32 and 4.33 show, a dapped post will
form seats that assist the beams in carrying vertical
loads. Posts that are small in section, however,
should not be dapped or they will be weakened.
Generally, there should be a thickness of post or
pile for the bolts to bear on equal to the total
thickness of the floor beam. Two bolts should be
used to connect beams to each post or pile.
Spike grid connections (Figure 4.34), standard in
bridge and warehouse construction, are less com
mon in residential practice. A single curved grid
inserted between the post or pile and the beam
substantially increases the strength of the bolted
connection. With the curved side of the grid against
the pole and over predrilled holes, a high-strength
threaded rod is used to squeeze the two wood
surfaces together, forcing the tooth of the spike grid
into the grain of both members. The high-strength
rod is then replaced with a conventional bolt of the
proper size. A flat spiked grid is used to connect
two flat surfaces, and a double curved spiked grid to
connect two rounded surfaces.

Figure 4.32. Dapped Gusset Plate Connection

Figure 4.33. Dapped Pole Connection

SE'C:flON!'WM 'fOP

Figure 4.34. Spiked Grid
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Pier Foundations

Pier foundations are generally used for platform
framing construction rather than pole framing
construction.
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Piers can be connected to floor beams in several
ways. A pier's reinforcing steel rods can be ex
tended from the pier and bent over or into the
floor beam (Figure 4.35). A metal strap well
anchored in the pier can be bolted through the
beam (Figure 4.36). Or (Figure 4.37) steel anchor
bolts can be embedded in the pier and bolted
through the beams with nuts and large-diameter
washers.

Figure 4.35. Concrete Masonry Unit Pier
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Figure 4.36. Masonry Pier- Strap Anchor
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Figure 4.37. Masonry Pier-Bolt

Through Beam

The bolts should be at least 1 inch in diamettr and
embedded at least 12 inches in concrete piers and 16
inches in masonry piers. If two floor beams abut on
a pier, each must be anchored separately (Figure
4.38).
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Figure 4.38. Beam Splice on Pier
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FLOOR BEAMS
The floor beams attached to foundation elements
in tum carry the floor joists and subflooring. Since
floor beams that are as long as the width or length
of residential structures are often difficult to find
and hard to handle, it is common to use splices.
Splices may occur in several places and need not
always be located directly over supports.
Floor beams are often 4 x lO's or up to 6 x 12's,
but they may be built up using standard framing
lumber, such as two, three, or four 2 x lO's or 2 x
12's, spiked or bolted together. Where beams
are built up using a good grade of lumber for the
laminated members, the strength of the builtup beam can equal that of a solid member. All
members of the built-up beam should be continu
ous between supports, because splices materially
reduce strength. Built-up members should include
only one splice at any one location. The ends and
tops of built-up members should not be directly
exposed to the weather.
The primary floor beams spanning between supports
should span in the direction parallel to the flow of
potential floodwater. This orientation allows the
first transverse member perpendicular to flow to be
the floor joist. Thus, in the case of an extreme flood
the beams would not be subjected to the full force
of floodwater along their more exposed surfaces.
This also reduces the potential for floating debris to
damage the structure, and places the lowest obstacle
to flow above the floor beam.

CANTILEVERS

I Sf'AN

I 5f'At--l

Figure 4.39. Floor Beam with
Cantilever Overhang

86

A cantilever is a projecting beam that extends
beyond its support. The beam must be continu
ous (not spliced) over the last support prior to
the cantilevered section, and depends on the vertical
load applied for counteracting reactions (Figure
4.39). The practical limit recommended for a
cantilever is normally one-third the length of the
beam span prior to the cantilever.

The advantage of this method is that it can reduce
the number of piles, poles, or piers required for a
given area, as illustrated in Figure 4.40. Reducing
the number of piles can result in potentially lower
cost and fewer obstructions to the flow of flood
water and debris. Residences supported in this
manner have the additional advantage of having the first row of piles set back, reducing the
visual impact of elevating the structure. A canti
lever design may use longer spans for the main
floor beam and thus may require larger beams.
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CONCRETEFLOORINGSYSTEMS
Recently developed flooring systems using precast,
prestressed concrete for floor beams, joists, and/or
subflooring can often be useful in elevated struc
tures. Construction and connection techniques for
these systems are beyond the scope of this manual.

FLOOR-BEAM-TO-FLOOR-JOIST
CONNECTIONS

Figure 4.41. Wood Joist Anchors
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Figure 4.42. Metal Hurricane Clips

88

A positive connection is also required beneath
the first floor level between the floor joists and
floor beams (Figure 4.41). Metal connectors now
available provide strong positive connection (Figure
4.42). Metal straps can also be used provided proper
nailing is done and a sufficient number of straps is
installed. At the minimum, every other joist and
wall stud should be anchored with a strap, and even
more for more severe loads (Figure 4.43). A good
wood connector has also been developed. The
capacity of these connections depends directly
on the number of nails and their individual capa
city to resist loads transverse to their axis. Pullout
resistance along the axis is not used; rather, the
nails are placed at right angles (perpendicular) to
the loads being transferred between the wood
members. The number of nails counted in figuring
the total connection capacity of a given joint is the
lower number that exists on either side of the
joint. For example, in the connection of a floor
beam to a floor joist, if five nails are in the beam
and four are in the joist, the capacity of the
connection is limited by the four nails on the joist.

FLOORJOISTS
Cross-bridging of all floor joists is recommended
to stiffen the floor system. The elevation makes
the floors (particularly the first floor) more acces
sible to uplift wind forces, as well as to the forces
of moving water and floating debris. Effective
cross-bridging requires:
nominal I x 3's 8 feet on center maxi
mum
solid bridging same depth as joist 8 feet
on center maximum.

SUBFLOORING
Two methods are commonly used for subfloor
construction: nominal I x 4 or I x 6 boards placed
diagonally over the floor joists (either tongue-and
groove or square-edge with expansion space between
boards) and plywood subflooring used to create a
floor diaphragm. When a plywood subfloor is
planned, guidelines for thickness and methods of
attachment in relation to joist spacing can be
obtained from the Plywood Construe tion Guide
published annually by the American Plywood
Association. A well-constructed, firmly attached
subfloor can be an important asset in resisting lateral
forces.

PIER

Figure 4.43. Metal Strapping

Subflooring is typically nailed directly to the floor
joists. Nailing with annular ring nails or deformed
shank nails is recommended. These nails provide
extra strength against pulling out when the floor
system is exposed to loads other than gravity.
A system of nailing and adhesive application of
plywood with tongue-and-groove joints along the
long edges of the sheet avoids the need for block
ing along these edges. This produces a more level
floor and offers a stronger diaphragm action to
resist horizontal flood forces.
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FLOOR-JOIST-TO-WALL
CONNECTIONS
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Elevated structures experience increased wind
forces because wind speeds increase with elevation.
Exterior walls are used as tension members to
transfer wind uplift forces at the roof down to
resistance provided by the foundation. It is usually
necessary to use galvanized metal strap connections
from alternate exterior wall studs to the floor joists
or floor beams and from first floor studs to second
floor studs (Figure 4.44). The capacity of these
connections depends on the number of nails used.
Manufacturers' brochures can be used to ascertain
connectors' capacity and thus the spacing required.

WALLSHEATHING

Figure 4.44. Stud-to-Stud Connections

--W--\--;-~-1-SfUD-----

Figure 4.45. Plywood Anchorage
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Plywood used for sheathing structures elevated up
to 10 feet above the ground should be exterior
grade and not less than 1/2-inch thick. Nailing
should be with sixpenny nails, spaced 6 inches
along the edges of the panel and 12 inches on
intermediate studs.
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Plywood is the most common sheathing in use for
exterior walls (Figures 4.45 and 4.46). The major
advantages of plywood are that it braces the wall
framing to resist racking stresses and it forms a
continuous tie from floor beam to top plate when
properly installed.

Structures elevated more than 10 feet should be
sheathed with 3/4-inch exterior grade plywood,
nailed with eightpenny nails, spaced as before.
Deformed shank or annular ring nails and plywood
with exterior glue are recommended.

WALLBRACING
Bracing vertical walls against racking is a common
building practice, especially for weak materials
such as some of the newer insulated sheathing.
Wind forces and lateral forces from moving water
are also significant factors in determining whether
and to what extent to brace vertical walls.
--------

Common wall bracing methods are a let-in diagonal
wood brace, diagonal boards and plywood. A
common method similar to the let-in diagonal brace
is a light-gauge galvanized steel strap nailed
diagonally to each stud at the outside corners and
framed walls.

WAL~TO~OOFCONNECTIONS
Probably the most critical structural connections
for wind resistance are those between walls and
the roof. For single-family residences, the roof
structure is usually roof rafters of 2 x lO's or 2 x
12's or roof trusses built up of 2 x 4's or 2 x 6's.
Whether rafters or trusses are used, they should be
spaced at about 16 inches or 24 inches on center (16
inches is the more common spacing). Roof con
nections are critical because these connections are
limited in number-at most they can occur at every
roof rafter or truss.
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Figure 4.46. Wall Sheathing Tie from
Roof to Ceiling

A number of available galvanized metal connectors
place the nails in an orientation to best resist uplift
and lateral forces. Manufacturers' brochures provide
the necessary design information.
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Related
Design Considerations
GLASS PROTECTION
Even moderate storms or routine high winds can
cause large losses of glass in buildings, particularly
along a coast. Broken glass may allow rain and
floodwaters and high winds to enter the structure.
Water damage can ruin furnishings and eventually
damage structural members. Wind allowed into an
elevated structure increases the uplift load on the
structure as it applies pressure to the ceiling and
wall surfaces.
Exterior shutters can be used to protect glass. For
small openings the traditional louvered shutter
offers some protection. Additional protection is
possible using 1/2-inch plywood attached to the
back of the shutter, which will take the direct
forces from the storm (Figure 4.4 7). This method
allows coverage of fairly large areas of glass.
Figure 4.47. Shutters for Window
Protection

UTILITIES AND MECHANICALEQUIPMENT
1o+---#---++--

Figure 4.48.

Sewage
Water
Electric

Protective Utility Shaft

Structures in flood-prone areas are commonly
served Ly combinations of electricity, water,
sanitary sewer, gas (both natural and bottled),
and telephone. Typical installations for these
utilities expose them to potential damage from
flooding and storm action. In the case of an
elevated first floor, the connection from an under
ground utility line to the floor above further
exposes the line to possible damage and/or con
tamination by flooding and storm action. Under
ground services are also susceptible to damage
when erosion of the protective soil cover leaves
them exposed during flooding.
Damage to utility lines can lead to contamination
of drinking water, discharge of effluent from sewer
lines, gas explosions, and fires and/or shock from
damaged electrical systems.
The most vuh1erable section of any underground
utility line is the portion between the ground and
the place it enters the elevated first floor. A mini
mum amount of protection can be obtained by
locating these utility risers on the sides of interior
elevated foundation elements opposite the direction
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of flood water. This can minimize damage from
velocity water or floating debris. A more secure
method is to place all utility lines coming from
underground within a protective, floodproofed
shaft under the elevated first floor (Figure ~48).

If electrical and telephone lines are supplied from
overhead service lines, they should be connected
through the utility company's meter system above
the expected reach of flood waters. However, this
requirement is often in conflict with the power
company's policy regarding the reading of meters
and their location. If this is not possible, the conFigure 4.49. Elevated Condenser Units
nection should be made within a waterproof
enclosure. All distribution panels or other major
electrical equipment should also be located above
expected flood waters. Branch circuit wiring should
be fed from the first floor ceiling downward to minimize wiring on the first floor.
All mechanical equipment (furnaces, hot water
heaters, air-conditioners, water softeners) should
also be elevated above expected flood waters (Figure
4.49). An attic location, if available, would provide
the equipment maximum safety. Heating and/or
cooling systems using ductwork to carry tempered
air should be provided with emergency openings
at their lowest elevations and a minimum slope on
horizontal duct runs in order to allow the system to
drain in case it becomes submerged. Figure 4.50
illustrates some of these concepts.
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Septic tanks should be floodproofed to ensure
that flooding does not cause the tank to rise out of
the ground if the tank is partially empty, as well
as to ensure against discharge of effluent.

BUILDINGMATERIALS

Figure 4.50. Locating Utilities

One way to increase the safety of building materials
is to elevate the building higher than the minimum
floodplain management requirements. Even then,
however, flood waters may still reach building
materials, so they should be protected.
A building elevated above grade has the underside of
its floor area exposed to climatic and flood
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conditions, and will require special attention to
protecting building materials. The climate and the
desired appearance will determine whether the
exposed underside of a floor should be sealed.
Sealing exposed floors can protect subfloors and
joists from the elements, improve insulation, and
help conceal utilities.
The material used to enclose floor spaces should
be resistant to water damage or inexpensive to
replace if it is not resistant to damage. Exterior
grade plywood treated with preservatives is water
resistant and can be effective. Gypsum products
should not be used unless an acceptable level of
performance is assured. Regardless of the material
used, some provision must be made to allow water
that may find its way into the floor sandwich
during storms and flooding to drain out, and for
the joist spaces to dry out.
Wood

Wood exposed to the elements should be protected
by treatment with any one of a number of chemical
preservatives to make the wood resistant to fungi
attack, insects, bacteria, and rot. Connections
should be designed so that water will not collect on
or in them. They can be protected with protective
flashing, by treating saw cuts and drill holes with
preservatives, and by painting connections. The
American Wood Preservers Institute, Tyson's Inter
national Building, 1945 Gallows Road, Vienna,
Virginia 22180, can provide specific guidelines.
Steel

In riverine areas steel framing and foundation
members exposed to the elements should be pro
tected by galvanization or by painting with rust
retardant paints. The need for painting can be
eliminated through the use of surface oxidizing
steels (high strength low alloy).
In saltwater environments, exposed structural steel
shapes, beams, pipes, channels, angles, etc., undergo
very rapid corrosion, and their use should be
avoided. Small connecting devices such as bolts,
angles, bars, and straps should be hot-dipped galva-
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nized after fabrication and coated with a protective
paint after installation. Standard galvanized sheet
metal joist hangers and other connecting devices
deteriorate rapidly despite their galvanized coating
and also require additional protective coatings.
Small anchoring devices, nails, spikes, bolts, and lag
screws should, whenever possible, be hot-dipped
galvanized. With sheet metal clips and hangers, the
special nails used should also be galvanized. Regular
inspection, maintenance, and replacement of
corroded metal parts is necessary when steel is used
in the coastal environment. Steel rods used to
reinforce concrete or masonry piles or piers require
special precautions to prevent saltwater from
reaching the steel through hairline cracks in concrete
or through masonry joints. This is discussed below.
The American Iron and Steel Institute, 1000
Sixteenth Street, Washington, D.C. 20036, can
provide specific guidelines.
Concrete and Masonry
The durability of reinforced concrete and masonry
block can be improved by the use of chemical
additives mixed with the concrete and mortar and
by special treatments and coatings. Additives are
numerous and vary from those that will prevent
spalling due to freezing to those that will improve
strength. Surface treatments and coatings, such as
silicone and epoxy paints, can be used to reduce
water absorption and penetration and to prevent
damage by airborne pollutants. Guidance in the
use of concrete and masonry can be obtained
from the Portland Cement Association, Old Orchard
Road, Skokie, Illinois 60076, and the National
Concrete Masonry Association, P.O. Box 781,
Herndon, Virginia 22070.

INSULATION
Like exposed walls of conventional structures, the
exposed floor of elevated residences must be
insulated against heat losses and heat gains.
Depending on the climate, two factors should be
considered. First, elevating a building will expose
plumbing; such plumbing must be insulated against
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freezing. In extremely cold climates, heating
cables may be necessary with the insulation.
Second, insulated floor decks may be subject to
floodwaters and should therefore have either
impermeable, closed-pore insulation able to with
stand water submersion or insulation that can be
replaced economically (Figures 4.51 through 4.53).

BREAKAWAYWALLS
As indicated in DPsign and Construction
Manual for Residential Buildings in Coastal High
Hazard Areas, cited in the Preface, the area under
an elevated structure in a V Zone must be free of
obstructions or be constructed with breakaway
walls (e.g., latticework) designed to collapse under
stress without jeopardizing the structural support
of the building (Figure 4.54). Loads from flood
waters and waterborne debris are critical considera
tions in designing breakaway walls.
Figure 4.51. Insulated Floor Section,
Wood Post Foundation
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Figure 4.52. Insulated Floor Section,
Foundation Wall
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RETROFITTING EXISTING STRUCTURES
Existing residential structures in flood hazard areas
can often be raised in-place to a higher elevation to
reduce their susceptibility to flood damage. The
principal consideration in raising existing structures
is often the cost; generally, the technology exists
to raise almost any structure, even multistory
buildings, but the cost increases as the difficulty
mcreases.
Residential structures have Leen satisfactorily
raised up to nine feet. Aesthetics, intended use,
needed flood elevation, and structural stability
influence the height selected. Generally, the
additional cost to raise a structure an additional
foot or so is small compared to the initial set-up
cost.
The new foundation for an ex1stmg structure
should be selected and designed as discussed
earlier.
Raising in-place is generally feasible for structures
that are 1) accessible below the first floor for
placement of jacks and Learns, 2) light enough to

be jacked with conventional house moving equip
ment, 3) small enough that they can be raised
in one piece, and 4) strong enough to withstand
the stress of the raising process.
ll.JSUL.A110IJ

Wood frame residential and light commercial
structures with first floors above the ground
(normally with an 18-inch crawl space beneath the
first floor) are particularly suited for raising.
Wood frame structures with basements below
the first floor are also accessible and lightweight;
however, raising the superstructure does not
protect the basement, and the basement should
be filled with a granular material to provide struc
tural stability for the walls. Brick, brick veneer,
and masonry structures, while heavier and more
difficult to handle, can also be raised.
Utility equipment located in a basement can often
be moved to a higher room, such as an upstairs
closet, or an attic. It is important to ensure that
the closet or attic floor can support the weight of
the equipment. If necessary, an elevated addition
can be built to house a furnace, hot water heater,
and other equipment formerly housed in a
basement. Protecting utility equipment in this way
can be useful even if the house itself cannot or
need not be raised.
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Figure 4.53. Double-Insulated Floor
Plenum, Pier Foundation
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Raising a structure usually involves the following
steps:
- Disconnect all plumbing, wiring, and utilities
that cannot be raised with the structure.
- Place steel beams and hydraulic jacks beneath
the structure and raise to desired elevation.
- Extend existing foundation walls and piers
or construct new foundation.
- If a basement exists, remove water heater,
furnace, etc., and fill basement with granu
lar material to support basement walls.
- Lower the structure onto the extended or new
foundation.
- Adjust walks, steps, ramps, plumbing, and
utilities and regrade site as desired.
- Reconnect all plumbing, wiring, and utilities.
- Insulate exposed floor to reduce heat loss and
protect plumbing, wiring, utilities and insula
tion from possible water damage.

Figure 4.54. Breakaway Walls
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COST ANALYSIS

Once a community decides that the economic
risk and environmental impact of developing
floodplain land for residential use is acceptable,
the dollar cost of that development must be
evaluated. Two factors bear significantly on
any such evaluation: first, the net cost of con•
struction that meets the standards of the
National Flood Insurance Program (NFIP) in
light of the potential and unpredictable hazard of
flooding and the losses that may ensue; second,
the cost differentials between construction on
elevated foundations and conventional building methods. (Note that standards adapted by
local jurisdictions are often more stringent than the
NFIP's.)
Rqlt'ated studic,- ha\c :-l1<rnnthat the tca\ing,
that can be rt->alizedon_.r the lifrtimc of a ,-truc
lt1rt->by building 011 a rai~ed foundation arc
usually con~iderablc \\ lwn ('om pared "ith tlw
one-time increa,-t_.in con,-truction co,;ts for 1111
de\atcd foundation. Thi" j,_ largd~ bcca11,-cthe
the Ollt'·time foundation co:,;l:-arc generally 011!~
foe or ,-ix [WI'l't'llt of the total co,-t of a JT,-idt·nti.11
structun·. \\ hik the flood in~uranct· "a,in~•> that
can he ad1ic\(·d o,n the lifr of a ,-trudUIT I,~
f'!t,,ating it can ht>con:-iderabk.

The economic cost to the individual of building a
home in the floodplain consists of both flood
damages that will occur and the costs of whatever
measures are taken to mitigate such damages. The
cost of flood damages to the homeowner may be
partially shifted to federal, state, and local govern•
ment through low-interest loans and tax deduc•
tions for losses incurred. In communities parti
cipating in the NFIP, the owner of a new home can
purchase flood insurance. Essentially, flood insur
ance allows the homeowner to spread the flood
risk to others facing the same hazards and, more
importantly, permits one to pay for expected
flood losses, which are unpredictable as to size
and time of occurrence, in predictable annual pay•
ments. These are more manageable than un
expected flood losses, especially if more than one
large flood happens to occur in a very short time.
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COST COMPARISONAPPROACH
The costs of post, pile, and pier foundations are
compared here to each other and to the costs of
conventional slab, crawl space, and basement
foundations. Cost data and estimating forms
are provided for roughly estimating one's
particular foundation costs.
1. Slab-on-grade, crawl space, and basement
foundations were selected as three of the most
common types of residential foundations, and
detailed drawings of them were prepared
(Figure 5.1). Detailed drawings were also pre
pared for the three most typical elevation
foundation types. These are post, pile, and
pier foundations (Figure 5.2). (Regarding
use of earth fill, see below.)
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Conventional Foundations

Slab-on-Grade
Crawl Space
Basement

$4.61 per sq. ft.
$5.13 per sq. ft.
$11.01 per sq. ft.

Elevated Foundations

Wood Post
Wood Pile
Concrete Pier
Estimates-Spring

$6.96 per sq. ft.
$6.58 per sq. ft.
$7 .08 per sq. ft.
1983

Figure 5.3. Foundation Cost Estimates

Elevated
Foundations

2. The estimates are summarized in Figure 5.3.
They are based on the foundation and deck
of a 1,500-square-foot house, 28'x50', with
a small offset. The total cost of this house
is approximately $60,000, excluding land.
All estimates were based on FHA construc
tion practices.
3. Using data from this cost sampling, the
average cost of each conventional foundation
type is compared to the average cost of each
elevated foundati.on type. This comparison is
done in two ways: first, each foundation as a
percentage of the cost of the entire house
( conventional foundations were established as
base 100) and, second the dollar increase in
the cost of the foundation above.

Conventional Foundations

Slab on Grade

Crawl Spaces

Basement

% Increase of
Total House Cost

Wood Post
Wood Pile,
Concrete Pier

+5.9
+4.9
+6.2

+4.6
+3.6
+4.9

-10.1
-11.1
-9.8

Dollar Increase,
Foundation
Cost Only

Wood Post
Wood Pile
Concrete Pier

$3,525
$2,955
$3,707

$2,745
$2,175
$2,925

-$6,075
-$6,645
-$5,895

Figure 5.4 Cost Differentials, Conventional Vs. Elevated Foundations, for House Costing $60,000,
Excluding Land.
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4. Figure 5.5 graphically compares the cost of
constructing the different types of foun
dations at various elevations. Note that
increasing the elevation increases costs at a
substantial rate only in the case of the fill
option (which is based on the availability of
usable fill material on the site).

Slab+ Site fill
(not permitted in zone V)
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Fill
Fill can often be used in A Zones to elevate con
ventional foundations such as slab-on-grade. The
cost of this approach varies widely, depending on
the availbility, quality, and unit cost of fill as well
as the height and compaction necessary. Local
building officials or soils engineers should be
consulted to evaluate local conditions.

COSTCOMPARISONCAVEATS
The comparative cost data given above do not take
into account a number of factors that can affect
either basic construction costs or long-term insur
ance costs.
Insurance Costs
Insurance rates under the NFIP vary greatly de
pending on the elevation of a building and other
features related to flood safety. Differences in
these rates can overshadow the construction cost
differentials discussed in this chapter, and should
be considered carefully in making design deci
sions.
Design Assumptions

Each house elevated on piles, posts, and piers was
assumed to have 21 foundation elements. In addi
tion, each element was assumed to be an average
length that included the length below grade and
the length between grade and the structure. These
lengths are 16 feet for piles, 14 feet for posts, and
15 feet for piers. In practice, both the number and
length of foundation elements will vary depending
on soil conditions, expected flood levels, etc.
Earthquakes

Constructing elevated foundations in earthquake
areas may require additional structural expendi
tures that should be noted in cost estimates. Local
building officials or a structural engineer should be
consulted to evaluate local conditions.
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Stairs and Utilities
Elevating a residence may result in increased cost
for stairs and for utilities that must be elevated
above grade. These costs were not considered in
the estimates presented here since they vary with
height of elevation, cost assignment, i.e., who pays
for installation of utilities, and elevation method.

Regional Cost Variations
The cost data presented above are based on
national averages, and do not take into account
regional cost variations.
Cost Inflation
Building costs are difficult to predict because of
the tendency for the cost of basic construction
commodities-lumber, concrete, and steel--to fluc
tuate and to vary relative to each other. The costs
here are estimated using data for the spring of
1983.
Non-Cost Considerations

Cost is not the only determinant for selecting the
material and method for elevating. Market accept
ance (buyers and banks), architectural design inte
gration, climatic conditions, site conditions, and
anticipated flood hazards should also be con
sidered.

ESTIMATING FORMS
The forms on the following pages can be used for
making cost estimates for conventional and ele
vated foundations.
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ESTIMATING FORM
TO DETERMINE LOCAL COSTS

SLAB-ON-GRADE

Compute the following and enter:

Square Footage of Floor Area
Lineal Footage of Perimeter
Square Footage of Foundation Wall

Enter you costs (combine labor and material) and extend:

=$

Layout house on lot
Trench for footing

X

LF =$

Place footings

X

LF =$

Lay-up or form & pour
foundation wall

X

SF =$

Fill & grade for slab

X

SF =$

Place vapor barrier, wire
mesh & insulation

X

SF =$

Place & finish slab

X

SF =$

Grand Total

106

$

------

ESTIMATING FORM
TO DETERMINE LOCAL COSTS

CRAWL SPACE

Compute the following and enter:

Square Footage of Floor Area
Lineal Footage of Perimeter

-----------

Square Footage of Foundation Wall
Number of Piers

Enter your costs (combine labor and material) and extend:

=$

Layout house on lot
Trench for footing

X

LF =$

Place footings

X

LF =$

Lay-up or form and pour
foundation wall

X

SF =$

Place pier footings

X

Ea. =$

Lay-up or form and
pour piers

X

Ea. =$

Backfill

X

CY=$

Floor Girder

X

LF =$

Floor Framing

X

SF =$

Insulation & sealer

X

SF =$

Subfloor

X

SF =$

Place floor slab

X

SF =$

Grand Total

$ _____

_
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ESTIMATING FORM
TO DETERMINE LOCAL COSTS

BASEMENT

Compute the following and enter:

Square Footage of Floor Area
Lineal Footage of Perimeter
Square Footage of Basement Wall Area
Number of Basement Support Columns

Enter your costs (combine labor and materials) and extend:

=$

Layout house on lot
Excavation & spoil removal

X

SF

=$

Place footings

X

LF

=$

Place pier footings

X

Ea.

=$

Lay-up or form & pour
foundation wall

X

SF

=$

Parge wall

X

SF

=$

Set drain tile

X

LF

=$

Backfill

X

CY

=$

Place vapor barrier
and wire mesh

X

SF

=$

Place and finish
floor slab

X

SF

=$

Place girder

X

LF

=$

Frame Floor

X

SF

=$

Place subfloor

X

SF

=S

Grand Total

108

$ _____

_

ESTIMATING FORM
TO DETERMINE LOCAL COSTS

WOOD POST

Compute the following and enter:

------

Square Footage of Floor Area
Lineal Footage of Girders
Number of Posts

Enter your costs (combine labor and material) and extend:

=$

Layout house on lot
Auger or dig post holes
and remove spoil

X

Oty

=$

Place concrete punching
pad

X

Oty

=$

Place poles

X

Oty

=$

Backfill poles and plumb

X

Oty

=$

Set girder

X

LF

=$

Frame floor

X

SF

=$

Place insulation & sealer

X

SF

=$

Place subfloor

X

SF

=$

Grand Total

$

------
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WOOD PILE

ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Footage of Floor Area
Lineal Footage of Girders
Number of Piles
Total Lineal Footage of Piles

Enter your costs (combine labor and material) and extend:

=$

Layout house on lot
Bring pile-driving equipment to site

X

=$

Furnish and drive piles

X

LF =$

Set girder

X

LF =$

Frame floor

X

SF =$

Place insulation and
sealer

X

SF =$

Place subfloor

X

SF =$

Grand Total

110

$

ESTIMATING FORM
TO DETERMINE LOCAL COSTS

CONCRETE Pl ER

Compute the following and enter:

Square Footage of Floor Area
Lineal Footage of Girder
Number of Piers

Enter you costs (combine labor and material) and extend:

=$

Layout house on lot
Auger or dig pier holes
and remove spoil

X

Oty

=$

Place concrete footing

X

Oty

=$

Form & pour piers

X

Oty

=$

Backfill

X

Oty

=$

Set girder

X

LF

=$

Frame floor

X

SF

=$

Place insulation
and sealer

X

SF

=$

Place subfloor

X

SF

=$

Grand Total

$ _____

_
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RESOURCE

MATERIALS

Glossary
Base Flood Elevation (BFE)

Flood or Flooding

The elevation for which there is a one-percent
chance in any given year that flood levels will equal
or exceed it (see Special Flood Ha:ard Areas). The
BFE is determined by statistical analysis of stream
flow records for the watershed and rainfall and
runoff characteristics in the general region of
the watershed.

A general and temporary condition of partial or
complete inundation of normally dry land areas.
Flooding results from the overflow of inland or
tidal waters or the unusual and rapid accumula
tion of surface water runoff from any source.

Coastal High Hazard Area

An official map of a community, issued or
approved by the Federal Emergency Management
Agency, that delineates both the special hazard
areas and the risk premium zones applicable to the
community. Zones are as follows:

The portion of a coastal floodplain that is subject
to high velocity waters caused by tropical storms.
hurricanes, northeasters, or tsunamis. Labeled
V Zones on Flood Insurance Rate :\laps, these
areas experience breaking waves of three feet or
more.
Debris Impact Loads

Loads induced on a structure by solid objects
carried by flood water. Debris can include trees,
lumber, displaced sections of structures, tanks,
runaway boats, and chunks of ice. Debris impact
loads are difficult to predict accurately, yet rea
sonable allowances must be made for them in the
design of potentially affected structures.
Encroachment

Any physical object placed in a floodplain that
hinders the passage of water or otherwise affects
flood flows.
Existing Construction

Those structures already existing or on which
construction or substantial improvement was
started prior to the effective <late of a community's
floodplain management regulations.

Flood Insurance Rate Map (FIRM)

Zone A (unnumbered) - special flood hazard
area inundated Ly the 100-year flood; deter
mined by approximate methods with no base
flood elevation shown.
Zones Al-A30
- special flood hazard area
inundated by the 100-year flood; determined
by detailed methods with Lase flood elevations

shown.
Zone B - area betv.·cen the limits of the 100year flood and the 500-year flood, or certain
areas subject to 100-year flooding with average
depths less tlian 1 foot, or areas protected by
levees from the base flood.
Zone C - area of minimal flooding; located out
side the limits of the 500-year flood.
Zone V (unnumbered) - area subject to wave
action, without base flood elevation shown.
Zones V l-V30 - special flood hazard area of

100-ycar coastal flooding with velocity (wave
action): base flood elevations shown.
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Floodplain
Any normally dry lan<l area that is susceptible to
being inun<late<lby water from any natural source.
This area is usually low land a<ljacent to a river,
stream, watercourse, ocean, or lake.
Floodplain Management

The operation of a program of corrective and
preventive measures for reducing flood damage,
including but not limite<l to flood control pro
jects, floodplain land-use regulations, floo<l
proofing of buildings, and emergency prepare<l
ness plans.
Floodway

The channel of a river or watercourse and the
adjacent lan<l areas that must he reserved to
discharge the one-percent-probability flood with
out cumulatively increasing the water surface
elevation more than a <lcsignate<lheight, generally
one foot.
Hydrology
The science of the behavior of water in the atmos
phere, on the earth's surface, an<l un<lerground.
Hydrodynamic Loads

As flood water flows around a structure it imposes
loads on the structure. These loads consist of frontal
impact by the mass of moving water against the
structure, drag effect along the sides of the structure,
an<l eddies or negative pressure on the structure's
downstream side.
Hydrostatic Loads

Those loads or pressures resulting from the static
mass of water at any point of flood water contact
with a structure. They are equal in all directions
and always act perpendicular to the surface on
which they are applie<l. Hydrostatic loads can
act vertically on structural members such as
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floors, decks, and roofs, and can act laterally on
upright structural members such as walls, piers,
and foundations.
Mean Sea Level

The average height of the sea for all stages of the
tide, usually determined from hourly height ob
servations over a nineteen-year perio<l on an open
coast or in adjacent waters having free access to
the sea.
New Construction

Structures on which construction or substantial
improvement was started after the effective date
of a community's floo<lplain management regu
lations.
One-Hundred Year Flood

(See Special Flood Hazard Areas).
Permeability

The property of soil or rock that allows passage of
water through it.
Regulatory Floodway

Any floodway referenced in a floodplain
ordinance for the purpose of applying floodway
regulations.
Special Flood Hazard Areas

Areas in a community that have been identified as
susceptible to a one-percent or greater chance of
flooding in any given year. A one-percent
probability flood is also known as the 100-year
flood or the base flood.
Stillwater Elevations

The elevation that the surface of the water would
assume if all wave action were absent.

Storm Surge

Watershed

A rise above normal water level on the open coast
due to the action of wind stress and atmospheric
pressure on reduction on the water surface.

An area from which water drains to a single point;
in a natural basin, the watershed is the area contri
buting flow to a given place or stream.

Substantial Improvement

Wave Height

Any repair, reconstruction, or improvement of a
structure, the cost of which equals or exceeds 50
percent of the market value of the structure either
(a) before the improvement is started or (b) if the
structure has been damaged, and is being restored,
before the damage occurred.

The vertical distance between a wave crest and the
preceding trough.
Wave Crest Elevation

The elevation of the 100-year storm surge plus
wave height.
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Sources of Design Information
Information Required

Purpose or Implications of Data

Possible Forms of Data

Potential Sources of Data

• Nat1onc1.I
Flood Insurance Pro
gram (NFIP)

• Requires local communities to
implement flocdpla1n regulations
• Sets minimum standards for
floodplain regulations
• Proh1b1ts federal funding for
pro1ects 1n v1olat1on of floodplain
regulations
• Proh1b1ts federal loan guaran
tees for proiects in v1olat1on of
floodplain regulations
• Establishes flood insurance rate
d1fferent1als for properties 1n
flood-prone areas

• Program regulations
• Insurance rate 1nformat1onand
tables
• Flood Insurance Studies
• Flood Maps
Section 1362 Guidelines

• Federal Insurance Admm1stration
• Federal Emergency Management
Agency
• State Floodplain Management
Coord1nat1ng Agency
• Local Government Planning
Agency

• Local Government Planning
Programs

• Implements floodplain regulations
• Determines local floodplain
regulations based on NFIP
guidelines (includes zoning and
subd1v1s1onregulations per
formance standards. Planned
Unit Development o•dinances
building codes. etc.)
Note Local regulations can be
set at a higher standard than
NFIP minimum standards. de
pending on local needs and
circumstances

• Planning and Zoning Ordinances
• Zoning Maps
• Bu1ld1ng Codes

• Local Government Planning
Agency
• Local Government Enqineer
• Building Code Offic1a1S

• State Floodplain and Coasia1
Zone Programs

• Provides statewide floodplain
development regulations and
guidelines
• Regulates development n
coastal zones
• Coordinates 1mplementat1on of
NFIP 1nlocal 1ur1sd1ct1ons
and 1n
areas where multiple state
agencies have an interest 1n
flooding
• Clearinghouse tor Floodplain
Management Information

• State program regulations
• State development guidelines

• State Floodplain Management
Coordinating Agency
• State Office of Coastal Zone
Management
• State Office of Natural or Water
Resources

• Regional Planning Restrictions
or Guidelines

• Can provide addit1ona1 regula
tions and guidelines for regional
iur1sd1ct1ons
• Coordinates act1v1t1esof differ
ent agencies w1th1nthe region
• Souret--'ot 1ntormat1onand. 1n
some cases technical assistance

• Program regulations
• Development gu1del1nes

• Regional Author1t1es(e g Ten
nessee Valley Authority Appa
lachian Reg1ona1Commission, etc )
• Regional Planning Comrn1ss1ons
• River Basin Commissions

• Federal Agency Requirements
and Guidelines (other than NFIP)

• May include regulations relating
to development 1nflood-prone
areas (e g Corps of Engineers
permits tor development on
navigable rivers)
• May involve federal funding. the
use of which 1srestricted 1n
flood-prone areas
• Proiects may require federal
approval tor development 1n
flood-prone areas (e g En
vironmental Impact Statements)

• Program regulations

• U S Army Corps of Engineers
• Environmental Protection Agency
• Federal Emergency Manage
ment Agency
• State Floodplain Management
Coordinating Agency
• Local Planning Agency

Information Required

Purpose or Implications of Data

Possible Forms of Data

Potential Sources of Information

• Flood Hazard Boundaries

• Determines where floodplain
regulations insurance. and federal f1nanc1ng restrictions apply
• Determines spec1f1cflood hazard zones
• Determines variable flood 1nsurance rate zones

• Flood Hazard Boundary Maps
• Flood Insurance Rate Maps
• Flood Boundary and Floodway
Maps
• Hydrolog1c Atlases
• Local Zoning Maps
• Flood Insurance Studies

• Local Government Planning
Agency

• Indicates elevations at which
flood damage 1s likely to occur
• Determines appropriate build1ng elevations tor meeting
floodplain regulations and flood
insurance restr1ct1onsand rates
• lnd•cates hydrostatic loads 1n
flood-prone areas

•
•
•
•

• Determines hydrodynamic
loads 1nflood-prone areas
• Determines debris-impact loads
1n!load-prone areas
• Indicates poterit1al for erosion
and slope deterioration

• Floodplain Technical Studies
• Hydrolog1c Studies
• Flood Insurance Studies

• Flood Depths

• Flood Water Velocity
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Flood Elevations
Water Surface Profiles
Stream and Coast Cross-sections
Flood Insurance Studies

• Local Government Municipal
Engineer
• State Floodplain Coordinating
Agency
• State Office ot Natural Resources
• Federal Insurance Aam,nistrat1on
• Federal Emergency Management Agency

• us

Army Corps ol Engineers

• us

Geoio~.JICSurvey

• Warning Time

• Indicates importance ol
em~r<Jency P.vacuatIon as part
of the jes1gn program
• lnlluences design of floodproofing
1er.hnIques such as flood shields
• Influences design of drainage
systems
• Influences design ol wet floodproofing techniques

•
•
•
•

Hyelrog,aphs
Floodplain Technical Studies
Historical Records
Flood Insurance Studies

• Regional Authorities
- Tennessee Valley Authority
-Appalachian
Regional CommIssIun
-River Basin Comm1ss1ons
• Hydrolog1c ~ngineenng Consultants
• Surveys by Prolessronal Stall

• Duration of Flooding

• Affects seepage into buildings
and saturation of soils and
building materials
• Affects the length of time fac,hlies might be 1naccess1ble or
inoperable
• Affects building design relative
to orIen1at1on conf1gurat1on. and
chorcc of lloodprool1ng fechnrques.

• Floodplain Technical Studres
• H1stor1cal Records
• Flood Insurance Studies

• Frequency of Flooding

• Influences site choice
• Affects che>ce of floodproolrng
techniques especially lhose
that require 1nstallat1onbefore
every flood
• Indicates need to· special access

• Floodplam Technical Studies
• Historical Records

• Climate and Weather

• lnd,cales frequency and type of
precipitation and. In turn. the
type and magnitude of flooding
that IS likely

• Weather Service Records
• Historical Records

• Ground Water Level

• Influences potential water
pressure on footings. foundat1ons. and floors.
• Affects site design techniques
for conlrolling water runoff

_. Geologic Surveys
• Srnt Analysis Reports

• Structural Flood Control Measures (e g. dams. levees chan
nel improvements)

• f:x1st1ngmeasures can affect
sue 11the l1m1tsof the flood contro! device are exceeded
• Proposed measures can. when
implemented alter basic lkx)d data

• Feas1b1l1tyStudies
• Design Spec1!1ca11ons
• Probab111tyReports

Information Required

Purpose or lmplicattons of Data

Possible Forms of Date

Potential SourcH of Information

• Phys1og aphIc Features

• Affects location and magnitude
ol flooding on the site
• ldent1f1esareas of the site 1ha1
should be avoided or protected
• Affects 01Ienta11on.d1slr!but1un
and density of built elements on
the site
• lden11f1esphysical constraints
and ..idvanlages fur site development

• Tope>graph1cMaps
• Floodp!a1n Technical Studies
• Site Surveys

• local Government Plarn1ng
Agency

• Influences sItIng of buildings
• !nd1c:ates erosion potential
• Indicates need for. and feas1b1IIty of using. fill material on the site
• Indicates appropriate site design techniques tor controlling
water runolf

• Tope>graph1cMaps
• Floodplain Technical Studies
• Sile Surveys

• Sm! porosity influences the rate
ot water runoff and flooding potent1al
• Determines the feas1btltty and
design spec1f1cat10nstor use of
till mater,al to elevate buildings
the use of backfill around toun
daltons. and construction of
earth tJerms
• Indicates required depth for
lootings. pilings. or columns

• Srnl Maps
• Soil Analysis Reports
• Site Surveys

• Slope Stab,lrry

• Affects choIct: of building sites
the use of fill material. and the
dP.s1gnof foundations footings
and p11tngs
• Influences erosion
• Indicates the need for terracing
or ground cover to protect slopes

• Analysis of combined effects of
topography and soil charac1enstics
• Site Surveys

• Vegetation

• Aids In control of water runoff.
and thus can be a factor In reduc1ng flooding levels

• Site Surveys

• Water Storage

• Aids In control of water runoff
and thus can be a factor in re
duc1ng flooding levels
• Recharges ground water supplies

• GeoIog1c, soil and hydrolog1c
surveys
• Site Surveys

• US Department of the lnteno,
Water and Power Resources
Service (Operates wesr of the
M1ss1ss1pp1River)

1---

• Topography

• S011Characteristics

• Local Government Mun1c1paI
Engineer
• State Floodplam Coord1na11ng
Agency
• S1a1eOffice lor Natural RP-sources
• Soll Conservat10n Service U S
Department of Agncullure
• U S Geolog,c Survey
• Reg1ona1Authont1es
• Hydrotogir:: and C1v1IEngIneer
1ng Consultants
• Surveys by Professional Staff
• US Departmen1 of the Interior
Water and Power Resources
Service{operates west ol 1he
M1ss1ss1pp1River J
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FEMA Regional Offices
The Federal Emergency Man
agement Agency (FEMA) was
created in 1978 to provide a
single point of accountability for
all federal activities related to
disaster mitigation and emer
gency preparedness and response.
It was established as an indepen
dent agency in the executive
branch to consolidate a variety
of existing agencies and offices
performing related functions.
The Federal Insurance Adminis
tration (FIA), formerly a part of
the Department of Housing and
Urban Development, is only
responsible for administering the
National Flood Insurance
Program. This responsibility in
cludes assisting state and local
governments in the implementa
tion of flood-plain management
programs and providing informa
tion on flooding to communities
and individuals. Regional offices
are the primary means by which
FEMA 's programs are carried
out at the state and local level.
Region I

Region II

Connecticut, Maine,
Massachusetts, New Hamp
shire, Rhode Island &
Vermont

Region III

Delaware, District of
Columbia, Maryland,
Pennsylvania, Virginia &
West Virginia

J.W. Maccormack Post
Office Building, Room 442
Boston, Massachusetts 02109

Liberty Square Building
105 South Seventh Street
Philadelphia, Pennsylvania

(617) 223-9540

19106
(215) 597-9416

New Jersey, New York,
Puerto Rico & Virgin Islands
26 Federal Plaza
Rm. 1349

Region IV

Alabama, Florida, Georgia,
Kentucky, Mississippi,
North Carolina, South
Carolina & Tennessee

New York, New York 10278
(212) 264-8980

1375 Peachtree Street, N.W.
Suite 700
Atlanta, Georgia 31792
(404) 347-2400
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Region V

Illinois, Indiana, Michigan,
Minnesota, Ohio &
Wisconsin

Region VIII

Federal Regional Center
Building 710, Box 25267
Denver, Colorado 80225
(303) 235-4811

300 South Wacker Drive
24th Floor
Chicago, Illinois 60606
(312) 353-8661

Region VI

Arkansas, Louisiana, New
Mexico, Oklahoma & Texas

Region IX

Federal Regional Center
Rm. 206
800 North Loop 288
Denton, Texas 76201
(817) 387-5811

Region VII

Iowa, Kansas, Missouri &
Nebraska
911 Walnut Street
Room 300
Kansas City, Missouri 64106
(816) 374-5912

Colorado, Montana, North
Dakota, South Dakota, Utah
& Wyoming

Arizona, California, Hawaii
& Nevada
Building 105
Presidio of San Francisco
San Francisco, California
94129
(415) 556-8794

Region X

Alaska, Idaho, Oregon &
Washington
Federal Regional Center
130 228th Street, S.W.
Bothell, Washington 98011
(206) 481-8800

VIII

o

Den er

Federal Emergency Management Agency
Regional Offices and Boundaries
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State Coordinating
Offices for the NFI P
Each of the states, in cooperation with the Federal
Emergency Management Agency, has designated a
specific agency to coordinate implementation of
the National Flood Insurance Program. This
agency provides a link between federal, state, and
local levels of government and between different
state agencies with flood-related responsibilities.
The designated agency will typically be a depart
ment responsible for natural resources, emergency
services, or physical development, and is a focal
point for information relating to flood insurance
and floodplain management. It can be an
important source of physical data, information on
community eligibility for flood insurance, relevant
state regulations, references to other agencies, and,
in some instances, technical assistance. The
authority of each state's coordinating agency
varies, and can best be determined through direct
contact.
Alabama

Alaska

Arizona
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Department of Economics
and Community Affairs
State Planning Division
P.O. Box 2939
3465 Norman Bridge Road
Montgomery, Alabama 36105
(205) 284-8735
Department of Community
& Regional Affairs
Division of Municipal
and Regional Affairs
949 East 36 Avenue
Suite 400
Anchorage, Alaska 99508
(907) 561-8586
Department of Water
Resources
Flood Control Branch
99 E. Virginia 2nd Floor
Phoenix, Arizona 85004
(602) 255-1566

Arkansas

Soil & Water
Conservation Commission
#1 Capitol Mall
Suite 2D
Little Rock, Arkansas 72201
(501) 371-1611

California

Department of Water
Resources
P.O. Box 388
Sacramento, California 95802
(916) 445-6249

Colorado

Colorado Water
Conservation Board
State Centennial Building,
Room 823
1313 Sherman Street
Denver, Colorado 80202
(303) 866-3441

Connecticut

Dept. of Environmental
Protection
165 Capitol Avenue
Hartford, Connecticut 06106
(203) 566-7245

Delaware

Dept. of Natural &
Environmental Control
Division of Soil & Water
Conservation
Edward Tatnall Building
P.O. Box 1401
Dover, Delaware 19901
(302) 736-4411

District of
Columbia

Department of Consumer
Regulatory Affairs
614 H Street, N.W.
Washington, D.C. 20001
(202) 727-7577

Florida

Georgia

Department of Community
Affairs
Div. of Resource Planning
and Management
2571 Executive Ctr. Circle
East
Tallahassee, Florida 32301
(904) 488-9210
Georgia Department of
Natural Resources,
Environmental Protection
Division
19 Martin Luther King, Jr.
Dr., S.W., Room 400
Atlanta, Georgia 30334
(404) 656-3214

Guam

Office of Civil Defense
Post Office Box 2877
Agana, Guam 96910
011-671-477-9841

Hawaii

Hawaii Board of Land and
Natural Resources
P.O. Box 373
Honolulu, Hawaii 96809
(808) 548-7539

Idaho

Department of Water
Resources
State House
Boise, Idaho 83720
(208) 334-4470

111inois

Indiana

Illinois Department of
Transportation
Division of Water
Resources
Local Flood Plain Programs
300 North State Street,
Room 1010
Chicago, Illinois 60610
(312) 793-3864
Department of Natural
Resources
608 State Office Building
Indianapolis, Indiana 46204
(317) 232-4160

Iowa

Iowa Natural Resources
Council
Wallace State Office
Building
Des Moines, Iowa 50319
(515) 281-5029

Kansas

Kansas State Board of
Agriculture
Division of Water Resources
109 Southwest Ninth Street
Topeka, Kansas 66612
(913) 296-3717

Kentucky

Department of Natural
Resources
Division of Water
18 Reilly Road
Fort Boone Plaza
Frankfort, Kentucky 40601
(502) 564-3410

Louisiana

Louisiana Department of
Urban & Community
Affairs
P.O. Box 44455, Capitol
Station
Baton Rouge, Louisiana
70804
(504) 925-3730

Maine

Bureau of Civil Emergency
Preparedness
State House
187 State Street
Augusta, Maine 04330
(207) 289-3154

Maryland

Maryland Water Resources
Administration
Flood Management Section
Tawes State Office Building
D-2
Annapolis, Maryland 21401
(301) 269-3826

Massachusetts

Massachusetts Water
Resources Commission
State Office Building
100 Cambridge Street
Boston, Massachusetts 02202
(617) 727-3267
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Michigan

Michigan Department of
Natural Resources
Water Management Division
P.O. Box 30028
Lansing, Michigan 48909
(517) 373-3930

Minnesota

Minnesota Department of
Natural Resources
Division of Waters
444 LaFayette Road
St. Paul Minnesota 55101
(612) 296-9226

Mississippi

Mississippi Research &
Development Center
3825 Ridgewood Road
Jackson, Mississippi 39211
(601) 982-6376

Missouri

Montana

Nebraska

Nevada
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Department of Natural
Resources
1101 R. Southwest Blvd.
P.O. Box 1368
Jefferson City, Missouri
65102
(314) 751-4932
Department of Natural
Resources & Conservation
32 South Ewing Street
Helena, Montana 59601
(406) 449-6646
Nebraska Natural Resources
Commission
P.O. Box 94876
Lincoln, Nebraska 68509
(402) 471-2081
Division of Emergency
Management
Capitol Complex
Carson City, Nevada 89710
(702) 885-4240

New Hampshire

New Hampshire Office of
State Planning
2½ Beacon Street
Concord, NH 03301
(603) 271-2231

New Jersey

New Jersey Department of
Environmental Protection
Division of Water Resources
P.O. Box CN 029
Trenton, New Jersey 08625
(609) 292-2296

New Mexico

State Engineer
Bataan Memorial Bldg.
Santa Fe, New Mexico
97501
(505) 827-6140

New York

New York Department of
Environmental
Conservation
Flood Protection Bureau
50 Wolf Road-Room 422
Albany, New York 12233
(518) 457-3157

North Carolina

North Carolina Department
of Natural Resources &
Community Development
Division of Community
Assistance
512 North Salisbury Street
P.O. Box 27687
Raleigh, North Carolina
27611
(919) 733-2850

North Dakota

Puerto Rico Planning Board
P.O. Box 4119, Minillas
Station
D-Diego Avenue
Santurce, Puerto Rico 00940
(809) 726-7110

Rhode Island

Rhode Island Office of State
Planning
Statewide Planning Program
265 Melrose Street
Providence, RI 02907
(401) 277-2656

South Carolina

South Carolina Water
Resources Commission
3830 Forest Drive
P.O. Box 4440
Columbia, SC 29240
(803) 758-2514

South Dakota

Department of Military and
Veterans Affairs
Division of Emergency and
Disaster
State Capitol
Pierre, South Dakota 57501
(605) 773-3231

Tennessee

Department of Economic.
and Community
Development
Division of Local Planning
1800 James K. Polk
Office Building
505 Deaderick Street
Nashville, Tennessee 37219
(615) 741-2211

Texas

Texas Dept. of Water
Resources
P.O. Box 13087, Capitol
Station
1700 North Congress
Avenue
Austin, Texas 78711
(512) 475-2171

Utah

Office of Comprehensive
Emergency Management
1543 Sunnyside A venue
Salt Lake City, Utah 84108
(801) 533-5271

State Water Commission
900 E. Boulevard
Bismarck, North Dakota
58501
(701) 224-2750

Ohio

Ohio Department of Natural
Resources
Flood Plain Planning Unit
Fountain Square
Columbus, Ohio 43224
(614) 265-6755

Oklahoma

Oklahoma Water Resources
Board
12th Floor Northeast
10th & Stonewall
Oklahoma City, OK 73105
(405) 271-2533

Oregon

Department of Land
Conservation and
Development
1175 Court Street, N.E.
Salem, Oregon 97310
(503) 378-2332

Pennsylvania

Puerto Rico

Department of Community
Affairs
551 Forum Building,
Room 317
Harrisburg, PA 17120
(717) 787-7400
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Vermont

Environmental Conservation
Agency
Division of Water Resources
State Office Building
MontpeUer, Vermont 05602
(802) 828-2761

West Virginia

West Virginia Office of
Emergency Services
Room EB-80
Capitol Building
Charleston, WV 25305
(304) 348-3831

Virgin Islands

Disaster Preparedness
Office
Box 1208
St. Thomas, VI 00801
(809) 774-6555

Wisconsin

Virginia

Virginia State Water
Control Board
P.O. Box 11143
Richmond, Virginia 23230
(804) 257-0075

Department of Natural
Resources
Flood Plain-Shoreline
Management Section
P.O. Box 7921
Madison, Wisconsin 53707
(608) 266-1926

Wyoming

Wyoming Disaster and Civil
Defense Agency
P.O. Box 1709
Cheyenne, Wyoming 82003
(307) 777-7566

Washington

124

Department of Ecology
Mail Stop PVll
Olympia, Washington
98504
(206) 459-6288

Performance Criteria
The following performance requirements and
criteria identify a range of considerations that
should be addressed during the design of residential
structures for flood hazard areas. These
performance criteria do not represent the entire
range of items applicable to each requirement.
Instead, a selective number of criteria have been·
presented.
The performance requirements and criteria are
applicable to all structural materials and all con
struction methods used in flood hazard areas.
Traditional or conventional construction solutions,
as well as innovative techniques, are acceptable so
long as the performance requirements and criteria
arc satisfied.
DEFINITIONS

Terms important to proper interpretation of the
performance requirements and criteria are defined
as follows:
Applicable Codes

The system of legal regulations adopted by a
community setting forth standards for the con
struction, addition, modification, and repair of
buildings and other structures for the purpose of
protecting the health, safety and general welfare of
the public.

Design Loads
The design load is the minimum loading condition
that the building should Le designed to resist.
Some loading conditions most likely will Le
defined in the applicable codes while other load
conditions (e.g., flood impact loads) will have Lobe
determined. The following loads constitute ti)('
design load and should be considered as minimum
loading conditions as defined in Criterion A.I
(see below):
DMd l,nad (IJ)
The weight of all permanent construction. The
dead load includes a) the weight of the stmcture
itself, b) the weight of all materials of construction
incorporated into the building that are to be
permanently supported by the structure, including
built-in partitions, c) the weight of permanent
equipment, and d) forces due to prcstressing.
Gracity Lire l,uad (L)
Gravity live loads result from both the occupan(;y
(floor) and the environment (roof) of the building,
as stipulated in the applicable code. These include.
where applicable, loads caused by soil and h) dro
static pressures.
Wind Luads (II)
Wind loads stipulated in the applicable code.

Community

Restraint Luad~ (R)
Any state or political subdivision thereof with
authority to adopt and enforce floodplain manage
ment regulations for areas within its jurisdiction.
Design Flood (Base Flood)

Loads, forces, and effects due to contraction or
expansion resulting from temperature changes,
shrinkage, moisture changes, creep in component
materials, movement due to differential settlement
or combinations thereof.

The design flood is the base or 100-year flood used
for purposes of compliance with the National
Flood Insurance Program (NFlP).
ln coastal high hazard zones the 100-year flood
includes wave height above the stillwater level.
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Flood Loads ( F)

S,·c. 602.2.2

Loads caused by the design flood, which include:

LaLPral hydrostatic load:; arP LhosP "hich act in a hori
zontal din·diun, against vertical ur inclined surfaces, both
above and below the ground rnrfarP and tPnd to r,ausP
laLPral displai:Pmenl and m·Prlurning of the building,
slructurr, or parts then·of.

Flood-induced dimensional changes such as
swelling of wood or heave of expansive founda
tion soils

Lateral Loads

Ser. 60:.?.:.?.3 ( ·plift

Water loads as defined in Section 602.0 of the
Corps of Engineers' publication, Flood
Pruu}inf!. R,,f!.ulatiuns
Soil loads as defined in Section 604.0 of the
Corps of Engineers' publication, Flood
I'roofinf!. Regulation.~
Sections of 602.0 and 604.0 of Floud-l'ruufing
Repilations (EP 116S-2-314, Office of the Chief
of Engineers, L .S. ,\nn), Junc 1972), arc
reproduced Lclow:
SECTIO~ 602.0 WATER LOADS
Sec. 602.1 Types
\\ akr loads. a:; Jpfirwd )JPrein. an" load, or prP,sures on
:mrfai:1·,;uf the Luildin/!:; and slruclurP:; cau,wd and inducPd
Tlw;w loads an' uf two
Ly th,· pn'Sl'IH't' of flood ,,atn,.
basic t,pes: hydro:-;tatic and In drudynamic.

Sec. 602.2 Hydrostatic Loads

11niro,talic
loads an· thrnw rau,,·d b,. \\ atn ,·ither abo\T or
.
below the ground ,urfac,·. fre,· or ronfinnl, whid1 is either
stagnant or 11Hl\t'S al H'r~ low wlociti,·:;. or up lo fiw (.i)
fpd rwr ,wcond. Tlw:;,, load:; an· P<jt1allo Lilt' product of
LhP ,, al.-r prPs:;urP Linws LIJP:;urfact' art'a un which the
pn•:;:;urP ad:;, TIJP prt"ssun· al an~ point i, ,·,pial lo Llw
product of tlw unit \\ ,·iid1Lof" aln (62.:i pounds pPr
cubic fool) multipli,·d b~ Llw !wight or walt'r abm,· tlw
point or by tilt' height to which cnnfiiwd water would
rise if free lo do w. 11~ droslalir pn·s,un·s at any point
are 1·4ual in all dirn'lion, and alway, art perpendicular
Lo Llw surfacP un which tlw~ arP applit·tl. For the purpo,w
of th,·s,· lfrgulalion:;, h~ drostalie loa<ls an· :;ubdiYidt·d into
the following lyp,·s:
Sec. 60:.?.:.?.l \ nlical I ,oads
Th,·se an· loads acting
or indi1l('d surface, of
roof:;, tlt-rk, or floor,,
u I' llood ,, alt-rs abo\'t'
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\'f'rtit'all~ downward un horizontal
buildings or slrurtun·s, ,mch a,
and ,, alk cau,wd b~ tlw wPight
Llwm.

l plift loads an· thosP \\ hid1 acl in a ,Prtically upward
direction on Llw undPrsidP or horizontal or sloping surfaces
of huil<lings or slructurPs, such as Lasenlf'nt slabs, footings,
floors, dPcks. roofs and uwrhangs. Jl~,droslalic loads acting
on inclined, rounded or irregular surfaces ma~ Le resolved
into \Wlical or uplift loads and latnal loads based on the
gcomctrv of the surfaces and Llw distribution of hydro
static pressures.

Sec. 602.3 Hydrodynamic Loads
Hydrodynamic

loads ...

arP thosf' induef'd on building,-

or slruclurf's by LIH'flm, of flood ,, aln moving al
moderate or high y1-locily around LIH'buildings or struc
tures or part, tllf'reof. aho,P ground lewl. Such loads may
oi:cur lwlm, Llw ground IP,d wlwn opPnin:£:-or conduib
t·xisl which allow fret· flow of flood watns. ll~,drodynamic
loads aft' ba,ir,ally of tlw lateral l\ pt' and relatP to dirPd
impact loads by Llw mo,ing mass of,, ater. and lo drag
forcPs as tilt' walfT f!o,,s around the uLslruclion. 1\'IH'rt'
application uf hydrodynamir loads is required, the loads
shall lw i:ompuled or eslimatnl b~ rPcogniz,·d and authuri
taliw mf'lhods. '\ldhods for t·rnluating \\ aln wlocilit's and
rf'lated dynamic pf frets arr lwyond the scop1· of tllf'se
lfrgulations, but shall b,· subjt-rt to rniew and approval by
the Building Official.
:3f'c. 602.3.1

Comersion to E,1uiYalPnt II~ <lroslatic Loads

Fur cast·s when water wlocities do not exref'd 10 frd
per second, dynamir dfrcts of the mo,ing water may be
rumert<-d into equivalent hydro,tatic loads by increasing
the depth of water to the RFD [ use the level of tlw base
or design flood], by an amount dh. on the lwadwater sidP
and ahove LhPground lPYPIonly, f'qual lo:

dh =---------,'"here
:.?g
\' is th,· awr~e vdocity uf the watn in ft.'d per second:
/! is the acceleration of grayity, 32.:2 feet per second:
a is Lllf'coefficiPnl of drag or shapP factor (Thr value of a,
unks~ othnwisP naluatP<l. shall nut be less than 1.25)

The equivalent surcharge depth, dh, shall be added to the
depth measured between the design level and the RFD and
the resultant pressures applied to, and uniformly
distributed across, the vertical projected area of the build
ing or structure which is perpendicular to the flow. Sur
faces parallel to the flow or surfaces wetted by the tail
water shall be considered subject to hydrostatic pressures
for depths to the RFD only.

Sec. 602.4 Intensity of Loads

Sec. 602.4.3 Uplift
Full intensity of hydrostatic pressures caused by a depth
of water between the design level and the RFD acting on
all surfaces involved ....
Sec. 602.4.4 Hydrodynamic Loads
Hydrodynamic loads, regardless of method of evaluation,
shall be applied at full intensity over all above ground
surfaces between the ground level and the RFD.

Sec 602.4.1 Vertical Loads

Sec. 602.5 Applicability
Full intensity of hydrostatic pressure caused by a depth of
water between the design elevation(s) and the RFD applied
over all surfaces involved, both above and below ground.
Sec. 602.4.2 Lateral Loads
Full intensity of hydrostatic pressure caused by a depth of
water between the design elevation(s) and the RFD applied
over all surfaces involved, both above and below ground
level, except that for surfaces exposed to free water, the
design depth shall be increased by one foot.

Hydrostatic loads shall be used in the design of buildings
and structures exposed to water loads from stagnant
flood waters, for conditions when water velocities do
not exceed five (5) feet per second, and for buildings
and structures or parts thereof not exposed or subject to
flowing water. For buildings and structures, or parts
thereof, which are exposed and subject to flowing water
having velocities greater than five (5) feet per second,
hydrostatic and hydrodynamic loads shall apply.
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SECTJON 604.0 SOIL LOADS

Sec. 603.1.2

Sec. 604.1 Applicability

Special impact loads arc those which relate to large con
glomerates of floatahle objects, such as broken up ice
floats and accumulation of floating debris, either striking
or resting against a building, structure, or parts thereof.

Full consideration shall he given in the design of buildings,
structures and parts thereof, to the loads or pressures
resulting from the presence of soils against or over the
structure.
Loads or pressures shall he computed in
accordance with accepted engineering practice, giving full
consideration to the effects that the presence of flood
water, above or within the soil, has on loads and pressures.
When expansive soils are present, the Building Official may
require that special provisions he made in foundation and
wall design and construction to safeguard against damage
due to this expansiveness. He may require a special
investigation and report to provide these design and
construction criteria.

Sec. 603.1.3
Extreme
floatable
collapsed
structure

Special Impact Loads

Extreme Impact Loads

impact loads are those which relate to large
objects and masses such as runaway barges or
buildings and structures, striking the building,
or component under consideration.

Sec. 603.2 Applicability
Impact loads should be considered in the design of build
ings, structures and parts thereof as stipulated below:

Flood Impact Loads (Fl)
Sec. 603.2.1

The loads caused by the design flood as defined
in Section 603.0, "Impact Loads," and Section
605.0, "Hurricane and Tidal Wave Loads," of the
Corps of Engineers' publication, Flood-Proofing
RPgulations. In the case of Section 605.0, where
no specific guidance is provided, design loads shall
be recommended by a professional engineer. (Also
refer to FIA-7, Design and Construction Manual
for Residential Buildings in Coastal lligh Hazard
Areas, cited in this manual's preface.)

Section 603.0 of Flood-Proofing
reproduced below:

Regulations

1s

SECTION 603.0 IMPACT LOADS

Normal Impact Loads

,\ concentrated load acting horizontally al the RFD or at
any point below it, equal to the impact force, produced by
a 1,000-pound mass traveling at the velocity of the flood
water and acting on a one (1) StJuare foot surfact· of the
structure.
Sec. 603.2.2

Special Impact Loads

Where special impact loads are likely to occur, such loads
shall be considered in the design of buildings, structures,
or parts thereof. Unless a rational and detailed analysis is
made and submitted for approval Ly the Building Official,
the intensity of load shall he taken as 100 pounds per foot
acting horizontally over a one-foot wide horizontal strip at
the RFD [ use the levd of the Lase or design flood], or at
any level below it. Where natural or artificial barriers exist
which would effectively prevent these special impact loads
from occurring, the loads may be ignored in the design.

Sec. 603.1 Types
Sec. 603.2.3
Impact loads are those which result from floating debris,
ice and any floatahle object or mass carried Ly flood
waters striking against buildings and structures or parts
thereof. These loads are of three basic types: normal,
special and extreme.
Sec. 603.1.1

Normal Impact Loads

:'formal impact loads are those which relate to isolated
occurrences of logs, ice blocks or floataLle objects of
normally encountered sizes striking buildings or parts
thereof.
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Extreme Impact Loads

It is considered impractical to design buildings having
adequate strength for resisting extreme impact loads.
Accordingly, except for special cases when exposure to
these loads is highly probable and the resulting damages
are extremely severe, no allowances for these loads need
be made in the design.

Flood or Flooding

A general and temporary condition of partial
or complete inundation of normally dry land
areas from:

the overflow of inland or tidal waters
the unusual and rapid accumulation or run
off of surface waters from any source
mudslides (i.e., mudflows) which are
proximately caused or precipitated by
accumulations of water on or under the
ground.

The collapse or subsidence of land along the
shore of a lake or other body of water as a
result of erosion or undermining caused by
waves or currents of water exceeding antici
pated cyclical levels or suddenly caused by an
unusually high water level in a natural body of
water, accompanied by a severe storm, or by
an unanticipated force of nature, such as a
flash flood or an abnormal tidal surge, or by
some similarly unusual and unforeseeable
event which results in flooding as defined
above.

PERFORMANCEREQUIREMENTSAND
CRITERL\ FOR RESIDENTIALSTRUCTURES
IN FLOOD HAZARD AREAS

1.5 D, R, W, F, and Fl
Where the working stress method of design is used
the following provisions apply:
2.1 In load combinations 1.1 through 1.5 all loads
are applied as listed or as required by the
applicable codes for the same load combina
tions with loads F and Fl.
2.2 Allowable (working) stresses cannot be
exceeded for loading conditions 1.1 and 1.4.
For all other loading conditions the allowable
stresses can be increased by the amount per
mitted in applicable codes for design against
load combinations including wind or earth
quake load.
Where ultimate-load design is used (such as
instances where the American Concrete Institute,
Building Code Requirements for Reinforced Con
crete [ACI 378, ACI, Detroit, current edition), is

applicable) load factors are applied as recommend
ed in the applicable standard, and F will be com
bined with L, or factored as if it were a live load
for loading conditions 1. 1 and 1.4. For all other
loading conditions loads F + Fl will be combined
with W, or considered to be equivalent to a wind
load.

PERFORMANCEREQUIREMENTA
Test
The building, its contiguous structure(s), and its
service systems shall be designed to withstand the
design flood without causing unacceptable risks to
its occupants or to adjacent property owners.
The building complies with Performance Require
ment A if the following conditions are satisfied:
Criterion A. l: Strength
The building is designed to resist the following
loads, acting simultaneously:
1.1
1.2
1.3
1.4

D, L, R, and F
D, L, R, F, and Fl
D, L, R, W, F, and Fl
D, R, and F

Structural analysis and/or physical simulation.
Commentary

The criterion provides a suitable margin of safety
against structural collapse when the building is
subjected to the base flood. The intent of the
criterion is that the margin of safety for these
buildings, when subjected to the base flood, be
no less than the margin required for other build
ings not subjected to flooding. It is assumed that
loads F may act on the building over a long period
of time, while loads Fl are short-term loads. Thus
the margin of safety against load combinations
containing Fl need not exceed that provided
against wind or seismic loads.
129

The combined load of earthquakes and floods is
not considered here because of the low probabi
lity of a flood and an earthquake occurring simul
taneously. Where tsunami flooding is the base
flood, earthquake loading should perhaps be con
sidered concurrently.
Criterion A.2: Stability and Flotation

There shall be a factor of safety of 1.5 against
overturning, sliding, and flotation under the
following load:
D + W + R + F + Fl
Test
Stmctural analysis and/or physical simulation.
Commentary

This criterion provides a suitable margin of safety
against sliding and overturning. The most critical
load combination is being considered. Tie-down
devices can be used to achieve stmctural stability,
provided it can Le demonstrated tlrnt deterioration
of these devices during the service life of the build
ing or Ly flood conditions will not cause the
factor of safety to fall below its stipulated value.

direction of flood flow shall not be less than eight (8)
feet apart at the closest point. Tht> "stilts" shall, as far as
practicable, be compact and free from unnecessary appen
dagt~swhich would tend to trap or restrict free passage of
debris during a flood. Solid walls, or walled in columns
are permissible if oriented with the longest dimension of
the member parallel to the flow. "Stilts" shall be of a typt>
that causes the least obstruction to the flow and the least
potential for trapping floating debris. Foundation supports
for the "stilts" may be of any approved type capable of
resisting all applied loads, such as spread footings, mats,
piles and similar types. In all cases, the effect of sub
mergence of the soil and additional flood water related
loads shall be recognized. The potential of surface scour
around the stilts shall be recognized and protective
measures provided, as required.

1.2 For flow velocities in excess of 5 feet per
second the hydrodynamic loads in F shall
be assumed to act over the entire width of
the building, perpendicular to the direction
of flow, and reasonable vertical clearance
shall be provided for the passage of debris.
The depth of all foundation elements shall
allow for the potential effect of scour.
Test

Structural analysis and/or physical simulation.
Evaluation of data and documentation for design,
tests, and installation; evaluation of plans and
specifications.

Criterior A.3: Provision Against Debris and Scour
Commentary

Unless it can be demonstrated that the flood
waters will Le stagnant, or that there will be no
floating debris during the design flood, the follow
ing provisions apply:
1.1 Uuilding on stilts shall comply with Section
612.2.3 of the Corps of Engineers' publica
tion, flood-Proofing Regulations. This
section is reproduced below.
Sec. 612.2.3 Building on "Stilts"
Tht> building may Le con:;tructed above the RFD [ use
the kw! of th1ebase or design flood] by supporting it
on ·\tilb ., or other columnar type members, such as
columns, pit>rs,and in certain cases, walls. Clear spacing
of support members, measured perpendicular to the general
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Criterion A.3 is designed to prevent structural
collapse caused by the accumulation of floating
debris or the undermining of foundation elements
as a result of scour. Part of the provision is de
signed to avoid debris accumulation. The other
part provides adequate strength to resist the
effects of the formation of a barrier over the
entire width of the building. Buildings are exempt
if it can be demonstrated that no debris will accu
mulate and no scour will occur.

Criterion A.4: Disruption of Service Systems
The service systems shall be designed to resist the
loads stipulated in Criterion A. l with safety
margins as stipulated in A.l against disruptions
which may endanger human lives.
·
Test
Engineering analysis and/or physical simulation.
Evaluation of data and documentation for design,
tests, and installation; evaluation of plans and
specifications.
Commentary

This criterion only applies to disruption which may
cause fatal accidents, such as rupture of gas lines.
Lesser load levels are stipulated in B. l for disrup
tions which constitute a health hazard.
Criterion A.5: Execution of Rescue Operations

The building is designed to permit the execution
of rescue operations.

During the duration and at heights of the design
flood the building shall:
1.1 Allow the safe evacuation of the occupants
out of the building
1.2 Allow the safe transfer of occupants from the
building to rescue vehicles
1.3 Provide means of access or adjacency for
rescue vehicles.
Test
Evaluation of data and documentation for design,
tests, and installation; evaluation of plans and
specifications.
Commentary

Criterior A.5 is designed to prevent the entrap
ment of building occupants by rising water levels.
Part of the provision is designed to provide means
to evacuate the building (e.g., windows, roof trap
door). The other parts provide for the accomoda
tion and execution of rescue operations (e.g., by
boat, helicopter).
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PERFORMANCEREQUIREMENTB
The building, its contiguous structurc(s), and its
service systems shall be designed to withstand the
design flood without causing unacceptable health
hazards to its occupants.

during the design flood without the release of
deleterious substances are exempt from provisions
1.1 and 1.2.
Criterion B.2: Provision Against Drinking Water
Contamination

The building complies with Performance Require
ment B if the following conditions are satisfied:

There will be no contamination of drinking water
with sewer effluent or flood water.

Criterion B. l: Disruption of Utility Connections

Criterion 13.2and Performance Requirement B
arc deemed satisfied if the following provisions
arc met.

Building utility connections shall be designed to
resist the following loads:
At loading conditions:
1. 1 D + L + R + W + F + Fl
1. 2 D + W + R + F + Fl
The building utility connections should not sus
tain:
2.1 Permanently disrupted and/or broken attach
ment with their fixtures and/or supporting
structural elements
2.2 Leakage or escape of effluent that could
contaminate drinking water
2.3 Rupture of clectrkal service that could cause
electrocution and/or fire.

1.1 Approved backflow prevcnters or devices are
installed on main water service lines, at water
wells and/or at suitable building locations to
protect the system from backflow or back
siphonage of flood waters or other contami
nants in the event of a line break or temporary
disconnection.
IJeviccs are installed at accessible locations and
maintained in good working order.
1.2 Sanitary sewer and storm drainage system con
nections arc provided with approved hackflow
preventcrs or devices installed at each
discharge point.
1.3 :\'o storm or flood waters are drained into
systems designed for sewage only, and vice
versa.

Test
Test
Evaluation of data and documentation for design,
tests, and installations; evaluation of plans and
specifications. Inspection and/or testing of built
elements when deemed essential. Determination of
conformances to generally accepted codes,
standards and engineering and trade practices,
where applicable.
Commentary

This criterion applies to all utility connections
subject to the forces of the design flood. Utility
connections which arc designed to disconnect
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Evaluation of data and documentation for design,
tests, and installation; evaluation of plans and
specifications.
Commentary

Criterion 13.2 is designed to prevent contamination
of drinking water with sewer effluent or flood
waters. Also, the criterion is designed to prevent
damage to fixtures and interior finishes ( e.g., floor
ing, wall surfaces) from Lackflow or Lack
siphonage of flood waters.

Criterion 8.3: Provision Against Contamination of
Potable Water Wells

Private potable water wells shall not he contamina
ted by toxic substances or impurities caused by the
design flood.
·

Test

Evaluation of data and documentation for design,
tests, and installation; evaluation of plans and
specifications.
Geological analysis of site.

Criterion B.3 is deemed satisfied if the following
provisions are satisfied.
Commentary

1.1 Private potable well water is not supplied from
a water table located less than 25 feet below
grade, nor from any deeper supply which may
he polluted by contamination entering fissure
or crevice formations.

1.2 Each well is provided with a watertight casing
to a distance of at least 25 feet below the
ground surf ace that extends at least one
foot above the well platform.

... .,.

................
.

Criterion 8.3 is designed to prevent the contamina
tion of water wells used as a source for potable
water. Part of the provision provides against the
contamination of the water supply source. The
other part provides against the contamination of
the water removal system. In any case, local
health codes should be consulted.

I .I.I I
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PERFORMANCE REQUIREMENT C
The liuil<ling. its contiguous structure(s). and its
sen ice systems shall be designed to withstan<l the
design flood without sustaining damage of un
ac('cplable magnitude.
The building complies with Performance Re4uir<·
mcnl C if the following con<litiuns arc satisfied:
Criterion C. l: Provision Against Permanent
Damage

l' nder loading conditions 1.1 through 1.3 the
building as a whole, or any clement thereof, shall
nut suffer permanent damage which would require
rcplat:f:'mcnt or major repair, or which would
ext<'n:,;i\cl~-impair its intended function.
1. 1 D + L + K + \\ + F + Fl
I . :2 ll + \\ + R + F + Fl
l.3 1J + L + K + F + Fl
The criterion is deemed satisfied if strc,-s and de
flection limits under loading conditions 1.1
through 1.3 Ju not exceed those stipulated in
applicable codes. or if it can be demonstrated that
<lct1cctions caused bY load combinations 1.1
through 1.3 can be accomodatcd by suitable detail
and ade4uate flexibility of elemrnts.
Test

Evaluation of data an<l documentation for <lesiw1,
tests, and installation; evaluation of plans and
specifications. Inspection and/or testing of built
elements when <leemcd essential. Determination of
conformance to generally accepted standards and
engineering and trade practices, where applicable.
Commentary

This niterion assures that the design flood v.ill
nut cause excessive damage. Effects of swelling
caused In: increased moisture or inundation must
be included in F.

Criterion C.2: Provision Against Unnecessary
Damage
All living areas, major utilities. furnaces, and air
conditioning units shall not be submerged by the
design 11oud.
1.1 Living areas shall be considered habitable areas
that pnnide for the csscn tial needs of people:
living, sleeping. dininl,'., cooking and sanitation.
R,~creatiun areas, libraries. and utlwr speciality
areas arc to be considered habitable areas an<l
therefore shoul<l nut Le submerged by the
design flou<l.

1.:2 The electrical system complies with Criterion
C :2if the following rnll(litiuns are satisfied:
1.2.]

installed below the dc:"ig:n11ood le\'el
are suitable fur continuous submergence
in water. Only submersible type splices
are use<l and conduits localed below the
dcsig11flood lewl are self draining if
subject to flooding.

1.2.2 Lighting panels, distribution panels, and
all other stationary cleclrical equipment
are located above the design flood.
1.3 The mechanical system complies with Criteri
on C.2 if the following conditions are satisfied:

1.3.1 Heating, air-conditioning, and ventila
ting arc installed abu,c the design flood.
1.3.2 All duct work for warm air heating
systems located below the design 11oud
level is provided with emergency open
ings fur drainage of ducts after a flood
condition.

1.4 The plumbing system complies with Criterion
C.2 if the following conditions are salisfie<l:
1.4.l
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\11 portions of the electrical system

Tanks. softeners and heaters are instal
k<l above the <lesig11floo<l.

1.4.2 ·Plumbing below the design flood
level will not suffer loss of stability
or loss of tightness that will permit
leakage or physical damage to fix
tures and joints and connections that
will permanently impair functioning.
1.4.3 Utility connections designed to dis
connect during the design flood are
easily reconnected. (See Criterion
B.l.)

Commentary

Criterion C.2 is designed to prevent unncessary
damage of living areas, major utilities, furnaces,
and air-conditioning units by the design flood.
Part of the provision is designed to elevate living
areas and equipment above the design flood. Other
parts are designed to prevent the damage of utili
ties and mechanical/electrical connections below
the design flood.

Test
Evaluation of data and documentation for design,
tests, and installation; evaluation of plans and
specifications.
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Preface
The Federal Emergency Management Agency (FEMA) first published Manufactured Home Installation in Flood Hazard Areas (FEMA 85) in 1985. Since then, manufactured homes have become
better built, and natural hazards like flood, wind, and earthquake (seismic) events are better
understood.

To benefit from the advances made in the last 24 years, FEMA 85 has been updated to
reflect the requirements of the most current codes and standards and to provide a best
practices approach in reducing damages from natural hazards. While the original version
of FEMA 85 concentrated on flood and wind events, this version also addresses seismic
hazards and recommends several multi-hazard resistant foundation designs. Designs are
included for wood-framed foundations, conventional concrete and masonry pier foundations, and ground anchors. The ground anchor foundations are based on results from a
series of first-of-its-kind saturated and dry soil anchor tests. The anchor tests were conducted with the support of the U.S. Department of Housing and Urban Development (HUD),
the Manufactured Housing Institute (MHI), the Systems Building Research Alliance (SBRA,
formerly the Manufactured Housing Research Alliance [MHRA]), and several ground anchor manufacturers. A detailed example showing step-by-step procedures on how to design
a foundation for a manufactured home is also included.
This guidance is also valuable to designers of alternate foundations allowed by the HUD
24 CFR 3285 Model Manufactured Home Installation Standards, especially for homes located in
Special Flood Hazard Areas (SFHAs) for which certain 24 CFR 3285 foundation designs are
not applicable (24 CFR 3285.303, Table 1, Note 4, et al.).
The foundation designs discussed in Chapter 10 and shown in Appendix H of this guide are
but one group of acceptable foundation solutions. They should not be considered mandatory or all inclusive. Alternative foundation systems, designed to resist equivalent loads and
provide equivalent performance, should be considered equally acceptable.

Limitations of the Guide
This manual has been prepared to assist in protecting manufactured homes from floods and other
hazards. Builders, installers, architects, and engineers using this guide assume responsibility for the
resulting designs and the performance during a natural hazard event.
The foundation designs and analyses presented in the guide are based on load combinations contained in the American Society of Civil Engineers (ASCE 7-05) and the 2006 version of the International
Residential Code® (IRC®).
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1 Introduction
This revised edition of FEMA 85 provides new recommendations for manufactured home foundation design and installation. The initial 1985 edition of FEMA 85 provided guidance on
installation methods designed to make manufactured homes less susceptible to damage caused
by flood and wind events. Significant advances in design and construction technologies, mitigation strategies, and regulatory requirements since 1985 have all contributed to the need for
updated guidance.

1.1 Purpose and Scope of the Guide
Like the original guide, this updated version of FEMA 85 focuses primarily on the installation
and foundation requirements for manufactured homes in floodplains for communities participating in the National Flood Insurance Program (NFIP). However, it also addresses other
natural hazards such as high winds and earthquakes.
The purpose of the second edition of FEMA 85 is to provide guidance for the design and construction of alternative foundation systems as described in the HUD Model Manufactured Home
Installation Standards (24 CFR 3285). It is important to recThe manufactured housing industry
ognize that both the U.S. Department of Housing and
has adopted the term “community”
Urban Development (HUD) and the NFIP require that
for manufactured home developfoundation systems for manufactured homes located in
ments. However, the term “park” is
Special Flood Hazard Areas (SFHAs) prevent flotation,
used in the NFIP and is also used
collapse, or lateral movement of the structure (24 CFR
in this publication.
3285.302 and 44 CFR 60.39(a)(3), respectively).
With its broad and comprehensive scope, this document provides guidance on siting and installing manufactured homes in areas exposed to natural hazards. The guide is organized into 10
chapters, each covering a different aspect of manufactured homes in the United States, and 8
appendices.
Chapter 1 provides a historical overview of Federal, State, and local regulations that affect the
design, construction, and installation of manufactured homes, including guidance on the NFIP
and HUD installation requirements.
Chapter 2 presents and defines the characteristics of a manufactured home, the types of foundations used, typical installation techniques, and additional design considerations of attachments
to manufactured homes (e.g., carports, decks, porches, and awnings).
Chapter 3 provides the regulatory requirements pertaining to the installation of manufactured
homes in flood-prone areas. NFIP, HUD and model building code requirements are discussed
as well as methods for mitigating manufactured homes (e.g., elevation and relocation).
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Chapter 4 presents issues to consider in the siting of manufactured homes.
Chapter 5 provides a review of natural hazards that must be considered in site selection, foundation design, and installation of manufactured homes. The discussion covers flooding, including
the special hazards associated with coastal flooding (e.g., storm surge, velocity flow, and wave
impact), high winds, and seismic events. The combined effects of multiple hazards are also covered.
Chapter 6 contains a review of the geology and hydrology of soils and their effects on manufactured home foundation systems. Soil characteristics and the behavior of saturated soils are
discussed. Recommendations are provided for soil testing criteria applicable for manufactured
home installation.
Chapter 7 presents a review of the use of ground anchors with manufactured home foundations,
including the results of laboratory and field tests of anchor performance in saturated soils.
Chapter 8 presents different types of manufactured home foundation systems, including their
performance, installation procedures, maintenance requirements, and possible modifications.
Systems discussed include pier systems that incorporate ground anchors, braced piers and
piles, slabs, elevated floors or crawlspaces, and proprietary systems.
Chapter 9 discusses recommended design processes and criteria for manufactured home
foundations in SFHAs. Recommended design criteria, performance requirements, and best
practice recommendations are presented. Sites that fall outside of the criteria specified for
recommended foundations in Chapter 10 can use the design process detailed in this chapter.
Chapter 10 provides design criteria for recommended foundations appropriate for typical installation of manufactured homes in flood zones designated A, AE, A1-A30, A0, or AH on a
FEMA Flood Insurance Rate Map (FIRM). Criteria are presented regarding maximum flood
depth, flow velocity, wind speed, and seismic force. The designs are shown in Appendix H.
The appendices include:
A: References
B: Sources for Flood Information
C: Flood Velocity Determination
D: Definitions
E: Acronyms and Abbreviations
F: Example Calculations
G: Wind Zone Comparisons
H: Pre-Engineered and Prescriptive Foundation Designs
The foundation designs discussed in Chapter 10 and shown in Appendix H are but one of a
group of acceptable foundation solutions. They should not be considered mandatory or all
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inclusive. Any modifications to the foundation drawings must be designed and approved by a licensed professional engineer. Alternative foundation systems designed to resist equivalent loads
and to provide equivalent performance should be considered equally acceptable.
Flowcharts, checklists, maps, formulas, and drawings are provided throughout the guide to help
in understanding the issues to consider when installing a manufactured home in a floodplain.
Examples are presented to demonstrate decisions and calculations designers must make to reduce the potential damage to manufactured homes from natural hazard events.

1.2 Background
1.2.1 Manufactured Homes in the United States
Manufactured homes help fill a demand for affordable housing in many parts of the United
States. In 2007, the U.S. Census reported that the industry shipped 95,700 homes with an average price of $64,500. Single-section homes had an average price of $35,200, and double-section
homes had an average price of $73,100. U.S. Census Bureau figures from Census 2007 show that
74 percent of new manufactured homes were located on private properties and 26 percent were
located in manufactured home parks. The average floor area of a manufactured home placed
in 2007 was approximately 1,600 square feet. Approximately 31 percent of the manufactured
homes placed in 2007 were located in four States (Florida, California, Louisiana, and Texas).
Since 1976, the NFIP has regulated the installation of manufactured homes in floodplains. Over
the years, the NFIP has strengthened the regulations by defining existing and new manufactured
home parks and applying differing standards for each. The standards governing manufactured
homes continue to improve; Federal, State, and local governments and the manufactured home
industry strive to institute construction practices and regulations to increase the safety of manufactured homes in natural hazard environments. The following list summarizes regulations,
programs, and actions that have been developed to improve the resistance of manufactured
homes to natural hazards:
n On July 13, 1994, HUD adopted new structural resistance guidelines for the construction of

manufactured homes to be placed in HUD Wind Zones II and III (Figure 1-1).
n Section 605 of the National Manufactured Housing

Construction and Safety Standards Act of 1974 (42
U.S.C. 5401), as amended by the Manufactured
Housing Improvement Act of 2000, authorized the
Secretary of HUD to establish and implement a
national manufactured housing installation program
to include (1) installation standards, (2) the training
and licensing of manufactured home installers,
and (3) the inspection of manufactured home
installations.

States may choose to operate an
installation program for manufactured homes in lieu of the Federal
program.The State must implement
standards that provide protection
to its residents that equals or exceeds the Model Manufactured
Home Installation Standards (24
CFR 3285.1(a)(1). See http: / /
www.hud.gov/offices/adm/hudclips for more information.
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Figure 1-1. Basic wind zone map for manufactured housing.
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n Installation program requirements have been established under 24 CFR 3286, Federal

Manufactured Home Installation Program effective October 20, 2008. Compliant training and
licensing programs for installation and inspections are being implemented in all States.
n The National Fire Protection Association (NFPA) has published three documents on the

subject of manufactured housing:
n NFPA 501, Standard on Manufactured Housing
n NFPA 501A, Standard for Fire Safety Criteria for Manufactured Home Installations, Sites and

Communities
n NFPA 225, Model Manufactured Home Installation Standard, which will, in adopted areas,

govern installation of manufactured homes.
n The National Technology Transfer Act of 1995 included a goal that Federal agencies

use technical standards developed or adopted by voluntary consensus standard bodies.
Although HUD has recognized NFPA as a consensus standard developing body, HUD is not
obligated to use standards developed by that body.
n Several States and localities, including Florida and North Carolina, have strong installation

standards, which include requiring manufactured homes to meet State and local building
code requirements; a manufactured home installer education, testing, and certification
program for HUD homes; and aggressive inspection programs to ensure proper
installation.

1.2.2 National Flood Insurance Program
The U.S. Congress established the NFIP with the passage of the National Flood Insurance Act
of 1968, as amended. The NFIP is a Federal program enabling property owners in participating
communities to purchase insurance as a protection against flood losses in exchange for State
and community floodplain management regulations that reduce future flood damages. Participation by communities in the NFIP is based on an agreement between communities and the
Federal Government. If a community adopts and enforces floodplain management regulations
to reduce future flood risks to new construction in floodplains, the Federal Government will
make flood insurance available within the community as a financial protection against flood
losses. Participation in the NFIP by communities is voluntary.
Federal flood insurance is designed to provide an alternative to disaster assistance and disaster
loans for home and business owners. Disaster assistance rarely comes close to covering all of
the costs to repair and cleanup. While available to qualified victims, disaster loans do not significantly ease the financial burden due to repayment terms. It is important to remember that
disaster assistance is available only after floods have been declared major disasters by the President of the United States. In contrast, insurance claims will be paid any time damage from a
qualifying flood event occurs.
Another important objective of the NFIP is to break the cycle of flood damage. Many buildings
have been flooded, repaired, or rebuilt, and flooded again. In some parts of the country, this
cycle occurs every couple of years; people rebuilt in the same flood-prone areas and used the
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same construction techniques that did not adequately protect the structure. By encouraging
communities to guide development to lower risk areas, and by requiring the elevation of new
buildings and older nonconforming buildings that are subject to flood damage, one of the longterm objectives of the NFIP can be achieved: reducing flood damage and losses. Older buildings
may be removed or replaced, or they may be upgraded or modified with techniques that lead to
little or no future flood damage.
The NFIP is administered by the Federal Emergency Management Agency (FEMA), which is
part of the Department of Homeland Security (DHS).
In order to participate in the NFIP, communities must adopt minimum floodplain management
requirements that meet or exceed the minimum requirements of the NFIP. Communities can
adopt NFIP floodplain management requirements through building codes, zoning ordinances,
subdivision regulations, health and safety codes, and stand-alone floodplain ordinances.
NFIP regulations have specific floodplain management requirements for manufactured homes
located in a SFHA. In general, manufactured homes must be elevated and anchored to resist
flotation, collapse, or lateral movement. At sites having a base flood elevation (BFE) identified
for Zones A1-30, AH, or AE on the community’s FIRM, NFIP regulations generally require that
manufactured homes be elevated on a permanent foundation such that the lowest floor is at or
above the BFE, and be securely anchored to an adequately anchored foundation system to resist flotation, collapse, or lateral movement. At sites having a BFE identified for Zone VE on the
community’s FIRM, NFIP regulations require that manufactured homes be elevated on pilings
and columns so that the bottom of the lowest horizontal structural member of the lowest floor
is elevated to or above the BFE. More detailed information pertaining to the NFIP requirements
for manufactured homes installed in flood hazard areas is provided in Chapter 3.

1.2.3 Performance of Manufactured Homes in Wind and Flood Events
1.2.3.1 Performance of Pre-1994 Manufactured Homes
In 1992, Hurricane Andrew struck Dade County, Florida, destroying 97 percent of the manufactured homes in its path. In 1994, in response to the devastating damage, HUD adopted more
stringent wind design criteria for manufactured homes installed in HUD Wind Zones II and III.
Provisions for doors and windows more resistant to wind pressures were required. Although numerous hurricanes have made landfall in the U.S. since 1994, none have produced winds that
approached those of Hurricane Andrew. In 1998, Hurricane Georges caused damage throughout Monroe County (the Florida Keys), Florida. FEMA dispatched a Building Performance
Assessment Team (BPAT) to report on the performance of manufactured housing in impacted
areas. Most of the damage observed occurred to homes installed before Monroe County had adopted the NFIP regulations that required new and substantially damaged manufactured homes
located in SFHAs be elevated to the BFE and anchored to resist flotation, collapse, or lateral
movement.
Most of the flood damage caused by Hurricane Georges to the manufactured homes constructed before 1994 was the result of a lack of adequate elevation, the use of unreinforced piers
1-
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(dry-stacked blocks) in areas exposed to moving floodwaters, inadequate anchoring, and failure of attached site-built additions (Figures 1-2 and 1-3). Anchoring failure problems included
poorly attached anchors; lack of corrosion-resistant materials; homes not fastened to their support piers; and improperly attached tie-down straps.
Figure 1-2. Inadequate
turnbuckle anchor
installed by the
homeowner on this pre1994 manufactured
home, coupled with
lack of elevation and an
unreinforced foundation
system, led to severe
damage.

Figure 1-3. The addition
to this manufactured
home was destroyed,
causing considerable
damage to the rest of the
home.

1.2.3.2 Performance of Post-1994 Manufactured Homes
The lessons learned from Hurricane Andrew in Florida have resulted in manufactured homes
being built stronger and installed more solidly; thus these homes are able to better resist extreme loading (in particular, flood and wind loads).
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Figure 1-4 shows the success of the reinforced masonry pier foundation of a manufactured
home installed after 1994. Although the area experienced moving floodwaters fast enough to
displace the air conditioning compressor shown under the home and create localized erosion
and scour, the reinforced masonry piers survived without damage.
The manufactured home shown in Figure 1-5, on Cudjoe Key in Monroe County, was built to
the 1994 standards. It survived Hurricane Georges with only minor damage.
Figure 1-4. Reinforced
masonry pier foundation
system under a
manufactured home
installed after 1994 that
performed well.

Figure 1-5.
Manufactured home in
Cudjoe Key, Florida, built
and installed after 1994,
survived Hurricane
Georges with only minor
damage caused by the
loss of an awning. The
older manufactured
home on the lot next
door was destroyed by
high winds and coastal
surge.

1.2.3.3 Performance of Manufactured Homes During Hurricane Charley (2004) in Florida
Based on field observations, the Hurricane Charley Mitigation Assessment Team (MAT) provided the following conclusions in their report as related to the performance of manufactured
homes:
1-
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“Finally, performance of manufactured housing was also observed to be a function of age of the building and the regulations to which the units were designed,
constructed, and installed. Widespread damage was observed to manufactured
housing designed and constructed prior to the 1976 HUD regulations. The performance of units installed between 1976 when the first HUD regulations were
enacted and the implementation of the 1994 HUD regulations was observed to
be somewhat improved, but significant improvements in performance were observed in the units designed and installed to the HUD regulations implemented
after 1994 in response to Hurricane Andrew. Although some instances of structural failure were observed, the newer manufactured housing units typically
sustained minimal structural damage and remained secured to their foundations
when installation followed State requirements (e.g., enforced by the Division of
Motor Vehicles, Department of Highway Safety and Motor Vehicles, etc.) of unit
tie-downs (anchors) at 5 feet, 4 inches on-center (if no ancillary structures were
attached to the unit). Much of this improved performance was difficult to observe due to widespread damage caused by the failures of improperly designed
and constructed attached structures (including screen enclosures, carports, and
accessory structures). The failure of these attached structures, in many places
occurring where wind speeds were below the design wind speed for the area, resulted in extensive damage to roof coverings, siding, windows, and doors of the
manufactured units, and generated significant amounts of debris. Very few manufactured homes had glazing protection and, as a result, numerous unprotected
windows on units along the path of the eye of the storm were damaged and broken. Had the [HUD design wind speed] Zone II and Zone III homes installed in
areas where debris protection is required for site-built one- and two-family dwellings been shipped with appropriate glazing protection, these homes [within the
path of Hurricane Charley] would have been protected from windborne debris.”
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2 Manufactured Homes
2.1 Manufactured Home Characteristics
Manufactured homes are one of several types of homes constructed entirely or partially in an offsite factory, transported over roadways, and then placed or assembled on a site-built foundation.
After the home is in position, utilities (e.g., water, sewer, electric) are connected, ancillary components (e.g., siding, skirting) are installed, and the home is ready for habitation. Factory built
homes include manufactured homes, modular homes, panelized homes, and pre-cut homes.
Modular, panelized, and pre-cut homes must comply with the same State and local building
codes as “site stick built” codes. Manufactured homes must meet HUD regulations.
HUD regulations for manufactured homes are contained in 24 CFR 3280, Manufactured Home
Construction and Safety Standards (MHCSS), and 24 CFR 3285, Model Manufactured Home Installation Standards (collectively referred to as the HUD codes). HUD regulations define manufactured
housing as:
“..a structure, transportable in one or more sections, which in the traveling mode
is 8 body feet or more in width or 40 body feet in length or which when erected
on-site is 320 or more square feet, and which is built on a permanent chassis and
designed to be used as a dwelling with or without a permanent foundation when
connected to the required utilities” (24 CFR 3280.2 and 24 CFR 3285.5)

2.1.1 Chassis Support System
Manufactured homes are constructed on a chassis consisting of main steel beams and cross
members; fitted axles, leaf springs, and wheels making up the running gear; and a steel hitch
assembly. After the home is sited, the chassis frame distributes the manufactured home loads to
the foundation system. The hitch assembly is generally removed for appearance purposes.
There are two general chassis designs. The traditional chassis system consists of two longitudinal steel beams (between 10 and 12 inches deep); steel cross members that span between the
beams; and steel “outriggers” extend beyond the beams to support exterior walls of the home
(Figure 2-1). Manufactured homes designed to be placed on perimeter foundation walls often
are manufactured with shorter outriggers to provide clearance for the site-built foundation
walls.
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Figure 2-1. Traditional
chassis system.

2.1.2 Integrated Support System
An alternative configuration relocates the steel main beams to the perimeter of the home, eliminating the cantilever “outriggers” (Figure 2-2).

Figure 2-2. Integrated
floor system consisting of
steel-reinforced perimeter
framing.
Source: Manufactured Home
Producer’s Guide to the SiteBuilt Market, HUD.

2.1.3 Envelope Construction
The manufactured home envelope must be designed to meet MHCSS (24 CFR 3280) strength
and rigidity requirements. The floor decking material, attached to the floor joists, is usually
wood composite panels or plywood. Floor joists spanning between steel cross beams generally
are spaced at 6-inch centers. Exterior wall frames generally are constructed with wood studs,
and the exterior of the home is generally covered with vinyl, aluminum, or wood siding. Common wood stud dimensions used in HUD Code housing are typically 2 inches wide by 3 inches
deep, or 2 inches wide by 4 inches deep based on the design vertical and lateral loads. Some designs for manufactured homes located in HUD Wind Zone III require the use of studs 2 inches
wide by 6 inches deep.
2-2
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Interior structural walls must have the structural capacity adequate for their intended use, with a
minimum capacity to resist a horizontal load of 5 pounds per square foot (24 CFR 3280.305(f)(2).
Interior wall frames typically use 2-inch by 3-inch wood studs. Interior non-structural walls can
use 1-inch by 2-inch studs for framing.
The roof and ceiling system is typically constructed with prefabricated scissor trusses or other
peaked trusses, sheathed with composite roof panels, underlayment, and shingles. Roof trusses
typically are spaced at 24-inch centers.
Other construction features of manufactured homes include insulation, vapor barriers, gypsum
wall and ceiling board, exterior roof and wall sheathing, doors and windows, and other finishing
materials similarly found in site-built and modular homes. Figure 2-3 shows the main construction features of a typical manufactured home, including the envelope construction elements.

2.1.4 Double Section
A double-section manufactured home is constructed from two single floor sections and is, therefore, generally twice as wide as the normal 12- to 16-foot wide single-section unit. The design
and construction of the chassis/floor system is comparable to that of the single-section unit.
The double section is transported as two separate floor sections (Figure 2-4). The floor sections
are then attached at the home’s site. The area where the two floor sections come together is
called the marriage line. Marriage beams, beam joists, and walls are properly aligned and connected at the site. The roof, walls, and floor along the marriage line must be properly aligned,
sealed, and supported.

2.2 Types of Foundation Systems
Typical types of foundation systems used to support a manufactured home located in SFHAs include the following:
n Piers and ground anchors.
n Perimeter wall foundations.
n Proprietary foundation systems that transmit loads from the manufactured home to the

ground using patented components or assemblies.
The HUD Codes (24 CFR 3285 Subparts D – Foundations and E – Anchorage Against Winds)
provide design standards for pier foundations and anchor systems, including ground anchors.
Alternative foundations must be manufactured and installed in accordance with their listings by
a nationally recognized testing laboratory, based on a nationally recognized testing protocol, or
be designed or tested by a registered professional engineer or architect in accordance with accepted engineering practice, and must not take the home out of compliance with the MHCSS
(24 CFR 3285.301).
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Figure 2-3. Main
construction features of
a typical manufactured
home.
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Figure 2-4. One section
of a double-section
manufactured home
being transported.
Source: Manufactured
Housing Institute.

Additional technical information on foundation systems for installation of manufactured homes
is provided in Chapter 8 of this guide.

2.2.1 Typical Foundation Systems
2.2.1.1 Typical Installation
A manufactured home is typically placed on a site that has been stabilized and improved to
provide adequate support for the home and anchoring system. Site and area improvements
techniques vary widely across the country. Typical improvement techniques include simple
ground stabilization (ground compaction), application of gravel, and/or construction of a concrete runner or slab.
Typical manufactured home foundations consist of a system of piers and ground anchors (refer
to Section 2.2.1.2). Piers are typically placed beneath the two steel beams at a spacing of 8 to 10
feet along the length of the manufactured home. Frame ties are connected to the steel chassis
or perimeter beams, and run to ground anchors (Figure 2-5) that are used with tie-downs and
straps to secure a manufactured home in place. The frame ties and anchors provide lateral support; the piers provide vertical support.
Although typical manufactured home foundations and installation methods often address wind
events, many give little consideration to the forces associated with flooding and seismic events.
They generally are not designed for flood effects such as hydrodynamic and hydrostatic forces,
buoyancy, erosion, and scour. Potential failure modes observed in a typical installation include:
n Buoyancy, particularly during rapidly rising floodwaters
n Lateral movement, particularly when exposed to moving floodwaters that extend above the

home’s steel beams
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n Pier collapse, particularly when homes

are exposed to wind and moving
floodwaters simultaneously
n Erosion and scour, particularly when

homes are exposed to high velocity
floodwaters

2.2.1.2  Piers and Ground Anchors
Using both pier foundations and anchor assemblies together is the most common type
of foundation system (Figure 2-6). Piers support the gravity loads of the home, and the
anchors resist uplift and lateral loads. Piers
are installed under the main beams of the
home sections, under the marriage line of
multi-section homes, and at locations designated by the home manufacturer. Common
types of piers include several configurations
of steel jack stands and stacked, reinforced or
unreinforced hollow-core concrete masonry
blocks of various configurations. Ground anchors, a specific anchoring assembly, typically
consisting of auger-type (screw-in) ground
anchors, are the most commonly used. The
anchor is attached to the home’s steel beams
by steel straps. Chapter 7 discusses ground
anchors in more depth.

Figure 2-5. Typical installation of a manufactured home
on masonry block piers with tie-down straps.

Figure 2-6. Typical
installation of a doublesection manufactured
home on a pier
and ground anchor
foundation system.
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The advantages of this foundation system are that it adapts easily to the site conditions, does not
require much dimensional precision, is installed very quickly, and is economical to install.

2.2.1.3 Perimeter Wall Foundations
When perimeter foundations are used with a manufactured home constructed with chassis beams, the
chassis beams provide support for gravity loads, and
the perimeter walls resist uplift and lateral loads.
When used with a manufactured home constructed
with an integral floor framing system, the perimeter
walls resist uplift, lateral, and gravity loads (Figure
2-7). With chassis systems, interior piers support the
chassis, points along the marriage wall, and other areas of concentrated loads.
Perimeter walls can be constructed with typical building materials (e.g., cast-in-place concrete, masonry,
or preservative-treated wood); footings are generally
cast-in-place concrete. Attaching the floor joists to
the foundation wall provides resistance to horizontal
and uplift forces.
Some considerations in using this system include the
following:
n The system must be precisely measured and

Figure 2-7. Perimeter wall foundation under a
manufactured home.

constructed before the home is delivered to the
site.
n Typically, a crane or roller system will be needed to place the home onto the foundation.

The cost and construction time of this system is greater than the pier and ground anchor foundation system.

2.2.2

Proprietary Systems

A proprietary foundation is a patented system manufactured and sold only by the owner of the
patent or licensee. If a proprietary system is selected for a manufactured home, it must be capable of resisting all design loads of the MHCSS, and those imposed by any site-specific natural
hazards. (See the checklist on the next page for more information.)
The Systems Building Research Alliance (SBRA, formerly the Manufactured Housing Research Alliance [MHRA]) has evaluated proprietary and non-proprietary foundation systems
for manufactured homes. Their publication, Guide to Foundation and Support Systems for Manufactured Homes, provides guidance for deciding among alternative foundation designs that are
appropriate for a given site and budget. The SBRA is also continuing to conduct research foundation systems developed for use in SFHAs.
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Proprietary Foundation System Checklist
n Identify type of natural hazards for the manufactured home site. Follow the steps in Chapter
9 of this guide.
n Identify natural hazards design loads for the manufactured home. Follow the steps in Chapter
9.
n Check design loads on engineering drawings or specifications. Design loads must be greater
than or equal to the loads identified in Step 2 of Chapter 9.
n The drawing must have a professional engineer’s or architect’s seal, ensuring the system was
designed by a professional.

2.3 Utilities and Mechanical Equipment
2.3.1 Utilities Placement
Care needs to be taken in the placement of utilities (such as water, sewer, and gas services) and
mechanical systems. Connecting the manufactured home to these utility and mechanical systems requires them to extend from the grade beneath the home up through the floor. Their
location makes them susceptible to being inundated by floodwaters and damaged by floating
debris. Therefore, separating these systems to protect them is important. To minimize damage
to utility lines, they should be placed in waterproof risers located adjacent to the elevated foundation member on the downstream side of the expected (or anticipated) flood flow.
State and local codes and regulations must also be followed for utility services installations and
connections. These provisions may require the waterproofing of all connections, the use of
certain specific waterproof materials, and backflow preventers on water and sewage service. Underground telephone and electric service should also be enclosed in a riser and protected from
damage in a similar manner. If electrical and telephone service is supplied from overhead lines,
the service connection to the manufactured home must be located above anticipated flooding.
Special care must be taken in running underground utilities to homes. Differential movement
between the home and utility can cause failure of the home to utility connection. Failures can
cause electrical shock hazard or leakage of gas, water, or raw sewage. Similar problems can occur when utilities run through uncompacted backfill around a basement excavation or when
utilities are subjected to seismic loads. Installing a flexible connection in the line is one way to
reduce potential line breakage.
It is possible that a home with utility services could be displaced in a design wind or a seismic
event. By design, ground anchors that are used to hold down many homes will displace on the
order of 2 to 3 inches. Seismic forces can cause even higher displacements to utility connections than a design wind event (Figure 2-8). Therefore, some flexibility must be provided in the
2-

PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
A Multi-Hazard Foundation and Installation Guide

MANUFACTURED HOMES

2

utility lines to accommodate for any potential movements. Utility attachments to the manufactured home should be capable of accommodating the anticipated seismic and wind displacement
of the support and anchorage system.
Figure 2-8. Utility line damage
in unstable soils.

Propane and fuel oil tanks used to supply energy for heating or other services should be anchored against flotation or elevated above the anticipated flood level. Tank foundations should
be separated from the home's foundation system. To minimize the potential for debris impact
and damage, tanks and their supporting foundations should be located on the downstream side
of homes. Bollards can be used to deflect floodborne debris and reduce the potential of impact
damage. Additional information on utility systems for manufactured homes in the floodplain is
provided in Section 3.6.7.
For manufactured homes located in seismic areas, site-installed water heaters should be provided with seismic bracing straps in accordance with the manufacturer’s recommendations.
Strapping a water heater to a wall to prevent it from falling over is an easy and cost-effective
seismic mitigation measure. Other site-installed equipment weighing more than 100 pounds
should be anchored to resist horizontal seismic forces.

2.3.2 Mechanical Access
Components of heating and air-conditioning systems installed within manufactured homes
are generally located above the floor. When the home is elevated to the BFE, interior components are protected. However, components located below the floor remain vulnerable to flood
damage. In particular, exterior heating and air conditioning compressors, and crossover ducts
are common components that are damaged by floodwaters.
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Compressor units can be elevated by placing them on platforms at the BFE; however, crossover
ducts require the entire home to be elevated 1 to 2 feet above the BFE to prevent them from
being damaged during the design flood.

2.4 Attachments – Carports, Decks, Porches, and Awnings
Carports, decks, porches, and awnings are often attached after the manufactured home has
been installed. The HUD installation standard (24 CFR 3285.3) requires that attachments must
not impose loads to the manufactured home or its foundations unless the attachments are
included in the manufacturer’s approved designs and installation instructions, or the attachments are designed by a registered engineer or architect consistent with the manufacturer’s
design. Similarly, the International Residential Code® (IRC®) requires that accessory buildings
(e.g., carports, decks, porches, and awnings) shall not be structurally supported by or attached
to a manufactured home unless engineering calculations are submitted to substantiate any proposed construction (IRC 2006 AE 504.1).
Carports, decks, porches, and awnings should only be built as stand-alone units. Additionally, if a stand-alone deck or porch is going to be added, design criteria for vertical foundation
members on the addition should be equivalent to those for the foundation system of the main
structure to prevent damage to the main structure from adjacent structures.
During the Hurricane Charley post-event assessment (2004), engineers noted the failure of
these attached structures (in many places, occurring where wind speeds were below the design
wind speed for the area), resulting in extensive damage to roof coverings, siding, and windows
of the manufactured units, and generating significant amounts of debris.
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3. Regulatory Requirements
Federal, State, and local regulatory requirements must be identified and assessed as an initial
step in the installation of manufactured housing. The following discussion provides a summary
of the applicable NFIP minimum requirements for the installation of manufactured homes in
floodplains. In addition, HUD MHCSS and model building code requirements are summarized.
Appendix A provides a list of publications for further guidance for the installation and placement of manufactured homes in hazard-prone areas.

3.1 Introduction to the NFIP
The NFIP has three main elements:
1. Flood insurance that provides financial protection for property owners to cover flood-re-

lated damage to buildings and contents.
2. Floodplain management requirements within the mapped flood hazard areas that are

designed to prevent new development from increasing the flood threat and to protect
new and existing buildings from anticipated flood events.
3. Hazard identification and mapping under which engineering studies are conducted and

flood maps are prepared to delineate areas that are predicted to be subject to flooding
under certain conditions.
Federal flood insurance is designed to provide an alternative to disaster assistance and disaster
loans for home and business owners. Disaster assistance rarely comes close to covering all of
the costs to repair and cleanup. While available to qualified victims, disaster loans do not significantly ease the financial burden due to repayment terms. It is important to remember that
disaster assistance is available only after floods have been declared major disasters by the President of the United States. In contrast, insurance claims will be paid any time damage from a
qualifying flood event occurs.
The NFIP is intended to encourage States and local governments to recognize and incorporate
flood hazards in land use and development decisions. In some communities, this is achieved
by guiding development to areas with lower risk. When decisions result in development within
floodplains, application of the criteria set forth in 44 CFR 59.1 and 60.3 is intended to minimize
exposure and flood-related damage. These are the minimum requirements that a community must adopt in order to participate in the NFIP. In general, the NFIP minimum floodplain
management regulations require that new residential structures or substantially improved or
substantially damaged existing residential buildings in A zones must have their lowest floor
(including basement) elevated to or above the BFE. Non-residential structures in A zones can
be either elevated or dry-floodproofed to the BFE. In V zones, the building must be elevated
on piles and columns such that the bottom of the lowest horizontal structural member of the
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lowest floor of all new construction or substantially improved existing buildings must be elevated to or above the BFE.
Any community may exceed the minimum NFIP requirements by adopting more restrictive
regulations. Communities often do this when they have access to information or knowledge
of conditions that require, particularly for human safety, higher standards than the minimum
NIFP requirements. Therefore, any floodplain management regulations that are more restrictive than the NFIP requirements shall take precedence.
By encouraging communities to guide development to lower risk areas, and by requiring the
elevation of new construction and existing buildings that have been substantially improved or
substantially damaged, one of the long-term objectives of the NFIP can be achieved: reducing
flood damage and losses.
In addition to providing flood insurance and reducing flood damages through floodplain
management regulations, the NFIP identifies and maps the nation’s floodplains. Mapping flood
hazards creates a broad-based awareness of the flood hazards and provides the data needed for
floodplain management programs and to actuarially rate new construction for flood insurance.

3.2 Identifying and Mapping Flood Hazards
FEMA is required by statute to identify and map the nation’s flood-prone areas and to establish
flood-risk zones in these areas. Since the inception of the NFIP, FEMA has complied with this
statutory requirement by performing engineering studies of flood-prone communities and producing flood maps. The flood maps are used by mortgage lenders, insurers, real estate agents,
map determination companies, community officials, land developers, engineers and surveyors,
State and local emergency response officials, and property owners. The flood maps are also
used by States and communities for emergency management, land use planning, and water resources planning and by Federal agencies implementing Executive Order 11988, Floodplain
Management for Federal actions proposed in or affecting floodplains.
The NFIP would not be able to offer insurance at affordable rates without the existence of risk
management (floodplain management) to reduce flood losses. To assess and manage the flood
risk, a national standard was needed. The 1-percent annual chance flood was chosen on the basis that it provides a higher level of protection while not imposing overly stringent requirements
or the burden of excessive costs on property owners. The 1-percent annual chance flood (or
100-year flood) represents a magnitude and frequency that has a statistical probability of being
equaled or exceeded in any given year or, stated alternatively, the 100-year flood has a 26 percent (or 1 in 4) chance of occurring over the life of a 30-year mortgage.
FEMA performs a Flood Insurance Study (FIS) and creates FIRMs delineating the extent of the
flood that has a 1-percent chance of being equaled or exceeded in any given year. The delineated area is designated an SFHA, which is the area in which development must be regulated by
NFIP floodplain management regulations. Under the NFIP, a floodplain is defined as any land
area susceptible to being inundated by floodwaters from any source.
3-
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When producing a new FIS and FIRMs or updating existing ones, FEMA typically uses a combination of the two study approaches (approximate and detailed) in identifying a community’s
flood hazards. Detailed study methods typically employ the use of engineering models and, at
a minimum, result in the determination of BFEs or flood depths and floodways that will be displayed on the flood map. Approximate study methods are used to identify flood hazards, but
they use more simplified engineering methods to determine the floodplain boundaries; however, BFEs and floodways are not identified or mapped.
In general, the decision on whether to use approximate or detailed study methods is based on
existing and anticipated development in and near the floodplain in the community. Flood hazard information for flooding sources that affect developed or developing areas are based on
detailed studies whenever possible; approximate study methods generally are used for undeveloped or sparsely developed areas.
When a new or updated detailed FIS is performed, the following information is usually generated:
n BFEs are presented as either water-surface elevations or average depths of flow above the

ground surface. These elevations and depths were historically referenced to the National
Geodetic Vertical Datum of 1929 (NGVD 29). However, as a result of advances in tech
nology, an updated vertical datum – the North American Vertical Datum of 1988 (NAVD
88) – was created and has been officially adopted by the Federal Government as a new
basis for measuring heights. Newly updated maps and BFEs are now generally referenced
to NAVD 88.
n Water-surface elevations for the 10-year (10-percent annual chance), 50-year (2-percent

annual chance), 100-year (1-percent annual chance), and 500-year (0.2-percent annual
chance) floods.
n Boundaries of the regulatory floodway. The regulatory floodway is defined as the channel

of a stream plus any adjacent floodplain areas that must be kept free of encroachment so
that the entire base flood (1-percent annual chance flood) discharge can be conveyed with
no greater than a 1.0-foot increase in the BFE.
n Boundaries of the 1- and 0.2-percent annual chance floodplains. The 1-percent annual

chance floodplain is referred to as the SFHA. The 0.2-percent annual chance flood is the
flood that has a 0.2 percent chance of being equaled or exceeded in any given year and is
also known as the 500-year flood.
The results of the FIS are presented on the FIRM. An example of a FIRM showing the map
and title box is shown in Figure 5-1. FIRMs are now being prepared as a digital product, known
as a Digital Flood Insurance Rate Map (DFIRM), which may involve converting an existing
manually produced FIRM to digital format, or creating a product from new digital data sources
using a Geographic Information System (GIS) environment. A sample DFIRM is shown in Figure 3-1.
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Figure 3-1. Sample
DFIRM.

The results of the FIS are also presented in a report that accompanies the FIRMs or DFIRMs.
The FIS report contains a narrative that describes the flooding conditions in the community,
and the types of studies that were performed. The report also contains tables and Flood Profiles.
For determining a BFE at a building site, communities should use the Flood Profiles rather than
the BFE on the FIRM. A sample FIS summary of discharges is shown in Figure 3-2(a), a sample
FIS floodway data table is shown in Figure 3-2(b), and a sample FIS flood profile is shown in Figure 3-2(c). Refer to Section 5.1 for additional details on obtaining FIRM and FIS data. The NFIP
FISs and FIRMs can be viewed and ordered online at http://store.msc.fema.gov.
Flood risk zones are shown on the FIRM or DFIRM for the 1-percent annual chance flood as
Zone A, Zone A1-30 (on older FIRMs), Zone AE, Zone AO, Zone AH, Zone AR, Zone A99, Zone
AR/A, Zone AR/AE, Zone AR/A1-30 (on older FIRMs), Zone AR/AH, Zone AR/AO, Zone V,
Zone V1-30 (on older FIRMs), or Zone VE. Table 3-1 provides a general description of the most
common flood zone designations for riverine flood areas and inland flood zones in coastal areas. Table 3-2 provides a general description of the most common flood zone designations for
coastal flood areas. The zone designations presented on the FIRM or DFIRM depend on the
type of flood hazard and type of study performed. The 0.2-percent annual chance floodplain
is labeled as Zone B (on older FIRMs) or Zone X (shaded). Areas outside of the SFHA are
labeled as Zone C or Zone X (unshaded). Definitions and descriptions of the flood insurance
risk zones can be found at: http://www.fema.gov/plan/prevent/floodplain/nfipkeywords/
flood_zones.shtm.
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Figure 3-2(a). Sample FIS
Summary of Discharges
table.

Figure 3-2(b). Sample FIS
Floodway Data.
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Figure 3-2(c). Sample FIS
Flood Profile.

Table 3-1. Common SFHA Designations for Riverine or Inland Flood Zones

Zone

Description

Flood Risk Zones

1

A

Areas subject to inundation by the 1-percent annual chance flood event. Because detailed
hydraulic analyses are not used, no BFE or depths are shown.

AE and
A1-301

Areas subject to inundation by the 1-percent annual chance flood event determined by
detailed methods. BFEs are shown.

AH and AO

Areas subject to inundation from the 1-percent annual chance flood that have flood
depths of between 1 and 3 feet. AO zones can be either ponding areas or sheet flow
and are assigned a base flood depth measured in feet above the ground. AH zones are
generally ponding areas and are assigned a BFE.

Zone designations found on older FIRMS have been replaced by the designation listed in the same box above them.

Table 3-2. Common SFHA Designations for Coastal Flood Areas

Zone

Description

Flood Risk Zones

1

V

Areas subject to inundation from the 1-percent annual chance flood in coastal areas
where there is a velocity hazard due to wave action and, by definition, the entire
Primary Frontal Dune. No BFEs have been determined.

VE
V1-301

Areas subject to inundation from the 1-percent annual chance flood in coastal areas
where there is a velocity hazard due to wave action. BFEs have been determined and
are shown on the FIRM.

Zone designations found on older FIRMs have been replaced by the designation listed in the same box above them.
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In addition to the SFHAs labeled as V zones, there are some A zones, generally located landward
of and contiguous to V zones, where flooding characteristics may include wave action, high velocity flows, and erosion or scour. These are referred to as Coastal A zones, and they are further
described below and in Section 3.7.
Along rivers, streams, and lakes within the U.S., FEMA computes BFEs using computer models,
statistical techniques, or both. These elevations are a function of the amount of water expected to enter a particular system by means of precipitation and runoff. The SFHAs along rivers,
streams, and lakes are labeled as A zones.
Along the coast, FEMA determines SFHAs by an analysis of storm surge, wind direction, wind
speed, wave heights, and other factors. FEMA designates these areas along the coast as both V
and A zones on the FIRM or DFIRM.
FEMA applies the VE zone designation to those areas along the coast where water depth and
other conditions would support at least a 3-foot wave height. FEMA also considers other factors
in identifying VE zones, such as wave runup and the existence of a Primary Frontal Dune. FEMA
usually designates AE zones in coastal areas landward of the VE zone. Coastal flood hazard areas mapped as AE zones can be subject to storm surge and damaging waves; however, the waves
are less than 3 feet in height.
Currently, NFIP regulations make no distinction between the design and construction requirements for coastal AE zones and riverine AE zones. However, evidence suggests that design and
construction requirements in some portions of coastal AE zones should be more like VE zone
requirements. One of the hazard identification criteria for VE zone designation is where wave
heights are estimated to be equal to or greater than 3 feet. Unfortunately, post-storm investigations have shown that typical AE zone construction techniques (e.g., wood frame, light gauge
steel, or masonry walls on shallow footings or slabs, etc.) are subject to damage when exposed
to waves less than 3 feet in height. Laboratory tests and post-disaster field investigations confirm that wave heights as small as 1.5 feet can cause failure of the above-listed wall types. Other
flood hazards associated with coastal waves (e.g., floating debris, high velocity flow, erosion, and
scour) also damage AE zone-type construction in these coastal areas.
As a result, for all new detailed coastal studies starting in 2009, FEMA will delineate the landward limit of waves 1.5 feet in height on the FIRMs and include this information in the DFIRM
database as an informational layer. The landward limit of the area affected by waves greater than
1.5 feet is called the Limit of Moderate Wave Action (LiMWA). The LiMWA will be included on
the preliminary FIRM; however, if a community does not want to delineate the limit on its final
FIRMs, the community may provide a written request to FEMA with justification for such a request. There are no NFIP floodplain management requirements that communities must adopt
or special insurance ratings associated with the designation of the LiMWA. However, communities are encouraged to adopt higher standards than the minimum NFIP requirements in these
areas to address the increased risks associated with waves and velocity action.
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3.3 The NFIP's Community Rating System (CRS)
The NFIP's Community Rating System (CRS) is a voluntary incentive program that recognizes
and encourages community floodplain management activities that exceed the minimum NFIP
requirements.
As a result, flood insurance premium rates are discounted to reflect the reduced flood risk resulting from the community actions meeting the three goals of the CRS:
1. Reduce flood losses
2. Facilitate accurate insurance rating
3. Promote the awareness of flood insurance

For CRS participating communities, flood insurance premium rates are discounted in increments of 5 percent; a Class 1 community would receive a 45 percent premium discount, while
a Class 9 community would receive a 5 percent discount (a Class 10 is not participating in the
CRS and receives no discount). The CRS classes for local communities are based on 18 creditable activities, organized under four categories:
1. Public Information
2. Mapping and Regulations
3. Flood Damage Reduction
4. Flood Preparedness

3.4 NFIP Definitions Related to Manufactured Homes
In addressing the NFIP floodplain management requirements for manufactured homes, it is
useful to define key terms. The following definitions are found in the NFIP floodplain management regulations at 44 CFR 59.1 unless noted otherwise. Several NFIP definitions can also be
found in Appendix D. The definition for “manufactured home” does not include a recreational
vehicle.
n "Manufactured home” means a structure,

Permanent Foundations

transportable in one or more sections built on
a chassis and designed for use with/without a
permanent foundation when attached to utilities.
n “Manufactured home park or subdivision” means a

parcel (or contiguous parcels) of land divided into
two or more manufactured home lots for rent or sale.
n

3-

“Existing manufactured home park or subdivision”
means a manufactured home park or subdivision
for which the construction of facilities for servicing
the lots on which the manufactured homes are to be

A permanent foundation is a foundation constructed of durable materials
that may include masonry, reinforced
concrete, corrosion resistant steel,
or pressure treated timber. The foundation designs provided in Appendix
H are considered permanent foundations in accordance with this definition.
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affixed (including, at a minimum, the installation of utilities, the construction of streets,
and either final site grading or the pouring of concrete pads) is completed before the
effective date of the floodplain management regulations adopted by the community.
n “New manufactured home park or subdivision” means a manufactured home park

or subdivision for which the construction of facilities for servicing the lots on which
the manufactured homes are to be affixed (including, at a minimum, the installation
of utilities, the construction of streets, and either final site grading or the pouring of
concrete pads) is completed on or after the effective date of the floodplain management
regulations adopted by a community.
n “Expansion to an existing manufactured home park or subdivision” means the preparation

of additional sites by the construction of facilities for servicing the lots on which the
manufactured homes are to be affixed (including the installation of utilities, the
construction of streets, and either final site grading or the pouring of concrete pads).
n “Substantial damage” means damage of any origin sustained by a structure whereby the

cost of restoring the structure to the condition before damage would equal or exceed 50
percent of the market value of the structure before the damage occurred.
n "Substantial improvement" means any reconstruction, rehabilitation, addition, or other

improvement of a structure, the cost of which equals or exceeds 50 percent of the market
value of the structure before the “start of construction” of the improvement. This term
includes structures that have incurred “substantial damage,” regardless of the actual
repair work performed. The term does not, however, include either (1) any project for
improvement of a structure to correct existing violations of State or local health, sanitary,
or safety code specifications that have been identified by the local code enforcement
official and that are the minimum necessary to ensure safe living conditions, or (2) any
alteration of a “historic structure,” provided that the alteration will not preclude the
structure’s continued designation as a “historic structure.”

3.5 General NFIP Floodplain Management Requirements for
Manufactured Homes  
Under the NFIP, participating communities are required to regulate all development in SFHAs.
“Development” is defined in the NFIP regulations as:
“Any man-made change to improved or unimproved real estate, including but not
limited to buildings or other structures, mining, dredging, filling, grading, paving, excavation or drilling operations or storage of equipment or materials.” [44
CFR 59.1]
Before a property owner can undertake any development in the SFHA, a permit must be obtained from the community. The community is responsible for reviewing all permit applications
to determine whether development complies with the community’s floodplain management
regulations. Communities are also required to review proposed development in SFHAs to
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ensure that all necessary permits have been received from those government agencies from
which approval is required by Federal or State law, such as 404 wetland permits from the U.S.
Army Corps of Engineers (USACE) or permits under the Endangered Species Act.
The NFIP requires manufactured homes to meet the same basic regulatory requirements that
are required for residential structures in the floodplain. The following general NFIP minimum
standard applies to all residential structures in the floodplain in which communities are to:
“Review all permit applications to determine whether proposed building sites will
be reasonably safe from flooding. If a proposed building site is in a flood-prone
area, all new construction and substantial improvements shall (i) be designed
(or modified) and adequately anchored to prevent flotation, collapse, or lateral
movement of the structure resulting from hydrodynamic and hydrostatic loads,
including the effects of buoyancy, (ii) be constructed with materials resistant to
flood damage, (iii) be constructed by methods and practices that minimize flood
damages, and (iv) be constructed with electrical, heating, ventilation, plumbing,
and air conditioning equipment and other service facilities that are designed
and/or located so as to prevent water from entering or accumulating within the
components during conditions of flooding.” [44 CFR 60.3(a)]
The NFIP also requires that new manufactured home parks and subdivisions meet the same basic requirements as all other subdivision proposals in which communities are to:
"Review subdivision proposals and other proposed new development, including
manufactured home parks or subdivisions, to determine whether such proposal
will be reasonably safe from flooding. If a subdivision proposal or other proposed
development is in a flood-prone area, any such proposals shall be reviewed to assure that:
(i)

all such proposals are consistent with the need to minimize flood damages within
the flood-prone area,

(ii) all public utilities and facilities, such as sewer, gas, electrical, and water systems
are located and constructed to minimize or eliminate flood damage, and
(iii) adequate drainage is provided to reduce exposure to flood hazards." [44 CFR
60.3(a)(4)]

3.6 NFIP Requirements for Manufactured Homes in Riverine and
Inland Flood Zones  
Generally, manufactured homes must meet the same flood protection requirements as a “stick
built” or typical housing. The general requirement for manufactured homes like typically built
residential structures is that they must be elevated so that the lowest floor is above the BFE. This
applies to new or substantially improved or substantially damaged manufactured homes.
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BFE and DFE
Base flood elevation (BFE) – The water surface elevation resulting from the base, or 100-year (1 percent annual chance) flood.
Design flood elevation (DFE) – The elevation to which development in the regulatory floodplain is
built. At a minimum, the DFE is equivalent to the BFE. However, in some areas, the DFE includes an
additional freeboard height above the BFE as shown in the formula below.
DFE = BFE + Freeboard
Freeboard – An additional elevation requirement some height (1, 2, or more feet) above the BFE that
provides a margin of safety above the estimated BFE.
As indicated above, the minimum DFE requirement for NFIP communities is the BFE. However, in communities where a higher degree of protection is promoted or required, the DFE includes a freeboard
height above the BFE. This freeboard provides a margin of safety above the estimated BFE and against
extraordinary or unknown risks. As in all natural hazard events, the design event can only be predicted
in probabilistic terms and some uncertainties remain in any analysis. Freeboard is intended to allow for
those uncertainties. The NFIP encourages participating communities to adopt and enforce freeboard
requirements as part of their local floodplain management ordinance. This is shown in 44 CFR 60.1(d);
which states, “Any floodplain management regulations adopted by a State or a community which are
more restrictive than the criteria set forth in this part are encouraged and shall take precedence.”

3.6.1

Approximate A Zones

Approximate A zones are not studied using detailed methods; therefore, BFEs have not been
developed. When a manufactured home is proposed on an approximate A zone site, the community must make every effort to obtain any BFE data and floodway data in order to achieve a
reasonable measure of flood protection.
“Obtain, review, and reasonably utilize any base flood elevation and floodway data
available from a Federal, State, or other source….”[44 CFF 60.3(b)(4)]
BFE data may be available from a variety of sources such as local hydrologic and hydraulic
(H&H) studies, State Departments of Natural Resources, or from Federal agencies such as the
USACE. Several other sources of BFE data are identified in FEMA 265, Managing Floodplain Development in Approximate Zone A Areas, A Guide for Obtaining and Developing Base (100-year) Flood
Elevations.
If BFE or floodway data cannot be obtained from these sources, the community should consider
conducting, or requiring the applicant to conduct, a site-specific engineering analysis to determine a BFE. Guidance for developing a BFE is available in FEMA 265.
If no BFE data are available, communities must ensure that building sites will be reasonably safe
from flooding for proposed developments. A simplified method for estimating a BFE as well as
other methods for ensuring a building site is reasonably safe from flooding can also be found
in FEMA 265.
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When a new manufactured home park or subdivision is being planned on a site that is greater
than 50 lots or 5 acres (whichever is less), BFE data must be developed for approximate A zones
through the use of detailed study methodologies similar to those used in creating the FIS. Under this requirement, the community must:
“Require that all new subdivision proposals and other proposed development (including proposals for manufactured home parks and subdivisions) greater than
50 lots or 5 acres, whichever is the lesser, include within such proposals base
flood elevation data.” [44 CFR 60.3(b)(3)]
The community can perform a study to determine these elevations or require the developer
to fund or complete the study. When the 50-lot, 5-acre threshold is surpassed and the development includes one or more lots that lie at least partially within the floodplain, BFE data must
be developed through detailed study methodologies. If the developer completes the study, it is
subject to approval by the community.
For manufactured home sites that are below the 50-lot/5-acre threshold and BFE data for those
sites are not available from other sources, communities should consider conducting or requiring the permit applicant to develop a BFE in an approximate A zone. In addition to reducing
flood damages, there are other advantages of developing a BFE. For example, flood insurance
policies obtained in approximate A zones that are rated using a BFE developed using a detailed
study methodology will often qualify for significantly lower insurance rates than policies that
are rated without a BFE. The difference in flood insurance premiums could be substantial.
If a manufactured home is proposed in an approximate A zone where BFE data are not available from a Federal, State, or other source, the community must require that:
“…all manufactured homes to be placed within Zone A on a community FHBM or
FIRM shall be installed using methods and practices which minimize flood damage. For the purpose of this requirement, manufactured homes must be elevated
and anchored to resist flotation, collapse, or lateral movement. Methods of anchoring may include, but are not limited to, the use of over-the-top frame ties to
ground anchors. This requirement is in addition to applicable State and local anchoring requirements for resisting wind forces.” [44 CFR 60.3(b)(8)]
This minimum standard requires that manufactured homes be elevated and anchored to resist
flood and wind forces. If elevation data are not available from a Federal, State, or other source,
FEMA advises communities to require manufactured homes under this provision to be elevated
at a minimum of 3 feet or higher from the highest adjacent grade to minimize flood damages.
Guidance for anchoring is further addressed in Section 3.6.5 and in Chapter 7. The areas below the
3-foot elevation must be constructed with flood-resistant materials and utilities, and mechanical
equipment must be elevated to the 3-foot elevation. Any utility and mechanical components
that must be below the BFE must be made watertight to the 3-foot elevation as described in
3.6.7.
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When BFEs or floodway data are obtained for manufactured home sites, the manufactured
home must meet the elevation and floodway standards described in Sections 3.6.2 and 3.6.9.

3.6.2

Elevation in A, A1-30, AE, and AH Zones

Most manufactured home placements are subject to the same performance standards as typically
built residential structures. The performance standard for the placement of these manufactured homes is addressed in this section. An exception has been made for the placement of
manufactured homes in existing manufactured home parks or subdivisions which is addressed
in Section 3.6.3.
The NFIP requires that manufactured homes placed or substantially improved in Zones A1-30,
AH, or AE on the community’s FIRM on sites:
(i)

“Outside of a manufactured home park or subdivision,

(ii) In a new manufactured home park or subdivision,
(iii) In an expansion to an existing manufactured home park or subdivision, or
(iv) In an existing manufactured home park or subdivision on which a manufactured
home has incurred substantial damage as the result of a flood,
be elevated on a permanent foundation such that the lowest floor of the manufactured home is elevated to or above the base flood elevation and be securely
anchored to an adequately anchored foundation system to resist flotation, collapse and lateral movement.” [44 CFR 60.3(c)(6)]
This requirement establishes the basic elevation and anchoring standards that apply to most
manufactured home placements, including those outside of manufactured home parks and subdivisions and in new manufactured home parks and subdivisions. These manufactured homes
must have their lowest floors elevated to or above the BFE. These requirements also apply to
manufactured homes placed in expansions to existing manufactured home parks and on lots
where manufactured homes are substantially damaged by flood. Once a manufactured home in
an existing manufactured home park or subdivision is substantially damaged by flood, from that
point on all manufactured homes placed on that lot must be elevated to or above the BFE.
The best way to meet the elevation requirement described
above is to elevate the bottom of the manufactured home
steel frame to the BFE. The manufactured home must be
securely anchored to an adequately anchored foundation
system to resist flotation, collapse, or lateral movement.
Section 3.6.5 and Chapter 7 address anchoring in more
detail.

This guide recommends for A zones
the best practice of placing the bottom of the manufactured home's
steel frame at the BFE and not the
lowest floor of the manufactured
home in order to prevent flood damage to the floor and other interior
finishes and contents (Figure 3-3).

As with stick built housing, all parts of the manufactured home below the BFE must be constructed with
PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
A Multi-Hazard Foundation and Installation Guide

3-13

3

REGULATORY REQUIREMENTS

flood damage-resistant materials and utility systems must either be elevated or made watertight to the BFE.
Figure 3-3.
Manufactured home with
lowest floor elevated to
the BFE.

3.6.3 3-Foot Pier Foundation
The NFIP allows for a limited exemption to elevating to the BFE by allowing elevating to no less
than 36 inches in height above grade for lots in existing manufactured home parks in Zones
A1-30, AE, or AH on the community’s FIRM. A manufactured home placed in an existing manufactured home park must meet either of the following requirements:
"(1) The lowest floor of the manufactured home is at or above the base flood elevation;
or
(2)

The manufactured home chassis is supported by reinforced piers or other foundation elements of at least equivalent strength that are no less than 36 inches in height
above grade and be securely anchored to an adequately anchored foundation system to resist flotation, collapse, and lateral movement." 44 CFR 60.3(c)(12).

The elevation requirements above apply in existing manufactured home parks or subdivisions established before the date of the community’s initial floodplain management regulations when:
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1)

A manufactured home is being placed or replaced with a new model in an existing
community or subdivision, or

2)

A manufactured home is being replaced in an existing manufactured home park
or subdivision when the previous home had sustained substantial damage due to
reasons other than a flood.

The selection of the 36-inch pier foundation does not apply to the repair or replacement of a manufactured home
on a site in an existing manufactured home park where
a manufactured home has been substantially damaged by
flood.
The option of allowing elevating 36 inches in height
above grade is a compromise to balance the flood hazard against the economic impacts on some manufactured
park owners that would result if elevation to the BFE were
required. There are often practical difficulties in elevating manufactured homes to the BFE in many older parks
due to small lot sizes and the split ownership of the manufactured home and the lot itself.

3-Foot Pier Foundation
The 3-foot pier foundation is one
option for manufactured homes
installation in existing manufactured home parks or subdivisions.
However, the NFIP strongly encourages elevating to the level of
the BFE or higher for increased
safety and property protection
and reduced flood insurance premiums.

It is important to note that, when the 36-inch pier foundation is selected, the manufactured
home may not be protected to the level of the BFE. For this reason, care must be exercised in
using the 36-inch pier foundation option. This option may not be appropriate in communities
where the flood hazard may be so severe, such as deep floodplains and high velocity areas, that
it would place lives and property at too great a risk. Some communities may find placement of
a manufactured home in an existing manufactured home park can accommodate elevation to
the BFE.
If the option of elevating the manufactured home to 36 inches above grade is chosen, the
strength of the anchoring system must be increased in order to resist the additional flood forces
that will be exerted upon the foundation since it is possible that water will reach or exceed the
level of the home’s floor. Therefore, under this scenario, the use of typical manufactured home
installation methods such as foundations using dry-stack blocks and ground anchors would preclude the use of the other foundation designs in this guide.
No matter which option is chosen for elevating a manufactured home in an existing manufactured home park, the manufactured home must be securely anchored to an adequately
anchored foundation system to resist flotation, collapse, or lateral movement.
As with stick built housing, all parts of the manufactured home below the BFE must be constructed with flood-resistant materials and utility systems must either be elevated or made watertight
to the BFE. The best way to meet the requirement for flood resistance is to elevate the bottom
of the manufactured home steel frame to the BFE.
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Figure 3-4 shows a typical example of a foundation used on manufactured housing per the 36inch pier foundation alternative. The pier, footing, and connection between the pier and the
home must be designed to resist flotation, collapse, or lateral movement.
Figure 3-4.
Manufactured home
on reinforced pier
foundation 36 inches
high.

3.6.4

Elevation in Zone AO

A Zone AO is an area of shallow flooding with flood depths between 1 and 3 feet with no clearly
defined channel. FIRMs indicate a flood height above grade that is based on an average depth
to which structures must be raised for Zone AO.
Manufactured homes placed or substantially improved in Zone AO must meet the same standards as other residential structures and have their lowest floor elevated above the highest
adjacent grade at least as high as the depth number specified on the FIRM.
HUD manufactured home standard 24 CFR 3285.305 requires a minimum clearance of 12
inches between the lowest member of the main frame and the ground surface, and the manufactured home main frame is typically 0.5 feet to 1 feet deep; therefore, the lowest floor level is
typically 1.5 to 2 feet above grade. Under this scenario, meeting the NFIP elevation requirement
for Zone AO may already be met or require a relatively small additional elevation of up to 1.5
feet. This additional elevation can be accomplished using installation techniques found in this
guide, such as placing the home on piers and securing it with ground anchors.
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Standard installation techniques provide a foundation that is typically elevated at least 3
feet above grade, and flood depths in Zone AO are typically 3 feet or less. Therefore, the placement or substantial improvement of manufactured homes in Zone AO are typically elevated to
or above the base flood level, even if they are being placed in an existing manufactured home
park or subdivision. However, the recommended best practice is to elevate the bottom of the
steel frame to the BFE in Zone AO.
As in the other A zones, manufactured homes in Zone AO must be anchored to resist flotation,
collapse, or lateral movement. The areas below the Zone AO flood depth must be made with
flood damage-resistant materials, and utilities and mechanical equipment must be elevated to
the flood depth specified on the FIRM. Any utility and mechanical components that must be below the BFE must be made watertight to the Zone AO flood depth. Refer to Sections 3.6.6 and
3.6.7 and Chapter 7 for additional details on these requirements.

3.6.5

Anchoring  

In addition to the elevation requirement, manufactured homes are required to be securely
attached to an adequately anchored foundation system to resist flotation, collapse, or lateral
movement:
"[Manufactured homes must] …and be securely anchored to an adequately anchored foundation to resist flotation, collapse and lateral movement." [44 CFR
60.3(c)(6) and (c)(12)]
“Adequately anchored” is considered to be a system of ties, anchors, and anchoring equipment
that will withstand flood and wind forces.

Anchor and Tie-down Systems
Anchor and tie-down systems must meet load requirements stipulated in locally adopted installation
ordinances. Many communities across the country have adopted or are in the process of adopting the
International Code Council’s (ICC's) model building codes, which include the International Residential
Code® of 2009 (IRC® 2009). IRC 2009 stipulates working load requirements of 3,150 pounds with a 50
percent overload or 4,725 pounds for manufactured home anchoring systems.
Florida’s manufactured home installation requirements, Rules of Department of Highway Safety and
Motor Vehicles Division of Motor Vehicles, Chapter 15C-1, for homes manufactured before July 14,
1994, have the same loading standards for anchor systems as those found in the IRC 2009, a working
load of 3,150 pounds with an ultimate load of 4,725 pounds. However, for homes manufactured after
July 14, 1994, the system must be able to resist a working load of 4,000 pounds with an ultimate load
of 6,000 pounds.

Additional guidance on anchoring manufactured homes can be found in Chapter 7.
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3.6.6

Flood Damage-Resistant Materials

When a manufactured home is elevated, it is important that all parts exposed to floodwaters be
made of flood damage-resistant materials. This includes all portions of the manufactured home
such as foundation elements and any enclosures below the BFE.
“[Community must] Review all permit applications to determine whether proposed building sites will be reasonably safe from flooding. If a proposed building
site is in a floodprone area, all new construction and substantial improvements
shall...(ii) be constructed with materials resistant to flood damage...” [44 CFR
60.3(a)(3)]
“Flood [damage]-resistant material” is described in FEMA Technical Bulletin 2 as “any building
product [material, component or system] capable of withstanding direct and prolonged contact
with floodwaters without sustaining significant damage.” The term “prolonged contact” means
at least 72 hours, and the term “significant damage” means any damage requiring more than
cosmetic repair. “Cosmetic repair” includes cleaning, sanitizing, and resurfacing (e.g., sanding,
repair of joints, repainting) of the material.
For further information on flood-resistant materials refer to FEMA Technical Bulletin 2, Flood
Damage-Resistant Material Requirements for Buildings Located in Special Flood Hazard Areas in accordance with the National Flood Insurance Program.

3.6.7

Utilities and Mechanical Equipment

The manufactured home’s utilities and mechanical equipment need to be protected. Their
location below the BFE can make them susceptible to being inundated by floodwaters and damaged by floating debris. Utilities and mechanical equipment must:
“…be constructed with electrical, heating, ventilation, plumbing, and air conditioning equipment and other service facilities that are designed and/or located
so as to prevent water from entering or accumulating within the components
during conditions of flooding." [44 CFR 60.3(a)(3)(iii)]
Essentially, utility systems and mechanical equipment must be elevated to or above the BFE. Elevating utilities and mechanical equipment such as furnaces, hot water heaters, and heating,
ventilation, and air conditioning equipment (HVAC) is the best protection. With most outdoor
HVAC compressors, the main issues presented by floodwaters are inundation, velocity flow, and
debris impact. The control and power circuits and mechanical parts in HVAC equipment, even
when they are designed for outdoor installations, are not designed to withstand inundation by
floodwaters. The most effective flood-resistant design for outdoor HVAC compressors is to strap
or bolt the equipment onto a platform above the BFE.
Utility and mechanical components that must be below the BFE must be made watertight to the
BFE. Examples of this include sealing on-site water well casings to prevent water intrusion or enclosing HVAC equipment in a flood-resistant enclosure so that it is protected to the BFE.
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The NFIP does not recommend locating ductwork below the BFE for manufactured homes located in SFHAs. There is no known or cost-effective technique for designing air ducts to keep
floodwaters from entering or accumulating within the systems components during inundation
by floodwaters. If ductwork must be installed below the BFE, it should be minimized as much
as possible. Placing the bottom of the steel frame at the BFE as recommended enhances protection of utility and mechanical equipment. The exception would be installation of cross-over
duct work for manufactured housing that needs to pass under chassis frame members. If crossover ducts are used, elevating the manufactured home 1 to 2 feet above the BFE will prevent
them from being damaged during flood events.
Additional guidance for protecting utility and mechanical systems can be found in FEMA 348,
Protecting Building Utilities From Flood Damage, Principles and Practices for the Design and Construction
of Flood Resistant Building Utility Systems.

3.6.8

Enclosed Areas

Generally, the space beneath the lowest floor of manufactured home is covered by some type of
skirting or screening. Manufactured homes are also often installed on an enclosed foundation
(see Chapter 8) when the BFE is several feet above grade.
When an enclosed area below the lowest floor of a manufactured home is created, special attention is needed for two reasons:
n The walls of enclosed areas are subject to flood damage from hydrostatic and

hydrodynamic forces.
n People are tempted to convert enclosures that are intended to flood into areas that can

sustain damage in a flood.
To protect enclosed areas below the lowest floor, the community must:
"Require, for all new construction and substantial improvements, that fully enclosed areas below the lowest floor that are usable solely for parking of vehicles,
building access or storage in an area other than a basement and which are subject
to flooding shall be designed to automatically equalize hydrostatic flood forces
on exterior walls by allowing for the entry and exit of floodwaters. Designs for
meeting this requirement must either be certified by a registered professional
engineer or architect or meet or exceed the following minimum criteria: A minimum of two openings having a total net area of not less than one square inch
for every square foot of enclosed area subject to flooding shall be provided. The
bottom of all openings shall be no higher than one foot above grade. Openings
may be equipped with screens, louvers, valves, or other coverings or devices provided that they permit the automatic entry and exit of floodwaters." [44 CFR
60.3(c)(5)]
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The NFIP allows only certain uses of the enclosed area below the lowest floor of an elevated
manufactured home. These spaces can only be used for parking of vehicles, building access, or
storage.
Additionally, the enclosure must be designed to automatically equalize hydrostatic flood forces
on exterior walls by allowing for the entry and exit of floodwaters. To protect the enclosure, the
NFIP minimum requirements are:
n A minimum of two openings in walls of the enclosure having a total net area of not less

than 1 square inch for every square foot of enclosed area subject to flooding.
n The bottom of all openings must not be higher than 1.0 foot above the higher of the

exterior or interior grade or floor immediately below the opening.
n Openings must permit the automatic entry and exit of floodwaters. The openings may be

equipped with screens, louvers, valves, or other coverings or devices provided that they
meet this requirement.
n Alternative designs are allowed but must be certified by a registered professional engineer

or architect as meeting the requirement to automatically equalize forces on exterior walls
by allowing for the entry and exit of floodwaters.
To further minimize flood damages, mechanical, electrical, plumbing equipment, and other
service facilities must be designed and/or located so as to prevent damage during conditions
of flooding (see Section 3.6.7). Enclosures below the BFE must also be constructed with flood
damage-resistant materials.
If the area below the manufactured home is enclosed with rigid skirting that is less likely to be
dislodged by wind or flood loads, openings are required to equalize hydrostatic pressure in accordance with NFIP regulations.
For further information on enclosed areas refer to FEMA Technical Bulletin 1, Openings in
Foundation Walls and Walls of Enclosures Below Elevated Buildings in Special Flood Hazard Areas in Accordance with the National Flood Insurance Program.

3.6.9

Floodways

If a community receives a proposal for the development in the SFHA, the community must
ensure that the proposal will not impose flood problems on other properties. To prevent this,
communities must adopt floodways to designate those areas where flood flows are most sensitive
to changes brought on by development. The NFIP defines the floodway as:
"….the channel of a river or other watercourse and adjacent land area that must
be reserved in order to discharge the base flood without cumulatively increasing
the water surface elevation more than a designated height." [44 CFR 59.1]
A floodway is the central portion of a riverine floodplain needed to carry the deeper, faster moving water. A floodway is included with most riverine Flood Insurance Studies and will generally
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be shown on the FIRM or DFIRM as indicated in Figure 3-5. A floodway schematic is provided
in Section 4.4.1.1 (Figure 4-2). The area chosen for the regulatory floodway must be designed
to carry the waters of the 1-percent annual chance flood without increasing the water surface
elevation of that flood more than 1 foot at any point.
Figure 3-5. DFIRM
showing the floodway
(cross-hatched area in
Zone AE).

Once a community has adopted a floodway, it must prohibit development in the floodway unless it has been demonstrated through H&H analyses performed using standard engineering
practice that the development will not result in any increase in flood levels during the base
flood. This “encroachment analysis” is required under the following NFIP provision:
"Prohibit encroachments in the floodway, including fill, new construction, substantial improvements, and other development within the adopted regulatory
floodway unless it has been demonstrated through hydrologic and hydraulic
analyses performed in accordance with standard engineering practice that the
proposed encroachment would not result in any increase in flood levels within the community during occurrence of the base flood discharge." [44 CFR
60.3(d)(3)]
FEMA defines “any increase” as meaning a zero increase (greater than 0.00 feet). This analysis is usually called a “no-rise” or “zero-rise” analysis and results in a “no-rise” or “zero-rise”
certification by a qualified registered professional engineer. Remember that considerable encroachment into the floodplain was already allowed when the floodway was designated by the
community. Although some communities or States perform the H&H analyses themselves, most
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require the permit applicant to obtain the services of a qualified registered professional engineer to perform the analysis and provide the certification. Generally, very little development or
disturbance is permitted in the floodway because even minor encroachments in the floodway
lead to increases in the BFE. Unless the engineering analysis demonstrates that there will not be
an increase in the BFE as a result of the development, the permit must be denied.
For streams and other watercourses where FEMA has provided BFEs, but no floodway has been
designated, the community must review developments on a case-by-case basis to ensure that
these increases do not occur, as stated in 44 CFR 60.3(c)(10), in which communities must:
"Require until a regulatory floodway is designated, that no new construction, substantial improvements, or other development (including fill) shall be permitted
within Zones A1–30 and AE on the community’s FIRM, unless it is demonstrated
that the cumulative effect of the proposed development, when combined with all
other existing and anticipated development, will not increase the water surface
elevation of the base flood more than one foot at any point within the community." [44 CFR 60.3(c)(10)]

3.7 NFIP Requirements for Manufactured Homes in Coastal Flood
Areas
Flood hazard areas along coastlines that are subject to flooding from storm surge and wave impacts during coastal storms and hurricanes are designated on the FIRMs as Zones V1-30, VE,
and V. In general, different standards than those in riverine floodplains apply in V zones to help
manufactured homes withstand wave impacts. Many V zones are also subject to erosion and
scour, which can undercut manufactured home foundations.
In addition, some A zones near the coast, generally located landward of and contiguous to V zones, experience V
zone flooding characteristics, including wave action, high
velocity flows, and erosion or scour. These are referred to
as Coastal A zones. While the forces in Coastal A zones
are not as severe as those in V zones, they can still cause
damage to manufactured housing and foundations.
Although there are no distinct NFIP floodplain management regulations for Coastal A zones, this guide
recommends that V zone regulations be followed within
Coastal A zones where flood forces are generally stronger
and more destructive than those in non-Coastal A zones.

Coastal A Zones
NFIP regulations do not differentiate between Coastal and nonCoastal A zones. However, this
guide recommends that manufactured housing in Coastal A
zones be installed to be more
resistant to flood forces found
in coastal flood areas, including
wave effects, velocity flows, erosion, and scour.

44 CFR 60.3(e) outlines the NFIP requirements for manufactured homes in coastal flood hazard
areas in relation to elevation and anchoring, fill, enclosed areas and breakaway walls, and setbacks. Each of these requirements will be addressed in Sections 3.7.1 through 3.7.4, respectively.
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In addition to these requirements, manufactured homes in coastal flood areas are required to
meet many of the same requirements as manufactured homes constructed in riverine and inland flood areas, such as the use of flood damage-resistant materials below the BFE (Section
3.6.6) and protection of utilities and mechanical equipment (Section 3.6.7).

3.7.1

Elevation and Anchoring

Manufactured homes placed or substantially improved in V zones must be elevated so that the
bottom of the lowest horizontal structural member of the lowest floor is elevated to or above
the BFE in sites:
"(i) Outside of a manufactured home park or subdivision, (ii) In a new manufactured home park or subdivision, (iii) In an expansion to an existing manufactured
home park or subdivision, or (iv) In an existing manufactured home park or subdivision on which a manufactured home has incurred substantial damage as the
result of a flood, meet the standards of paragraphs (e)(2) through (e)(7) of 44
CFR 60.3." [44 CFR 60.3(e)(8)]
Elevation requirements for structures in the V zones differ from those in the A zones. In A1-30,
AE, A, and AO zones, the finished floor elevation (i.e., top of floor) must be elevated to or above
the BFE. Structures in V zones must be elevated so that “the bottom of the lowest horizontal structural
member of the lowest floor is elevated to or above the BFE.” For manufactured homes, the lowest horizontal structural member would generally be the chassis main steel beams. Having the bottom
of the lowest horizontal structural member to or above the BFE minimizes flood damages due
to wave action. Figure 3-6 illustrates the reference level requirement.
44 CFR 60.3 (e)(4) requires the community to:
“Provide that all new construction and substantial improvements in Zones V1-30,
VE, and also Zone V if base flood elevation data is available, on the community’s
FIRM, are elevated on pilings and columns so that (i) the bottom of the lowest
horizontal structural member of the lowest floor (excluding the pilings or columns) is elevated to or above the base flood level; and (ii) the pile or column
foundation and structure attached thereto is anchored to resist flotation, collapse and lateral movement due to the effects of wind and water loads acting
simultaneously on all building components. Water loading values used shall be
those associated with the base flood. Wind loading values used shall be those required by applicable State or local building standards. A registered professional
engineer or architect shall develop or review the structural design, specifications
and plans for the construction, and shall certify that the design and methods of
construction to be used are in accordance with accepted standards of practice for
meeting the provisions of paragraphs (e)(4)(i) and (ii) of this section.”
Satisfying 44 CFR 60.3(e)(4)(ii) means that flood and wind loads are to be considered acting simultaneously in the design of elevated portions of the building, its foundation, and
its attachment to the structure, so that the building will not be subject to flotation, collapse,
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Figure 3-6.
Manufactured home with
the bottom of the lowest
horizontal structural
member elevated to the
BFE.

displacement, or other structural damage. Design wind loads are to comply with State or local
building standards.
Manufactured homes to be placed or substantially improved on sites in an existing manufactured home park or subdivision in V zones must be elevated so that the bottom of the lowest
horizontal structural member of the lowest floor is to or above the BFE or meet the 3-foot pier
foundation addressed in Section 3.6.3. In the case of the 3-foot foundation, it is important to
note that structures in V zones are subject to wave action, intense hydrodynamic pressures, and
generally deeper flood depths than riverine areas. Foundations in V zones need to be designed
to withstand flood forces from breaking waves and greater flood depths from storm surge. The
3-foot foundation should not be expected to withstand these forces. For these reasons, the NFIP
recommends that all manufactured homes in V zones be elevated to or above the BFE. FEMA’s
Coastal Construction Manual (FEMA 55) recommends that the lowest horizontal structural members in coastal areas should be perpendicular to the expected wave crest.
As discussed in Section 3.2, post-storm investigations have indicated that typical AE Zone constructed buildings along the coast are subject to considerable damage when exposed to waves
less than 3 feet and as small as 1.5 feet in height. Evidence from these post-storm investigations suggests that design and construction requirements in some portions of Coastal AE zones
should be more like the VE zone requirements to minimize damages.
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To help communities identify those Coastal AE zone areas subject to damaging wave heights,
FEMA will delineate the landward limit of the area affected by waves greater than 1.5 feet in
height on the FIRMs and include this information in the DFIRM database as an informational
layer. As indicated in Section 3.2, FEMA refers to this limit as the LiMWA. Communities are encouraged but not required to adopt the coastal AE Zone area defined by the LiMWA and adopt
and enforce higher building standards than the minimum NFIP requirements in these areas.
Furthermore, the 2009 International Building Code® (IBC®) references the American Society of
Civil Engineers (ASCE) 24-05 Flood Resistant Design and Construction standard, which has specific
design requirements, similar to Zone VE construction, that apply to areas that may be affected
by waves greater than 1.5 feet (which ASCE 24 refers to as Coastal A zones). In addition, every FEMA coastal construction publication since the issuance of FEMA 55, Coastal Construction
Manual, dated June 2000, has recommended the use of Zone VE construction practices in areas
subject to wave heights greater than 1.5 feet. The NFIP's CRS provides credits for communities
that adopt and enforce more stringent floodplain management requirements in these areas.

3.7.2

Fill

Due to the wave action and more intense hydrodynamic forces experienced in coastal flood areas that lead to erosion and scour, elevating on structural fill is not permitted in V zones. Under
the NFIP, the use of fill is prohibited for structural support.
“[The community must ] Prohibit the use of fill for structural support of buildings
within Zones V1-30, VE, and V on the community’s FIRM.”[44 CFR 60.3(e)(6)]
While fill is not allowed for structural support, a limited amount of fill is allowed for landscaping, local drainage needs, and to smooth out a site for an unreinforced concrete pad. Fill must
not divert floodwaters or deflect floodwaters and waves beneath elevated buildings. Fill must
also not divert floodwaters or deflect waves such that increased flood damages is sustained by
adjacent and nearby buildings.
For further information on fill in coastal flood areas refer to FEMA Technical Bulletin 5, Freeof-Obstruction Requirements for Buildings Located in Coastal High Hazard Areas in accordance with the
National Flood Insurance Program.

3.7.3

Enclosed Areas and Breakaway Walls

The preferred method of constructing a V zone building is to leave the area below the elevated
floor free of obstruction or to enclose the area only with latticework or insect screening. That
way waves can freely flow under the building without placing additional loads on the foundation. The only solid foundation walls allowed below the lowest floor of a manufactured home in
a V zone area are breakaway walls that will give way under wind and water loads without causing
collapse, displacement, or other damage to the elevated portion of the manufactured home or
supporting to the piles. The NFIP requirements for enclosures below an elevated building are:
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“[The community must] Provide that all new construction and substantial improvements within Zones V1-30, VE, and V on the community’s FIRM have the
space below the lowest floor either free of obstruction or constructed with nonsupporting breakaway walls, open wood lattice-work, or insect screening intended
to collapse under wind and water loads without causing collapse, displacement,
or other structural damage to the elevated portion of the building or supporting
foundation system. For the purpose of this section, a breakaway wall shall have a
design safe loading resistance of not less than 10 and no more than 20 pounds
per square foot. Use of breakaway walls which exceed a design safe loading resistance of 20 pounds per square foot (either by design or when so required by
local or State codes may be permitted only if a registered professional engineer
or architect certifies that the designs proposed meet the following conditions…..”
[44 CFR 60.3(e)(5)]
Just as in A zones, the space enclosed by walls is to be used solely for parking of vehicles, building
access, or storage, and must be constructed with flood-resistant materials. Solid breakaway walls
are allowed, as are garage doors that meet the same breakaway requirements. Solid breakaway
walls are intended to collapse under the force of wave impacts without damaging the building's
foundation or the elevated portion of the building. All solid breakaway walls should have their
designs certified by a registered professional engineer or architect. The area enclosed by solid
breakaway walls should be limited to less than 300 square feet because flood insurance rates increase dramatically for enclosures larger than 300 square feet.
For further information on enclosed areas and breakaway walls in coastal flood areas, refer to
FEMA Technical Bulletin 5, Free-of-Obstruction Requirements for Buildings Located in Coastal High
Hazard Areas in accordance with the National Flood Insurance Program and Technical Bulletin 9, Design and Construction Guidance for Breakaway Walls Below Elevated Buildings Located in Coastal High
Hazard Areas in accordance with the National Flood Insurance Program.

3.7.4

Setbacks

44 CFR 60.3 (e)(3) requires the community to “provide that all new construction within Zones
V1-30, VE, and V on the community’s FIRM is located landward of the reach of mean high
tide.”
In coastal areas, there is a mean high tide line used for regulatory purposes. This means that the
high tide line is physically shifting over time as beach and coastal areas are dynamic. However,
the community, region, or State will have a regulatory line defined. The NFIP does not allow any
development or construction to occur seaward of this line. Figure 3-7 illustrates how the mean
high tide line defines the area of no development in coastal regions. Figure 3-8 shows coastal
development in an area where setback requirements are enforced.
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Figure 3-7. Mean high
tide line development
restriction.

Figure 3-8. Coastal
development well-suited
to the land: generous
setbacks, in combination
with deep lots and
avoidance of dune areas,
should afford protection
from erosion and flooding
for years to come.

3.8 Existing Manufactured Homes in Flood Hazard Areas
3.8.1

Relocation

The best way to prevent damage to manufactured homes and to prevent loss of life and injury
during a flood is to install manufactured homes outside of flood-prone areas. For existing manufactured homes, relocation of the manufactured home out of the floodplain may be a viable
option to minimize damages.
Manufactured homes are relatively easy to transport and can be moved from areas prone to
flooding to sites located outside of the flood hazard area. This not only allows the homeowner
to prevent damage to the manufactured home, but also provides peace of mind concerning
safety risks and property damages due to flooding.
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Some issues to consider when evaluating relocation as a mitigation option include:
n Will it be cost-effective (cost of incurring damages versus cost of preventing damages)?
n Is the home in good enough condition for transporting?
n Is the removal of existing utility connections easily done prior to transportation?
n Is there a suitable new site for relocation?
n Are utilities with similar connections available at the new site?
n Is there a route that will provide adequate clearance for transporting the manufactured

home?
The relocation process consists of nine steps that are fairly clear, but include many design considerations:
Step 1. Select a manufactured home moving contractor
Step 2. Analyze the existing site and manufactured home conditions
Step 3. Select, analyze, and design foundation for the relocated home at the new site
Step 4. Prepare the existing site
Step 5. Evaluate and plan the moving route
Step 6. Prepare the manufactured home for relocation
Step 7. Move the manufactured home
Step 8. Prepare the new site
Step 9. Restore the old site
More information on relocation as a retrofitting technique can be found in Chapter 7 of FEMA
312, Homeowner’s Guide to Retrofitting (2nd Edition, 2009), and FEMA 259, Engineering Principles
and Practices of Retrofitting Flood-Prone Residential Structures (2nd Edition, 2001).

3.8.2

Evacuation

Evacuation of a manufactured home from a site when there is a flood threat can result in extensive flood damages being avoided to the home. Communities may have procedures in place for
evacuating homes when there is a flood threat and may provide assistance to the occupant of
the manufactured home to remove the manufactured home to a protected site. The NFIP will
pay up to $1,000 for the reasonable expenses incurred to move an insured manufactured home
to a place other than the described location that contains the manufactured home in order to
protect it from flood or the imminent danger of flood. Any insured manufactured home moved
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to a place other than the described location must be placed outside of the Special Flood Hazard
Area or above ground level.
Communities may allow the evacuation of manufactured homes in Zones A1-30, AH, and AE
only in the following cases:
n Evacuation of a manufactured home from an existing manufacture home park or

subdivision; or
n Evacuation of a manufactured outside of a manufactured home park or subdivision.

After the threat of flooding from a specific event has passed, these manufactured homes can be
returned to their original site without being elevated in accordance with the requirements at
either 44 CFR 60.3(c)(6) or (c)(12) provided the manufactured home was not subject to the
elevation requirements in these two paragraphs when first installed on the site.
Communities that allow existing manufactured homes to be removed to avoid flooding should
have some type of permitting and tracking system in place to ensure that the same home is
being returned to the original permanent site or pad. Communities may require a permit to
ensure that utility reconnections meet local codes. If a community has developed a plan that
pre-identifies manufactured homes that would be removed in the event of a flood, the plan
should include procedures for determining which manufactured homes are to be removed and
which ones are to be returned to their original site or pad. If a community has not developed
a plan or individual manufactured homeowners initiate removal of their home on their own,
the community is still responsible for determining whether the same home is being returned to
the original site or pad. Since much can go wrong in trying to evacuate a manufactured home,
evacuation is not a substitute for permanently protecting the manufactured home by elevating
it to or above the BFE.
The community should issue some type of re-occupancy permit for owners who want to return
the home to the original site or pad as a record to distinguish these from new or substantially
improved manufactured homes that must meet the community’s floodplain management regulations. A variance under the NFIP floodplain management regulations at 44 CFR 60.6(a) is not
required for returning a manufactured home that was evacuated to the original site or pad because it is not a new placement, a replacement of, or substantial improvement.

3.8.2.1

Manufactured Home Substantially Improved or Returned to a Different Site or Pad in an
Existing Manufactured Home Park

If the manufactured home that was evacuated due to the threat of flooding is placed on a
different site or pad in the existing manufactured home park or subdivision or is substantially improved on the original site or pad, it would have to meet the requirements at 44 CFR
60.3(c)(12) in all A zones (the manufactured home would have to be elevated to the BFE or be
elevated at 36 inches in height above grade).
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3.8.2.2 Manufactured Home Placed in a New Manufactured Home Park or Subdivision
If the manufactured home that was evacuated due to the threat of flooding is placed in a new
manufactured home park or subdivision or in the expanded part of an existing manufactured
home park or subdivision, or is placed on a different site outside a manufactured home park or
subdivision, it would have to meet the elevation requirements of 44 CFR 60.3(c)(6) in Zones
A1-30, AE, and AH and elevate to the BFE or 44 CFR 60.3(e)(8) in Zones V1-30, VE, and V and
elevate to the BFE.

3.9 HUD Manufactured Home Construction and Safety Standards
Prior to 1975, there were no Federal mandatory regulations or standards governing the design and construction of manufactured homes. Since 1976, HUD’s Manufactured Home
Construction and Safety Standards (MCHSS), or “HUD codes,” have regulated the design and
construction of factory-built manufactured housing.
After Hurricane Andrew in 1992, the HUD codes underwent many improvements regarding
design and construction of manufactured homes. The lateral (wind) load provisions were updated to a modified American National Standards Institute/American Society of Civil Engineers
(ANSI/ASCE) 7-88 design standard.
The HUD codes were revised to include three wind zones (Figure 1-1). Zone II homes are designed to resist a 100-mph (fastest mile) wind event; Zone III homes are designed for 110 mph.
The design wind speed for Zone I homes is not specified. Rather, HUD I homes are designed to
resist specified lateral and uplift wind pressures. Also, as point of interest, the HUD codes' energy design requirements were updated around this time frame. HUD codes program standards
are found in 24 CFR 3280.
HUD’s MHCSS include provisions for support and anchoring systems based on HUD Wind
Zones I, II, and III. HUD’s standards specify design requirements for the body and frame of the
manufactured home. However, the HUD standards do not take seismic loading into account for
the design of foundations and attachments.
The program has been in effect since 1976, and all manufactured homes built on or after June
15, 1976, are subject to HUD requirements. Although building codes are usually regulated at
a local level, an exception is made with manufactured housing because it is most often built
outside of the locality where it is eventually sited for use. Prior to the MHCSS, the quality of
manufactured housing was unreliable, which resulted in the severe restriction or banning of the
housing within several localities.
Under the program, manufacturers who build manufactured homes for sale in the U.S. are
required to follow HUD-mandated design and construction standards. The standards are enforced either through HUD or approved Primary Inspection Agencies (either private firms or
State administrative agencies) that perform reviews of manufacturers’ designs and inspect the
homes during construction to ensure compliance with the standards.
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According to 24 CFR 3280, the purpose of the MHCSS is to establish standards for “all equipment
and installations in the design, construction, transportation, fire safety, plumbing, heat-producing and electrical systems of manufactured homes which are designed to be used as dwelling
units.”
A manufactured home designed and constructed in accordance with the MHCSS standards will
have a data plate and a certification label attached to it. The data plate will be affixed in a permanent manner near the main electrical panel or other readily accessible and visible location.
The data plate contains the following information:
n The name and address of the home’s manufacturing plant
n The serial number and model designation of the unit
n The date it was manufactured
n A list of the certification label numbers that are affixed to each transportable section
n A list of factory-installed equipment, including the manufacturer’s name and the model

number for each appliance
n Reference to the roof and wind load zones for which the home is designed

The certification label will be a 2-inch by 4-inch aluminum plate. The plate will be permanently
attached to the home on the tail light end of the home, approximately 1 foot from the floor
and 1 foot in from the road side. Figure 3-9 is a certification plate for homes built after June 15,
1976.
Figure 3-9. Certification
plate for manufactured
homes built after June
15, 1976.

Siting and installation requirements for manufactured homes are generally a State or local
regulatory responsibility, where such regulatory authority exists. Some State and local regulations require licensed or registered installers, and/or require permits to be obtained prior to
installation. Inspections are often required in conjunction with the permits, to ensure correct
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installation. The new installation standards in Part 3285 dictate that manufacturers’ installation
instructions be approved by a Design Approval Primary Inspection Agency (DAPIA) and the
protections contained therein meet or exceed all requirements of HUD’s model installation
standards. This requirement is to ensure that the purchaser has the correct procedures available for installing the manufactured home.
As part of the 1994 changes, the provisions for “Windstorm protection” in 24 CFR 3280.306
that address anchoring systems were also modified to be consistent with the revisions made for
wind design requirements for manufactured housing in high-wind areas. This section of the
standard requires that the manufacturer provide instructions, including drawings and specifications, detailing at least one acceptable system of anchoring the manufactured home that
has been approved by a registered professional engineer or architect (24 CFR 3280.306(b)).
Requirements are detailed in 24 CFR 3280.306 for the instructions and stipulate wind loading
requirements for design. At this time, the standards do not instruct the designer to consider the
forces of floodwaters or seismic loads when designing the foundation system.

3.10 HUD Model Manufactured Home Installation Standards
Siting and installation requirements for manufactured homes are generally a State or local
regulatory responsibility, where such regulatory authority exists. Some State and local regulations require licensed or registered installers, and/or require permits to be obtained prior to
installation. Inspections are often required in conjunction with the permits, to ensure correct
installation. The new installation standards in Part 3285 dictate that manufacturers’ installation
instructions be approved by a Design Approval Primary Inspection Agency (DAPIA) and the
protections contained therein meet or exceed all requirements of HUD’s model installation
standards. This requirement is to ensure that the purchaser has the correct procedures available for installing the manufactured home.

State Manufactured Home Installation Programs
As of January 2009, according to HUD’s Office of Manufactured Housing Programs, the following
States have Approved or Conditionally Approved Manufactured Home Installation Programs: Alabama,
Arizona, Arkansas, California, Kentucky, Ohio, Pennsylvania, South Carolina, Tennessee, Washington,
and West Virginia.
The following States have submitted applications for Manufactured Home Installation Programs:
Georgia, Idaho, Indiana, Kansas, Maine, Michigan, Minnesota, Mississippi, Nevada, New Jersey, New
York, North Carolina, North Dakota, Oklahoma, Texas, and Virginia.

The Manufactured Housing Improvement Act of 2000 required that HUD establish minimum
National Model Installation Standards (which were published in 24 CFR 3285 in October 2007).
The Act also set out requirements that States must meet in order to continue to regulate manufactured home installation in their State. To be eligible, States must meet certain requirements
as indicated in HUD’s Installation Program published in June 2008, including a requirement
that State Standards meet or exceed HUD’s Model Installation Standards.
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The installation standards in 24 CFR 3285 include requirements for pre-installation and installation considerations, site preparation, foundations, and home installation procedures.
Additionally, standards on installation, preparation, and/or testing of optional features, appliances, utility system connections, and life safety features have been incorporated. The standard
is designed for adoption and use by authorities who are responsible for the safety and health of
manufactured home users. The standards address natural hazards (wind, flooding, and freezing) by incorporating the following requirements:
n A section on Installation of Manufactured Homes in Flood Hazard Areas states that FIRMs

must be consulted prior to installation to determine a property’s flood risk and identify
whether floodplain development permits may be necessary.
n In areas prone to flooding, elevation and anchoring techniques are required, as well

as consultation with a registered professional engineer and local authorities to ensure
installation conforms to all applicable codes and regulations.
n Piers, anchoring, and support systems of the foundation in flood hazard areas must be

capable of resisting loads associated with design flood and wind events.
n Oil storage tanks in flood hazards areas must be protected from damage by anchoring and

elevation or other design.
n Appliances located on the outside of the manufactured home and air inlets must be

elevated to or above the design flood elevation (DFE), which is defined in Appendix D.
n Special requirements for footings and foundations for manufactured home placement in

freezing climates apply.
n The installer is required to secure the manufactured home against the wind according to

the HUD codes.
n Anchor type requirements (longitudinal) for manufactured homes subject to higher winds

(Wind Zones II and III) apply.
n Provisions for maximum diagonal tie-down strap spacing, dependent on the wind zone in

which the property is located, apply.
The standard can be viewed online at http://www.nfpa.
org/assets/files/PDF/CodesStandards/MHCCHUD/
MHCCInstallationStandardsFinalRule.pdf.

Manufactured Home
Installation Standards for
Flood Hazard Areas

In October 2007, HUD issued 24 CFR 3285 Model Manufactured Home Installation Standards, which regulates
manufactured home installations.

24 CFR 3285.302 also requires
manufacturers to indicate in the
installation instructions if the foundation specifications have been
designed for flood-resistant considerations and, if so, the conditions of applicability for velocities, depths, or wave action; or to
indicate if the foundations are not
designed to address flood loads.

The new standard creates a baseline standard for manufactured housing installation; it presents the minimum
requirements for installation that must be equaled or exceeded by States and are also a minimum requirement for
manufacturers’ installation instructions.
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Model Manufactured Home Installation Standards 24 CFR 3285.302 – Flood Hazard Areas requires:
“…foundations, anchoring and support systems must be capable of resisting loads
associated with design flood and wind events, or combined wind and flood wind
events, and homes must be installed on foundation supports that are designed
and anchored to prevent flotation, collapse, or lateral movement of the structure”

3.11 Model Building Code Requirements
Model building codes can be adopted and enforced by localities and States to specifically address manufactured housing installation. Two major building codes within the U.S. are the ICC’s
International Code Series, and NFPA 5000, Building Construction and Safety Code (2006). The
International Code Series includes the IRC for 2006 (IRC 2006), which applies to one- and twofamily dwellings. In addition, the IRC for 2009 (IRC 2009) is now available.

3.11.1 IRC 2006
The IRC 2006 is a comprehensive residential building code that includes provisions for development in the SFHAs that meet the minimum requirements of the NFIP. Appendix E of the IRC
2006 contains a section dedicated to “Manufactured Housing Used as Dwellings.” Section 502
of this appendix describes requirements for foundation systems, which, in part, refer to the general provisions of the code. Under the IRC Appendix E, all footings for manufactured housing
shall be as follows:
n Extend below the frost line
n Be constructed of materials specified by the code, including masonry and concrete
n Be made of solid material (concrete and masonry footings)
n Be designed in accordance with seismic specifications, including minimum reinforcements

near the bottom of the footing, and specifications on joints between footings and stem
walls if located in a Seismic Design Category D1 or D2 area
n Be elevated to the DFE for new and replacement manufactured homes

Appendix E, Section AE604.1 of the IRC 2006 also details requirements for anchorage installation. The code ground anchor requirements are:
n The load carrying portion of the ground anchors shall be installed to the full design depth

and shall extend below the established frost line into undisturbed soil.
n The manufacturer’s installation directions should provide preload requirements and load

capacities for various soil types.
n Approved ground anchors must be capable of resisting an allowable working load 3,150

pounds in the direction of the tie plus a 50 percent overload or 4,725 pounds without
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failure. Failure is considered to have occurred when the anchor moves more than 2 inches
at a load of 4,725 pounds.
n Ground anchors designed to be installed so that loads on the anchors are other than

direct withdrawal must be designed and installed to resist an applied design load of 3,150
pounds at 40 to 50 degrees from vertical without displacing the end of the anchor more
than 4 inches horizontally.
Appendix E, Section AE605 of the IRC 2006 establishes performance requirements for ties, materials, and installation. The requirements include:
n Ties must be attached to ground anchors with turnbuckles or other adjustable tensioning

devices, and
n Ties must be capable of resisting a working load of 3,150 pounds with less than a 2 percent

elongation, and a 50 percent overload of 4,725 pounds.
FEMA has evaluated the IRC 2006 and has determined that it is consistent with NFIP regulations. The IRC 2009 has also been determined to be consistent with NFIP regulations.

3.11.2 NFPA 5000
NFPA 5000’s Chapter 39 (Flood-Resistant Design and Construction) includes many of the minimum NFIP requirements. According to the code, manufactured housing located in the flood
hazard area must adhere to the following requirements:
n Foundations must be designed and constructed as required by Structural Engineering

Institute (SEI)/ASCE 24, Flood Resistant Design and Construction.
n In flood areas subject to high velocity wave action, structural fill, slabs-on-ground, and

foundation walls are prohibited.
n The lowest floor of the structure must be elevated to or above the DFE (see Appendix D

for DFE description).
n Manufactured homes must be installed using methods that minimize flood damage and

shall be securely anchored to a foundation (meeting the requirements of SEI/ASCE 24).
These requirements are in addition to the manufacturer’s specifications and State and
local anchoring requirements for resistance to wind.
n Where temporary structures are proposed, the authority having jurisdiction must consider

flood warning time as well as the location of the structure in relation to any floodways,
alluvial fan areas, or high velocity wave action areas before granting a permit.
NFPA 5000 also dictates that ASCE 7 is to be used to determine the design loads associated with
environmental loads, including wind, seismic, snow, and ice events. The code states that all
buildings and other structures shall be designed to resist these design loads.
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3.11.3 NFPA 501
NFPA 501, Standard on Manufactured Housing, addresses the design, manufacture, and transportation of manufactured homes and adopts, by reference, ASCE 7-2002. NFPA 501 also added
some seismic provisions by requiring all homes placed in seismic areas to have their water heaters braced to prevent falling or horizontal movement.

3.11.4 NFPA 225
NFPA 225, Model Manufactured Home Installation Standard, is the first multi-hazard installation
standard for manufactured homes. NFPA specifies wind provisions (ASCE 7-02), includes provisions for homes sited in SFHAs, and contains the latest National Earthquake Hazards Reduction
Program (NEHRP) criteria for homes susceptible to earthquake damages.
FEMA has evaluated the 2005 edition of NFPA 225 and has determined it is consistent with NFIP
regulations. In addition, the 2009 edition of NFPA 225 is now available and has also been determined to be consistent with NFIP regulations.
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4 Site and Development
Options
Site evaluation is a critical step in the decision-making process of installing a manufactured
home. Decisions are sometimes made without accurately assessing or considering a property’s vulnerability to flooding and other hazards. By conducting a thorough site assessment,
a property owner or developer can mitigate the following types of losses, damage, and associated problems:
n Injuries and loss of life
n Damage or loss to buildings and contents
n Damage to attendant infrastructure
n The need for emergency evacuation

A complete and detailed understanding of the advantages and disadvantages of potential sites
for manufactured home installation helps lead to informed decisions; not all sites are suitable
for development.
A thorough evaluation of property for development purposes is completed through a five-step
process:
. Compile lot/parcel information for one or more candidate properties.
. Determine if local, regional, State, and Federal regulatory requirements allow the development and installation of a manufactured home and, if so, determine the requirements.
3. Identify the hazards present at the site (e.g., wind, flooding, seismic, etc.).
4. Determine whether potential effects from hazards could be avoided through siting, design,
and construction and whether the residual risks to the site and the building are acceptable.
. Proceed either with the purchase or development of a property, or reject the candidate site,
and find and evaluate alternative sites.
Basic information about the property (e.g., lot size, zoning and land use requirements, and utility and infrastructure availability) enables the potential property owner or developer to assess if
the site is suitable for development as a manufactured home site. If development is feasible, the
potential property owner should conduct Steps 3 and 4 of the process to assess the property’s
hazard vulnerability. Based on the assessment findings, the property is determined to be either
suitable or unsuitable for the installation of a manufactured home. The following sections provide additional information for the recommended assessment process.
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SITE AND DEVELOPMENT OPTIONS

4.1 Step 1: Compiling Site Information
After a site for possible purchase and/or development has been identified, basic information
about the site is collected for a development analysis. It is vital that all pertinent information is
collected in order to complete a thorough analysis.
Community building permitting or planning and zoning offices are helpful in steering potential
property buyers toward information they need to evaluate a property. This is true of individuals
looking at isolated lots or lots within existing manufactured housing subdivisions. A checklist of
information to be collected is provided in Table 4-1. Not all of this information will be available
for all sites and properties.
Although much of the information listed in Table 4-1 will need to be obtained locally, State and
Federal government resources are also useful. Table 4-2 presents a partial listing of the most
likely resources (i.e., local, regional, or State government) for obtaining specific information.
Table 4-1. Information Checklist

Property Location
• Municipal, township, county, or other local jurisdiction

• Flood-prone area designation

• Street address

• Seismic hazard area designation

• Parcel designation (e.g., tax map ID)

• High-wind area designation

• Subdivision information

• Other hazards areas

• Special zoning or land use districts

• Natural resource protection area designation

Property Dimensions
• Acreage outside of designated floodplain area
or other hazard-prone area

• Total acreage
• Property shape
• Property elevations and topography
• Location relative to adjacent properties; configuration of
adjacent properties
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• Acreage landward/outside of natural, physical,
or regulatory construction or development limits
(i.e., usable acreage)
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Table 4-1. Information Checklist (continued)

Legal and Regulatory Information
• Land use designation at property and adjacent
properties

• Local/State permitting procedures and
requirements

• Zoning classification and resulting restrictions on use
• Building codes and local amendments

• Local/State regulations regarding use,
construction, and repair of erosion control
measures

• Floodplain management requirements

• Riparian rights

• Erosion hazard area: construction setback and
regulations

• Local/State restrictions on cumulative repairs or
improvements

• Natural resource protection area: siting, construction, or
use restrictions

• Conditions or other requirements attached to
building or zoning permits

• Easements and rights-of-way on property (including
beach access locations for nearby properties or the
general public)

• Subdivision plat covenants and other
restrictions imposed by developers and
homeowners’ associations

• Local/State siting and construction regulations

• Hazard disclosure requirements for property
transfer, including geologic hazard reports

• Regulatory front, back, and side setbacks

Physical and Natural Characteristics
• Soils, geology, and vegetation – site and region

• Proximity to inlets and navigation structures

• Site drainage – surface water and groundwater

• Previous or planned community/regional beach/
dune restoration projects (coastal)

• Storm, erosion, and hazard history of property
• Development/potential flood debris upstream and
adjacent to property
• Erosion control structure on site: type, age, condition,
and history

• Relative sea-level/water-level changes – land
subsidence or uplift (coastal)
• Wind missile hazards – utility poles, trees

Infrastructure and Supporting Development
• Access road(s)

• Sewer or septic

• Emergency evacuation route(s)

• Limitations imposed by utility, infrastructure
locations on property use

• Electric, gas, water, telephone, and other utilities –
on-site or off-site lines and hookup

Financial Considerations
• Intended use: owner-occupied or rental property
• Real estate taxes
• Development impact fees
• Permit fees
• Hazard insurance: availability, premiums, deductibles,
and exclusions
• Property management fees

• Special assessments for community/association
projects (e.g., private roads and facilities)
• Maintenance and repair of private erosion
control structures
• Increased building maintenance and repairs in
areas subject to high winds or wind-driven rain
• Building damage costs (insured and uninsured)
from previous storms, floods, and other hazard
events
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Table 4-2. Partial Listing of Local, Regional, and State Responsibilities

Local

Regional

State

Deeds and Property Records

Deeds and Property Records

Building Codes and Standards

Emergency Management

Emergency Management

Emergency Management

Environmental Protection

Environmental Protection

Coastal Zone Management

Building Codes and Permitting

Geographic Information Systems

Geologic Survey

Floodplain Management

Health

Floodplain Management

Planning and Zoning

Planning and Zoning

Natural Resource Management

Municipal Engineering

Post-storm Damage Assessments

Post-storm Damage Assessments

Soil and Geology

Soil and Geology

Subdivision Review

Subdivision Review

Tax Assessor

Tax Assessor

Utilities

Utilities

4.2 Step 2: Reviewing Basic Siting Information
After collecting pertinent site information, a thorough review of the information is necessary
to ensure that development of the site is feasible. Particularly, building codes and planning and
zoning codes requirements should be reviewed early in the evaluation process to verify that
development of the property with the installation of a manufactured home is allowable. If installation is allowable, a review of requirements will assist in location of the manufactured home
on the site.

4.3 Step 3: Hazard Analysis and Risk Assessment
A hazard analysis and risk assessment should be performed to determine what hazards exist for
a particular area or site, and then the risk level for that site should be evaluated. It is important
to consider flooding in this analysis as well as other hazards such as dam failure, land subsidence, seismic hazards, and severe wind.
For community-wide assessments, there are several FEMA tools available for use to conduct a
Hazards Analysis and Risk Assessment, including the FEMA software Hazards U.S.–Multi-Hazard
(HAZUS-MH) and Mitigation Planning How-to Guides (FEMA 386). Under the Disaster Mitigation
4-
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Act of 2000, communities are required to complete hazard mitigation plans, which include a
hazard identification and risk assessment section, should they wish to remain eligible for postdisaster mitigation funding. As a result, many regional and local governments have already used
tools like HAZUS-MH and the How-to Guides to conduct their own risk assessments, which may
be available for public review.

4.3.1 Flooding
Table 4-3 presents a list of the types of hazards that can result from flooding and the flood sources or types of flood-prone areas where they are generally of concern.
Table 4-3. Flood Hazards

Flood Hazard
Long duration flooding

Inadequate storm
drainage

Impact forces

Associated Flood Hazard Areas or Property Characteristics
• Large water bodies (rivers, bays)
• Water bodies with slow drainage (lakes, ponds)
• Flat or poorly graded land
• Land located directly adjacent to a flood source
• Coastal areas subject to wave action flooding
• Riverine flooding areas subject to high velocity flooding
• Coastal areas subject to wave action

High velocity flows

• Steeply-sloped riverine flooding areas or areas otherwise subject to high
velocity flood flows
• Coastal areas subject to wave action

Erosion

• Steeply-sloped riverine areas with high velocity flood flows or areas otherwise
subject to high velocity flood flows

Sediment deposition

• Coastal overwash areas

Movable stream beds

• Dynamic river systems

Flood depth

• Areas adjacent to the flood source
• Areas with poor capacity for drainage

Two of the best sources to research a property’s susceptibility to flooding are the community’s
FIRM and FIS. The FIRM shows the extent of the 1-percent annual chance flood, and might also
include flooding corresponding to the 0.2-percent annual chance flood (also known as the 500year flood). For areas where detailed studies have been performed, FIRMs will also show BFEs
along streams and may provide delineations of floodways.
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An FIS summarizes the methods used to develop the hydrologic and hydraulic studies, which together determine the extent of the 1-percent annual chance floodplain. The FIS also presents a
summary of results of the study, including information about floodwater surface elevations and
velocities for detailed study areas. Figure 4-1 shows portions of an FIS and a FIRM.
The FIRM is used in conjunction with the FIS to determine the flood risk for a given area or
property. For detailed study areas, while the FIRM shows the extent of the base flood and the
BFEs, the FIS includes flood profiles that show flood elevations for various frequency events as
well as the channel bottom elevation (for riverine flooding) over the length of a given waterway.
If the property is located in the base floodplain where a detailed study has been performed, the
FIRM and FIS will provide the following valuable information:
n The elevation of a base flood at a site as well as elevations for the 10-, 50- and 500-year

floods, which can be found on the flood profiles within the FIS
n The average velocity of floodwaters within the floodway for a base flood (where a floodway

study was performed)
n Areas of coastal wave action flooding
n Riverine flooding areas
n Areas susceptible to ponding
n Areas susceptible to sheet flow or alluvial fan flooding
n Areas protected by levees

Information about an area’s susceptibility to flooding can also be gathered from community officials and past storm event records and reports. Such reports usually provide information about
what types of damage were inflicted on structures. For coastal areas, there may be information
about beach and shoreline erosion.
A field assessment for a particular site is a way to collect information for a hazard analysis. Information gathered during a field visit (ideally conducted by a geologist or an engineer) can be
used to assess what type of impact such forces will have on a manufactured home located on a
particular site. This is determined by assessing what type of structures and potential debris are
located upstream and adjacent to the property that could impact the manufactured home during a flood event. A field assessment can also be conducted to estimate the erosion potential for
a site by investigating existing land slopes on the site as well as vegetation cover. Finally, the site’s
grading/topography should be evaluated. As part of the assessment, it should be determined
whether or not the site will drain in a reasonable amount of time in order to prevent long duration flooding. This issue is generally only relevant for smaller storm events or more localized
flooding for which floodwaters have somewhere to drain.

4.3.1.1 Accessibility
The flood risk to both the manufactured home and access routes should be assessed. Inhabitants of manufactured homes in flood-prone areas should prepare to evacuate an area should a
flood watch be issued by the local or State government and should not wait for flood conditions
4-
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Figure 4-1. Portions of an FIS and a FIRM.
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to begin before evacuating the area. In fact, drowning in vehicles is the number one cause of
flood-related deaths and often happens when victims mistakenly think that a washed-out roadway or bridge is still open. Therefore, access to the manufactured home during flood events
needs to be considered during the siting process.
Inhabitants of manufactured homes in flood-prone areas should never remain within the home
during a flood, regardless of the home’s elevation level above the BFE. They should always
evacuate when a flood warning is issued by the local or State government and not wait for flood
conditions to begin before evacuating the area.
Actual damage to roadways during flood events, as well as high-wind, seismic, and land subsidence events, can leave roads impassable for several days or for weeks after a major disaster. Even
roadways that are located outside of, but adjacent to, flood-prone areas can be undermined
by severe erosion along stream banks. Therefore, even if a home is adequately protected from
incurring major damage due to a flood event, its location within (or surrounded by) a floodprone area could either force occupants to repeatedly evacuate or become stranded for several
days if access and egress routes are blocked.
A clear access and egress path during a flood event ensures that building occupants can evacuate and that emergency and critical services can continue to be provided. Both access and egress
should be addressed while evaluating a potential site to ensure that feasible alternatives exist.
Necessary considerations may also include bridges, walkways, and areas of refuge for safe evacuation.
Similarly, accessibility to potential sites after major wind and seismic events should be considered. After wind and seismic events, roadways can be blocked by debris and remain unusable for
several days while cleanup efforts are underway. Potential property buyers or property owners
should consider possible evacuation routes from the property in all cases.
It is important to note that accessibility is more than ingress and egress in an emergency. Frequent and long duration flooding can cause major problems for occupants of flood-prone
structures; a site is not a good location for a manufactured home if its occupants are forced to
evacuate several times a year due to a flood threat, or must stay out of their homes for days or
weeks at a time when they do evacuate. Frequent and/or long-term displacement often results
in significant financial hardships and emotional distress for flooding victims.

4.3.2 Other Hazards
In addition to flooding, there are a variety of other hazards that should be considered during
the manufactured home siting process. Table 4-4 presents some of these hazards, their associated hazard-prone areas, and sources to use to determine an area’s susceptibility. Historical storm
or hazard event records are additional resources for this hazard analysis; they provide details on
how hazards have previously affected a given area.
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Table 4-4. Hazard-Prone Areas

Hazards

Associated Hazard Areas

Source for Determination

Dam failure

• Dam failure inundation areas located
downstream of dam structures

• Dam failure inundation maps usually
created at the State, regional, or local
level

Land
subsidence

• Steeply sloped land

• United States Geological Survey
(USGS) Landslide Overview Map of the
Conterminous United States (national
level)
• State Geologist
• Local Public Works Director

Seismic

• Area within 6 miles of a known fault

• USGS Seismic Maps (as found in FEMA
450 and ASCE 7)
• Building Codes

Wind/Debris

• Coastal areas
• Tornado-prone areas
• Alluvial fans

• Wind Zone Maps (as found in FEMA 320
and ASCE 7)
• Building Codes

Dam failure inundation maps provide the best tool for determining the risk from a dam failure
event and are usually available at the State or local level. Every State has a Dam Safety Officer responsible for coordinating its Dam Safety Program. State-specific information about State dam
safety regulations is available at the Association of State Dam Safety Officials’ web site: http://
www.damsafety.org.
To avoid damage that can be caused in areas subject to land subsidence, manufactured homes
should be sited away from steep slopes and areas where land subsidence has been known to occur in the past. While the USGS Landslide National Map indicates relative risk on a national
basis, State geologists and local public work directors can provide better community-specific
information about landslide risk. A listing of State geologists is available at the Association of
American State Geologists web site: http://www.stategeologists.org.
USGS seismic maps as well as local officials are the best sources for determining the seismic risk
for a site. The types of soils present on the site should also be taken into consideration. Poor
soils, often found in flood-prone areas, can greatly amplify ground motions and seismic forces.
During wind events, large structures or items such as trees and telephone poles can be damaged
and either collapse or become separated from their anchoring to the ground to become sizable
pieces of debris. Manufactured homes should be sited away from or in a manner that provides
protection from such items since airborne debris can act as missiles during a wind event.
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Generally, coastal areas are susceptible to high winds from storm and/or hurricane events. A
good reference to determine the susceptibility of a property to wind and seismic hazards is
ASCE 7, which provides maps that show the risk of wind and seismic activity for the entire United States and detail design considerations for areas based on the risk posed by these hazards.

4.4 Step 4: Protecting Properties In and Near Hazard-Prone Areas
The best way to avoid damage to a manufactured home is to site the home away from areas
susceptible to hazards. If the home is to be sited in or near a hazard-prone area, the developer
must establish that the risk for the site is acceptable by ensuring that the home can be installed
on the proposed site in accordance with applicable hazard-resistant codes and standards. In addition, mitigation techniques can be used during the installation process to further reduce the
hazard risk.
NFIP floodplain requirements and HUD installation standards exist to lessen manufactured
home vulnerability to flood hazards. Two aspects to consider during this process include the
following:
n Placement options
n Design and construction techniques

4.4.1 Placement Options
One way to reduce the risk of damage to manufactured housing and attendant infrastructure is
to select a site outside the limits of the hazard areas. This option is most applicable to areas subject to flooding and landslides where hazard areas can be reasonably well defined. Flood and
landslide hazards are often localized so that all or a portion of the proposed site development
can be located outside of the hazard-prone area. Note that this method is best suited for land
that is initially subdivided or in the overall design of a manufactured home park.

4.4.1.1 Flood-Prone Areas
Within floodplain areas, portions of an individual site may be outside the defined floodplain.
Portions of the site outside the identified floodplain typically have higher ground elevations
and are less susceptible to flooding. Locating the manufactured home outside the identified
flood hazard area reduces the home’s exposure to the hazard. For individual sites located entirely within the flood-prone area, this method is not an option. Another option for siting in
flood-prone areas is to determine if there are portions of the property that, while susceptible to
flooding, are not exposed to some of the more destructive characteristics of flooding such as
long duration flooding, high flood levels, and high velocity flows.
Generally, the farther a manufactured home is sited from the flood source, the less likely it is
to be exposed to high velocity flows. Within riverine flooding areas, the highest velocity flows
are usually recorded within and near the floodway. In areas vulnerable to coastal flooding, wave
action and/or storm surge can cause floodwaters to be particularly destructive. These types of
4-10

PROTECTING Manufactured Homes FROM FloodS AND OTHER HazardS
A Multi-Hazard Foundation and Installation Guide

SITE AND DEVELOPMENT OPTIONS

4

forces are the strongest in FEMA high hazard coastal zones labeled as V zones on FIRMs and the
portions of A zones adjacent to V zones.
Similarly, flood levels usually decrease as the distance from the flood source increases. Setbacks
from the flood source help to keep structures out of areas most susceptible to high velocity and
high depth flooding. Damage to structures is directly related to the depth of floodwaters to
which they are exposed.
Additionally, floodwaters can make access to and from manufactured homes difficult both during and after a flood event and greatly increase the safety hazards of flooding. For this reason,
manufactured home installation in the floodplain is strongly discouraged within areas of increasing flood depths (greater than 2 to 3 feet) and high velocity flood flow (greater than 5
fps).
The duration of flooding is generally dependent on the flood source (size of the watershed),
the slope of the stream, and the type of flood event (e.g., hurricane, snow melt event).
Figure 4-2 shows a floodplain/floodway schematic. The floodway is generally the area where
floodwaters are deepest and have the fastest flow rate for most waterways. Development in the
floodway is restricted through floodplain management regulations and, in some communities,
it is prohibited. Under minimum NFIP regulations, in order to place a new structure within the
floodway, a floodplain development permit applicant must show that the development will not
result in any increase to the 1-percent annual chance flood elevation. In most situations, development in the floodway is not permitted by communities because it almost always leads to a
water surface elevation increase.

Figure 4-2. Floodplain/floodway schematic.
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4.4.1.2 Areas Subject to Landslides
In areas subject to landslides, placing manufactured housing away from steeply sloped portions
of a site, including relatively flat areas at the bottom of steep slopes, reduces exposure of the
structure to damage. This is an option where landslides occur as the result of increased stresses
from natural or manmade conditions. Some of the events or activities that can cause increased
stresses include heavy rainfall, rapid snowmelts, melting of permafrost, groundwater withdrawal,
soil liquefaction, and land development.

4.4.2 Design and Construction Techniques
A thorough review of design and construction techniques (as they relate to manufactured housing) and their applicability and feasibility is another consideration in the evaluation of site
alternatives. A site located in a hazard-prone area cannot be deemed suitable for manufactured
home installation if mitigation methods cannot be implemented at the site.

4.4.2.1 Flood-Prone Areas
Ideally, all manufactured homes should be located outside of the SFHA; however, if that is not
possible, manufactured homes located in the SFHA must be installed to resist damage from
flooding. Some questions for consideration in determining if design and construction techniques that prevent flood damage are feasible for a particular site follow:
n What are the flood risks for manufactured home installation at the site?
n Can structural fill be placed to elevate the site? If fill is placed, will it withstand forces from

velocity flows?
n If long-duration flooding is an issue at the site, can the foundation be designed and

constructed to resist long-duration floodwaters?
n Can the foundation be designed and constructed to withstand the expected design velocity

flows?
n Can adequate storm drainage be provided?

Chapters 9 and 10 of this guide present methods for the design and construction of manufactured home foundations installed in flood-prone areas.

4.4.2.2 Dam Failure Inundation Areas
In dam failure inundation areas, the decision to install a manufactured home at the site will depend on assessment of the inundation risk. In higher risk areas where dam failures can trigger
high flood depths and/or velocities, manufactured homes should be located elsewhere. High
velocity flood surges can overwhelm typical residential foundation systems, including those
used to support manufactured homes. However, in lower risk areas where relatively small flood
depths and velocities are anticipated, the developer should determine if a foundation can be
constructed that will provide adequate protection from expected inundation forces.
As with all hazards, safety issues such as warning times are also of vital importance.
4-12
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4.4.2.3 Areas Subject to Landslides
Although it is preferable to site housing outside of areas vulnerable to damage from landslides,
it might be feasible to undertake a grading project to reduce the risk of landslides. A developer
must determine if this is feasible and consider whether it would be cost-effective. Licensed professionals specializing in earth movement (geotechnical, structural, and/or civil engineering)
should be consulted.

4.4.2.4 Areas Subject to Seismic Events
For manufactured housing being placed in areas subject to seismic events, it is important to
consider whether or not the foundation can be economically designed and constructed to withstand the expected forces for a design seismic event. Additionally, the property owner must
consider the cost and effort of securing non-structural items in the manufactured home to
prevent them from being damaged or dislodged. Relatively heavy items like domestic water
heaters and HVAC units are particularly vulnerable to seismic events. Sewer, water, and gas lines
should be sufficiently flexible to allow the home to move without damaging them. Inspections
of manufactured homes after seismic events reveal that homes can be destroyed by broken utility connections (particularly natural gas connections) even where only minor damages occur to
the home’s structure.

4.4.2.5 Areas Subject to Wind/Debris Hazards
Manufactured housing being placed in areas subject to wind/debris events need to have a
foundation that is designed and constructed to withstand the expected forces associated with
a design wind event. In areas subject to seismic activity and wind, the design standard for the
hazard requiring the most resistance should be used. Even if the design of a foundation to meet
this requirement is cost- effective, the developer still must consider whether or not the manufactured home can withstand the forces expected from a design wind event and debris impact.

4.5 Step 5: Deciding on Property Development: Proceed or Reject
After reviewing the results of the data/information in Steps 1 through 4, deciding whether
property development continues is the last step. Is the property suitable for development and
for the installation of a manufactured home? If the siting evaluation shows that development
of the property is feasible, and a hazard analysis and risk assessment also indicates development
may be feasible, the proposed installation must be designed and constructed to adequately resist the hazard threat. If the proposed site satisfactorily addresses all of the conditions listed
above, the site can be considered suitable for manufactured home installation.
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5 Natural Hazards – Design
Considerations
Many regions in the U.S., such as coastal areas, are subjected to severe flooding and wind events
at the same time. Other areas are simultaneously subjected to snow and seismic loads. Manufactured homes can be subjected to more than one hazard at the same time and should be
designed to appropriate concurrent loading (or load combinations) based on ASCE 7 design
standards. However, Manufactured Home Construction and Safety Standards (24 CFR 3280) do not
require that designs include simultaneous flood and earthquake loads. The MHCSS specifies
that snow loads shall not be considered as simultaneously acting with the wind loads. HUD
standards also require that foundations for manufactured homes be designed to resist loads for
combined wind and flood events.
The first part of this chapter describes what kind of information is provided in FIRMs and FIS
reports. The remainder of this chapter describes the characteristics of several natural hazards
(flood, wind, and earthquake) that must be considered when making decisions about siting and
selecting a foundation system for a manufactured home.

5.1 Flood Data
FIRMs and FIS reports are two sources that can provide vital information about flooding characteristics. Both of these tools are generally available for viewing at community permitting offices
such as Zoning and Planning Departments or Building Permit Offices. The local permit official
can go over these tools and help to explain floodplain development requirements. These tools
are also available from FEMA’s Map Service Center and can be accessed online at http://store.
msc.fema.gov.
FIRMs provide key information about a property’s flood vulnerability by showing the extent of
the floodplain, the flood zone, the floodway (when floodway studies are performed), and the
BFE (for detailed studies). Figure 5-1 shows an example of a FIRM. For example, Point 1 (white
box) is located in the AE zone and has a BFE of 9 feet. For rivers and streams, FIS reports contain stream profiles that provide more accurate BFE data and should be used when determining
BFEs for manufactured home installations or other types of development.
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Base Flood Elevation

Flood Insurance Zone
ZONE AE
(EL 9)

Portion of
FIRM Panel

1
FIRM Title Box

Figure 5-1. Example of a FIRM.

There are two principal digital options for using flood maps. The simplest option is FIRM Scan
data. These are simply digital images of a map and are available everywhere FEMA has a published FIRM. FEMA provides tools to view these maps and create a FIRMette, which is a printout
of the area of interest, along with FIRM title block, scale bar, and north arrow. There is an online FIRMette tool that allows you to find, view, and print any map when you need it. There is
also a Desktop FIRMette tool that can be faster and easier to use if you frequently use the maps
for one area or need to use them without an internet connection. You can download or order
the FIRMette Desktop and FIRM Scans you need.
The second digital option is flood data in GIS format. GIS technology provides powerful abilities to create custom maps and perform sophisticated analyses. It also requires the user to have
specialized skills and software to use. FEMA now produces a GIS product called the DFIRM Database for use with all map updates. Beginning on or after October 1, 2009, FEMA will provide
a single paper flood map and FIS to each mapped community. FEMA will convert all other distribution of maps and FIS reports for digital delivery. FEMA will continue to provide free digital
map products and data to Federal, State, Tribal, and local NFIP stakeholders.
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FIS Reports
Several key components of an FIS report can help users identify specific flooding characteristics. For example, summary of discharge tables report the flow rate of water within streams
for a given frequency storm (Figure 5-2). These values can be used with updated topography
and cross-section information to conduct hydraulic modeling and to estimate updated flood
elevations. FISs generally generate water surface elevations for the 10-year (10-percent annual
chance), 50-year (2-percent annual chance), 100-year (1-percent annual chance), and 500-year
(0.2-percent annual chance) floods (Figure 5-3). Floodway data tables provide cross-section specific information, including the width of the floodway, mean floodway velocity, and the BFE
where there is no encroachment in the flood fringe (or the regulatory BFE) and where there
is full encroachment in the flood fringe (Figure 5-4). However, these tables are only available
when a floodway study has been performed. See Appendix C for additional information.
Figure 5-2. FIS
Summary of Discharges
table.



Hydraulic modeling can be performed to estimate updated flood elevations where new or more accurate topography
data are available. However, if the modeling shows lower flood elevations, they cannot be used for regulatory purposes
unless a map revision (e.g., Letter of Map Amendment (LOMA) or Letter of Map Revision [LOMR]) is granted.
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Figure 5-3. FIS Stream
Flood Profile.

Figure 5-4. FIS
Floodway Data table.
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5.2 Flood Characteristics
A variety of factors contribute to the type and strength of flood forces. For instance, structures
and their foundations are subject to different forces if they are flooded by standing or slowly
moving floodwater versus high velocity or wave action flooding. Similarly, factors such as the
duration of flooding and flood depth help to define how structures and foundations will be affected by flood events.

5.2.1 Frequency, Duration, and Rate of Rise
Frequency of flooding is the rate of flood occurrence at a particular location. This frequency is
the probability, expressed as a percentage, that a flood of a specific size will be equaled or exceeded in any year. For example, the flood that has a 1-percent probability (1 in 100) of being
equaled or exceeded in any given year is referred to as the “base flood” and sometimes called
the “100-year flood;” the latter term is simply a convenient way to express probability. The base
flood is particularly important for homeowners because it is used by the NFIP to determine
flood insurance rates and define regulatory floodplain management requirements.
A 1-percent annual chance flood is a probability term and does not mean that a flood will happen approximately once every 100 years. Nor does it imply that once a 1-percent annual chance
flood occurs there is little chance of another 1-percent annual chance flood occurring in the
near future. To the contrary, changes in climatic conditions, such as those caused by El Niño or
La Niña, often result in a cluster of floods that occur over relatively short periods of time at the
same location.
Manufactured homes located within the 100-year floodplain on a FIRM might also be in the
10- or 5-year floodplain and subject to even more frequent flooding. Although more frequent
floods such as the 10- or 20-percent annual chance flood (10- or 5-year flood) cause less damage to the manufactured home than the 1-percent annual chance flood, the repetitive damages
can result in significant financial loss to the homeowner. Data describing the extent of more
frequent but less intense flooding is also important in determining the foundation system most
appropriate for resisting forces imposed by the smaller floods.
Information about the base flood can be found in the FIS and the FIRM, including the flood
elevation and the extent of flooding. In areas where detailed studies have been performed,
flood elevation information may also be available for the more frequent 10- or 2-percent annual
chance flood as well as the less frequent 0.2-percent annual chance flood (500-year flood).
For historical flood events, flood frequency estimations are sometimes found in the FIS under
the Principal Flood Problems section. Documentation of past flood events is sometimes available from other Federal sources as well as State and local agencies. Table 5-1 lists such sources
and agencies.
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Table 5-1. Sources for Information About Past Flood Events

Other Federal Sources

State Agencies

Local or Regional Agencies

USACE Floodplain Information Reports

Departments of Environmental
Conservation/Protection

Flood Control Districts

USGS Water Resources Investigations

State Floodplain Management
Office

Levee Improvement Districts

Natural Resources Conservation
Service (NRCS) Watershed Studies

Departments of Natural
Resources

Local Planning Commissions

Federal Highway Administration
(FHWA) Floodplain Studies

Departments of Transportation

Local Public Works Departments

Tennessee Valley Authority (TVA)
Floodplain Studies

Departments of Water
Resources

Municipal Utility Districts

Geologic Surveys

River Basin Commissions
Water Control Boards

Flood duration is the time from the inundation to the recession of floodwaters. Flood duration provides an estimate of how long a manufactured home’s foundation (not the home itself,
assuming the home is properly elevated) will be subjected to pressures and forces exerted by
floodwaters, the degree of floodwater seepage, and the length of time that a structure may be
inaccessible and/or inhabitable for the occupants. For identical flood characteristics, long duration flooding is usually much more destructive than short duration flooding.
The rate of rise is a measure of how rapidly water depths increase during flooding. A slow rise
of floodwaters will allow seepage of water into a manufactured home (only if it is not elevated
above the flood level) and may prevent buoyancy forces from acting on a home. When water rises rapidly, however, there may be insufficient time for seepage, exposing the home to buoyancy
forces. The buoyancy forces could result in failure of the foundation, the floor, or the framing
of the home.
The rate of rise (and fall) also affects the amount of warning for an impending flood. For example, homeowners in the floodplains of large rivers like the Mississippi may know days in advance
of upstream flooding that will eventually reach their homes. But in the floodplains of streams
with high rates of rise, homeowners may have only a few hours’ notice (or none at all) of an approaching flood.
The rate of rise and fall is important in planning emergency evacuations and determining the
feasibility of emergency loss mitigation procedures. Although surrounding and upstream terrain is a good indicator of the rate, flooding duration for particular areas is best determined
from historical data and accounts of past flood events. This information might be available locally from accounts given by homeowners and local emergency management staff, or it may be
documented in the FIS or local, State, or Federal studies. See Table 5-1 for a list of potential
sources of information.
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5.2.2 Flood Elevation and Depth
The BFE is the elevation of the flooding, including wave height, if applicable (in V zones), having a 1-percent chance of being equaled or exceeded in any given year. The elevation of the
flooding is the floodwater’s height above or below an established reference datum. Ground elevation is the height of the ground surface also above or below an established reference datum.
The standard datum used by most Federal agencies and many State and local agencies are the
NGVD 29, and the NAVD 88; however, other datum are used. Ground elevations are established
by topographic surveys; flood elevations are calculated for a particular flood event. BFEs can be
found on FIRM panels where a detailed study has been performed, and should be estimated using the flood profile in the corresponding FIS.

BFE and DFE
Base flood elevation (BFE) – The water surface elevation resulting from the base, or 100-year (1 percent annual chance) flood.
Design flood elevation (DFE) – The elevation to which development in the regulatory floodplain is
built. At a minimum, the DFE is equivalent to the BFE. However, in some areas, the DFE includes an
additional freeboard height above the BFE as shown in the formula below.
DFE = BFE + Freeboard
Freeboard – An additional elevation requirement some height (1, 2, or more feet) above the BFE that
provides a margin of safety above the estimated BFE.
As indicated above, the minimum DFE requirement for NFIP communities is the BFE. However, in communities where a higher degree of protection is promoted or required, the DFE includes a freeboard
height above the BFE. This freeboard provides a margin of safety above the estimated BFE and against
extraordinary or unknown risks. As in all natural hazard events, the design event can only be predicted
in probabilistic terms and some uncertainties remain in any analysis. Freeboard is intended to allow for
those uncertainties. The NFIP encourages participating communities to adopt and enforce freeboard
requirements as part of their local floodplain management ordinance. This is shown in 44 CFR 60.1(d);
which states, “Any floodplain management regulations adopted by a State or a community which are
more restrictive than the criteria set forth in this part are encouraged and shall take precedence.”

Some flood zones are delineated by approximate methods without BFEs determined. When a
manufactured home is proposed on an approximate A zone site, the community must make
every effort to obtain, review, and reasonably utilize BFE data and floodway data from a Federal, State, or other source in order to provide a reasonable measure of flood protection in
accordance with 44 CFR 60.3(b)(4). If BFE or floodway data cannot be obtained from available
sources, the community should consider conducting or requiring the applicant to conduct a
site-specific engineering analysis to determine a BFE or floodway. FEMA has developed Quick2: Computation of Water Surface Elevations in Open Channels, which is useful in developing a BFE.
Quick 2 is available from the FEMA web site http://www.fema.gov/plan/prevent/fhm/dl_qck22.
shtm. If no BFE data are available through Federal, State, or other sources, communities must
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ensure that building sites will be reasonably safe from flooding for proposed developments. A
simplified method for estimating BFEs as well as other methods for ensuring a building site is
reasonably safe from flooding can be found in FEMA 265, Managing Floodplain Development in
Approximate Zone A Areas, A Guide for Obtaining and Developing Base (100-year) Flood Elevations. Additional guidance on approximate A zones and requirements for developing BFEs in subdivision
proposals and other proposed developments can be found in Section 3.6.1.
Flood depth is the difference between the water surface elevation and the grade elevation of the
flooded area (Figure 5-5). Any differences in datum between the flood elevation and the grade
elevation must be taken into account when calculating flood depths.
Many communities have adopted more stringent requirements for an additional elevation (e.g.,
1 foot, 1.5 feet, etc.) above the BFE. The additional height (or freeboard) is used to establish the
DFE. Freeboard provides a margin of protection above the estimated base flood.

5.2.3 Hydrostatic (Buoyancy) Forces
For manufactured homes that are not elevated to above the BFE or DFE, hydrostatic forces can
cause significant damages. Hydrostatic pressures are also a concern for enclosed areas underneath elevated manufactured homes.
When a body or a structure is immersed in water, the body is subjected to forces exerted by
the surrounding water. These forces are called hydrostatic forces and act perpendicular to the
surface on which they are applied. For example, hydrostatic forces exert lateral forces on vertical walls and vertical forces on horizontal floors.
The total vertical force (also called buoyancy force) on a submerged structure is equal to the
weight of the displaced volume of water. For each foot of fresh water submersion, a buoyancy
force of 62.4 psf is created. Salt water, with a greater density than fresh water, creates 64 psf for
each foot of submersion. That is
Fbuoy = γ x VOL
Where: γ

= specific weight of water (62.4 pcf for fresh water; 64 pcf for salt water)

VOL = volume of water displaced by the submergence object (ft3)
The lateral force of water acting against a surface is related to the water’s depth (d) and specific
weight (γ). Hydrostatic forces create a triangular loading on vertical surfaces with zero psf on
the water surface to a force equal to γ (pcf) multiplied by d (feet).
FL = ½ γ d2
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Where: FL = lateral force
γ

= specific weight of water (pcf)

d

= depth (ft)

d

FL =

		 FL is applied at a distance 2/3 d from the
water’s surface.
Hydrostatic forces act perpendicular to submerged surfaces. If the water depth is the same on both sides of a
wall, the lateral component of hydrostatic forces are
equal such that the resultant force is zero.

γ⋅

γ⋅d

If floodwater rises above the lowest floor, hydrostatic forces can lift an inadequately anchored
manufactured home off its foundation. If buoyancy forces exceed the weight of a manufactured home, the home will float off its foundation if it is not securely fastened to the foundation.
Floods do not need to be deep to displace a home. Flood depths of only 4 to 5 inches above the
lowest floor can be capable of floating unsecured manufactured homes off their foundations.
The walls and floors of manufactured homes are not typically designed to resist hydrostatic forces, which can cause extensive structural damage. Floodwaters in contact with a home generally
seep into it through openings around doors, windows, vents, and utility entrances. Floodwaters
inside the structure add weight to the structure, thus reducing the net buoyancy force of the
structure. Figure 5-5 shows hydrostatic forces acting on the walls and lowest floors below the
flood level. As illustrated in Figure 5-5, an effective method of avoiding damage from hydrostatic forces is to elevate the home above the flood levels.
Figure 5-5. Buoyancy
forces acting on a
structure.

5.2.4 Hydrodynamic Forces
Forces due to moving floodwaters are called hydrodynamic forces. The magnitude of these
forces depends on the floodwater depth, floodwater velocity, and the drag coefficient. Higher
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depths and velocities produce greater hydrodynamic forces. The drag coefficient is a function
of the shape of the body subjected to the hydrodynamic forces.
Moving floodwaters can cause foundation failure by pushing (sliding failure) (Figure 5-6) or
by overturning. Either can topple foundation elements and destroy a home. In addition, moving floodwaters can cause erosion and scour that can undermine foundation elements (Figure
5-7).
Figure 5-6. Failure due
to sliding.

Figure 5-7. A
manufactured home
destroyed by the
hydrodynamic forces of
flooding.

Flood velocity depends on the slope and roughness of the terrain. For example, water moves
faster along streams in steep mountains than streams in flatter areas, and water moves faster
over a parking lot with a paved surface as opposed to an area with dense vegetation or other obstacles. Flood velocities are not shown on the FIRMs, but can be found in the FIS for floodways
5-10

PROTECTING Manufactured Homes FROM FloodS AND OTHER HazardS
A Multi-Hazard Foundation and Installation Guide

NATURAL HAZARDS – DESIGN CONSIDERATIONS

5

where floodways have been studied. Mean floodway velocities can be obtained from the FIS by
matching the cross-section on the FIRM with the cross-section in the floodway data table. The
floodway’s mean velocity usually overestimates the flood velocity within the flood fringe; floodwaters generally move slower as they extend outward from the floodway. However, the floodway
velocities can be used as a general measure to determine cross-section locations within the
floodplain where floodwaters will move relatively faster or slower, and provide an upper limit
for velocities in the flood fringe. One of the best sources for flood velocities is records of past
flood events. In addition to the FIS, a list of potential sources for documentation of past flooding is included in Table 5-1.
Coastal areas are particularly hazardous because of flooding accompanied by wave impacts that
are associated with storm surges from coastal storms. Flow velocity can be further increased by
manmade or natural obstructions that restrict floodwaters and channel the flow.
The hydrodynamic force exerted by a fluid in the direction of the flow stream is defined as the drag force Fd.
Hydrodynamic forces are calculated as follows:
Fd =

Cd x A x γ x V 2

d

2g

Where: Fd = hydrostatic force (pounds)
Cd = dynamic coefficient (1.25 for round piers;
2.0 for square or rectangular piers; 1.4 for
continuous foundations)
γ = specific weight of water
g = acceleration due to gravity (32.2 ft/s2)

FL = ½ γ (d+dh)(d+dh)" and "γ (d+dh)"
NOTE: Formulas should be identical. Symbols should be "gamma" fo

FL = ½ γ
NOTE: Fo

V = floodwater velocity (fps)
A = projected vertical area submerged (sq. ft.)
			 A = d x w
			 w = width of the submerged object
An alternative approach to consider the dynamic effects of moving water is to use an equivalent
hydrostatic load approach. When water velocities are less than 10 fps, ASCE 7 permits adding an
equivalent surcharge water depth to the design flood elevation to simulate the hydrodynamic
load.
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The equivalent surcharge water depth (dh) is determined by:
dh=

Cd x V 2
2g

Where: Cd = dynamic coefficient (1.25 for round piers; 2.0 for square or rectangular piers;
			1.4 for continuous foundations)
V = average velocity of water (fps)
g = acceleration due to gravity (32.2 ft/s2)
Hydrodynamic forces apply to any portion of the home or its foundation exposed to moving
floodwaters. Elevating the home so that its lowest floor is at the BFE reduces the effects of hydrodynamic forces on the building envelope. However the floor framing, chassis frame, and
the foundation elements remain exposed to the hydrodynamic forces. For open foundations,
elevating the home so the lowest chassis frame member is at the BFE reduces the effects of hydrodynamic forces by reducing the number of components exposed to those forces during a
base flood event.

5.2.5 Erosion and Scour
Erosion is the result of moving waters removing soil from the ground surface. Scour is the result
of those moving waters removing soil beneath and around objects located in the path of flow.
Scour under and around building foundations and erosion of fill embankments can result in
foundation failure. For example, when Hurricane Ike struck Galveston, Texas, in 2008, several
homes were destroyed due to a loss of lateral support of pile foundations caused by scouring.
Moving floodwaters will erode soil around any obstruction placed in the flow until a maximum
scour depth is reached. The maximum scour is a function of flow velocity, soil particle size, and
obstruction geometry. Determining maximum potential scour is critical in designing a foundation system that prevents failure during and after flooding. In coastal areas, scour depth can be
significant due to both storm-induced erosion and localized scour resulting from storm surge.
Because storm-induced erosion is difficult to predict, local regulatory officials should be contacted for further information and historical perspectives.
Scour susceptibility is a function of foundation geometry, flow depth, flow velocity, and the soil
particle size. Fine grain soils (i.e., silts and clays) scour at a lower flow velocity than coarse grain
soils. Coarse grain, non-cohesive soils can erode and/or scour quickly, possibly reaching the ultimate scour depth in a single flood event. Fine grain, cohesive soils can scour just as deep but
take longer to reach the ultimate depth. It is important to note that foundations frequently are
well above the ultimate scour depth and that foundation undermining can occur in a relatively
short time period. Undermining of foundations can result in the collapse of the home.
Because flood velocities are not shown on FIRMs, the FIS must be consulted to determine flood
velocities, which are only provided for floodways. In some SFHAs, floodways and mean floodway
velocities have not been determined as part of the FIS.
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The preferred scour mitigation technique is to place the manufactured home’s foundation below the predicted ultimate scour depth. In areas where placing foundations below maximum
scour depth is not economically feasible, alternative scour protection methods include reinforcing foundation soils with large diameter materials such as coarse aggregate or riprap.

5.2.6 Debris Impact Forces
Floodwaters can transport objects of all types (e.g., trees, portions of flood-damaged buildings,
automobiles, boats, storage tanks, manufactured homes, etc.). In cold climates, winter floods
can also carry large pieces of ice. Substances such as dirt, oil, gasoline, sewage, and various types
of debris add to the dangers of flooding. Even when flow velocity is relatively low, large objects
carried by floodwaters can easily damage windows, doors, walls, and, more importantly, critical
structural components. As the flood velocity increases, the danger of damage from floodborne
debris also increases.
Waterborne debris impacts caused significant damage to buildings and enclosures, slabs, decks,
utilities, and other ancillary features when Hurricane Ivan struck the Florida panhandle and
coastal Baldwin County, Alabama in 2004. Manufactured homes typically are not designed to
withstand loads to walls or floor systems that may be exerted by attached carports, decks, porches, or awnings, although some manufacturers have designed homes that are “awning ready” to
provide a load path through the structure to handle the increased stresses. The alternative is
to build the attachments with adequately anchored foundations to resist these debris impact
forces.
Damages caused by floodborne debris impacting a manufactured home depend not only on
the weight and velocity of the debris, but also on the size and material. Historically, the forces
developed when floating debris hits a home have been estimated using the principles of conservation of momentum with impact duration of 1 second. Recent research, however, indicates
that the impact from floodborne debris occurs over intervals of only 0.01 to 0.05 second. Since
impact force is inversely proportional to duration (i.e., the shorter the duration, the larger the
impact force), historical methods may underestimate impact forces. Typical impact duration
ranges from 0.1 second for stiff foundations (such as concrete) to 1 second for flexible foundations (such as wood).
Fi = (W/g) x (Vb/t)
Where: Fi = impact force (pounds)
W = weight of floodborne object (pounds)
Vb = velocity of object (fps)
t = time for object to decelerate from Vb to zero (seconds)
g = acceleration due to gravity (32.2 ft/s2)
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ASCE 7-05 updates the methods of calculating impact debris forces. Recent research indicates
that the impact durations are much shorter and impact loads are significantly higher than
previously recommended. Foundations for manufactured homes located in SFHAs should be
designed to resist floodborne debris impact forces calculated based on the most recent edition
of ASCE 7 protocols.
The relatively light and frequently unreinforced foundation systems used to support and anchor manufactured homes are susceptible to impact damage from floating debris. The cost to
strengthen foundations, ground anchors, and anchor straps to resist debris impact may be economically impractical. An alternative method is to install additional foundation elements to
provide redundancy in the system. For example, reducing the frame span length by reducing
pier spacing allows the frame to span across a damaged pier without excessive deflections or failure. This method requires post-flood inspection and maintenance to repair or replace damaged
foundation elements to allow the home’s foundation to survive any subsequent events. Also, if
more foundation elements than what have been assumed are damaged, a finite risk of system
failure remains.

5.3 Wind
Design and installation of foundations
of manufactured homes is a controlling
factor on the homes’ ability to withstand
forces from wind events. Connections
used to secure the manufactured homes
to the foundations have historically lacked
the attention given to the manufacturing
of the homes themselves. Lack of proper
connections has caused numerous homes
to fail during high-wind events. Figures 58 and 5-9 are examples of wind damage to
modular and manufactured homes.
Several factors influence the direction and
magnitude of wind forces on a structure,
which should be considered in manufactured home foundation design.
When a structure is exposed to these
wind forces in combination with flood
forces, the damage potential is greatly
increased.
Figure 5-8. Failure of a modular home due to
high winds. The home lifted off of its foundation
(concrete slab) when the connections failed.
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Figure 5-9. A
manufactured home that
failed during a high-wind
event.

5.3.1 Wind Forces on Structures
The texture and roughness of the terrain, as well as its surface contours and topography, have a
profound effect on the wind loads. A structure in an open flat area with few trees and obstructions is likely to see a substantially higher wind load than one situated in a developed area with
numerous buildings or other obstructions. Similarly, a structure situated on a hilltop may be
subjected to significantly greater loads than one on flat terrain. All structures should be built to
withstand the forces caused by the strongest wind speeds likely to happen at the site.
The basic design wind speeds for the United States can be obtained from the map given in Figure 6-1 of ASCE 7. The wind speeds correspond to 3-second gust speeds in mph at 33 feet (10
meters) above the ground for open terrain with scattered obstructions having heights generally
less than 30 feet (9.1 meters), Exposure C category. This includes flat open country and grasslands.
When a building is exposed to wind, the wind flows over and around the building. This imposes
positive pressure on the windward side of the building and negative pressure (suction) on the
leeward side and roof of the building.

5.3.2 Wind Forces in Combination with Flood Forces
Damage potential is increased when wind forces are exerted on a structure in combination with
flood forces, as is often the case in coastal and mountainous areas. For example, tensile forces
can develop at the windward piers and the home can be lifted. If the windward piers are exposed to moving floodwaters, they can topple when no longer in contact with the home’s steel
frame.
Elevating a manufactured home to minimize the effects of flood forces does not significantly
increase the wind loads on the home.
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The HUD Model Manufactured Home Installation Standards require foundations to consider flood
and wind load combinations. Sections 2.3.3 and 2.4.2 in Chapter 2 of ASCE 7, Minimum Design
Loads for Buildings and Other Structures contain load combinations that should be used.

5.4 Earthquakes
Designing resistance of structures and foundations for earthquakes requires a different approach than that used for flooding and wind. Because earthquakes can affect internal building
elements without requiring penetration of the building like flooding or wind, there are design
considerations specific to earthquakes.
Often designing for wind load standards will allow a manufactured home installation to be adequate for protecting the home from earthquake forces. However, there are instances when
forces resulting from earthquakes can result in greater loads than those for wind.

5.4.1 Design Philosophy
Earthquake-caused ground accelerations cause forces on building elements attached to or into
the ground. Foundation movements are transmitted to structural and non-structural components. Consequently, exterior and interior building components should be designed for seismic
loads to be transferred to the remaining elements.
In the event of an earthquake, a structure will be simultaneously subjected to vertical and horizontal accelerations. The weight of a manufactured home on its foundation is not sufficient to
resist a moderate or severe earthquake. Therefore, the manufactured home and its foundation
should be properly connected to avoid damage during an earthquake event. Soil liquefaction
resulting from an earthquake is also an important consideration for earthquake design because
soil liquefaction is a major cause of damage in a seismic event. Refer to Chapter 6 for a discussion on liquefaction.

5.4.2 Design Standard
Regulations governing the construction and design of manufactured homes currently do not
specifically address seismic loads but rather specify loading requirements primarily to provide
basic wind resistance. However, seismic requirements exist in most model codes and standards.
Seismic requirements have been included in the Model Manufactured Home Installation Guide
(NFPA 225).
Historically, communities with low seismicity have considered wind load provisions as sufficient
for resisting seismic events. Although this may be true in the case of transverse loading (i.e.,
wind pressures acting on the long walls) where wind loads are high, it is often not the case with
longitudinal loading where wind loads are low. Also, the nature of seismic loading is greatly different than wind loading. These differences make comparisons between wind resistance and
seismic resistance tenuous at best.
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Studies list the following typical damages to manufactured homes during design earthquakes:
n Homes falling off support systems
n Damage to floors from piers puncturing them
n Disruption of gas, water, and electrical lines from seismic motions of the home
n Fire resulting from damaged water heaters, and gas and electric lines. (A simple and cost-

effective seismic mitigation measure for manufactured homes is to strap the water heater to
a wall to prevent it from falling over.)
For a manufactured home installed on a foundation system, providing adequate resistance to lateral movement, uplift, and rotation is very important. It is also necessary to provide tensile connections between the main frame and the piers supporting the home to resist all seismic forces.
Earthquake-resistant bracing systems (ERBSs) can be installed to minimize damage to the home,
but they do not provide the protection of a seismic-resistant foundation system. ERBSs are secondary supports that do not resist seismic forces, but rather allow the home to fall from its
primary supports and “catch” it before it hits the ground.
The State of California has had an ERBS certification program since 1987. To be certified, the
ERBS must be able to limit seismic movement and limit vertical drop of the manufactured
home to 2 inches. A list of certified ERBSs is available from the State of California, Department
of Housing and Community Development, Division of Codes and Standards. The price range of
ERBSs is from approximately $2,000 up to $5,000; the average cost of an ERBS is about $2,500.
The State of California also permits the use of other systems that do not require the home to fall
off supports, as is the case with ERBSs.

5.5 Evaluation of Multi-Hazards
Manufactured homes, like all buildings, can be simultaneously subjected to many natural hazards, and the combined effects of the forces generated from these hazards must be considered.
The different loads that must be considered in the design of a manufactured home foundation
are shown in Table 5-2.
Table 5-2. Load Combination Nomenclature (ASCE 7)

Nomenclature

Load Description

D

Dead load

L

Live load

F

Load due to fluid with well-defined pressures and maximum heights

Fa

Flood loads

H

Load due to lateral earth pressure, groundwater pressure, or pressure of bulk
materials

T

Self-straining force
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Table 5-2. Load Combination Nomenclature (ASCE 7) (continued)

Nomenclature

Load Description

Lr

Roof live load

S

Snow load

R

Rain load

W

Wind load

E

Earthquake load

Load combinations are used in the design process to take into account the simultaneous occurrence of different hazards. Manufactured homes and their foundations should be designed to
the load combinations indicated by the applicable building code for the area. In the absence of
a building code, the manufactured home should be designed in accordance with the load combinations given in ASCE 7.

5.5.1 Load Combinations (ASCE 7)
5.5.1.1 Strength Design (Load and Resistance Factor Design)
Strength design is defined as a method of proportioning structural members such that the computed forces produced in the members by the factored loads do not exceed the member design
strength.
According to ASCE 7, the basic load combinations for strength design (using the nomenclature
in Table 5-2) are as follows:
1. 	1.4(D+F)
2. 	1.2(D+F+T) + 1.6(L+H) + 0.5(Lr or S or R)
3. 	1.2D + 1.6(Lr or S or R) + (L or 0.8W)
4. 	1.2D + 1.6W + L + 0.5(Lr or S or R)
5.

1.2D + 1.0E + L + 0.2S

6.

0.9D + 1.6W + 1.6H

7.

0.9D + 1.0E + 1.6H

When a structure is located in a flood zone, the following load combinations must also be considered:
1. In V zones or Coastal A zones, 1.6W in combinations (4) and (6) shall be replaced
with 1.6W + 2.0Fa.
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2. In non-Coastal A zones, 1.6W in combinations (4) and (6) shall be replaced by 0.8W
+ 1.0Fa.

5.5.1.2 Allowable Stress Design (also known as Working Stress Design)
Allowable stress design (ASD) is defined as a method of proportioning structural members such
that computed stresses produced in the members by nominal loads do not exceed specified allowable stresses.
According to ASCE 7, the basic load combinations for ASD are as follows:
1. D + F
2. D + H + F + L + T
3. D + H + F + (Lr or S or R)
4. D + H + F + 0.75(L + T) + 0.75(Lr or S or R)
5. D + H + F + (W or 0.75E)
6. D + H + F + 0.75(W or 0.7E) + 0.75L + 0.75(Lr or S or R)
7. 0.6D + W + H
8. 0.6D + 0.7E + H
When a structure is located in a flood zone, the following load combinations must be considered:
1. In V zones or Coastal A zones, 1.5 Fa shall be added to other loads in combinations 5,
6, and 7 and E shall be set equal to zero in 5 and 6.
2. In non-Coastal A zones, 0.75Fa shall be added to combinations 5, 6, and 7 and E shall
be set equal to zero in 5 and 6.
Either ASD or strength-based design can be used for manufactured housing. In both design
methods, wind and seismic loads need to be evaluated. In addition, increases in allowable
stress shall be used with these load combinations where allowed by the locally adopted building
code.
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6 Soils
Soil properties can significantly impact manufactured homes exposed to flooding. Properly
determining soil type and allowable bearing capacity is important for the selection and performance of the foundation. It is recommended that a geotechnical engineer make these
determinations. For example, highly erodible soils are not desirable as fill for elevating a structure in a high velocity area because it can be washed away by moving floodwaters. Other soils
lose strength as moisture content increases, reducing a foundation’s load capacity. This chapter
discusses the effect of flooding on soil properties.

6.1 Bearing Capacity
Bearing capacity is a soil’s capability to support load without catastrophic failure. Bearing capacity is derived from the soil shear strength, which is expressed as:
s = c + ρ (tan φ)
Where s = soil shear strength
		

c = soil cohesive strength

		

ρ = lateral confining pressure

		

φ = soil angle of internal friction

The general bearing capacity equation is:
q = (γb/2)Nγ + cNc + ρNρ
Where q = soil bearing capacity
		

γ = unit weight of soil

		

b = footing width

		

Nγ = bearing capacity factor for soil density and footing size

		

Nc = bearing capacity factor for cohesion

		

Nρ = bearing capacity factor for surcharge

As previously discussed, soil strength frequently changes as a function of moisture content. In
granular soils, as moisture content approaches saturation (i.e., intergranular voids are 100
percent filled with water), the effective unit weight is reduced, thus reducing the confining pressure (ρ).
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For preliminary design purposes, allowable bearing capacities can be established based on
national model codes, local building codes, and soil surveys. Local officials may also have information on soil types and soil bearing capacities.
Soil classifications of a general nature and a typical range of their maximum allowable bearing capacities can be found in publications such as the IBC ( 2009 Edition), NFPA 5000 (2009
Edition), and NFPA 225 (2009 Edition). These documents can provide the allowable bearing
pressures considered sufficient to support foundations at well drained sites. Excessive foundation movement or settlement may occur where unusual soil or moisture conditions are
encountered. A geotechnical engineer should be consulted when unusual soil or moisture conditions are present.

6.2 Effects of Flood Duration and Frequency on Soil
For granular soils located below the water surface, the effective confining pressure (ρ’) is used
to determine the effective shear strength’. The effective confining pressure is calculated using
the effective unit weight of the soil where:
γ’ = γs – γw
γ’ = effective unit weight of soil
γs = total unit weight of soil and
γw = unit weight of water
The submerged weight can be estimated as about half of the total weight of many granular soils.
The angle of internal friction (φ) is not appreciably changed by submergence. Therefore, if the
water table rises from a depth greater than the width of the footing to the ground surface, as
can be the case of flooding, the bearing capacity of the soil is reduced by approximately 50 percent.
Cohesive soils (silt and clay) are bound together by electrochemical bonds between individual
particles. Increasing the moisture content can change the distance between particles, decreasing the strength of the inter-particle bonds. The decrease in bond strength results in a decrease
in cohesion and a loss of shear strength.

6.3 Soil Liquefaction
Seismic soil liquefaction is an important consideration for earthquake design because soil liquefaction can be a major cause of damage in a seismic event. Liquefaction is defined as the
significant loss of strength resulting from an increase in soil pore pressure. Seismic vibrations
act to realign soil particles into a denser configuration. The realignment decreases the inter-particle void space, thus increasing the water pressure in the voids. The increase in water pressure
6-
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has the effect of decreasing the effective strength of the soil. A sufficient increase in pore pressure can reduce the effective strength to zero, at which time the soil mass behaves as a liquid.
The loss of shear strength in soils supporting buildings can be catastrophic. Building foundations can slide or unevenly settle, bridges can collapse, and empty fuel tanks buried under
ground can rise to the surface.
Liquefaction-induced soil movements can push foundations out of place to the point where the
manufactured home will lose support.
Loose clean sands with relatively few fines, and silty soils with little or no clay, are vulnerable to
seismic induced liquefaction. It is necessary to identify the presence of liquefaction susceptible
soils expected to support building foundations, and design the manufactured home foundation
accordingly.
To reduce liquefaction hazards, the best approach is to avoid construction on soils susceptible
to liquefaction. Other options such as making the structure liquefaction resistant or improving
the strength, density, and/or drainage characteristics of the soil are probably not economical
for most manufactured home sites.

6.4 Recommended Soil Testing and Criteria for Manufactured
Home Installations
Shallow subsurface investigations should be conducted to evaluate the soil bearing conditions
at the proposed manufactured home site. An experienced geotechnical engineer can conduct
an appropriate investigation using hand augers, field strength tests, and visual classification
methods. Field strength testing includes dynamic cone penetration tests, pocket penetrometer
tests for cohesive soils, and torvane tests for granular soils. The investigation should evaluate
soils to a depth of twice the width of the bearing surface or 5 feet, whichever is greater. The investigation will provide information on soil type and bearing capacity.
When footings are eccentrically loaded, the effective bearing area is reduced so footing sizes
must be increased accordingly. Eccentric loading occurs when piers are not centered over footings and when a manufactured home frame is not centered on its pier. Eccentrically loaded
foundation conditions should be avoided.
Ground anchors consist of a specific anchoring device designed to transfer home anchoring
loads to the ground (24 CFR 3285.5). Axially loaded ground anchors support loads by mobilizing soil shear strength along a subsurface shear plane. Ground anchors loaded non-axially
resist loads through both the axial shear strength and passive soil resistance against the horizontal component of the non-axial load. Development of passive soil resistance requires some soil
movement. The required movement will generally result in larger total movement in non-axially loaded anchors than axially loaded anchors in the same soil conditions.
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7 Ground Anchors
Both the NFIP regulations (44 CFR 60.3) and the HUD Model Manufactured Home Installation
Standards (24 CFR 3285.305) require that manufactured homes installed in flood-prone or
SFHAs be anchored to resist flotation, collapse, or lateral movement.
Ground anchors consist of a specific anchoring assembly designed to transfer home anchoring
loads to the ground (24 CFR 3285.5). They are used extensively in manufactured home installations. Ground anchors are economical, readily available, and can be installed with relatively
lightweight tools and equipment.
Ground anchors have potential limitations. One significant limitation arises from multiple soilanchor response mechanisms as a function of soil type, anchor depth, and load configuration.
Ground anchors have historically been allowed to move up to 3 inches horizontally or 2 inches
vertically as the basis for determining acceptable performance. (Appendix E of the IRC established a ground anchor moving 2 inches in the direction of pull of the load as being acceptable.)
When a manufactured home is secured with ground anchors, it too can move up to 3 inches
when exposed to flood, wind, or seismic events.
Three inches of horizontal movement can produce eccentrically applied loads on piers under
a home, which can cause the piers to topple and the home to collapse. Two inches of vertical
movement can allow the home to lift and lose contact with the supporting piers. Unless the
home is securely fastened to the piers and the piers constructed as monolithic units, the loss of
contact can make the piers vulnerable to being displaced by moving floodwaters.
Ground anchor movements of several inches can have significant negative impacts on long-term
performance. In cohesive soils, such anchor movements in a vertical direction can approach or
exceed the soil’s shear strength. In such cases, the ground anchor is supported by the soil’s residual shear strength, resulting in a decrease in anchor capacity. In granular soils, large lateral
movements may produce failure planes that can reduce the strength on the vertical direction.
Anchor assemblies, including ground anchors, should be inspected periodically, especially after
hazard events. Loose anchor straps need to be retightened, and loose or failed anchors need
to be reset or replaced. If movement has made the manufactured home structurally unstable,
it should be reset to center it on its supporting piers. If this maintenance is not performed, the
anchor assembly may fail during subsequent hazard events, resulting in significant damage to or
destruction of the home. Tightening ground anchor straps typically costs a few hundred dollars
or less. Replacing anchors or resetting a home is estimated to cost at least $1,000.



44 CFR 60.3(a), 44 CFR 60.3(b), and 24 CFR 3285.305 use the phrase “flotation, collapse or lateral movement.”
44C FR 60.3(c) uses the phrase “flotation, collapse and lateral movement." To account for both usages, this publication uses “or.”
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7.1 Types of Anchors and Installed Configurations
7.1.1 Types of Anchors
Several styles of anchor assemblies are available that can adequately secure a manufactured
home to resist flood, wind, and seismic forces. Helical earth anchors, cast-in-place concrete footings, drilled concrete anchors, and cross drive anchors are just a few of the types available.

7.1.1.1 Helical Earth Anchors
Helical earth anchors are designed to be augured (screwed) into the ground and are often referred to as ground anchors. Helical earth anchors typically consist of a shaft, head, and one or
more helixes. The head is used for installing and fastening the anchor to the home, and tensioning the anchor. Toward the bottom of the shaft, there is one (single) or more helical disks
for the anchor to be screwed into the soil. The helix provides much of the anchor’s load capacity. The typical lengths of helical ground anchors are 30, 36, 48, and 60 inches.
Helical anchors also may be installed with stabilizer plates to increase the lateral capacity of the
anchor by enlarging the surface area used to develop passive soil resistance.

7.1.1.2 Concrete Anchors
Concrete anchors use dead weight of a concrete footing or a combination of concrete weight
and soil uplift resistance. Uplift resistance can be increased by the use of drilled concrete piers.
In both cases, the home must be securely attached to the concrete elements using anchor bolts,
tie-rods, or other structural connection. Anchor attachments placed in concrete must be installed with adequate depth to develop the required strength. The load capacity of the anchors
must be sufficient to resist applicable design loads.

7.1.1.3 Cross Drive Anchors
Like helical ground anchors, cross drive anchors
are constructed with a head secured to a metal
shaft. Cross drive anchors are shafts driven into
competent soils to develop their resistance. As
their name implies, cross drive anchors are driven in pairs that form an “X” or cross (Figure
7-1). The heads of the anchors are secured to the
home with metal straps.

Figure 7-1. Cross drive anchor. (Courtesy of Tie Down
Engineering)
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7.1.2 Anchor Construction and Capacity
Steel ground anchors are the most common anchor assembly application for manufactured
home installations. Ground anchors are typically constructed with a circular shaft of one or
more helixes; a head connects at the opposite end of the anchor, which then connects to the
home’s frame and/or sidewalls with steel straps or cables. Anchor shafts are typically 5/8 inch
to 3/4 inch in diameter, and helixes range from 3 inches to 8 inches in diameter. Most anchors
used for manufactured home applications have one helix, although anchors with two to four
helixes are available (Figure 7-2).
Figure 7-2. Single and
double helix ground
anchors with strap
connection and single
helix anchor with a
closed-eye connection.

Most anchor heads are “U” shaped and contain predrilled bolt holes. The bolts connect the
anchor to the home’s frame or sidewalls with 1¼-inch anchor straps. Some anchors have heads
with closed eyes for cable connections. The bolts in “U” shaped anchor heads can be used to
pre-tension the anchor. Pre-tensioning an anchor with closed-eye heads requires using other
devices like turnbuckles.
HUD requires anchoring equipment and anchoring assemblies to be capable of resisting allowable minimum working loads of 3,150 pounds and ultimate loads of 4,725 pounds without failure
of either the anchoring equipment or the attachment point on the manufactured home.

7.1.3 Anchor Selection
Ground anchors should be selected based on the specific soils conditions at the manufactured
home site. Short anchors with smaller helixes may be used in firm, well compacted soils. Longer
anchors or anchors with larger or multiple helixes are required in weaker soils.
Most anchors are selected based on standard torque probe tests conducted at the site. During
those tests, a 5-foot long auger probe is screwed into the ground to the approximate depth of
the anchor helix. A torque wrench measures the torque required to advance the probe. The
resulting torque value is used to classify the soils and select an appropriate anchor based on
PROTECTING Manufactured Homes FROM FloodS AND OTHER HazardS
A Multi-Hazard Foundation and Installation Guide

7-

7

GROUND ANCHORS

recommendations of the anchor manufacturers. Table 7-1 depicts how one anchor manufacturer classifies soils for anchor selection.
Table 7-1. Soil Classifications Using a Standard Torque Probe (STP)  

7.1.4 Anchor Installation
Anchors can be machine-installed or handinstalled. Machine installation involves using
portable torque equipment to rotate and advance the anchors into the supporting soils.
Figure 7-3 shows an electric installation device, also known as a portable anchor drive
machine.
Hand installation involves excavating holes
for the anchors, placing the anchors into
the holes, and then backfilling and compacting the removed soil. Hand installation
Figure 7-3. Electric anchor drive machine.
disturbs significantly more soil than machine
(Courtesy of Tie Down Engineering)
installation and reduces anchor load capacity. Manufacturers typically limit the depth of
pre-drilling to two-thirds the anchor length. They also recommend against hand installations in
areas with poor soils.
Anchors are typically installed vertically or inclined slightly from vertical to facilitate installation.
Typical inclinations range from approximately 5 to 15 degrees from vertical. Where required,
stabilizer plates are installed adjacent to the anchor shaft (Figure 7-4). This allows anchors to
7-
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be installed after the manufactured home is positioned and locates the exposed anchor heads
behind the manufactured home’s skirting. Anchor straps are then installed to the manufactured home frames and, in HUD Wind Zones II and III, to the wall ties installed when the home
is fabricated. When used in this configuration, stabilizer plates are installed to provide additional lateral resistance for the anchor assembly.
Figure 7-4. Typical
ground anchor
installation.

When fastened as vertical wall ties and loaded axially, ground anchors may be used without
stabilizer plates. When ground anchors are used with some proprietary foundation systems, anchors can be installed 45 degrees to the horizontal and loaded axially (Figure 7-5).

7.1.5 Anchor Performance
The capacity of anchoring systems is a function of the soil response to loads applied to the anchor assembly. For ground anchors, important geotechnical considerations include soil type or
classification, soil shear strength, load-deformation characteristics (i.e., modulus of subgrade
reaction, or stiffness), and moisture condition. Research has identified additional considerations impacting the capacity and performance of ground anchors, including anchor geometry,
anchor depth, anchor orientation, and direction of load relative to that orientation.
Soil response mechanisms are different for axially and non-axially loaded ground anchors. Soil
response for axially loaded ground anchors is the result of shear stresses along the failure plane.
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Figure 7-5. In line ground
anchor installation.  

Failure occurs when the stresses exceed the soil shear strength. The geometry of the failure
surface varies based on the critical depth of the anchor. Ground anchors with an embedment
depth less than the critical depth to anchor base width ratio ((D/B)cr) respond as a shallow
foundation. Ground anchors with a depth greater than (D/B)cr respond as a deep foundation.
Non-axially loaded ground anchors resist lateral movement by mobilizing the passive resistance
of the surrounding soil. As small diameter rods develop little passive soil pressure resistance,
stabilizer plates are used in the contact area to increase the passive resistance and reduce movement.
Figure 7-6 plots anchor load (in pounds) as a function of anchor head displacement (in inches),
and shows the typical response for an anchor installed vertically and loaded axially. A test load
of 6,000 pounds resulted in a movement of less than 2 inches. The graph also indicates that little
or no movement occurred at loads less than about 225 pounds.
Vertical, axially loaded anchors are relatively efficient. The soil shear failure is a symmetrical,
roughly truncated cone extended from the anchor bearing plate to the ground surface. Nonvertical, axially loaded ground anchors are somewhat less efficient due to the asymmetrical
shape of the shear failure surface. The asymmetry is the result of the shallow depth at the top
side of the anchor relative to the bottom side.
Movements of axially loaded anchors are proportional to the applied loads. The load-movement
is approximately linear in granular or non-cohesive soils. Cohesive soils tend to be less linear,
particularly as the amount of clay in the soil increases. Soil related anchor failure in granular
soils may occur rapidly and may cause ground surface movements around the anchor. Anchors
in cohesive soil typically fail more slowly.
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Figure 7-6. Typical response for an axially loaded anchor.

Anchor failure may also result from weld failure between the anchor shaft and the anchor head,
weld failure between the shaft and the helix, collapsing of the anchor helix, or metal tearing
around the anchor head strap bolts.
Anchors used with stabilizer plates respond differently than axially loaded anchors. Figure 7-7
shows the typical response for non-axially loaded anchors used with stabilizer plates. The small
diameter shaft does not create much passive resistance in the soil; therefore, small loads produce relatively large movements. After the anchor shaft contacts the stabilizer plate, lateral
movement as a function of load decreases significantly as a result of a larger area of passive resistance mobilized by the stabilizer plate. After the shaft contacts the stabilizer plate, stiffness,
as indicated by the slope of the load vs. movement curve, increases significantly. However, the
apparent stiffness, as indicated by the slope of the curve, remains less than axially loaded anchors.
For both axially and non-axially loaded anchors, the design stiffness should be selected to account for the variability of individual anchor performance during anchor tests, including an
assessment of the upper limit of the applicability of the stiffness factor.
Shear strength in saturated soil is typically less than in non-saturated soils. Thus, anchors in
saturated soils have a lower load capacity than non-saturated soils, and may exhibit decreased
stiffness, especially in clays.
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Figure 7-7. Typical response for a non-axially loaded anchor used with a stabilizer plate.

7.1.6 Anchors and Other Foundation Elements
Ground anchors are used with masonry piers, wood posts, or steel jack stands. For satisfactory
performance, the piers, posts, and stands must function with relatively large displacements that
the anchors may experience when subjected to flood, high-wind, or seismic loads. Large displacements are especially likely for non-axially loaded ground anchors. If subjected to relatively
large movements, many foundation components cannot maintain their integrity. Piers, for example, can experience failure due to sliding of unmortared blocks or overturning of reinforced
piers supported on ground surface pads (Figure 7-8).

7.2 FEMA Anchor Test Program
7.2.1 Anchors in Saturated Soils
Flooding can decrease soil shear strength and change the subsurface hydrostatic pressures as
a result of an increase in the pressure gradient. The two mechanisms affect ground anchor
performance differently. The effects are a function of soil characteristics, anchor end plate diameter, installation depth, and change in hydrostatic pressure. Research has indicated that, for
a fixed depth, the ultimate capacity of screw anchors in dry sand is higher than screw anchors in
submerged conditions. The impact of the reduction in capacity is significantly greater for shallow anchors than for deep anchors.
In 2002, FEMA participated in a field test program of 120 anchors to provide performance data
for developing pre-engineered foundation designs using ground anchors. Sixty anchors were
tested in a saturated site, and 60 anchors were tested in an adjacent dry site as a control group.
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Figure 7-8. Failed
foundation system that
used masonry piers.

The results generally support the findings of previous research and have been used to develop
the foundation designs included in this guide.
The tests were conducted by representatives from FEMA and its engineering consultants,
HUD, the Manufactured Housing Institute (MHI), Florida Manufactured Housing Association
(FMHA) and several ground anchor manufacturers (Tie Down Engineering, Oliver Technologies, Minute-Man, and Style Crest).

7.2.2 Anchor Test Results
Tables 7-2 and 7-3 contain the test results for dry site anchors and wet site anchors, respectively.
Figure 7-9 shows three anchor configurations described in Tables 7-2 and 7-3. The data shown
are for anchor stiffness or the amount of load the anchors develop per inch of anchor head
movement. The data are raw data and are not indicative of design or working load values.
The data also include the standard deviations for the data groups. The data show that the performance of individual ground anchors varies significantly from the average performance of
the group of anchors. This variance, or “spread” in ground anchor performance has a significant effect on appropriate design values. The greater the relative spread in individual anchor
performance, the lower the appropriate design value.
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Table 7-2. Dry Site Anchor Data

Anchor Stiffness (pound/inch)
Anchor Style and Installation

Min

Max

Average

Standard
Deviation

5-foot anchor installed at 45° and loaded
axially (Figure 7-9a)

1,505

3,283

2,426

543

5-foot anchor installed vertically and loaded
axially (Figure 7-9c)

1,774

6,639

3,801

1,394

5-foot anchor installed 15° from vertical and
used with an 11-inch by 17-inch stabilizer plate
(Figure 7-9b)

1,006

2,001

1,475

294

4-foot anchor installed 15° from vertical and
used with an 8-inch by 24-inch acrylonitrile
butadiene styrene (ABS) stabilizer plate
(Figure 7-9b)

1,019

2,612

1,721

497

817

1,614

1,197

257

4-foot anchor installed 15° from vertical and
used with an 11-inch by 17-inch stabilizer plate
(Figure 7-9b)

Table 7-3. Wet Site Anchor Data

Anchor Stiffness (pound/inch)
Anchor Style and Installation*

Min

Max

Average

Standard
Deviation

5-foot anchor installed at 45° and loaded
axially (Figure 7-9a)

2,874

9,019

5,506

1,829

5-foot anchor installed vertically and loaded
axially (Figure 7-9c)

2,166

6,581

4,112

1,391

5-foot anchor installed 15° from vertical and
used with an 11-inch by 17-inch stabilizer plate
(Figure 7-9b)

833

1,412

1,094

193

4-foot anchor installed 15° from vertical and
used with an 8-inch by 24-inch ABS stabilizer
plate (Figure 7-9b)

655

2,006

1,538

370

1,024

1,894

1,319

300

4-foot anchor installed 15° from vertical and
used with an 11-inch by 17-inch stabilizer plate
(Figure 7-9b)
* See Figure 7-9.

Note that anchor stiffness values are based on the linear portion of the load deflection data. In
most cases, the non-axially loaded anchors’ significant movements occurred prior to reaching
the linear response range. It should also be noted that the upper and lower limits of applicability of the stiffness values have not been fully evaluated. For axially loaded anchors in dry sand,
the linear zone appears to exceed 6,000 pounds, about the limit of the test. Vertically loaded
vertical anchors in wet sand had similar results; however, axially loaded anchors installed at 45
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degrees in wet sand had an upper limit of about 4,500 to 5,000 pounds. Similar differences were
observed for inclined anchors.

Figure 7-9. Three
graphics showing the
anchor configurations
described in Tables 72 and 7-3. From left to
right, they are (a) ground
anchor installed at 45
degrees and loaded
axially, (b) ground
anchor installed at 15
degrees from vertical and
loaded 45 degrees from
horizontal, and (c) ground
anchor installed vertically
and loaded axially.

7.3 Recommended Ground Anchor Certification, Performance, and
Design Values
7.3.1 Recommended Ground Anchor Certification Performance
Currently, there is no consensus based standard protocol for certifying ground anchors used to
anchor manufactured homes. Some States have developed certification procedures and a task
group under HUD’s Manufactured Housing Consensus Committee (MHCC) has been working
on a Ground Anchor Test Protocol (GATP) for certifying ground anchors. Although no standard protocol had been completed at the time this guide was published, the ground anchor
design strengths included in this guide assume that the ground anchors will achieve a level of
performance that can be relied upon to anchor the home and resist applied loads from a design event.

7.3.2 Recommended Ground Anchor Design Values
The following data present recommended ground anchor design values for use when ground
anchors have not been load tested or otherwise certified for a specific capacity. The information, while limited, is based on the best available data from the FEMA ground anchor testing
program. FEMA’s testing program gathered data on ground anchor performance and soil saturation effects, and was conducted on sandy Class 4b soils.
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The recommended design loads contained in Table 7-4 were developed by applying the statistical factors required to produce a design load that provides a 10 percent lower exclusion limit
with a 90 percent confidence level. The factors were applied to the FEMA test data.
Table 7-4. Recommended Design Loads – from FEMA Ground Anchor Testing Program

Anchor Style and Installation – FEMA Tests

Recommended Design Load (pounds)

5-foot anchor installed at 45°and loaded axially

3,150

5-foot anchor installed vertically and loaded axially

3,000

5-foot anchor used with an 11-inch by 17-inch stabilizer plate

2,000

4-foot anchor with an 8-inch by 24-inch ABS stabilizer plate

2,000

4-foot anchor used with an 11-inch by 17-inch stabilizer plate

2,000

Recommended design stiffness values were selected that provide a 90 percent confidence level;
this means that no more than 10 percent of individual anchors would provide resistances less
than design values. This level of statistical performance is less conservative, but similar to statistical performance levels applied to other structural materials like steel or concrete.
The lowest stiffness values from the dry and wet sites were selected for design. Generally, the dry
site values controlled for axial pull anchors while the saturated site anchor values controlled for
anchors using stabilizer plates. Table 7-5 lists the recommended design stiffness for the anchors
tested.
Table 7-5. Recommended Design Stiffness for Tested Anchors

Anchor Design
Stiffness
(pound/inch)

Controlling Soils

5-foot anchor installed at 45° and loaded axially

1,200

dry

5-foot anchor installed vertically and loaded axially

1,010

dry

5-foot anchor used with an 11-inch by 17-inch stabilizer plate

675

wet

4-foot anchor with an 8-inch by 24-inch ABS stabilizer plate

708

wet

4-foot anchor used with an 11-inch by 17-inch stabilizer plate

659

wet

Anchor Style and Installation

With a 3-inch displacement, the axially loaded anchors provide working loads greater than
the 3,150-pound loads required by HUD (e.g., 1,200 pounds/inch x 3 inches = 3,600 pounds).
However, the anchors with stabilizer plates provide only about two-thirds of the HUD required
capacity. The anchor stiffness values in Table 7-5 are based on the linear portion of the load-deflection curve. Designers need to evaluate potential deflections at loads below the linear range,
particularly for inclined anchors loaded non-axially.
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7.4 Ground Anchors in Seismically Active Areas
While data exist on the performance of ground anchors in static saturated soils, no definitive
testing has been completed that predicts how ground anchors will perform in saturated soils
during a seismic event. Seismic events can result in soil liquefaction, particularly in fine sands
like those in the test program. Liquefaction may result in a significant and potentially total loss
of anchor capacity during a seismic event. A registered engineer should be consulted to evaluate the liquefaction potential at the proposed manufactured home installation site.
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8 Foundation Systems
8.1 Introduction
Properly designed and constructed manufactured home foundations can significantly reduce
the potential for damages from flooding, high winds, and seismic events. Many styles of foundations are available for supporting manufactured homes. Continuous perimeter walls, constructed
of concrete, masonry, or treated wood; concrete or masonry piers; wood posts and piles; and
systems consisting of piers and ground anchors are some of the options available to a manufactured homeowner and installer.
To be effective, manufactured home foundations must perform the following:
n Support the weight of the home, its contents, and its occupants
n Resist design loads from wind, snow, seismic events, and moving floodwaters
n Elevate the home sufficiently to prevent losses from a design flood event

Elevated foundations are classified as enclosed or open. As the name implies, enclosed foundations enclose the space below the elevated home. Perimeter masonry, concrete, or sheathed
wood walls are enclosed styles. Open foundations consist of a system of individual members that
support the home only at discrete locations. Pier, post, and pile foundation systems are open
systems. Many open foundations have a non-structural skirting to enclose the space below the
home. The skirting is primarily for aesthetics and does not add to the strength of the foundation. Skirting can help to protect piping installed below the home from freezing and reduce
both heat loss from the home and the potential for animal or insect entry into the home.
Selecting an appropriate foundation system depends on a number of variables, including the
building site conditions (elevation, slope, access restrictions, drainage); the flood zone; the
design loads (wind, flood, snow, and, if appropriate, seismic) at the site; the availability of materials; on-site soil characteristics; local construction practices; and cost. Whatever foundation
system is chosen, both the HUD Code and NFIP require a foundation to resist flotation, collapse,
or lateral movement during a design event to prevent damages to the home and surrounding
structures. Tables 8-1 through 8-3 at the conclusion of this chapter provide guidance to the selection of appropriate manufactured home foundation systems as a function of flood depth and
flow velocity.
Proprietary systems are also an option for the manufactured homeowner. Proprietary systems
are discussed in Section 2.2.2 and the system must meet the design and performance criteria
described in Chapter 9.
More information on proprietary foundations is contained in the SBRA’s Guide to Foundation
and Support Systems for Manufactured Homes available at http://www.research-alliance.org/pages/
foundations_guide.htm.
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8.2 Enclosed Foundations
Enclosed foundations consist of perimeter foundation walls placed on continuous footings. The
walls enclose the area below the living space of the home (Figure 8-1). Perimeter walls are commonly constructed of concrete, masonry, or wood. Enclosed foundations are occasionally used
to raise manufactured homes, often creating the appearance of a site-built home (Figure 8-1).
Figure 8-1. A
manufactured home
elevated on a perimeter
foundation wall. Although
it appears the openings
are too high, the bottoms
of the openings are less
than 1 foot above the top
of the interior slab.

NFIP regulations permit enclosed foundations for manufactured homes in SFHA A zones with
a requirement that the foundation walls include flood vents. 44 CFR 60.3(c)(5) requires that:
“all new construction and substantial improvements, that fully enclosed areas below the lowest floor that are usable solely for parking of vehicles, building access
or storage in an area other than a basement and which are subject to flooding
shall be designed to automatically equalize hydrostatic flood forces on exterior
walls by allowing for the entry and exit of floodwaters. Designs for meeting this
requirement must either be certified by a registered professional engineer or
architect or meet or exceed the following criteria: A minimum of two openings
having a total net area of not less than one square inch for every square foot of
enclosed area subject to flooding shall be provided. The bottom of all openings
shall be no higher than one foot above grade. Openings may be equipped with
screens, louvers, valves, or other covering or devices provided that they permit
the automatic entry and exit of floodwaters.”
This elevation technique should not be used in high-velocity or highly erosive flood conditions,
and is not permitted in V zones. Additional information on wall vents for floodwater flow is provided in FEMA Technical Bulletin 1, Openings in Foundation Walls and Walls of Enclosures (2008).
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Perimeter walls of enclosed foundations should include adequate reinforcement to resist unbalanced hydrostatic and/or hydrodynamic loads that may occur in fast rising flood events. Such
floods may result in water levels higher on the exterior side of the wall than the inside until flow
through the flood vents can equalize them.

8.3 Open Foundations and Breakaway Walls
NFIP regulations require manufactured homes in SFHAs designated V1-30, VE, or V on the
community’s FIRM have the space below the lowest floor either free of obstruction or constructed with non-supporting breakaway walls (44 CFR 60.3(e)(5)). Elevating a manufactured home
on an open foundation involves raising it onto piers, posts, or piles. If the home is located in
an area of coastal flooding, an open foundation is the only way to safely elevate the home. If
the home is subjected to high-velocity riverine floodwaters, significant water depth, or potential
erosions, the home should also be elevated on an open foundation. Open foundations are intrinsically more resistant to moving floodwaters and breaking waves than enclosed foundations
since the home has a smaller surface area exposed to flood forces. Selection of the proper open
foundation for various flooding and site characteristics is critical to the success of the foundation.
Breakaway walls, including non-structural skirting around a manufactured home, are walls that
are not part of the structural support of the home. They are designed and constructed to fail under the loads imposed by floodwaters without jeopardizing the elevated portion of the home or
the structural support of the home. Because such enclosures are designed to fail at a lateral load
of no greater than 20 pounds per square foot, they will transfer minimal additional loads to the
foundation. Insect screening and latticework both allow floodwaters to pass through. Detailed
discussions on design and construction for breakaway walls can be found in FEMA Technical
Bulletin 9, Design and Construction Guidance for Breakaway Walls (2008).

8.3.1 Pier Systems
Most manufactured homes are placed on pier foundations. Although there are many variations,
pier foundations fall into two general styles. One style contains pier foundations combined with
other components (such as anchors and frame straps) for lateral stability; the second style relies
on the piers and their footings to resist all imposed loads. The foundation styles that use supplemental lateral-supporting devices often do not require reinforced piers. The determination of
the need for and the amount of reinforcing required is part of the design analyses. The final
design requirements for pier reinforcing is a function of the combination of flood, wind, and
seismic loads acting on the manufactured home, and the resulting pier capacity required to resist flotation, collapse, or lateral movement.
When flood velocities are less than 1 fps, piers can be constructed using unbonded (dry-stacked)
concrete blocks or steel piers. When pier foundation systems are used without separate components to resist lateral loads, the piers and footings must be much stronger. They not only have
to transfer all imposed loads to the bearing soils, but also must do so in a manner that does not
damage the piers and footings or overload the supporting soils.
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Piers designed to resist lateral and/or uplift loads without the use of ground anchors or straps
typically consist of reinforced brick masonry, reinforced concrete masonry units, or reinforced
cast-in-place concrete with steel reinforcing bars for both the piers and the below-grade foot
footings. Because the ground around pier footings in SFHAs can be susceptible to erosion and
scour, the footings must be embedded below the anticipated scour depth.
In areas exposed to moving floodwaters, special consideration must also be given to controlling
scour around the pier foundation elements. Moving floodwaters can remove soil around and
beneath foundations, potentially reducing their load capacity to the point of foundation failure.
Floodwaters with high flow rates and floodwaters that carry a large sediment load create more
scour than low velocity or clear water flood flow. Because of this, scour is particularly damaging
where floodwaters converge or abruptly change direction. Scour is generally greatest around
discrete interior piers and the corners of perimeter wall foundations.
Scour removes soil particles from beside and, in severe cases, from beneath foundations. The
loss of soil around and/or beneath a foundation affects its capacity to support the design loads.
The loss of vertical foundation capacity can result in large settlements and potential collapse.
The loss of lateral capacity not only reduces the capacity of the foundation to resist lateral wind
and flood loads, but also can reduce the vertical capacity. The loss of lateral support for long
thin vertical elements (e.g., single block masonry stack piers) can result in buckling under the
design vertical loads.
Piers designed to resist lateral and/or uplift loads must be constructed using mortared horizontal joints between courses and reinforced grout used to fill the vertical cell. The piers must be
firmly attached to the supporting footings.

8.3.1.1 Reinforced Pier Systems
Reinforced piers typically have steel reinforcements placed
inside of the piers. Reinforced pier systems are commonly
constructed of concrete masonry units (CMUs) or cast-inplace concrete (Figure 8-2).
In high-wind areas and in areas exposed to seismic or hy
hydrodynamic loads, piers may require much larger footings
to ensure applied loads do not exceed the soil’s bearing
capacity or allow tensile forces to develop in foundation
elements in the upstream and windward side of the home.
Laterally bracing the piers can allow the structure to distribute imposed loads to the entire foundation system.
Lateral bracing also provides protection against buckling
failure of vertical elements due to loss of confining soil
from erosion or scour.

8-4

Concrete Masonry unit
(CMu) Reinforced Piers
The International Residential Code
limits the height of solid masonry
piers, including hollow concrete masonry units filled solidly with concrete or Type M or S mortar to ten
times their least dimension. The
height limitation for unfilled hollow concrete masonry unit piers
is four times their least dimension
(IRC§606.6).
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Figure 8-2. Reinforced masonry and concrete piers.

Adequate connections between the piers and the manufactured home are necessary for the
manufactured home and its foundation to resist lateral and uplift loads from floods, winds, and
earthquakes. Generally, multiple fastener bolted connections are needed to connect the top of
the piers to the manufactured home frames when the piers must transfer moments. If the piers
must resist only uplift loads, fastening requirements may be simplified. Regardless of the complexity of the connection, consult the manufactured home manufacturer to ensure the factory
built components are not overloaded. Figure 8-3 shows a method used to fasten a home’s steel
frames to reinforced masonry piers using nuts, steel plates, and bolts grouted into the piers.

8.3.1.2 Unreinforced Pier Systems
Unreinforced brick or CMU pier systems have no reinforcing steel and, therefore, have very little resistance
to overturning, sliding, and uplift. Because of this,
unreinforced piers should always be provided with other
stabilizing devices like ground anchors.

Dry-Stacked Piers
Dry-stacked block piers can fail
when a home is exposed to combined wind and flooding (ASCE 7,
Load Combination #6). Failure results when wind forces lift the
manufactured home’s frame off its
windward piers. Without the weight
of the home to stabilize the piers,
the piers can easily fail by sliding
or overturning.

When used with stabilizing devices, many styles of
unreinforced piers are available to support manufactured
homes; the styles provide varying degrees of strength to
resist loads on the home. These systems can be constructed without mortar (called dry-stacked masonry); with
dry-stacked block lightly secured with a surface bonding
material; with mortared block; or with fully mortared, grouted block.
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Figure 8-3. Bolted
connection between
frame and reinforced pier.

When placed directly on concrete footings or pads, 3-foot tall piers constructed with single,
dry-stacked blocks to create an 8-inch by 16-inch pier can only resist flood velocities of approximately 1.0 fps. Three-foot tall (16-inch by 16-inch) double-stacked piers can resist flood
velocities of approximately 1.75 fps. Dry-stacked piers or posts supported on ABS pads fail at
lower velocities than piers supported on concrete. The failure at lower velocities is due to a reduced frictional resistance between the pier blocks or posts and the ABS pad. The design flood
velocity for double-stacked piers on ABS pads is 1.25 fps.
If dry-stacked piers are not fully submerged, they can resist higher flood velocities. This is because the portion of the pier above the water line adds to the pier’s stability but does not add
to the flood load that the pier must resist. Engineers can calculate the ability of partially submerged piers to resist moving floodwaters or their resistance can be determined by testing.
Applying surface-bonding materials strengthens the piers by increasing their shear resistance.
However, surface bonding has limited impact on their resistance to bending moments from
lateral loads; therefore, surface bonded piers still need to be used with other foundation components. The increased shear resistance allows 3-foot tall (16-inch by 16-inch) piers to resist
hydrodynamic loads from floodwaters moving at approximately 2.0 fps for single-stacked piers
and 3.0 fps for double-stacked piers. This resistance to moving floodwaters can only be achieved
when the surface bonding materials not only bond the individual pier blocks to each other, but
also the pier to the concrete footing below. A FEMA sponsored testing program conducted at
the Haynes Coastal Engineering Laboratory, Texas A&M University verified the design values.
8-
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The Texas A&M testing program included piers constructed using a polyurethane based masonry adhesive as joint bonding material. The Illinois Tool Works (ITW) TACC Division's Mason
Bond was certified by ICC Evaluation Service as meeting the IBC and IRC for Types M, N, O,
and S Portland cement/lime mortar. Test results showed the single stack adhesive bonded piers
to be the strongest configuration tested.
Mortared block and fully grouted mortared block are much stronger than dry-stacked and surface-bonded piers, but their strengths do not match piers with #3 reinforcing steel bars grouted
into the vertical cells. Mortared and fully grouted piers usually require other foundation components (like shear walls) to resist lateral loads.
Reinforced piers (constructed by introducing reinforcing steel to fully grouted piers) can be
made to resist lateral and vertical loads when used with other foundation components like large
concrete footings.
Unreinforced piers cannot be used in V zones. In Coastal A zones, fully grouted piers may be
adequate for low flood velocities, but reinforcing with steel is recommended.

8.3.2 Pile Foundations
Pile foundations provide protection for the broadest range of flooding conditions. This foundation system consists of the pile supports, horizontal beams, longitudinal support under the
manufactured home, and foundation bracing for additional resistance to lateral wind, floodwaters, and seismic events. A properly designed pile foundation can withstand high-wind and water
velocities, and can resist erosion and scour around its base if embedded to an adequate depth
(Figure 8-4). Because of this, pile foundations meet the NFIP requirements for installation in
V zones. Pile foundations are also appropriate for Coastal A zones and for areas exposed to highvelocity riverine flooding.
Figure 8-4. Manufactured
home on a pile
foundation.
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Saturated soils with low bearing capacities are less of a stability problem for a pile foundation
than for a pier foundation; thus, pile foundations are preferable in coastal areas. The design of
pile foundations requires determining the number, size, length, and location of piles appropriate to the particular manufactured home, soil conditions, and flooding situation at the site. A
pile design methodology is provided in the Coastal Construction Manual (FEMA 55) that requires
input parameters, including soil property and loading information.
Piles are vertical supports similar to posts, but differ in the method and depth of placement.
Piles are embedded much deeper than posts and do not rest on footings for resistance. Instead,
the piles are driven until they rest on a solid support layer, such as bedrock, or until they are
embedded deep enough that the friction between the ground and the piles will enable them to
resist the gravity, lateral, and uplift loads expected to act on them.
The most commonly used piles in residential construction are wood. Steel and precast concrete
piles are also used. Pile foundations are primarily used in areas where other elevation methods
are not feasible, such as V zones.
A major consideration in the effectiveness of pile foundations is the method of installation. Piles
are placed into the ground by impact driving, water jetting, augering, or some combination of
these methods (Figure 8-5). Piles are often driven by a single- or double-acting diesel hammer
or an air/steam hammer. Pile driving is an excellent method due to the strength of the pile and
the ability of the pile and its soil interface to resist vertical and horizontal loads.
Figure 8-5. Pile driving
methods.

A less desirable, but frequently used method is jetting. Jetting inserts piles into sandy soil by
forcing a high-pressure stream of water through a pipe along the side of the pile. The stream of
water creates a hole in the sand while the pile is continuously pushed or dropped to the desired
depth. Jetting results in a lower load capacity due to loose soils that create decreased friction between the piles and the surrounding soil. Jetted piles must be inserted deeper into the ground
than driven piles in order to achieve the same load capacity.
8-
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Another method is the use of an auger to pre-drill holes for piles. If the soil is composed of adequate clay or silt, using an auger to create holes for piles is sufficient. Additionally, some sands
may contain enough clay or silt to permit the use of an auger. This method can be used by itself
or in conjunction with pile driving.
Pile installation methods, including driving, jetting, and, to a lesser extent, augering can make
precise location control difficult. Also, irregularities in the piles and soil will often prevent the
piles from being driven perfectly vertical. When using piles to support manufactured housing,
wood beams are typically secured to the piles and the home is secured to the beams.
When soils near the top of a pile are lost due to scour, the pile loses some of its ability to resist
vertical and lateral loads. Erosion and scour must be taken into account when determining pile
embedment depth and lateral bracing requirements. Due to the variability associated with differing installation methods and erosion/scour potential, a geotechnical engineer should be
involved in the design process to verify that intended pile capacities are achieved.

8.4 Bracing
Bracing is often used to lower the point of application of lateral loads to reduce moments
applied to the foundation system (cross bracing) or to provide lateral support to resist buckling (knee bracing). Diagonal bracing runs diagonally from one vertical supporting member to
another, stiffening the vertical supporting members and increasing their strength and lateral
stability (Figure 8-6). Unfortunately, with greater strength comes a larger exposure to wave and
debris impact. Diagonal bracing is too slender to resist compressive forces and is typically only
designed to carry tension forces. This technique of bracing is especially beneficial in higher elevated homes.
Steel rods are often used to diagonally brace wood posts or piles. The rods are fitted through
drilled holes filled with wood preservative and fastened with nuts and cast beveled washers.
Rod bracing offers two important benefits. One, rod bracing can easily be fitted with turnbuckles that allow bracing to be tightened after an event that creates loads in the bracing; two, rod
bracing has smaller cross-sections than bracing created with dimensional lumber and thus is
exposed to lower flood forces.
Knee bracings are short diagonal braces that run from a vertical support member to a horizontal support member (Figure 8-7). Knee braces can be effective in supporting the pile against
the lateral forces of wind and water, Knee bracing increases the strength and stiffness of the
extended pile foundation by retraining rotation near the top of the pile and reducing the pile
bending length. Knee bracing is not as stiff as diagonal bracing. Knee braces have an advantage
over diagonal braces in that they present less obstruction to waves and debris. Knee braces are
shorter than diagonal braces and are usually designed for both tension and compression forces.
Engineers should be consulted to determine bracing designs, particularly for knee bracing.
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Figure 8-6. Diagonal bracing.

Figure 8-7. Knee bracing.

8.5 Footings
Footings are the components of a foundation system that transfer loads applied to a home to
the earth below it. Footings continuously support gravity loads (and are generally well designed
for this purpose), but they also must transfer lateral and uplift loads produced by wind events,
seismic events, snow accumulation, and moving floodwaters.

8-10

PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
A Multi-Hazard Foundation and Installation Guide

FOUNDATION SYSTEMS

8

The soils below the footings must support the home and resist all the loads applied to the
home. When soils are strong, footings can be relatively small and foundation systems relatively
compact. When soils are weak, however, the footings become large, complicated, difficult to
construct, and quite expensive. Even when placed on firm soils, footings often need to be oversized to provide sufficient weight to resist uplift forces and overturning moments.
The design size of a pier footing is a direct function of soil bearing capacity. Soil bearing capacity can be directly determined by soils tests. In some jurisdictions, approximate bearing capacity
can be assessed by soil classification. Model building codes (such as the IBC and NFPA 5000)
have presumptive soil bearing capacity values that can be used in the absence of soils test data.
The depth of the footings depends on local frost levels and expected scour depths (whichever
is greater). Local codes may provide specific requirements for the depth of footings based on
local soil conditions.

8.6 Foundation Materials Selection
As stated in 44 CFR 60.3(a)(3), all structural and non-structural materials at or below the BFE
must be flood damage-resistant. A flood damage-resistant material is defined as any building
material capable of withstanding direct contact with floodwaters for 72 hours without sustaining
significant damage (i.e., damage requiring more than low-cost cosmetic repair, such as painting). In addition, materials should be durable and resistant to decay and corrosion.
Some flood damage-resistant foundation material choices include the following:
n Pressure-treated lumber
n Naturally decay-resistant lumber (only for applications above grade)
n Concrete: a minimum 28-day compressive strength of 5,000 lb/in2 is recommended in

coastal environments
n Masonry: reinforced and fully grouted in coastal environments
n Steel: corrosion-resistant
n Closed-cell foam insulation
n Other flood damage-resistant materials approved by local building officials

The most commonly used foundation materials are wood, concrete, steel, and masonry. Their
properties, advantages, and special considerations are discussed in Sections 8.6.1 through 8.6.4.
Additional information on materials’ durability can be found in FEMA 55 and trade organization publications. FEMA’s Technical Bulletin 2, Flood Damage-Resistant Materials Requirements
(2008) also contains information on appropriate materials used in SFHAs.

PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
A Multi-Hazard Foundation and Installation Guide

8-11

8

FOUNDATION SYSTEMS

8.6.1 Wood Foundations
Wood is a very workable material and one of the most cost-effective; however, it is susceptible to
decay, insect infestation, marine borers, and weathering. Wood must be adequately maintained
to ensure the foundation’s integrity. All wood used in foundation piles, girders, beams, braces,
and walls must be pressure-preservative treated or, when not in direct contact with the ground,
naturally decay-resistant. No wood with natural resistance to decay is considered to have sufficient decay resistance for ground contact or partial water immersion. Wood exposed to the
ground and exterior elements should be pressure-preservative treated to increase its resistance to
infestation and decay. The degree of resistance depends on the treatment chemical and the
amount of retention in lb/ft3 of wood.
The preservatives used in pressure treating wood for foundation applications; e.g. piles, piers, and posts, include:
n chromated copper arsenate (CCA)
n pentachlorophenol
n creosote
n copper azole

8.6.2 Concrete Foundations

ACQ- or ACZA-Treated Wood
Designers and builders considering
the use of ACQ- or ACZA-treated
wood should consider using stainless steel hardware and fasteners or
obtain the latest information on the
chemicals’ interaction with hardware
due to reports of alleged problems
with corrosion of galvanized framing
hardware and nails in contact with
wood treated with these chemicals.

Concrete is an economical and workable foundation
material that is extremely good at resisting compressive loads. Concrete can be reinforced to
increase its ability to withstand tensile loads that often result from flood, wind, and seismic activity. Corrosion of the reinforcement and the cracking of the concrete weaken the concrete
structural element, reducing its ability to resist loads. Providing adequate concrete cover to
reinforcement is the best defense against corrosion. Consult the latest version of American
Concrete Institute (ACI) publication 318, Building Code Requirements for Structural Concrete, for
minimum concrete cover requirements. Additional protection from corrosion can be achieved
by using epoxy-coated reinforcement.
Proper mixing, placement, and curing are essential for durable concrete. During placement,
concrete will normally require vibration to eliminate air pockets and voids in the finished surface. The vibration must be sufficient to eliminate the air, but not to separate the concrete or
water from the mix. Appropriate freeze protection may be needed if pouring is done in cold
temperatures. Concrete placed in cold weather takes longer to cure, and the uncured concrete
may freeze, which will adversely affect its final strength. Methods of preventing concrete from
freezing during curing include the following:
n Heating adjacent soil before pouring
n Warming the mix ingredients before batching
n Placing insulating blankets over and around the forms after pouring
n Selecting a cement mix that will shorten curing time
8-12
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Because the environmental impact of salt-laden air and moisture make the damage potential
significant for concrete, this guide recommends that all concrete construction in and near
coastal flood hazard areas (both V and A zones) be built with the more durable 5,000-pounds
per square inch (psi) minimum compressive strength concrete regardless of the purpose of the
construction and the design loads.

8.6.3 Steel Foundations
Prefabricated steel stands are available for supporting manufactured housing. Like unreinforced
masonry piers, steel stands have little resistance to overturning and should only be used in
conjunction with other foundation components like ground anchors or perimeter shear walls.
Metal stands should also be firmly secured to the homes’ frames.

8.6.4 Masonry Foundations
Reinforced masonry has much more strength and ductility than unreinforced masonry for resisting large flood, wind, and earthquake forces. It is recommended that permanent masonry
construction in and near coastal flood hazard areas be reinforced and fully grouted regardless
of the purpose of the construction and the design loads.
Moisture can have a damaging effect on masonry conOpen Masonry Foundations
struction. Moisture-borne salts in coastal environments
Open masonry foundations in earthentering the piers through cracks or openings in the
quake hazard areas require special
masonry joints can cause cracking and spalling of the
reinforcement detailing and pier promasonry. Moisture entering piers in cold weather enviportions to meet the requirements
ronments can expand upon freezing, causing small cracks
for increased ductility.
to become large cracks. The entry of moisture into reinforced masonry construction can lead to corrosion of the
reinforcement and additional cracking and spalling of the masonry. Moisture resistance is highly influenced by the quality of the materials and the quality of the masonry construction at the
site. For CMUs, choosing Type I “moisture controlled” units and keeping them dry in transit
and on the job will minimize shrinkage and cracking. For optimum crack prevention, Type S
mortar should be used for below-grade applications and Type M mortar may be used for abovegrade applications.
In addition to Portland cement/lime based mortar, polyurethane based masonry adhesives are
now available. Care must be taken in the selection and application of masonry adhesives. As a
minimum, the selected adhesive must be certified by a nationally recognized organization as
meeting or exceeding the requirements for Types M, O, and S cement/lime based mortar and
approved for use in masonry construction designed in accordance with applicable provisions of
the IRC and IBC.

8.7 Foundation Selection and Flood Resistance
Flooding can have a dramatic effect on the suitability and stability of a manufactured
home foundation. But not all floods are the same, and the type of flooding, along with its
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char-acteristics and severity at a site, will eliminate many foundation types. Sections 8.7.1 through
8.7.5 provide guidance (for installers, owners, community officials, and designers) on selecting
foundations suitable to different flood types and site conditions.

8.7.1 Flooding Types
Flooding can be divided into seven major types: coastal, riverine, flash flood, alluvial fan, mudflow, lake or pond overflow, and poor drainage. Unique hazards are associated with each of
these flooding types.
n Coastal flooding is usually accompanied by waves, high velocity flow, and erosion. Damages

to structures are usually the results of erosion and scour, and direct impact from wave
action.
n Riverine flooding is associated with dominant hazards, including velocity, depth, and

duration. These hazards are determined by several factors, including the slope of the
channel and watershed, land uses within the watershed, and the extent, intensity, and
duration of precipitation. (Both coastal and riverine flooding can transport damaging
debris. Debris impact can weaken a structure and make it more vulnerable to damages
from flooding.)
n Flash floods are accompanied by rapidly rising water and extreme flood velocities, with

high debris carrying potential. Although they are generally of short duration, the forces
exerted on structures by the high velocity floodwaters and debris can cause extensive
damage in a very short time.
n Alluvial fan flooding is distinct in that the region of greatest flood hazard is not well-

defined, and floodwaters can follow many different paths across a normally dry area.
Alluvial fan floods usually occur in arid areas at the base of steeply sloping terrain, and can
have extreme flood velocities and debris loads.
n Mudflows are proximately caused by flooding and can be considered a river of liquid

and flowing mud on the surfaces of normally dry land areas. Mudslides usually offer little
warning and can be very destructive due to their debris load and velocity.
n Lake or pond overflow is rarely as hazardous as coastal or riverine flooding, and is usually

limited to inundation by slowly moving or standing water.
n Poor drainage can lead to backups and generally results in ponding type flooding. Poor

drainage is usually caused by a lack of topographic relief to allow for natural drainage from
a site, or it might be the result of a specific hindrance such as blockage of a drainage ditch
or an undersized culvert. In areas where drainage impediments become severe, they can
compound risk and damages from other types of flooding such as riverine or flash floods.

8.7.2 Flood Characteristics
The flood source, its proximity to a site, and the flood hazard zone will provide information
about flood characteristics. However, historical flood events at and near the site can also provide important clues about expected flood conditions at the site. All should be considered when
home foundations are evaluated.
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High velocities, large waves, and large floating debris can cause many home installations to fail,
especially those on stacked masonry block, crawlspace, slab, shallow pier, and post foundations.
Large flood depths can float or wash homes off their foundations. Long-duration floods can
weaken soils, foundations, and anchor systems. Refer to Section 5.2 for more information on
flood characteristics.

8.7.3 Flood Hazard Zones
Table 8-1 is provided as general guidance for the selection of foundation systems for manufactured homes located at different flood hazard zones, Different flood hazard zones are
represented on FIRMs by different zone designations. Detailed information pertaining to flood
hazard zone designations and current NFIP regulations is provided in Chapter 3.

8.7.4 Proximity to Flood Source
Proximity to the flood source will, to a large extent, determine whether a home site is in a more
or less hazardous location. As discussed in Chapter 4, sites in a floodway or closest to a river or
stream will be subject to the greatest flood depths, highest velocities, and greatest debris potential. Sites outside the floodway and far from a river or stream and closer to the landward limit of
the floodplain will be subject to reduced flood hazards (e.g., shallow flood depths, lower velocities, low erosion potential, and only small debris).
Sites in a V or Coastal A zone will be subject to the highest waves, greatest flood velocities and
depths, greatest erosion potential, and largest debris. Sites outside the V zone and far from the
shoreline will be subject to reduced wave, velocity, depth, erosion, and debris conditions.
Closeness is a relative issue, however. Therefore, it may be useful to look at the location of a
home site relative to the flood source or floodplain boundary. Two approaches may be useful, a
distance approach and a floodplain width approach.
1. The distance approach relies on a distance measurement between the home site and the
stream or river bank or floodway (in the case of a riverine flood source), or between the
home site and the V zone boundary or shoreline (in the case of an A zone in a coastal
area).
2. The floodplain width approach considers the relative position of the home site within the
floodplain. (See Figure 4-2, which is a schematic of a floodplain/floodway.)
For riverine areas outside the floodway:
1. Distance approach: If a home site lies within a few hundred feet of a river or stream or
floodway, it should be considered “close,” and foundations should be appropriate to sites
with greater flood hazards.
2. Floodplain width approach: If a home site lies within the third of the floodplain closest to
the river or stream or floodway, it should be considered “close,” and foundations should be
appropriate to sites with greater flood hazards.
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For Coastal A zones:
1. Distance approach: If a home site lies within a few hundred feet of the V zone boundary (or
shoreline, if a V zone has not been mapped), it should be considered “close,” and V zone
foundations should be used. Beyond that point, A zone foundations may be suitable.
2. Floodplain width approach: If a home site lies within the half of the floodplain closest to the
V zone boundary (or shoreline, if a V zone has not been mapped), it should be considered
“close,” and V zone foundations should be used. Beyond that point, A zone foundations may
be suitable.

8.7.5 Foundation Selection Guidance
The recommendations contained in Tables 8-1 through 8-3 should be evaluated in light of specific soil, terrain, and base flood conditions at a home site. The pier information contained in
the tables is appropriate for piers used in foundation systems that contain other components
(like ground anchors) that are properly selected, designed, and installed to resist flood and
wind forces on the manufactured home itself. The pier construction styles listed are those required to resist flood forces on the piers themselves.
Areas exposed to flash flooding, alluvial fans, and mudslides pose unique (and often not specifically known) hazards. Foundations for homes in those areas should be developed by licensed
engineers working closely with local floodplain managers.
Table 8-1. Recommended Manufactured Home Foundation Selection for Lake/Pond Flooding (for very low velocity
less than 1 fps)

Lake/Pond Flooding (standing water; maximum flood flow velocity 1.00 fps)
Flood Zone/Foundation Type

A, AE, A 1-30, AO/AH

Steel pier

3

Dry-stacked masonry block
Dry-stacked masonry block with
surface-bonded mortar
Mortar or adhesive-bonded masonry
block
Reinforced and grouted masonry
block

Single block stack

3

Double block stack

3

Single block stack

3

Double block stack

3

Single block stack

3

Double block stack

3

Single block stack

3

Double block stack

3

Fill/slab

3

Posts

3

Perimeter foundation walls

3

Piles

3

3 = OK
fps = feet per second
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Single block stack (8 inch by 16 inch) on concrete footing or ABS pad
Double block stack (16 inch by 16 inch) on concrete footing or ABS pad

Table 8-2. Recommended Manufactured Home Foundation Selection for Riverine Flood Zones (and maximum flood
flow velocity)

Riverine Flooding
Flood Zone/Foundation Type

Floodway1

3

Steel pier

Vmax=1.00 fps
Single block stack

Do Not Use

Double block stack

Do Not Use

Single block stack

Do Not Use

Double block stack

Do Not Use

Single block stack

Do Not Use

Double block stack

Do Not Use

Single block stack

Do Not Use

Double block stack

Do Not Use

Dry-stacked masonry block

Dry-stacked masonry block
with surface-bonded mortar

Mortar or adhesive-bonded
masonry block

Reinforced and grouted
masonry block

3
Vmax=1.25 fps2

3
Vmax=1.75 fps3

3
Vmax=2.00 fps

3
Vmax=3.00 fps

3
Vmax=2.50 fps

3
Vmax=3.00 fps

3
Vmax=5.00 fps

3
Vmax=5.00 fps

Fill/slab

Do Not Use

3

Posts

Do Not Use

34

Perimeter foundation walls

Do Not Use

3

3

3

Piles
1

A, AE, AE1-30, AO/AH

5

Any construction in the floodway requires certification that the construction will not cause a rise in flood levels.

2

Vmax shown for single stack block on concrete pad or footing. Vmax = 1.00 fps for single stack block on ABS pad.

3

Vmax shown for double stack block on concrete pad or footing. Vmax = 1.25 fps for double stack block on ABS pad.

4

Scour protection is recommended around shallow foundations where velocities exceed 2 fps.

5

Pile foundations are suggested for all sites exposed to flood velocities greater than 5 fps unless designed by a licensed engineer
or architect.

3 = OK
Vmax = maximum design flood velocity (ft/sec) for foundation type
Single stack (8 inch by 16 inch)
Double stack (16 inch by 16 inch)

PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
A Multi-Hazard Foundation and Installation Guide

8-17

8

FOUNDATION SYSTEMS

Table 8-3. Recommended Manufactured Home Foundation Selection for Coastal Flood Zones

Coastal Flooding
Flood Zone/Foundation Type

V, VE, V1-30

A, AE, A1-30, AO/
AH
(LiMWA area)2

Steel pier

A, AE, A1-30,
AO/AH
(Outside LiMWA
area)2

3

Do Not Use

Do Not Use

Single block stack

Do Not Use

Do Not Use

Double block stack

Do Not Use

Do Not Use

Single block stack

Do Not Use

Do Not Use

Double block stack

Do Not Use

Do Not Use

Single block stack

Do Not Use

Do Not Use

Double block stack

Do Not Use

Do Not Use

Single block stack

Do Not Use

Do Not Use

Double block stack

Do Not Use

Do Not Use

Fill/slab

Do Not Use

Do Not Use

3

Posts

Do Not Use

Do Not Use

35

Perimeter foundation walls

Do Not Use

Do Not Use

3

3

3

3

Dry-stacked
masonry block

Dry-stacked
masonry block with
surface-bonded
mortar

Mortar or adhesivebonded masonry
block

Reinforced and
grouted masonry
block

Piles1

where Vmax=1.00 fps

3
where Vmax=1.25 fps3

3
where Vmax=1.75 fps4

3
where Vmax=2.00 fps

3
where Vmax=3.00 fps

3
where Vmax=2.50 fps

3
where Vmax=3.00 fps

3
where Vmax=5.00 fps

3
where Vmax=5.00 fps

1

Pile foundations are suggested for all sites exposed to flood velocities greater than 5 fps unless designed by a licensed engineer
or architect.

2

The Limit of Moderate Wave Action (LiMWA) is the inland limit of the area affected by waves greater than 1.5 feet.

3

Vmax shown for single stack block on concrete pad or footing. Vmax = 1.00 fps for single stack block on ABS pad.

4

Vmax shown for double stack block on concrete pad or footing. Vmax = 1.25 fps for double stack block on ABS pad.

5

Scour protection is recommended around shallow foundations where velocities exceed 2 fps.

3 = OK
Vmax = maximum design flood velocity (ft/sec) for foundation type
Single stack (8 inch by 16 inch)
Double stack (16 inch by 16 inch)
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9 Recommended Design
Process and Criteria for
Manufactured Home
Foundations in SFHAs
9.1 Performance Criteria
Performance criteria for manufactured home foundation systems are provided in the HUD
Manufactured Home Construction and Safety Standards (24 CFR 3280) and Model Manufactured Home
Installation Standards (24 CFR 3285). The HUD regulations require that manufactured homes
installed in flood hazard areas use foundations, anchoring, and support systems capable of resisting loads associated with the design flood and wind events. Foundation, anchoring, and
support systems must be capable of resisting flotation, collapse, or lateral movement.
The International Residential Code for One and Two Family Residential Dwellings also requires that
residential structures, including manufactured home foundations, be designed and connected
to resist flotation, collapse, or lateral movement due to structural loads and stresses from flooding equal to the design flood event (R324.1.1). IRC Appendix E: Manufactured Housing Used as
Dwellings requires that foundations be designed and constructed to minimize differential movements (IRC AE502.4).
The NFIP regulations also establish performance requirements for structures, including manufactured homes, installed in flood-prone SFHAs. The NFIP requires homes be:
"adequately anchored to prevent flotation, collapse, or lateral movement of the
structure resulting from hydrodynamic and hydrostatic loads, including the effects of buoyancy." [44 CFR 60.3(a)(i)]

9.2 Design Criteria
To meet the performance requirements outlined in Section 9.1, design criteria must be established that identify the anticipated design loads the structure is expected to experience. Design
loads can be categorized as dead loads, live loads, or environmental loads.
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Dead loads depend on the weight of the manufactured home, its foundation, and any accessory supported by the structure such as walls, piping, electrical service panels and conduits, and
HVAC equipment.
Live loads depend on the weight of occupants, furnishings, and non-fixed equipment and the
function of the building or specific space.
HUD 24 CFR 3280.305(g) requires floors be designed to support a minimum uniform live load
of 40 psf.
Environmental loads are loads for given recurrence intervals specified by the engineering community and vary with locality. Wind loads (which are proportional to the square of the design
wind speed) can exceed 80 psf near coastal areas, while those inland can be as low as 15 psf.
Snow loads are non-existent in much of the southern U.S., but can exceed 50 psf in northern
and mountainous regions.
Environmental loads that act on manufactured homes and foundations include the following:
Flood loads depend on flood depth, flood velocity, surrounding debris sources, wave
effects, elevation of the building relative to the flood condition, and surrounding topography and exposure. Flood loads include hydrodynamic and hydrostatic (including
buoyancy) and floating debris impact loads.
Wind loads depend on the geometry (particularly roof shape and pitch) and building
height, exposure, and, of course, on the design wind speed for the site. Coastal areas in
the U.S. are generally exposed to greater wind speeds than interior areas, but special
wind regions exist in mountainous areas.
Seismic loads depend on the mass of the building, additional loads that the building
may occasionally support (e.g., snow loads), the building geometry and distribution, its
lateral force resisting system, and local soil conditions.
Snow loads depend on roof geometry, building orientation, and the geographical location of the site.
Most model building codes contain requirements on estimating the normal and environmental loads on a structure. After the design loads are identified, how these loads interact with the
structures can be assessed and the foundation system can be designed.

9.3 Design Process
After the performance criteria are established, the design process can begin. The design process involves the following steps:
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Each step of this process is described below. The entire design process is based on the fundamental premise that anticipated normal and environmental loads can and must be transferred
through the manufactured home to the foundation in a continuous path to the supporting soils.
Any weakness in the continuous path is a potential point of failure of the building, and any failure creates the possibility for large property losses and the loss of life.
This guide does not cover every combination of loads, materials, building shapes and functions,
hazard risks, and elevations. Engineering judgment will need to be applied to a range of problems during the design of a manufactured home foundation located in an SFHA. Therefore,
the intent of this guide is to provide sufficient background for designers to effectively design
manufactured home foundations for forces and issues encountered when sited in an SFHA.

9.3.1 Step 1: Determine Design Criteria
As discussed in Section 10.1, HUD’s Model Manufactured Home Installation Standards require manufactured home foundations be capable of resisting loads associated with the design flood and
wind events. However, the designs do not consider flood or seismic loads (24 CFR 3285.303 footnotes to Tables 1, 2, and 3). The HUD standards do not provide guidance on determining the
design criteria for flood and seismic events.
The IRC establishes required minimum design loads for residential structures, including manufactured homes. The IRC requires minimum design wind loads where basic wind speeds exceed
100 miles per hour (mph) in hurricane-prone areas or 110 mph elsewhere shall be in accordance
with ASCE 7, Minimum Design Loads for Buildings and Other Structures. ASCE 7 is a state-of-the-art
consensus standard that establishes minimum required design loads to be resisted by structures
and their foundations.
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9.3.2 Step 2: Select a Design Methodology and Assess Load Combinations and Failure
Modes
9.3.2.1 Design Methodology
The two predominant design methods being used in engineering practices today are allowable, or
working, stress design (ASD) and strength design. ASD (sometimes referred to as elastic design)
is based on the calculated stress in members due to service loads. Strength design (also known as
limit state design) is based on ultimate loads (i.e., the load that will cause a member to fail) and
the mode associated with the failure. For designing manufactured home installation, either ASD
or strength design methodology is acceptable.

9.3.2.2 Load Combinations
After the design criteria are determined, the possibility of more than one hazard occurring at
the same time must be considered for all modes of failure as well as the possibility of imposed
loads counteracting gravity loads. For example, it is common to expect simultaneous flooding with high winds during hurricane events. In similar situations, uplift forces due to the high
winds from hurricanes can counteract gravity loads. Load combinations are used to assess the
probability of more than one hazard occurring simultaneously and the probability of imposed
loads exceeding gravity loads. Refer to Section 5.5.1 for a discussion of ASCE 7 load combinations.
Load combinations must be resolved directionally so that all loads in a given combination are
acting in the same direction, either vertically or horizontally. The Commentary in ASCE 7 states
“Wind and earthquake loads need not be assumed to act simultaneously. However, the most unfavorable effect of each should be considered in design, where appropriate. In some instances,
forces due to wind might exclude those due to earthquake, while ductility requirements might
be determined by earthquake loads.”
All design loads create forces in and on the building. All forces acting on the manufactured
home must be transferred through the foundation and into the soil that supports the structure.
The foundation designer must ensure integrity of this load path. The primary failure modes in
load path integrity include uplift failure, overturning, and sliding (or shearing).

9.3.2.3 Primary Failure Modes
Uplift failure occurs when vertical forces caused by wind or buoyancy exceed the weight of both the structure and the strength of the
soil anchorage. The structure fails by being lifted off its foundation
or because the foundation pulls out of the soil.
Uplift failure mode is particularly likely when the 3-foot pier rule is used in areas where the BFE
is greater than 3 feet above the ground elevation. In that situation, the home will become submerged and exposed to buoyancy forces. For relatively low levels of flooding (9 to 12 inches or
less), buoyancy forces can exceed the weight of the home and lift the home off its foundation.
To resist buoyancy, foundations must provide sufficient resistance to overcome buoyancy (and
9-
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wind) and all connections between the home’s foundation must be designed to prevent flotation, collapse, or lateral movement, of the submerged home (Figure 9-1).
Figure 9-1. A home that
was partially submerged
and displaced from its
foundation by hydrostatic
forces. Although it
appears the openings
are too high, the bottoms
of the openings are less
than 1 foot above the top
of the interior slab.

Overturning failure occurs when the combined forces of wind,
waves, and buoyancy or earthquake exceed the resisting forces of
the building’s weight and anchorage. The building fails by rotating off its foundation or rotating out of the soil (see Figure 7-8).
Sliding or shearing failure occurs when horizontal forces exceed
the friction force or strength of the foundation. The building fails
by sliding off its foundation, shear failure of components transferring loads to its foundation, or the foundation sliding.
All three of these failure modes can result in a wide range of damage,
from minor, such as loosening of the anchor straps, to catastrophic, such as structural collapse. It is important to emphasize that other load combinations and
failure modes may exist, and professional judgment should be exercised in any situations not
covered by this guide.

9.3.3 Step 3: Select Foundation Type and Material
After loads are determined and failure modes are assessed, the foundation type and materials
must be selected. Both are described in Chapter 8 as well as advantages and special considerations for the selection process.
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9.3.4 Step 4: Determine Forces at Connections and on Foundation Components
The loads on components and at connections through the load path must be determined to
design an adequate foundation. Some examples of critical points of the load path include the
following:
n Connections between the site-built foundation and the home’s steel frames (and the

home’s wall ties if in higher wind zones)
n Load path connections through the site-built foundation
n Load path connections from the foundation to footings
n Adequacy of the footing and surrounding soil

9.3.5 Step 5: Specify Connections and Framing Methods Along with Component
Dimensions to Satisfy Load Conditions
The loads determined in Step 4 are used in the design and detailing of connections, foundation
components, and anchoring. The loads at connections will be used to design the connections
(i.e., number of bolts or nails, size of clip angles). The reactions at the support points will be
used to design the foundations (i.e., size of piers and footings, amount of reinforcement, and
spacing between piers and ground anchors).
Components and connections design should meet the requirements of an appropriate material
standard, some of which are listed in Table 9-1.
Table 9-1. Design Standards and Publishers for Building Materials

Building Material

Standard and Publisher

Wood

National Design Specification (NDS) for Wood Construction and Commentary published
by American Forest and Paper Association (AF&PA)/American Wood Council (AWC)

Steel

Manual of Steel Construction (AISC 325-05) published by American Institute of Steel
Construction (AISC)

Concrete

Building Code Requirements for Structural Concrete (ACI 318) published by American
Concrete Institute (ACI)

Masonry

Building Code Requirements for Masonry Structures (ACI 530) published by ACI

9.3.6 Step 6: Note All Design Assumptions and Details on Drawings
To ensure a quality design and installation, all assumptions, calculations, and details should be
clearly documented or noted on the construction documents so that installers and floodplain
managers clearly understand the design and design assumptions.
Appendix F provides a detailed example of vertical and lateral load, overturning moment, and,
foundation and ground anchor calculations.
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10 Recommended
Foundations
Manufactured home foundations must be designed and constructed to resist gravity, lateral,
and uplift loads. Foundation systems provide load resistance by transferring the loads to soils
at the site. Load transfer can be accomplished using a single element or a combination of elements. For example, driven piles are an effective foundation element for transferring gravity,
lateral, and uplift loads to the soil. Unreinforced masonry piers can be effective at transferring
gravity loads, but are not effective in transferring lateral and uplift loads.
This chapter provides descriptions and design recommendations for six foundation systems
suitable for use in many SFHAs in the U.S. The six foundation systems presented are: reinforced
masonry, wood framed, braced masonry pier, wood H-frame, ground anchors with stabilizer
plate, and ground anchor (in-line). These foundations can be used for sites in A zones with low
to moderate floodwater velocities and depths. They are not suitable for V zones, Coastal A zones,
and home sites in floodways or other high velocity areas.
Also included in this chapter are three foundation designs suitable for all seismic regions in the
U.S. The seismic designs can only be used for sites with maximum 90-mph design wind speeds.
Although the foundation designs can be used in many flood areas, they are not “all inclusive”
and do not provide a “one-size-fits-all” design. Because natural loads vary greatly from site to
site, any single design may be overly conservative in some areas, but would provide inadequate
protection in other areas.

10.1 Design Criteria for Recommended Foundations
Criteria used in the design of the recommended foundations were selected to provide a balance between cost and applicability. Homes placed in areas where anticipated events exceed
the design criteria used will require custom designed foundations. Foundation designs provided in this guide are not appropriate for manufactured homes within V zones, Coastal A zones,
floodways, and all sites where design event flood velocities exceed 5 fps. The recommended
foundations were designed to the following criteria:
n Maximum flood depth of 36 inches above finished grade.
n BFE no higher than the bottom flanges of the home’s I-beams.
n Maximum flood velocities of 5 fps.
n No breaking wave forces.
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n 3-second gust wind speeds of 90 mph, 110 mph, 130 mph, and 150 mph. The seismic

foundations (drawings SP, SM, and SWF in Appendix H) may be used in areas with design
3-second gust wind speeds of 90 mph or less.
n Manufactured home with width of at least 14 feet wide for single units and 28 feet wide for

double units. Minimum home length of 48 feet for both single and double units.
n Manufactured home eave heights of 8 feet 2 inches or less.
n Chassis main beam spacing of 82 to 96 inches (for ground anchor foundations).
n Maximum snow loads of 40 psf.
n Manufactured home weight of at least 25 psf and not greater than 40 psf.

Foundations have been designed to resist loads and load combinations calculated using ASCE 7.
Where additional design guidance was needed, other documents have been used, including the
Coastal Construction Manual (FEMA 55). A brief description of each design follows in Sections
10.1.1 through 10.1.5. The drawings are presented in Appendix H.

10.1.1 Reinforced Masonry Perimeter Foundation Walls
(Drawing Numbers: M-1 to M-4)
The reinforced masonry (RM) foundation consists of reinforced masonry walls supported on
cast-in-place concrete strip footings.
Reinforced masonry perimeter walls transfer gravity loads to the soil through the bearing pressure imposed on the strip footing. Lateral loads are resisted by a combination of frictional
resistance between the strip footing and the soil, and lateral resistance of the soil against the
below grade portion of the wall footing. Uplift loads are resisted by a combination of the weight
of the footing, soil resistance to vertical failure, and increased bearing pressures in the leeward
footing.
RM foundations are likely the most expensive of the recommended foundations that have been
developed. For example, properly grouting the masonry wall cores will likely require the home
to be crane set on the RM foundation.
Openings or vents, required by the NFIP, are spaced throughout the foundation walls. The
openings are designed to automatically allow floodwater to enter the crawlspace and equalize
hydrostatic pressures on the foundation walls. Flood openings must automatically open to allow
floodwaters to flow and must be installed within 1 foot of grade. Detailed guidance for flood
openings is provided in FEMA Technical Bulletin 1: Openings in Foundation Walls and Walls of
Enclosures, August 2008. A minimum of two flood vents with a total net area of 1 square inch per
square foot of enclosed space must be provided (44 CFR 60.3(c)(5)). Vents for moisture control
are typically installed at the top of the foundation wall. In areas where high crawlspace moisture
levels predominate, additional vents may need to be installed in the upper portions of the foundation walls for adequate ventilation.
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Final connections between the factory-built home and the site-built foundation are made by
bolting the home to the foundation wall anchor bolts (if an adequately attached pressure-treated sill plate is provided with the home) or by anchoring a pressure-treated sill to the foundation
wall and installing framing clips between the site-installed sill plate and the home’s band joist
(if a pressure-treated sill is not provided with the home).

10.1.2 Wood Framed Perimeter Foundation Walls
(Drawing Numbers: WF-1 to WF-4)
The wood framed (WF) foundation consists of 2-inch by 6-inch (nominal) treated framing
sheathed with plywood that is treated to resist rot and wood destroying insect damage. The WF
foundation walls are constructed over continuous poured concrete strip footings. Like the RM
foundation, the WF foundation encloses the underside of the home to create a crawlspace, and
flood vents are required to equalize hydrostatic loads and provide crawlspace moisture control.
Because wood framed walls resist less shear per unit length than masonry, the WF foundation
design requires interior shear walls to adequately resist lateral (wind, flood, and seismic) loads.
In higher wind zones, plywood sheathing is needed on both sides of the shear walls.
Unlike the RM foundation wall design, the WF foundation was designed to enable “building to
the box.” Footings can be poured prior to placing the home (for installation tolerance, they can
be constructed slightly wider), the home can be rolled onto the sites, and the walls can be constructed between the factory-built home and the site-built foundation.
A home destined to be placed on a WF perimeter foundation will require some fabrication
modifications. Most notable is the need to shorten outriggers to avoid interferences with the
foundation wall. Shear reinforcement may be necessary to adequately transfer lateral and vertical loads from the home to the foundation. Manufacturers should provide connection details
specific to their homes.

10.1.3 Braced Masonry Pier Designs
(Drawing Numbers: BM-1.1 to BM-2.2)
The braced masonry pier (BMP) designs utilize materials developed for more typical foundations. The BMP designs use metal straps and masonry piers found in ground anchor foundations.
But instead of using ground anchors to resist vertical and lateral loads, the weight of continuous concrete footings are used to resist uplift and soil pressure while friction forces resist lateral
loads.
Pier construction varies with flood velocity. With low flood velocities, piers can be dry stacked
and adhered with surface bonding mortar. For increased flood velocities, piers with greater
lateral strength are needed to ensure that they do not become dislodged under the combined
effects of wind (or seismic) loads and flood loads. Increasing design flood flow velocities require that the masonry piers be strengthened to resist higher loads. Section 10.3 outlines flood
flow velocity design considerations for several masonry pier configurations.
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The metal straps are an integral component in the braced masonry foundation. Failure of any
strap will redistribute loads to adjacent portions of the foundation. If straps are loaded to their
maximum working load, redistributing the load can lead to progressive strap failure and home
collapse. To reduce potential for progressive failure, redundant straps have been included in
the designs.

10.1.4 Wood H-Frame Designs
(Drawing Numbers: HF-1.1 to HF-2.2)
The wood H-frame designs are similar to pile foundations used to elevate structures in coastal
areas. The greatest difference between the two designs is the use of the weight of concrete footings to resist uplift and lateral forces instead of the friction between earth soils and piles.
The designs allow setting the manufactured home on the site and constructing the H-frames
from below. This “building to the box” provides flexibility in site construction, but some installers
have expressed concerns regarding the amount of work required under the home. Temporary
piers or metal jack stands can support the home during construction, or all H-frames can be
built and the home can be set with a crane.
A critical component to the H-frame designs is the post bases that connect the vertical posts to
the concrete footing. The design specifies cast-in-place bases be accurately positioned during
the concrete pour. The fasteners used to construct the frames are sized to resist uplift and lateral forces only. They are not sized to support all gravity loads. Because of this, the posts must
be constructed tight to the bottoms of the I-beam frames or provided with shim pairs to transfer
gravity loads.

10.1.5 Ground Anchor Designs
(Drawing Numbers: GASP-90-1.1 to GASP-110/130/150-2.2 and GA-90-1.1 to
GA-110/130/150-2.2)
In many areas of the U.S., ground anchors are used as part of the support and anchorage systems for manufactured homes. Anchors are inexpensive, easily installed in many types of soils,
and readily available in many portions of the U.S. Despite these advantages, support and anchorage systems using ground anchors do not perform as well as typical foundations. Most of
the shortcomings result from the fact that shallow earth anchors are relatively weak and their
performance is highly variable, and foundations using ground anchors lack the structural stiffness that typical foundation materials provide.
Ground anchors can be effective in resisting uplift and lateral loads. Loads are resisted by
mobilizing the soil shear strength along the potential failure surface. The surface area of the
potential failure plane is a function of helix area and embedment depth. Mobilization of soil
shear strength requires movement along the failure plane. Shallow anchors typically used for
manufactured home installations require mobilization of a significant portion of the ultimate
soil shear strength, which results in relatively large movements.
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Ground anchors used in manufactured home installations frequently use stabilizer plates to
enhance lateral load resistance capacity. The stabilizer plates resist lateral loads by mobilizing
passive resistance of the soil. Development of soil passive resistance requires deformations, or
movement, in the direction of the applied load. As with uplift, the greater the amount of passive
resistance mobilized, the larger the horizontal movement required.
Two recommended foundation designs using ground anchors have been developed. One design uses ground anchors with stabilizer plates. The ground anchor/stabilizer plate design is
similar to a “standard set,” but includes additional aspects required to resist flood forces and
flood damage.
The second ground anchor design has been developed using ground anchors installed for axial (in-line) loading. In-line anchors offer superior performance to anchors used with stabilizer
plates because fewer are needed for the same level of performance. More importantly, in-line
anchors are less prone to becoming loose and can withstand repeated loading better than anchors with stabilizer plates. One consideration of in-line anchors is that they need to be installed
prior to home placement. This requires additional advanced planning of home placement and
also requires using installers with experience in the use of in-line anchors.

10.2 Summary of Recommended Foundations
A summary and a comparison of the six different recommended foundation systems proposed
in this guide are given in Table 10-1.
Table 10-1. Summary of Recommended Foundations

Type of Foundation
Reinforced masonry
(M-1 to M-4)

Advantages
• Little or no maintenance

Disadvantages
• Need crane to set home
• Expensive
• Need custom feature built into home
to accommodate foundation wall
• Shear reinforcement needed

Wood framed
(WF-1 to WF-4)

• No crane installation necessary

• Need modification to home to
accommodate foundation wall
• Shear reinforcement needed

Braced masonry pier
(BM-1.1 to BM-2.2)

• Typical installation methods

• Adjustment of straps needed after a
design event

Wood H-frame
(HF-1.1 to HF-2.2)

• Uses common materials

• Need crane to set home

• Easily adapted to site conditions

• Amount of work under home
• Accurate placement of vertical posts
at concrete footings
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Table 10-1. Summary of Recommended Foundations (continued)

Type of Foundation
Ground anchors with
stabilizer plate
(GASP-90-1.1 to GASP110/130/150-2.2)

Advantages

Disadvantages

• Inexpensive

• Not as strong as typical foundation

• Readily available

• Human intervention needed after a
design event

• Easy to install
• Anchors installed after home is in
place

Ground anchor – in-line
(GA-90-1.1 to GA110/130/150-2.2)

• Home likely to move during a design
event
• Home may need to be lifted and recentered on foundation

• Better performance than anchors with • Adjustment of straps after a design
stabilizer plate – uses fewer
event
• Anchors readily available

• Anchors need to be accurately
installed prior to placement of home

10.3 Floodwater Velocity Design Considerations for Pier
Foundations
As is noted on the design drawings for the recommended foundations (Appendix H), the design of the pier is dependent on the floodwater velocities. There are four basic pier designs,
each of which has a different design flood flow velocity. Furthermore, whether or not a single or
double block design is used will also affect the design floodwater velocity. Pier designs and the
corresponding recommended limit design velocities are provided in Table 10-2.
Table 10-2. Design Flood Flow Velocity for Concrete Masonry Unit Foundations1

Dry Stack

Dry Stack with
Face Mortar

Bonded Stack2

Fully Grouted,
Reinforced, and
Anchored to Concrete
Foundation

Single Stack

1.00 fps3
1.25 fps4

2.00 fps

2.50 fps

5.00 fps

Double Stack

1.25 fps5
1.75 fps6

3.00 fps

3.00 fps

5.00 fps

Pier
Construction

1

Velocities are the maximum design flood flow for each masonry block pier shown. Design velocity applicable to piers up to 36
inches high.

2

Bonded piers use Type M or S Portland cement and lime mortar to adhere horizontal and vertical joints between block.
Polyurethane based masonry adhesive certified by a recognized national testing agency for use in masonry construction in
accordance with the IRC and IBC also may be used.

3

Dry stack pier design velocity of 1.00 fps applies to single stack block piers supported on ABS pads.

4

Dry stack pier design velocity of 1.25 fps applies to single stack block piers supported on concrete pad or footing

5

Dry stack pier design velocity of 1.25 fps applies to double stack block piers supported on ABS pad

6

Dry stack pier design velocity of 1.75 fps applies to double stack piers supported on a concrete pad or footing
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Methods of determining flood velocities are presented in Appendix C.

10.4 Recommended Foundation Designs for Seismic Areas
The recommended foundation designs proposed in this chapter are designed mainly for flood
and wind loadings. They are not specifically designed for seismic loadings. However, some of
the designs have some seismic resisting capabilities. In Sections 10.4.1 through 10.4.3, three recommended foundation designs suitable for seismic areas are introduced. These are designs that
have been included in the most recent release of Model Manufactured Home Installation Standards
(NFPA 225) and are presented in Appendix H.

10.4.1 Concrete Masonry Pier Foundation Designs
(Drawing Numbers: SP-1/2.1 to SP-1/2.2)
This design applies to concrete masonry piers located along and attached to the chassis beams,
providing both vertical and lateral force support to a manufactured home. The pier cannot
be less than 16 inches square and must be supported on a concrete footing. Each concrete
masonry pier must be provided with no less than two No. 4 vertical reinforcing bars located
in diagonally opposite corners. Anchorage shall be provided between the support system and
manufactured home that is capable of resisting the greater of the load and forces specified in
Standard on Manufactured Housing (NFPA 501), Table SP-1.2 (Drawing SP-1/2.2), and the reactions specified by the home manufacturer.
The grouting required for pier construction will likely require homes to be crane set on this
style of foundation.

10.4.2 Masonry Wall Foundation Designs
(Drawing Numbers: SM-1/2.1 to SM-1/2.2)
This design applies to foundation walls located at the manufactured home perimeter and to
provide lateral force support. Foundation stem wall construction must consist of concrete or
concrete masonry units supported on a continuous concrete footing. The stem cannot be less
than 6 inches thick.
Each concrete or concrete masonry foundation wall must use no less than No. 4 vertical reinforcing bars at a space not exceeding 4 feet with a standard hook of not less than 8 inches in the
footing. Anchorage shall be provided between the support system and manufactured home that
is capable of resisting the greater of the loads and forces specified in NFPA 501, Table SM-1.1
(Drawing SM-1/2.2), and the reaction specified by the home manufacturer.

PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
A Multi-Hazard Foundation and Installation Guide

10-

10

RECOMMENDED FOUNDATIONS

10.4.3 Wood Framed Foundation Designs
(Drawing Numbers: SWF-1/2.1 to SWF-1/2.2)
This design applies to continuous wood framed cripple walls located at the manufactured home
perimeter to provide lateral force support. The continuous concrete perimeter footing cannot
have a width less than 12 inches. Also, the concrete shall extend less than 8 inches above the
highest adjacent grade.
When the home length exceeds 60 feet, two interior transverse shear walls with continuous footings must be added with spacing between walls not exceeding 30 feet. Access openings shall be
provided at the center transverse interior footings. The height of the cripple walls shall exceed
4 feet above the top of the footing.
The concrete footing shall be provided with not less than two No. 4 horizontal reinforcing
bars. Lap splice No. 4 bars no less than 24 inches straight and provide no less than 12 inches
bend around corners. Anchorage shall be provided between the cripple wall and manufactured
home that is capable of resisting the greater of the reaction forces specified in NFPA 225, Table
13.4.7, the reactions specified in SWF-1.1 (Drawing SWF-1/2.2), and anchorage requirements
specified by the home manufacturer. If anchorage requirements from the home manufacturer
are not available or if the manufactured home’s weight and dimensions are not within the criteria established in these designs, anchorage requirements shall be determined by engineering
analysis based on loads specified by ASCE 7.
Anchorage between the cripple wall sill plate and the concrete footing shall be provided not
less than 1/2-inch diameter anchor bolts, starting with no more than 8 inches from the end of
each foundation wall. Anchor bolts cannot be less than 8 inches embedded into the concrete.
Also, anchor bolts shall exceed 16 inches on center for an end wall of single-wide homes, and 32
inches on center for the other walls. Each anchor bolt shall be provided with a steel plate washer
dimensions of no less than 1/4 inch by 3 inch by 3 inch that has a hole diameter of 11/16 of an
inch that is installed with a standard cut washer.
The wood framed perimeter design should allow the foundation to be built to the dimensions
of the manufactured home; therefore, crane installation should not be required.

10.5 Design Drawings
The design drawings for this guide are listed in Table 10-3 and are contained in Appendix H.
Table 10-3. Foundation Drawings

Drawing No.

Title

GN-1.1

Recommended Foundation – General Notes

M-1

Single Unit Masonry Foundation Plan
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Table 10-3. Foundation Drawings (continued)

Drawing No.

Title

M-2

Double Unit Masonry Foundation Plan

M-3

Masonry Wall Foundation Detail

M-4

End Wall Foundation Detail

WF-1

Single Unit Wood Framed Foundation Plan

WF-2

Double Unit Wood Framed Foundation Plan

WF-3

Wood Framed Foundation Detail

WF-4

Wood Framed Shear Wall Detail

BM-1.1

Single Unit Braced Masonry Pier Foundation Plan

BM-1.2

Braced Masonry Pier Detail

BM-2.1

Double Unit Braced Masonry Pier Foundation Plan

BM-2.2

Braced Masonry Pier Detail

HF-1.1

Single Unit Braced Wood H-Frame Foundation Plan

HF-1.2

Single Unit Wood H-Frame Detail

HF-2.1

Double Unit Braced Wood H-Frame Foundation Plan

HF-2.2

Double Unit Wood H-Frame Detail

GASP90-1.1

Single Unit Ground Anchor Foundation Plan

GASP90-1.2

Ground Anchor and Pier Detail (Single Unit)

GASP90-2.1

Double Unit Ground Anchor Foundation Plan

GASP90-2.2

Ground Anchor and Pier Detail (Double Unit)

GASP110/130/150-1.1

Single Unit Ground Anchor Foundation Plan

GASP110/130/150-1.2

Ground Anchor and Pier Detail (Single Unit)

GASP110/130/150-2.1

Double Unit Ground Anchor Foundation Plan

GASP110/130/150-2.2

Ground Anchor and Pier Detail (Double Unit)

GA90-1.1

Single Unit Ground Anchor Foundation Plan

GA90-1.2

Ground Anchor and Pier Detail (Single Unit)

GA90-2.1

Double Unit Ground Anchor Foundation Plan

GA90-2.2

Ground Anchor and Pier Detail (Double Unit)

GA110/130/150-1.1

Single Unit Ground Anchor Foundation Plan

GA110/130/150-1.2

Ground Anchor and Pier Detail (Single Unit)

GA110/130/150-2.1

Double Unit Ground Anchor Foundation Plan

GA110/130/150-2.2

Ground Anchor and Pier Detail (Double Unit)

APD-1.1

Alternative Pier Details for Flood Velocities Not Shown on Plans

AS-1.1

Lateral Ground Anchor Spacing

AS-1.2

Longitudinal Ground Anchor Spacing and Anchor Notes
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Table 10-3. Foundation Drawings (continued)

Drawing No.

Title

SP-1/2.1

Single Unit Concrete Masonry Pier Foundation Plan

SP-1/2.2

Concrete Masonry Pier Details

SM-1/2.1

Single Unit Concrete Masonry Wall Foundation Plan

SM-1/2.2

Concrete Masonry Wall Foundation Detail

SWF-1/2.1

Single Unit Wood Framed Foundation Plan

SWF-1/2.2

Wood Framed Foundation Detail
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B. Sources for Flood
Information
To develop an effective manufactured home installation strategy applicable to a flood hazard
area, several hydrological factors must be evaluated. These include the regulatory floodplain
boundaries and the anticipated flooding characteristics for the site, such as location of the
floodway, depth, velocity, duration, rate-of-rise, and frequency. Various sources for this information are available. Also, there are methods by which portions of such information can be
individually developed.
As part of the NFIP, FEMA develops FIS reports that contain the most current and detailed information available for a community. Such studies can include a FIRM and a Flood Boundary
and Floodway Map (FBFM). Although studies completed prior to 1986 are no longer separate
from FIRMs, many communities still have pre-1986 studies and an FIS report from which the
following information can be obtained:
n Floodplain and floodway boundaries
n Stream profiles that show the elevations of the 100-year or “base flood” (a flood that has a

1-percent chance of being equaled or exceeded in any given year) and other flood events
n Mapped base flood elevations that can be used to develop flood depths for a specific site in

combination with other data
n Flood velocity data
n Flood frequency data
n Flood discharge data
n Historical flood information

FIS reports can be extremely valuable sources for much of the information necessary to evaluate
a potential manufactured home site. The specific hydrologic data elements, and ways to obtain
them, are described below.

B.1 Map Modernization and Risk Mapping, Assessment, and
Planning (Risk MAP)
FEMA developed a plan in 1997 to modernize the FEMA flood mapping program. The plan
outlined the steps necessary to update FEMA’s flood maps for the nation to digital format and
streamline FEMA’s operations in raising public awareness of the importance of the maps and
responding to requests for revision. Since 1997, the plan has continually evolved as new
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products, processes, and technical specifications have been developed and implemented within
current funding levels. The goal of FEMA’s Map Modernization Plan is to upgrade the 00,000
panel flood map inventory by the following methods:
n Develop up-to-date flood hazard data for all flood-prone areas nationwide to support

sound floodplain management and prudent flood insurance decisions
n Provide the maps and data in digital format to improve the efficiency and precision with

which mapping program customers can use this information
n Fully integrate FEMA’s community and State partners into the mapping process to build

on local knowledge and efforts
n Improve processes to expedite creating and updating the maps
n Improve customer services to speed processing of flood map orders and raise public

awareness of flood hazards
Building on the Map Modernization Program, FEMA’s Risk Mapping, Assessment, and Planning (Risk MAP) is a seamless program aimed at reducing losses of life and property through
effective local mitigation activities enabled by quality flood hazard data, risk assessments, and
mitigation planning. Risk MAP will provide an integrated national assessment of risks based
on digital flood hazard data and web-accessible data. Risk MAP information and tools will help
communities develop informed mitigation plans that will reduce losses from natural hazards.
The goals of Risk MAP are:
n Flood Hazard Data: Address gaps in flood hazard data to form a solid foundation for risk

assessments, floodplain management, and actuarial soundness of the National Flood
Insurance Program.
n Public Awareness/Outreach: Ensure that a measurable increase of the public’s awareness

and understanding of risk results in a measurable reduction of current and future
vulnerability.
n Hazard Mitigation Planning: Lead and support State, Local, and Tribal communities to

effectively engage in risk-based mitigation planning resulting in sustainable actions that
reduce or eliminate risks to life and property from natural hazards.
n Enhanced Digital Platform: Provide an enhanced digital platform that improves

management of Risk MAP and also improves communication and sharing of risk data and
related products to all levels of government and the public.
n Alignment and Synergies: Align Risk Analysis programs and develop synergies to enhance

decision-making capabilities through effective risk communication and management.

B.2 Flood Study Software Programs
FEMA has approved the use of several modeling programs to support the NFIP and flood hazard
mapping. These programs were created by various agencies and organizations, including the
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U.S. Natural Resources Conservation Service (NRCS), U.S. Army Corps of Engineers (USACE),
U.S. Department of Agriculture (USDA), U.S. Geological Survey (USGS), and FEMA mapping
contractors. Information about approved software is available at the FEMA website at http://
www.fema.gov/plan/prevent/fhm/frm_soft.shtm. The models can be organized into several
categories:

Nationally Accepted Models
n Coastal Models: coastal storm surge, coastal wave height, and coastal wave effect models,

including FEMA Surge, AdCIRC, WHAFIS 3.0, and RUNUP 2.0.
n Hydrologic Models: single event, continuous event, and interior drainage analysis models,

including HEC-1, HEC-HMS, and TR-20.
n Hydraulic Models: one-dimensional steady flow, one-dimensional unsteady flow, two-

dimensional steady/unsteady flow, and floodway analysis models, including HEC-RAS,
HEC-2, and WSPRO.
Coastal model outputs include stillwater elevations (FEMA Surge and AdCIRC), wave height
profiles along a transect (WHAFIS 3.0), and wave run-up elevations (RUNUP 2.0). Hydrologic model outputs are generally discharge values. Hydraulic model outputs include floodway
analyses (where applicable) and flood elevations for 10-, 2-, 1-, and 0.2-percent exceedance
probability floods.

Locally Accepted Models
n Hydrologic Models: single event models
n Hydraulic Models: one- and two-dimensional unsteady flow models

The FEMA website also provides guidance on the use of automated hydrologic and hydraulic
(H&H) techniques as part of the NFIP Map Modernization efforts at http://www.fema.gov/
plan/prevent/fhm/mm_main.shtm.

B.3 Flood Hazard Boundaries
Flood hazard boundaries must be identified for the different degrees and types of flooding, including floodways, floodway fringe areas, coastal high hazard areas, coastal fringe areas, and
shallow flooding areas. These boundaries are significant for determining the specific flood
hazard zones that would be part of a proposed development site and, thereby, influence site
development. In addition, boundaries indicate where floodplain management regulations and
flood insurance requirements apply. Flood hazard boundary data can be obtained from FBFMs,
FIRMs, and floodplain maps, or can be developed from topographic maps, zoning maps, aerial
photographs, and related hydrologic data.
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B.4 Flood Depth
Flood depths are determined by the difference between water surface elevations at times of
flooding and normal ground surface elevations. This information is important both in determining the elevations at which floodwaters will likely cause damage and in defining the appropriate
elevations for flood insurance and floodplain management regulations. Flood depths also influence the hydrostatic forces in effect during flooding, including the horizontal loads that can
cause lateral displacement or overturning and the vertical loads that can cause uplift and flotation. Therefore, it is important to know the flood depth to determine appropriate foundations
for the site.
Flood depths for a particular site can be derived using a FIRM showing BFEs in combination
with a topographic map depicting ground elevations. Flood depth data are also available from
various technical studies that include flood elevations, water surface profiles, or stream and
coast cross-sections. In the absence of official reports, information on flood depths can be obtained from site surveys and historical records.

B.5 Floodwater Velocity
The average and maximum velocity of floodwater determines the hydrodynamic forces that influence horizontal loads in excess of hydrostatic loads. Velocity also affects the magnitude of
debris impact loads (i.e., force of flotation objects carried by floodwaters), and can increase erosion and affect soil stability on slopes. Data on water velocity are listed in Floodway Data Tables
and are often included in FIS reports. Data might also be available from various floodplain technical studies or determined by special hydrological studies. FIS Floodway Data Tables include
the mean velocity of floodwaters (for the base flood event) within the floodway. These mean
velocities can be used to estimate the upper limit of floodwater velocity in the adjacent flood
fringe portion of the floodplain.
Velocity can also be calculated by assuming floodwaters are at a uniform flow, estimating some
floodplain characteristic, and using Manning’s Equation:

Where:

k
n

  A   2/3 1/2
(S)
  P

V

=

V

= Average flow velocity (fps)

k

=	1.49, unit conversion

A = Cross-sectional flow area (square feet) (shaded area, Figure B-1)
P
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= Wetted perimeter of A (feet) (labeled in Figure B-1)
= Hydraulic radius (feet)
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S

= Gradient (feet/feet) (use average ground surface slope within a reach from
approximately 0.5 mile upstream to approximately 0.5 mile downstream)

n

= Manning’s channel roughness coefficient, empirical value developed through
lab testing of flow through a pipe

Figure B-1. Stream cross-section for Manning’s Equation

B.6 Frequency
Frequency of flooding is a major consideration in evaluating potential installation sites. Frequency of flooding is the probability (in percent) that a random flood event will equal or exceed a
specified magnitude in a given time period. Manufactured homes sited at lower elevations near
a flooding source will likely have higher frequency of flooding than those located at higher elevations. Flood frequency information is included in FIS reports and other technical floodplain
studies. Frequency of flooding can also be statistically determined using historical records.
If manufactured homes are installed on sites vulnerable to high frequency floods (i.e., floods
that occur often), there is a greater risk of damage and there will be a need for more frequent
evacuations. Not only do frequent evacuations present an increased risk to owners and/or tenants, but also to a community’s emergency management officials who provide assistance during
evacuations.

B.7 Rate of Rise
The rate of rise is how rapidly water depth increases during a flooding event. This factor is important in evaluating buoyancy hazards and investigating the feasibility of an evacuation plan.
The rate can be derived from a stream flow hydrograph that compares flooding depth to time
for the area under consideration. Determining the rate of rise requires information that may
be obtained from existing hydrological studies, on-site investigations, historical records, and
nearby gauge records.

B.8 Duration
The duration of a flood is a function of the rate of rise and fall of water. Duration influences the
saturation of soils and building materials, the amount of seepage, and the length of time that a
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manufactured home might be inaccessible. Various floodplain technical studies and historical
records are sources of information concerning duration of flooding.

B.9 Sources of Information
Tables B-1 and B-2 provide sources of various types of information and assistance.
Table B-1. Floodplain Management Information

Natural Resources Conservation Service

n

n

Department of Housing and Urban
Development

n

n

n

n

n

n

n

n

n

n

National Oceanic and Atmospheric
Administration

n

U.S. Geological Survey

n
n

n

State Floodplain Management Coordinating
Agency

n

n

n

Regional Authorities

n

n

n

Local Government Planning Agencies

B-

n

n

n

n

Federal Highway Administration

Flood Warning System

n

Post-Flood Relief

n

Public Information

U.S. Army Corps of Engineers

Floodwater Control

n

Land Use Controls

Federal Emergency Management Agency

Development Regulations

Floodplain Agencies

Floodproofing Information

Preserve Channel Capacity

Data Type

n

n

n
n

n

n

n

n

n
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Table B-2. Summary of Hydrologic Data Sources

National Resources
Conservation Service
National Oceanic
and Atmospheric
Administration

n
n

U.S. Geological Survey
State Floodplain
Management
Coordinating Agency

n

Regional Authorities
(e.g., Tennessee Valley
Authority)
Local Government
Planning Agency or
Municipal Engineer

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

Hydraulic Modeling Software

n

n
n
n
n

n

n

n

n

n

n

n

n

n

n

n

n
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Statistical Modeling Software

n

Hydrologic Modeling Software

n

n

Coastal Modeling Software

n

Zoning Ordinances and Maps

n

Topographic Maps

U.S. Army Corps of
Engineers

n

Technical Assistance

n

State Floodplain Regulations

n

National Flood Insurance Program Regulations

Flood Insurance Rate Maps

n

Hydrologic Atlases

Flood Boundary Maps

n

Flood Records and Probabilities

Flood Control Measures

Federal Emergency
Management Agency

Agencies

Floodplain Information Reports and Technological Studies

Coastal Surveys and Reports

Data Type

n

n

n

n
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C. Flood Velocity
Determination
C.1 Velocity Data
Determining the design floodwater velocity (velocity associated with base flooding) is important
to properly design manufactured home foundations. Only hydraulic modeling or measurements from historic events can produce actual estimated velocity values. In addition to those
resources, this section presents some of the tools and sources of information available that can
help to provide an estimate of the floodwater velocity.

C.1.1

Hydraulic Modeling

Hydrologic and hydraulic (H&H) modeling is done as part of floodplain mapping. Through
hydraulic models such as the USACE’s Hydrologic Engineering Center’s River Analysis System
(HEC-RAS), riverine systems are modeled to determine the elevation of a given flood, such as
the base flood, and the extent of flooding. Hydraulic modeling tools also provide additional
helpful information about flood scenarios, including average channel and overbank floodwater
velocities at particular cross-section locations. These velocities can be used as design velocities
for structures when they correspond to a cross-section at or very near the development site.
Figure C-1 shows an example of output from a HEC-RAS model run that includes overbank
velocities. While these data can be very helpful, communities are expected to use the best available data, and overbank flood velocities may not be readily available in FIS reports.
Generally, the most easily accessible tool to use in estimating velocities will be the community’s
FIS. As described in Section 5.2.4, mean floodway velocities are determined during hydraulic
modeling and can be obtained from the FIS using the following 3-step process:
n Step 1: Locate the manufactured housing site on the FIRM or DFIRM. This first step is

illustrated in Figure C-2 using an example DFIRM.
n Step 2: Locate the stream cross-section on the FIRM or DFIRM that is located closest to the

manufactured housing site. This second step is illustrated in Figure C-3 using an example
DFIRM.
n Step 3: Match the cross-section for a particular stream on the FIRM or DFIRM with the

cross-section in the stream’s Floodway Data Table found in the FIS. This third step is
illustrated in Figure C-4 using an example Floodway Data Table. At cross-section A, the
mean floodway velocity is 0.4 fps.
It is important to note that the floodway’s mean velocity is not a good measure of the actual
flood velocity within the flood fringe, but it can be used as a general measure to determine
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Figure C-1. Example
HEC-RAS output.

profile corresponds to event
frequency (e.g., 50- or 100-year)

overbank velocities

cross-section locations within the floodplain where floodwaters will move relatively faster or
slower, and to provide an upper limit for velocities in the flood fringe.
Hydraulic modeling with the potential to provide overbank flood velocities might also be available. Modeling used to complete a community’s FIS can be ordered through FEMA’s Project
Library by completing a FIS data request form (http://www.fema.gov/plan/prevent/fhm/st_
order.shtm). These data are usually, but not always, available for communities with existing FISs.
Depending on the data format (e.g., paper, diskettes, or microfiche), it may be possible to deter
determine overbank velocities at cross-sections without significant effort. While this modeling can be
helpful, the community is not expected to use it to create any new data; use of the best available
data is all that is necessary. However, there is a possibility that this modeling will be available locally, perhaps through the municipal engineer, especially if new or updated modeling for the
FIS has been recently completed.
H&H modeling might also be available regionally or locally if other agencies have done studies. Table 5- lists several Federal, State, and local agencies that might have information about
past flooding events. These same agencies are the ones most likely to have performed flood
studies, separate from the communities’ FIS reports, for a localized area. Such studies might be
performed in order to further characterize flooding in a particularly vulnerable area or to
C-2
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provide updated information about an area that may have experienced significant development
since the FIS was completed.

C.1.2

Documented Historic Information

Another potential source of documented floodwater velocities are post-flood reports. Refer to
Table 5-1 for Federal, State, and local agencies that often publish post-event flood information.
Such documentation might include information about observed damages, flood elevations, and
other flood characteristics, including floodwater velocities. One such example of these types of
reports is the Delaware Geologic Survey (http://www.udel.edu/dgs/index.html) Open File Reports completed after coastal storms in 1992 and 1998. These reports provide synopses of the
events, high water mark survey results, rainfall and stream gauge records, and wave height records. Another example is The South Florida Water Management District, which offers reports
documenting past flood events via its website (http://www.sfwmd.gov). Additionally, the Harris
County (Texas) Flood Control District provides a summary of past flooding, including observed
damages noting areas that were hardest hit, on their website (http://www.hcfcd.org). Local officials (e.g., engineers, floodplain managers, building inspectors, planners) are probably the best
resource for determining if these types of reports exist and where they can be found.
One agency listed in Table 5-1, the U.S. Geological Survey (USGS), measures stream flow
characteristics at established gauges throughout the U.S. during flood events. The specific characteristics measured depend on the gauge’s capabilities, but can include discharge and mean
channel velocity. These data are available at the USGS website via the National Water Information System (NWIS) Web Water Data system (http://waterdata.usgs.gov/nwis). The USGS also
frequently takes measurements of depth and velocity at discrete cross-section locations along
gauged streams during flood events. This information is not available online, but can be obtained from the appropriate USGS office.

C.2 Alternate Methodologies for Estimating Velocities
In the absence of hard data such as those found in stream modeling or historic measurements
and reports, local expertise and evaluation of site indicators can be used to determine relative
velocities. To estimate site floodwater velocities, local officials, such as engineers and floodplain
managers, with knowledge of past flood events can be consulted. Additionally, there are some
site indicators that local officials can use to estimate relative velocities.

C.2.1

Knowledge of Past Flooding

Local floodplain management and building officials are encouraged to use their knowledge of
past flood events and exercise their judgment in determining relative flood velocities in the absence of hard data. Some questions to consider include the following:
n Have base flood conditions consisted of very shallow (less than 1 foot) or ponding (slow

draining, no velocity) flooding?
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If the answer to this question is yes, then a pier foundation with dry-stacked blocks would
be appropriate. With no velocity and/or very shallow floodwaters, the stability and strength
provided by either surface bonded mortar or grouted/rebar/anchored piers may not be
necessary.
n Have structures at or near the site been damaged by high velocity flows in the past?

If there are any indications that high velocity floodwaters have caused damage to structures
in the past, none of the pre-engineered foundations described in Appendix H should
be used. Some examples of foundation failure as the result of high velocity floodwaters
include: 1) structures shifting from their foundations (sliding failure), 2) scour occurring
at the foundation, and 3) uplift of the structure from the foundation (in conjunction with
buoyancy forces). Section 5.2.4 provides further information on hydrodynamic forces and
foundation failure.
n Have moving floodwaters damaged appurtenant structures such as decks and porches?

Floodborne debris often consists of lumber and other pieces of decking and porches.
High velocity floodwaters damage attachments, such as carports, decks, porches, and
awnings, and/or their connections and can lead to structural failure of the attachment.
Field observations have noted that the primary cause of this failure has been inadequate
support; the attachments’ support systems were simply not designed or constructed
to withstand the hydrodynamic loadings imposed upon them. At or near sites where
appurtenant structures have been severely damaged or destroyed by fast moving
floodwaters, only designs for high velocity foundations (not Appendix H foundations)
should be used.

C.2.2

Site Indicators

Another set of tools to use in estimating relative velocity are characteristics of the site and/or
the surrounding watershed. These indicators provide a broader frame of reference for estimating relative velocities.
The proximity of a site to the flood source (stream or river) is one of the most basic gauges of
floodwater velocity. Generally, the velocity of floodwater will decrease from the channel center
out to the edges of the flood fringe as illustrated in Figure C-5. The floodway is the area of the
stream where floodwaters are likely to be the deepest and have the highest velocities. Therefore, in the outer edges of the flood fringe, velocities can be expected to be relatively low. Sites
located well within the flood fringe closer to the floodway will tend to have higher floodwater
velocities. Figure C-6 shows an aerial view of a stream with the floodway highlighted in dark gray
and the floodplain outlined in white. Within the floodway, velocities will be higher. As you move
outwards to the edges of the flood fringe, velocities will decrease.

C-
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Figure C-2. Manufactured housing site location on DFIRM.

MH Location

Figure C-3. DFIRM detail
showing stream crosssection located closest
to the manufactured
housing site location.

Nearest Cross-Section:
Country Club Creek, Cross-Section A
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Figure C-4. Floodway Data
Table and mean velocity.

Figure C-5. Flood velocity
profiles.

Figure C-6. Floodwaters in
the floodway (dark gray)
will have higher velocities
than those in the flood
fringes (between black
and gray).

Floodplain

Floodway
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Terrain characteristics can also help to provide some clues about floodwater velocities. Flood
velocity is largely dependent on the slope and roughness of the stream channel and overbank
terrain. Water moves downstream faster when the channel and overbank areas are steeply
sloped. Water also flows faster over paved or smooth surfaces such as roadways or parking lots
as opposed to densely vegetated stream banks. Streams in steep or mountainous areas tend to
have higher floodwater velocities capable of more damage than those in flatter areas. Figure
C-7 shows a damaged home along a stream that is surrounded by steep, mountainous terrain
and subject to flash flooding.

Figure C-7. Home
damaged along a stream
subject to flash flooding
due to surrounding
mountainous terrain.

Velocity patterns are also affected by the sinuosity of a waterway. Within streams with some
meandering characteristics, channel velocities are higher along the exterior bends of streams.
Stream banks along the exterior bends of meandering streams are subject to erosion due to
forces exerted by moving waters while deposition of material often occurs along interior bends
due to lower velocities. Therefore, sites along the exterior bends of streams should be considered at risk for higher floodwater velocities. Figure C-8 illustrates a meandering stream system
where there are several exterior bends.
Stream hydraulics can be greatly impacted by flow constrictions within the waterway, including
bridges, culverts, and levees. Higher floodwater velocities are often observed both within the
constricted area and directly downstream of these constrictions. Velocity within an open stream
is equal to the discharge rate divided by the flow area. When a constriction reduces the area
that water may flow through, water must either flow faster or pond up (thereby reducing the
discharge rate); it often does both.
Typically there is some ponding or storage upstream of a constriction during major flooding, but the velocity is also likely to increase dramatically through and just downstream of the
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constriction. As the flow area decreases, the depth of the water will also increase through the
constriction and continue to be elevated for some time downstream of the constriction as the
flow area gradually expands into more natural terrain. Therefore, areas just downstream of constrictions may be prone to high velocity waters during flooding.
Figure C-8. Meandering
stream system. Velocities
are generally higher
along the outer bends of
streams.

C-8
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D. Definitions
GENERAL NOTE: NFIP definitions in quotes taken from 44 CFR 59.1 unless otherwise noted.
Base flood – Defined by the NFIP as “The flood having a one percent chance of being equaled
or exceeded in any given year.” The base flood is also called the 100-year flood.
Base flood elevation (BFE) – The elevation of the base flood as given in the community’s FIRM
and FIS.
Breakaway wall – Defined by the NFIP as “A wall that is not part of the structural support of the
building and is intended through its design and construction to collapse under specific lateral
loading forces, without causing damage to the elevated portion of the building or supporting
foundation system.” Breakaway walls are used in V1-30, VE, and V zones to enclose parking,
building access, and storage areas below buildings.
Coastal A Zone – See Limit of Moderate Wave Action (LiMWA).
Coastal High Hazard Area – Defined by the NFIP as “An area of special flood hazard extending
from offshore to the inland limit of a primary frontal dune along an open coast and any other
area subject to high velocity wave action from storms or seismic sources.” Coastal High Hazard
Areas are identified as V1-30, VE, and V zones on FIRMs.
Community – Defined by the NFIP as “Any State or area or political subdivision thereof, or any
Indian tribe or authorized tribal organization, or Alaska Native village or authorized native organization, which has authority to adopt and enforce floodplain management regulations for
the areas within its jurisdiction.”
Design flood elevation (DFE) – The elevation to which development in the regulatory floodplain is built. The minimum requirement for this elevation in NFIP communities is the BFE. In
areas where a higher degree of protection is promoted or required, a freeboard is added; in this
case, the DFE is some height (1, 2, or more feet) above the BFE. The 2009 International Residential Code Sections R 322.2.1 and R 322.3.2 require a minimum DFE equal to the BFE plus 1
foot for elevation projects located in Coastal A zones and Coastal High Hazard Areas.
Enclosed areas – The portion of an elevated building below the BFE that is partially or fully
surrounded by solid (including breakaway) walls. These enclosed areas can only be used for
parking, building access, or storage and must meet other construction requirements.
Encroachment – Any type of development within the floodplain that results in a loss of its flood
carrying capacity. Encroachments in floodways are particularly important in floodplain development because, under NFIP minimum requirements, any development within the floodway that
results in an increase in the BFE elevation is not permitted.

PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
A Multi-Hazard Foundation and Installation Guide

D-

D

DEFINITIONS

Existing manufactured home park or subdivision – Defined by the NFIP as “A manufactured
home park or subdivision for which the construction of facilities for servicing the lots on which
the manufactured homes are to be affixed (including, at a minimum, the installation of utilities, the construction of streets, and either final site grading or the pouring of concrete pads)
is completed before the effective date of the floodplain management regulations adopted by a
community.”
Expansion to an existing manufactured home park or subdivision – Defined by the NFIP as “The
preparation of additional sites by the construction of facilities for servicing the lots on which the
manufactured homes are to be affixed (including the installation of utilities, the construction
of streets, and either final site grading or the pouring of concrete pads).”
Flood damage-resistant material – Any building material capable of withstanding direct and prolonged contact with floodwaters without sustaining significant damage. The term “prolonged
contact” means at least 72 hours, and the term “significant damage” means any damage requiring more than low-cost cosmetic repair.
Flood depth – The difference in height between the water surface elevation at the time of flooding and the normal grade elevation of the flooded area.
Flood Hazard Boundary Map (FHBM) – Defined by the NFIP as “An official map of a community, issued by the Administrator, where the boundaries of the flood and/or mudslide (i.e.,
mudflow) related to erosion areas having special hazards have been designated as Zones A, M,
and/or E.”
Flood Insurance Rate Map (FIRM) – Defined by the NFIP as “An official map of a community,
on which the Administrator has delineated both the SFHAs and the risk premium zones applicable to the community.”
Flood Insurance Study (FIS) – Defined by the NFIP as “An examination, evaluation, and determination of flood hazards and, if appropriate, corresponding water surface elevations, or
an examination, evaluation, and determination of mudslide and/or flood-related erosion hazards.”
Floodplain – Defined by the NFIP as “Any land area susceptible to being inundated by water
from any source.”
Floodway – Defined by the NFIP as “The channel of a river or other watercourse and the adjacent land areas that must be reserved in order to discharge the base flood without cumulatively
increasing the water surface elevation more than a designated height.”
Freeboard – An additional elevation requirement some height above the BFE; this additional
height is added to the BFE to produce the DFE. Freeboard provides a margin of safety above
the estimated BFE and against extraordinary or unknown risks. As in all natural hazard events,
the design event can only be predicted in probabilistic terms and some uncertainties remain in
any analysis. Freeboard is intended to allow for those uncertainties.
D-
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Limit of Moderate Wave Action (LiMWA) – The inland limit of the area affected by waves greater than 1.5 feet. The area between this inland limit and the V zone boundary is known as the
Coastal A zone.
Manufactured home – Defined by the NFIP as “A structure, transportable in one or more sections, that is built on a permanent chassis and is designed for use with or without a permanent
foundation when attached to the required utilities. The term ‘manufactured home’ does not
include a ‘recreational vehicle.’”
Manufactured home park or subdivision – Defined by the NFIP as “A parcel (or contiguous parcels) of land divided into two or more manufactured home lots for rent or sale.”
New manufactured home park or subdivision – Defined by the NFIP as “A manufactured home
park or subdivision for which the construction of facilities for servicing the lots on which the
manufactured homes are to be affixed (including, at a minimum, the installation of utilities, the
construction of streets, and either final site grading or the pouring of concrete pads) is completed on or after the effective date of the floodplain management regulations adopted by a
community.”
Permanent foundation – A foundation constructed of durable materials that may include masonry, reinforced concrete, corrosion resistant steel, or pressure treated timber. Note that this
definition of a permanent foundation is provided for the purposes of this publication. The
foundation designs provided in Appendix H are considered permanent foundations in accordance with this definition.
Regulatory floodplain – The floodplain to which a community applies their floodplain development regulations. A community participating in the NFIP is required to adopt the floodplain
on their FIRM, or use a more restrictive (larger aerial extent or higher floodplain water surface
elevations) floodplain.
Special Flood Hazard Area (SFHA) – Defined by the NFIP as “The land in the floodplain within
a community subject to a 1-percent or greater chance of flooding in any given year. The area
may be designated as Zone A on the FHBM. After detailed ratemaking has been completed in
preparation for publication of the FIRM, Zone A is usually refined into Zones A, AO, AH, A1-30,
AE, A99, AR, AR/A1-30, AR/AE, AR/AO, AR/AH, AR/A, VO or V1-30, VE, or V.” The SFHA is
also called the base floodplain, 100-year floodplain, or 1-percent annual chance floodplain.
Structural fill – Engineered fill, compacted to 90 percent compaction, Modified Proctor Test,
ASTM D1557. It should have a minimum bearing capacity as recommended by geotechnical engineer, and be free of organic material such as weeds, or grasses, or other organic matter.
Substantial damage – Defined by the NFIP as “Damage of any origin sustained by a structure
whereby the cost of restoring the structure to its before damaged condition would equal or exceed 50 percent of the market value of the structure before the damage occurred.”
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Substantial improvement – Defined by the NFIP as “Any reconstruction, rehabilitation, addition, or other improvement of a structure, the cost of which equals or exceeds 50 percent of
the market value of the structure before the ‘start of construction’ of the improvement. This
term includes structures that have incurred ‘substantial damage,’ regardless of the actual repair
work performed. The term does not, however, include either: (1) any project for improvement of a structure to correct existing violations of State or local health, sanitary, or safety code
specifications that have been identified by the local code enforcement official and that are the
minimum necessary to ensure safe living conditions, or (2) any alteration of a ‘historic structure,’ provided that the alteration will not preclude the structure’s continued designation as a
‘historic structure.’”
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E. Acronyms and
Abbreviations
A
ABS

acrylonitrile butadiene styrene

ACI

American Concrete Institute

ACQ

alkaline copper quaternary

ACZA

ammoniacal copper zinc arsenate

AdCIRC

Advanced Circulation Model

AF&PA

American Forest and Paper Association

AISC

American Institute of Steel Construction

ANSI

American National Standards Institute

APA	

American Plywood Association

ASCE

American Society of Civil Engineers

ASD

allowable stress design

ASFPM

Association of State Floodplain Managers

ASTM

American Society for Testing Materials

AWC

American Wood Council

AWPA

American Wood Preservers Association

B
BFE

base flood elevation

BMP

braced masonry pier

BPAT

Building Performance Assessment Team

C
C&C

components and cladding

CCA

chromated copper arsenate
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CFR

Code of Federal Regulations

CMU

concrete masonry unit

COSAA

Council of State Administrative Agencies

CRS

Community Rating System

D
DAPIA

Design Approval Primary Inspection Agency

DFE

design flood elevation

DFIRM

Digital Flood Insurance Rate Map

DHS

Department of Homeland Security

DMA 2000

Disaster Mitigation Act of 2000

E
ERBS

earthquake-resistant bracing system

F
FBFM

Flood Boundary and Floodway Map

FEMA

Federal Emergency Management Agency

FHBM

Flood Hazard Boundary Map

FHWA

Federal Highway Administration

FIA

Federal Insurance Administration

FIRM

Flood Insurance Rate Map

FIS

Flood Insurance Study

FMHA

Florida Manufactured Housing Association

fps

feet per second

ft

foot or feet

FY

fiscal year

G
g

acceleration due to gravity

GA

ground anchor
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GAATP

Ground Anchor Assembly Test Protocol

GASP

ground anchor with stabilizer plate

GIS

Geographic Information System

GPO

Government Printing Office

E

H
H&H

hydrologic and hydraulic

HAZUS-MH

Hazards U.S. – Multi-Hazard

HEC		

Hydrologic Engineering Center (USACE)

HEC-HMS

Hydrologic Engineering Center's Hydrologic Modeling System

HEC-RAS

Hydrologic Engineering Center's River Analysis System

HMS

Hydrologic Modeling System

HUD

U.S. Department of Housing and Urban Development

HVAC

heating, ventilation, and air conditioning

I
IBC

International Building Code

ICBO

International Council of Building Officials

ICC

International Code Council

ID

identification

in

inch or inches

IRC

International Residential Code

ITW

Illinois Tool Works

L
lb

pound or pounds

LiMWA

Limit of Moderate Wave Action

LOMA

Letter of Map Amendment

LOMR

Letter of Map Revision
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M
MAT

Mitigation Assessment Team

MH

manufactured housing

MHCC

Manufactured Housing Consensus Committee

MHCSS

Manufactured Home Construction and Safety Standards

MHI

Manufactured Housing Institute

MHIA 2000 Manufactured Housing Act of 2000
MHRA	

Manufactured Housing Research Alliance (now Systems Building Research
Alliance)

mm

millimeter

mph

miles per hour

MWFRS

main wind force resisting system

N
NAHB

National Association of Home Builders

NAVD

North American Vertical Datum

NCSBCS

National Conference of States on Building Codes and Standards

NDS

National Design Standard

NEHRP

National Earthquake Hazards Reduction Program

NFHL

National Flood Hazard Layer

NFIA

National Flood Insurance Act

NFIP

National Flood Insurance Program

NFPA

National Fire Protection Association

NGVD

National Geodetic Vertical Datum

NIST

National Institute of Standards and Technology

NRCS

National Resources Conservation Service

NWIS	

National Water Information System
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Acronyms and Abbreviations

E

O
o.c.

on center

OC

Oversight Committee

P
PATH

Partnership for Advancing Technology in Housing

pcf

pounds per cubic foot

PFGMH

Permanent Foundations Guide for Manufactured Housing

plf

pounds per linear foot

psf

pounds per square foot

psi

pounds per square inch

R
RiskMAP

Risk Mapping, Assessment, and Planning

RM

reinforced masonry

RUNUP

wave runup module

S
SBRA

Systems Building Research Alliance (formerly Manufactured Housing Research
Alliance)

SD

substantial damage

SEI

Structural Engineering Institute

SFHA

Special Flood Hazard Area

SI

substantial improvement

STP

Standard Torque Probe

T
TVA

Tennessee Valley Authority
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Acronyms and Abbreviations

U
USACE

U.S. Army Corps of Engineers

U.S.C.

United States Code

USDA

United States Department of Agriculture

USGS

United States Geological Survey

W
WF

wood framed

WHAFIS

Wave Height Analysis for Flood Insurance Studies

WSPRO

water surface profile computation module
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F. Example Calculations
Design a CMU pier and ground anchor foundation for a manufactured home to be placed in
an SFHA Zone AE having a flood velocity of 2 fps. The BFE is 9 feet and existing ground elevation is approximately 7 feet. The flood depth is 2 feet and the freeboard is 1 foot, which yields
a DFE depth of 3 feet. The manufactured home dimensions for these example calculations are
shown in Figure F-1. The manufactured home is a single unit, 16 feet wide and 60 feet long
with a 30-degree gable roof with a 1-foot overhang. Roofing members are spaced 16 inches on
center (o.c.). The manufactured home weighs 20 psf. Assume an NFPA 5000 soil classification
of soft, sandy clay, or clay (allowable bearing pressure qa =1,000 psf ; ultimate bearing pressure
qu = 2,000 psf). Use ASCE 7 to calculate loads.
Foundation loads selected for this example of a manufactured home in an SFHA differ from
those that may be found in HUD standard 24 CFR 3280. Design loads in this example are in accordance with ASCE 7-05 and other standards.
These example calculations assume transverse wind loads produce the controlling loading.
Wind in the direction parallel to the roof ridge may produce greater loads for certain cases and
must be evaluated during final design.

Figure F-1. Manufactured
home dimensions.

ASCE 7-05
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Step 1: Determine Design Criteria
NORMAL LOADS
Dead Load (D)
D = 20 psf

ASCE 7-05
Table 4-1

Given in the example statement

Live Load (L)
L is based on one- and two-family dwellings
L = 40 psf

Roof Live Load (Lr)
Lr = 20R1R2 =20(1)(0.85)=17 psf
R1 = 1 for At ≤ 200 ft2

( )

1 ft
=24.5 ft2
12 in
F = number of inches of rise per foot
12 in
F = 1ft
tan 30˚ = 7 in
1 ft

At = 2(9.2 ft)(16 in)

( )

Note that the roof live load falls between the limits given:
12 ≤ Lr ≤ 20
ASCE 7-05

ENVIRONMENTAL LOADS
Wind Loading
Structure is a regular shape, located in a windborne debris region with
terrain classification of Exposure C and surrounded by flat terrain.

Section 6.2

Mean roof height (h)
h = 3 ft + 10 ft + 0.5(4 ft)
= 15 ft
h < 16 ft (least horizontal dimension)
Calculations are for a foundation system, which is a main wind force resisting system (MWFRS).
Section 6.5

Velocity Pressures
Velocity pressures are determined using
Method 2: Analytical Procedure
F-
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(A simplified alternative is to use ASCE 7, Section 6.4, Method 1. Wind
pressures are tabulated for basic conditions. The wind pressure must be
adjusted for mean roof height and exposure category.)
Velocity Pressure Coefficient (qz)
qz = 0.00256KzKztKdV2I
Velocity pressure exposure coefficient evaluated at height z (the
height above ground level in feet) (Kz)
Kz= 0.85
Topographical factor (Kzt)
Kzt=1 (assume a flat surface)
Wind directionality factor (Kd)

Section 6.5.10
Eq. 6-15
Section 6.5.6
Table 6-3

Section 6.5.6
Section 6.5.4.4
Section 6.5.5
Table 6-1
Section 6.5.4

Kd = 0.85
Basic Wind Speed (V)

Section 6.5.11.1
Figure 6-5

V = 110 mph (3-second gust)
I = 1 (Category II building: Table 1-1 (ASCE 7))

Section 6.5.11.2.1
Figure 6-6

Therefore, qz = 0.00256(0.85)(1)(0.85)(110)2(1)
= 23 psf

Design Pressures for MWFRS
Internal Pressure Coefficient (GCpi)
GCpi = ± 0.18
External Pressure Coefficient (Cp)
h

= Mean roof height, in feet

L

= Horizontal dimension of building, in feet, measured parallel to wind direction

B

= Horizontal dimension of building, in feet, measured normal to wind direction

Figure 6-6

Table F-1 shows the External Pressure Coefficients calculated for the
windward, leeward and side walls. Computations of the External Pressure Coefficients for the windward and leeward roof are shown Table
F-2.
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Table F-1. External Wall Pressure Coefficients  

Surface

Wind Direction

L/B

Cp

Windward Wall

n/a

n/a

0.8

Leeward Wall

Perpendicular to
roof ridge

16 ft
= 0.27
60 ft

-0.5

n/a

n/a

-0.7

h/L

Cp

Side Wall

Figure 6-6

Table F-2. External Roof Pressure Coefficients  

Surface
Windward Roof

Wind Direction
Perpendicular to
roof ridge

Leeward Roof

15 ft
= 0.94
16 ft

-0.3
0.2

Figure 6-6
Section 6.5.8
Eq. 6-17

-0.6

Foundation systems are considered rigid, therefore, G = 0.85.
Design Pressure (p)
The basic pressure equation (ASCE 7 6-17), which includes the internal
pressure coefficient is as follows:
p = qGCp – qi(GCpi)
However, this would only be used if designing individual components
whose effective tributary area is equal to or greater than 700 sf (ASCE
7-05 6.5.12.1.3 and IBC 2006 1607.11.2.1). When determining loads on
the global structure (i.e., shear walls or foundation design), the internal pressure components will act in equal and opposite directions on
the roof/floor and the leeward/windward walls, thereby algebraically canceling each other. The resulting simplified form of the pressure
equation is:
p = q x GCp
Table F-3 summarizes the design pressures calculated using this simplified wind design pressure equation. Figure F-2 shows the application of
these design pressures on the structure. For foundation design, internal
pressures need not be considered since internal pressure on windward
walls, leeward walls, floors, and roofs cancel each other. For example,
internal pressures acting on a windward wall are equal and opposite to
those acting on a leeward wall and the net force on the foundation from
internal pressures is zero.
F-
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While internal pressures cancel, internal pressures for a partially enclosed building have been included in the example. This is to provide
an example of more general wind load calculations.
Table F-3. Design Pressures for Wind Perpendicular to the Roof Ridge

Surface

Design Wind Pressure
Calculations

pressure
(psf)

Windward Wall

p = 23 psf(0.85)(0.8)

15.7

Leeward Wall

p = 23 psf(0.85)(-0.5)

-9.8

Side Walls

p = 23 psf(0.85)(-0.7)

-13.7

p = 23 psf(0.85)(-0.3)

-5.9

p = 23 psf(0.85)(0.2)

4.0

p = 23 psf(0.85)(-0.6)

-11.8

Windward Roof

Leeward Roof

MWFRS Roof Overhang Pressures

ASCE 7-05

ASCE 7 only addresses the windward overhang, specifying the use of a
positive pressure coefficient of Cp = 0.8. Acting on the bottom surface of
the overhang in combination with pressures acting on the top surface.
For the leeward overhang, the coefficient for the leeward wall (Cp = -0.5)
could be used, but the coefficient has been conservatively taken as zero.
p = 23 psf(0.85)(0.8)

Section 6.5.11.4.1

= 15.7 psf
pOH = -5.9 psf – 15.7 psf = -21.6 psf
A conservative simplification is to use the wind pressure acting away from
the roof case for uplift roof pressure simultaneously with the wind pressure toward the roof for the lateral roof pressure.
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Figure F-2. Maximum
uplift and lateral wind
loads on roof.

SNOW LOADING

ASCE 7-05

Ground Snow Load (pg)
pg

Section 7.2
Figure 7-1

= 20 psf

Flat Roof Snow Load (pf)
pf

= 0.7CeCtIpg

pf

= 0.7(1.0)(1.0)(1.0)(20)

Section 7.3
Eq. 7-1

= 14 psf
But not less than pf =(I)pg = 20 psf
F-
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Exposure Coefficient (Ce)
Ce

= 1.0 (partially exposed roof)

Thermal Factor (Ct)
Ct

= 1.0

Importance Factor (I)
I

Section 7.3.1
Table 7-2
Section 7.3.2
Table 7-3
Section 7.3.3
Table 7-4

= 1.0 (Category II building: Table 7-4 (ASCE 7))

Sloped Roof Snow Load (ps)
ps

F

= Cspf

Section 7.4
Eq. 7-2

= (1.0)(20 psf)
= 20 psf
Warm Roof Slope Factor (Cs)
Cs

Section 7.4.1
Figure 7-2

= 1.0 (asphalt shingle not slippery)

Unbalanced Roof Snow Load (pu)

Section 7.6

Since the roof’s eave to ridge distance ≤ 20 ft, unbalanced uniform snow
loads shall be applied as follows:
Pwindward = 0.3 ps

Section 7.6.1

= 6 psf
Pleeward.1 = ps
= 20 psf
Pleeward.2 = (hd)(γ)/√(S)
= (1.44 ft)(16.6 pcf)/√(1.73)
= 18.2 psf
From the ridge toward the leeward eave a distance of:
x

= (8/3)(hd)√(S)

Figure 7-9
Eq. 7-3

= 5.1 ft
hd

= 1.44 ft

γ

= 0.13 pg + 14 ≤ 30 pcf
= 16.6 pcf
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FLOOD LOADING
Hydrostatic Load (Fh)
If the manufactured home is elevated above the BFE on
an enclosed foundation, venting must be provided in all
manufactured homes placed in a SFHA; the hydrostatic
forces on either side of the foundation wall will cancel.
However, the hydrostatic load is calculated because it is
used in the hydrodynamic load calculation.
Fh = ½ PhH
Hydrostatic Pressure (Ph)
Ph = γH
Specific Weight of Fresh Water (ω)

Note: A 1-foot freeboard is added
to the BFE depth to provide a
protection above the BFE; 3 feet
becomes the “design” depth or the
DFE.

γ = 62.4 pcf
Floodproofing Design Depth (H)
H = 2 ft (base flood depth) + 1 ft

ASCE 7

Hydrodynamic Load
The hydrodynamic load is calculated by converting it to an equivalent
hydrostatic load by increasing the flood depth. The increase in flood
depth is referred to as dh.
C V 2 2.0(2 ft/s )2
dh = d =
= 0.13 ft
2g
2(32.2 ft/s )

Eq. 7-5

Drag Coefficient (Cd)
In the above equation, a value of 2.0 was assumed
for Cd. This is a conservative estimate; the actual
value for Cd could be anywhere between 1.2 and
2.0.
Acceleration Due to Gravity (g)
g = 32.2 ft/s

2

with a hydrodynamic pressure of
Phydr = γ(dh) = 62.4 pcf (0.13 ft) = 8.2 psf
The equivalent hydrostatic load (Fh/ad) taken into consideration the hydrodynamic load is :

FEMA’s Coastal Construction Manual (FEMA 55) recommends a value
of 2.0 for square or rectangular piles
and 1.2 for round piles.
For additional guidance regarding
drag coefficients, refer to Volume II
of the U.S. Army Corps of Engineers’
Shore Protection Manual (USACE
1984), FEMA 55, and the Engineering
Principles and Practices for Retrofitting Flood-Prone Residential Structures (FEMA 259).

Fh/ad = Phydr x H = 8.2 psf x3 ft = 24.6 plf
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Since piers are 16 inches wide, the total hydrodynamic force on
the pier is
= 24.6

1 ft
lb
16 in
32 lbs per pier
12 in
ft

CHECK SCOUR
Reference: Publication No. FHWA NHI 00-001, Evaluating Scour at Bridges, 4th Edition, May 2001,
Hydraulic Engineering Circular No. 18.
L = 16"

L = 16"

a = 8"

Ys
= 2.0 x (K1)x (K2) x(K3) x(K4) x (a/Y1)0.65 x Fr10.43
Y1
Where: Y = Scour depth
Y1 = Flow depth directly upstream of pier
a = Pier width (ft.)
L = Pier length (ft)
Fr1 = Froude number
			 Fr1= V1/(gY1)1/2
			 Where V1 = Mean velocity of flow directly upstream of pier
g = acceleration due to gravity (32.2 feet/sec2)
PROTECTING Manufactured Homes FROM FloodS AND OTHER Hazards
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K1 = Factor for pier nose shape. For square nose
K2 = Factor for Angle of attack . K2 = (cosine φ + (L/a) x sine φ)0.65
K3 = Factor for bed condition/. K3 = 1.1
K4 = Factor for armoring by bed material size.
Project parameters:
Flood low = 2 fps
Flood depth = 3 ft
Assume flood angle of attack = 0º
So that:
K1 = 1.1 (Table 6.1)
K2 = [cosine 0o +(L/a)x sine 00]0.65 = [1.00 + (1.33’/0.67”) x 0]0.65 = 1.00
K3 = Factor for bed condition/. K3 = 1.1 (Table 6.3)
K4 = Factor for armoring by bed material size. K4 = 1.0 unarmored
Fr1 = V1/(gY1)1/2 = 2/[32.2 x 3]1/2 =2/9.84 = 0.203
And
Ys
= (2) x (1.1) x (1.0) x (1.1) x (1.0) x (0.67/2)0.65 x (0.203)0.43
Y1
Ys
= (2.42) x (0.491) x (.504) = 0.6
Y1
Ys = (0.6) x (Y1) = (0.6)x(3) = 1.8 ft
Scour protection or increased footing embedment required.
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Step 2: Select a Design Methodology and Assess Load
Combinations and Failure Modes
Figure F-3 illustrates the loads applied to the manufactured home. Table F-4 lists the nomenclature of the applied loads shown in Figure F-3.
Figure F-3. Loading on a
manufactured home.

Table F-4. Load Nomenclature

Nomenclature

Load Description

D

dead load

L

live load

LR

roof live load

RH

horizontal reaction

RLV

leeward vertical reaction

RWV

windward vertical reaction

SB

balanced snow load

WH

horizontal wall wind pressure

WRH

roof horizontal wind pressure
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Table F-4. Load Nomenclature (continued)

Nomenclature

Load Description

WLRV

leeward roof vertical wind pressure

WWRV

windward roof vertical wind pressure

Note that snow load governs over roof live load and wind downward load, and wind lateral
load governs over earthquake lateral load. Load combinations for non-governing cases are not
shown.
For the purposes of these calculations, the worst case wind load is taken to be perpendicular to
the roof ridge for all failure modes. Wind in the direction parallel to the roof ridge may produce greater loads for certain failure modes.

Uplift and Downward Failure Mode
Uplift failure is a vertical force phenomenon. The loads that act vertically are wind, snow, dead,
and live loads. Table F-5 summarizes the loads that influence uplift and downward failure mode.
Table F-6 assesses uplift and downward failure load combinations. Note that uplift is based on
MWFRS pressures for the global foundation design. Design of the connections to the foundation may require components and cladding (C&C) pressures to be used.
Table F-5. Vertical Load Values

Load
Type

Total load acting on the structure and, therefore, must be supported by the foundation

D

D = [dead load per square foot][width of the manufactured home]
D = [20 psf][16 ft]
D = 320 lbs per linear ft of manufactured home length

L

L = [live load per square foot][width of the manufactured home]
L = [40 psf][16 ft]
L = 640 lbs per linear ft of manufactured home length

Lr

Lr = [roof live load per square foot][width of the manufactured home]
Lr = [17 psf][18 ft]
Lr = 306 lbs per linear ft of manufactured home length

F-12
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Table F-5. Vertical Load Values (continued)

Load
Type

Total load acting on the structure and, therefore, must be supported by the foundation

W

Maximum wind uplift loads occur for winds parallel to the roof ridge at the windward end.
W = WWRV+WLRV = [(vertical component roof wind pressures)(area roof)]/manufactured home length
W = [-17.6 psf][(9 ft)(15 ft)(2)] 0 ft to 15 ft +
[-9.8 psf][(9 ft)(15 ft)(2)] 15 ft to 30 ft +
[-5.9 psf][(9 ft)(30 ft)(2)] 30 ft to 60 ft
W = -10,584 lbs/60 ft = -176 lbs per linear foot of manufactured home length (average)
In this case, vertical uplift loads are low and so this simplification is acceptable. However, to
account for the unbalanced uplift if wind loads were higher, either overturning in this direction
would need to be considered, or the windward uplifts conservatively made symmetrical about the
middle.
Maximum wind downward loads occur for wind perpendicular to the roof ridge; however, they are
much less than, and do not govern over, roof live or snow loads.

S

S = [snow pressure][horizontal projected roof area]
S = [20 psf][(9 ft)]SW + [20 psf][(9 ft)]SL
S = 360 lbs per linear ft of manufactured home length

Table F-6. Vertical Failure Mode ASD Load Combinations

Load Combinations
4

D + 0.75L + 0.75S
320 lbs + 0.75(640 lbs) + 0.75(360 lbs) = 1,070 lbs per linear ft of manufactured home length

7

0.6D + W
0.6(320 lbs) - 176 lbs = 16 lbs per linear ft of manufactured home length acting downward

Note that, for load combination 7, the 0.6 load factor should be applied to the dead load that
would actually be present over the whole structure. Additions to the dead load tabulation such
as mechanical and miscellaneous or shingles should not be included in this value as they may
not be present in all areas or during a high-wind event and their inclusion would not be conservative.

Sliding or Shearing Failure Mode
Sliding failure is a lateral force phenomenon. The loads that act laterally are wind and flood
loads. Table F-7 summarizes the lateral loads and their values. Maximum lateral wind loads occur when the wind is perpendicular to the roof ridge. Note that lateral wind loads act on the
overall structure (i.e., foundation), whereas flood loads act on the individual piers. Table F-8
gives the load combinations for sliding failure. Once the number of piers is defined, the hydrodynamic forces on these piers are to be added to load combination 4, and the foundation
design will have to be checked to make sure it can resist the added hydrodynamic loads.
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Table F-7. Lateral Load Values

Load
Type

Total load acting on the structure and, therefore, must be supported by the foundation

W

Maximum lateral wind loads occur for winds ┴ to the roof ridge
W = WRH + WH =
[lateral roof pressures][roof height] + [wall pressures][wall height]
W = [4 psf – (-11.8 psf)] (4.7 ft)
[(15.7 psf + 9.8 psf)(10 ft)]
W = 329.3 lbs per linear ft of manufactured home length

Fa

Hydrodynamic load per pier
Fa = [hydrodynamic force][pier length]
Fa = 32.8 lbs per pier
Assume total of 9 piers x 2 rows for 1st iteration
Fa = (32.8 lbs per pier)(9 piers per row)(2 rows)
Fa = 590.4 lbs / 60 ft = 9.84 lbs per linear ft of manufactured home length

Table F-8.  Sliding Load Combinations

Load Combinations
5

W + 1.5Fa
329.3 lbs + 1.5(9.84 lbs) = 344 lbs per linear ft of manufactured home length

Note: The vertical gravity loads are not considered to be conservative. Thus, the frictional resistance of the footings under the piers has been neglected. This component may be used in
borderline situations at the discretion of the engineer.

Overturning Failure Mode
Overturning failure results from loads that act on the whole structure and pivot about the bottom of the leeward pier. Dead, live, wind, and snow loads can all influence the overturning
moment. Table F-9 summarizes the moments that affect overturning due to wind in this case.
Table F-10 assesses the moment load combinations. Only the portions of the roof and floor
live loads that are over the part that cantilevers out past the leeward pier will contribute to the
overturning. Since this is the worst overturning case for each, only these conditions will be calculated.
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Table F-9. Moment Load Values

Moment
Type

Total moment about the bottom of the leeward foundation support
(positive moment is counter clockwise)

D

D = [dead load per square foot][home width][moment arm]
D = [20 psf][(16 ft)(4 ft)]
D = +1,280 ft-lbs per linear ft of manufactured home length

L

L1 = [live load per square foot][home width][moment arm]
L1 = [40 psf][(16 ft)(4 ft)]
L1 = 2,560 ft-lbs per linear ft of manufactured home length
L2 = [live load per square foot][cantilever width][moment arm]
L2 = [40psf][4 ft][-1 ft]
L2 = -160 ft lbs per linear ft of manufactured home length

Lr

Lr = [roof live load per square foot][roof width][moment arm]
Lr = [17 psf][4 ft][1 ft]
Lr = -68 ft-lbs per linear ft of manufactured home length

W

WIND PERPENDICULAR TO THE ROOF RIDGE
WWRV = [vertical component roof wind pressures][roof width][moment arm]
WWRV (-21.6 psf)(1 ft)(12.5 ft) + (-5.9 psf)(8 ft)(8 ft)
WWRV = -648 ft-lbs per linear ft of manufactured home length
WLRV
WLRV
WLRV

= [vertical component roof wind pressures][roof width][moment arm]
(-11.8 psf)(9 ft)(-0.5 ft)
= +53 ft-lbs per linear ft of manufactured home length

WRH
WRH
WRH

= [horizontal component roof wind pressures][roof height][moment arm]
= [4 psf – (-11.8 psf)](-4.67 ft)](15.3 ft)
= -1,129 ft-lbs per linear ft of manufactured home length

WW+L = [windward wall pressure + leeward wall pressure][home’s height from ground to roof
eave][moment arm]
WW+L = [15.7 psf + 9.8 psf](10 ft)(-8 ft)
WW+L = -2,040 ft-lbs per linear ft of manufactured home length
Fa

Hydrodynamic load on piers
Fa = [horizontal component][moment arm]
= (9.84 plf)(-3 ft/2) = -15 ft-lbs per linear foot of manufactured home length

S

SB = [balanced snow pressure][horizontal projected roof area][moment arm]
SB = [20 psf][18 ft][-4 ft]
SB = 1,440 ft-lbs per linear ft of manufactured home length
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Table F-10. Overturning Load Combinations

Moment Load Combinations (positive moment is counter clockwise)
6

D + 0.75W + 0.75L + 0.75Lr + 1.5Fa (Partial live loading to produce max OT)
(1,280 ft-lbs) + (0.75)(-648 ft-lbs + 53 ft-lbs – 1,129 ft-lbs – 2,040 ft-lbs) + (0.75)(-160 ft-lbs)+
(0.75)
(-68 ft-lbs) + (1.5)(-15 ft-lbs) = -1,737 ft-lbs per linear ft of manufactured home length
D + 0.75W + 0.75L + 0.75S + 1.5Fa (Full live and snow to produce max downward reaction)
(1,280 ft-lbs) + (0.75)(-648 ft-lbs + 53 ft-lbs – 1,129 ft-lbs – 2,040 ft-lbs) + (0.75)(-2,560 ft-lbs) +
(0.75)(1,440 ft-lbs) + (1.5)(-15 ft-lbs) = 1,435 ft-lbs per linear ft of manufactured home length

7

0.6D + W + 1.5Fa
(0.6)(1,280 ft-lbs) + (-648 ft-lbs + 53 ft-lbs – 1,129 ft-lbs – 2,040 ft-lbs) + (1.5)(-15 ft-lbs)
= -3,019 ft-lbs per linear ft of manufactured home length

Table F-11 summarizes the load combinations that govern for each of the three failure modes.
The maximum roof vertical and lateral load cases are assumed to act simultaneously as a conservative simplification.
Table F-11. ASD Load Combinations for Example Problem (loads are in pounds per linear foot)

Load Combinations

Failure
Modes

4

5

7

1,070 lbs

n/a1

15 lbs

Sliding

n/a1

313 lbs

n/a1

Overturning

n/a1

n/a1

-979 ft-lbs

Uplift

1

Load combination does not govern.

Load combinations 1-3 do not govern. Load combination 6 does not comply with HUD 24 CFR 3280.

Step 3: Select Foundation Type and Materials
The example statement specified a CMU pier and ground anchor foundation type. Since the
flood velocity is 2 fps, CMU piers must have surface bonded mortar that meets ASTM C887-79a
(2001) and ASTM C946-91 (2001) and maintain bonding between CMUs.

Step 4: Determine Forces at Connections and on Foundation
Components
CMU piers transfer the compressive loads from the manufactured home into footings and
then into the ground. The masonry piers are not considered to provide any lateral or uplift
F-16
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resistance. The governing load combination for downward forces is the vertical failure mode
(load combination 4), which produces a total downward force from the manufactured home
equal to
(downward force)(length of manufactured home)
Therefore, (1,070 lbs)(60 ft) = 64,200 lbs
This downward force governs the number of footings and, therefore, piers needed to transfer
the downward load into the ground.
Following the braced masonry pre-engineered foundation design for flood velocities over 2 fps
specification given in Chapter 10 of the use of a dry-stack 16-inch by 8-inch block pier with a
minimum of an 1/4-inch thick surface bonded mortar and a 24-inch square, 10-inch deep footing, calculate the number of footings needed to adequately transfer the downward loads to the
ground.
comprehensive load
Required footing area =
allowable soil bearing capacity
Consult the geotechnical engineer for the ultimate soil bearing capacity value. An approximate
method to calculate the ultimate soil bearing capacity is to multiply the allowable soil bearing
capacity by a safety factor. The maximum pressure given in the NFPA 5000 Soil Classification
Table can also be used as the ultimate soil bearing capacity.
64,200 lbs = 64 ft2
Required footing area =		
1,000 psf

(

)

1 ft2
Individual footing area = (24 in x 24 in) 		
= 4 ft2
2
144 in
total required footing area
Number of footings
=
individual footing area
64 ft2
=
= 16 footings/piers
4 ft2
Therefore, provide 8 piers per side of the manufactured home
Pier spacing

manufactured home length
(number piers per side-1)
60 ft
=
= 8.6 ft
8-1
=

The maximum spacing of the piers is set to 8 feet to provide effective floodborne debris protection. To protect against floodborne debris, it is assumed that 1 pier will be lost due to floodborne
debris.
2
Minimum number of piers = 60 ft +1= 8.5 piers, say 9 piers per side (i.e., 8 spaces at 7.5
8 ft
feet). Therefore, the home will be supported by a total of 18 piers (9 piers on each side)
spaced at 7.5 feet.
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Lateral wind loads are resisted by the strapping and ground anchors. The final number of piers
equals the initial guess; therefore, the lateral load on the piers does not have to be updated.
Calculate the number of anchors needed to resist sliding failure.
The recommended design stiffness of the anchors in Table 7-5 in this guide is given for 5-foot
anchors installed at 45 degrees and axially loaded is 1,200 lb/in (Figure 7-4). The horizontal
component of the ground anchors strength is equal to
(1,200 lbs/in)(cos 45°) = 848 lb/in
The manufactured home industry gives an allowable lateral manufactured home movement of
3 inches. So the total lateral strength of a ground anchor is (3 in)(848 lbs) = 2,544 lbs.
lateral load
anchors lateral capacity
(313 lb)(60 ft)
Number of ground anchors needed =		
= 8 anchors per side
2.544 lbs
60 ft
Calculate ground anchor spacing =
= 8.5 ft
(8-1)
Number of ground anchors needed =

The anchor strapping should attach into a wall stud; therefore, anchor spacing must be adjusted
to 16-inch increments.
Both uplift and overturning failure modes are resisted by the vertical strength of ground anchors. The uplift forces will be resisted by all the ground anchors and the overturning moment
will be resisted only by the windward ground anchors.
For the worst uplift of the vertical failure mode, load combination 7 (refer to Table F-6) governs.
However, the maximum net uplift is 16 plf downward, which means that overturning will govern
the uplift requirements.
For the overturning failure mode, load combination 7 (refer to Table F-10) governs for wind
perpendicular to the roof ridge. Overturning moment is only resisted by the windward anchors.
Therefore, the total vertical load each anchor will have to resist is
(overturning moment)(length of home)
moment arm
number of anchors per side

=

(979 ft-lbs)(60 ft)
12 ft
8 anchors

= 612 lbs per anchor
The vertical component of the anchor stiffness equals
(1,200 lbs/in)(cos 45) = 848 lbs/in
The manufactured home industry gives an allowable vertical movement of 2 inches. This results
in a vertical strength per anchor equal to
(2 in)(848 lbs/in) = 1,697 lbs per anchor
F-18
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This is more than the strength needed by each anchor to resist the overturning moment.
The anchor strapping should attach into a wall stud and, therefore, anchor spacing must be adjusted to 16-inch increments. Place anchors at each end of the home and space at 72 inches.
For the overturning case, the connection of the straps to the stud and the ground anchor embedment is based on MWFRS pressures. However, although it would likely not govern, to be
thorough, the uplift only condition using C&C pressures should be checked for these two anchorages (straps to studs and anchors in ground).

Step 5: Specify Connections and Framing Methods Along with
Component Dimensions to Satisfy Load Conditions
The CMU pier and ground anchor foundation will consist of 16 dry-stack, 16-inch by 8-inch
block piers with a minimum of a 1/4-inch thick surface bonded mortar and 24-inch square,
10-inch deep footings. Ground anchors will be placed at 45-degree angles at each end of the
manufactured home and spaced at 72 inches.

Step 6: Note All Design Assumptions and Details on Drawings
Refer to pre-engineering foundation design drawings contained in Appendix H and specifications presented in Chapter 10 herein as to how to adequately document assumptions and detail
drawings.
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G. Wind Zone Comparisons
(HUD's MHCSS and
FEMA 85)
G.1 Background
HUD’s Manufactured Home Construction and Safety Standards (MHCSS; 24 CFR 3280) and its Model
Manufactured Home Installation Standards (24 CFR 3285) categorize the United States and many
of its territories and protectorates into three wind zones: Zone I, Zone II, and the highest wind
zone, Zone III.
FEMA 85, NFPA 225 Model Manufactured Home Installation Standard, and NFPA 501 Standard on
Manufactured Housing categorize the U.S. into four wind zones: Zone I, Zone II, Zone III, and
the highest wind zone, Zone IV. However, to avoid confusion, in this appendix Zones 1, 2, 3, and
4 will be used to distinguish the NFPA zones from the HUD zones.
This appendix explains the differences between the wind provisions contained in the HUD standards and those contained in FEMA 85 and the NFPA standards.

G.2 Wind Provisions
The HUD standards, FEMA 85, and the NFPA standards all contain wind provisions based on
ASCE 7, Minimum Design Loads for Buildings and Other Structures; however, they are not all based
on the same edition of ASCE 7. HUD documents are based on a modified version of the 1988
edition of ASCE 7. FEMA 85 and the NFPA standards are based on more recent editions. The
wind loads used to design FEMA 85 foundations comply with ASCE 7-02; the NFPA standards
reference ASCE 7-05.
Only minor differences exist between the wind provisions of ASCE 7-05 and ASCE 7-02; however,
the wind provisions of both ASCE 7-05 and ASCE 7-02 differ greatly from the wind provisions
of ASCE 7-88.
Two major differences exist between ASCE 7-88 and ASCE 7-05. The basic wind speed map (Figure 6-1) in ASCE 7-88 was completely redrawn in 1995 and revised in 1998. The newer maps
show high-wind zones extending much farther inland than those shown on the 1988 map. Also,
the basic wind speeds are based on different averaging times. The 1988 edition of ASCE 7 uses
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fastest mile wind speeds; ASCE 7-02 and 7-05 use 3-second gust wind speeds. The wind speeds in
the older standard are numerically less than those in the contemporary standards. For example,
ASCE 7-88 required buildings in the interior portion of the U.S. to be designed for a 70-mph
(fastest mile) wind speed; ASCE 7-02 and 7-05 place the interior portions of the U.S. in a 90-mph
(3-second gust) wind speed area. While the wind speeds are numerically greater, the design wind
loads are often not greater and, in some areas, the wind loads are less.

G.3 Wind Zones
HUD regulates wind zones as:
HUD Zone II: Areas where the basic wind speed is 100 mph (fastest mile)
HUD Zone III: Areas where the basic wind speed is 110 mph (fastest mile)
HUD Zone I includes all areas not identified as either HUD Zone II or HUD Zone III and is not
associated with a specific wind speed.
FEMA 85 and the NFPA Codes Zones identify wind zones as:
Zone 1: Areas bounded by the 90-mph isotach1 in ASCE 7-02 (ASCE 7-05 for the NFPA codes)
Zone 2: Areas between the 90-mph and the 110-mph isotachs
Zone 3: Areas between the 110-mph and the 130-mph isotachs
Zone 4: Areas between the 130-mph and the 150-mph isotachs
Figure G-1 shows the HUD wind speed map contained in 24 CFR 3280. Figure G-2 shows the
wind speed map used for FEMA 85 and the NFPA standards.
Note that the 2006 IBC Section §1609.3.1 shows the relationship between fastest mile and 3-second gust wind speeds.
Vfm = (V3 sec – 10.5)/1.05
Where: Vfm = Fastest mile wind speed (mph)
		

V3 sec = 3-second gust wind speed (mph)

1 An isotach is a line in a given surface connecting points with equal wind speeds.
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Figure G-1. Basic wind zone map for manufactured housing.
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Figure G-2. NFPA 501 wind speed map.
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G.4 Wind Speeds and County Lists
Wind speeds for communities are typically determined when building codes are adopted. The
wind speeds should agree with those specified by ASCE 7, but are often decided upon by local
officials particularly in large municipalities where several wind speeds apply.
For manufactured homes, wind zones are specified by the MHCSS and are listed by State and
County. The MHCSS lists Counties contained in Wind Zones II and III. By default, all Counties
not listed as either in Zone II or III are in HUD Zone I.
The following list identifies Counties by State for the various wind zones used in FEMA 85.
Counties that are not listed or that are within the 90-mph isotach are in Zone 1.

Zone 4 (150 mph)
Florida: Broward, Martin, Miami-Dade, Monroe, Palm Beach
Louisiana: Parishes of Cameron, Lafourche, Plaquemines, St. Bernard, St. Mary, Terrebonne,
Vermillion
Mississippi: Jackson
North Carolina: Brunswick, Carteret
Texas: Cameron
The U.S. Territories of Guam, Northern Mariana Islands, Puerto Rico, Trust Territory of the Pacific Islands, and the United States Virgin Islands

Zone 3 (130 mph)
American Samoa
Alabama: Baldwin, Mobile
Alaska: The coastal regions seaward of the 110-mph isotach on the ASCE 7 map
Connecticut: Middlesex, New London
Florida: Bay, Brevard, Calhoun, Charlotte, Citrus, Collier, DeSoto, Dixie, Duval, Escambia, Flagler, Gulf, Hendry, Hernando, Hillsborough, Holmes, Indian River, Jackson, Lee, Levy, Liberty,
Manatee, Nassau, Okaloosa, Okeechobee, Pasco, Pinellas, Santa Rosa, Sarasota, St. Johns, St. Lucie, Taylor, Volusia, Wakulla, Walton, Washington
Georgia: Bryan, Camden, Chatham, Glynn, Liberty, McIntosh
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Louisiana: Parishes of Assumption, Iberia, Lafayette, Orleans, St. Charles, St. James, St. John the
Baptist, St. Martin, St. Tammany
Maryland: Somerset, Worchester
Massachusetts: Barnstable, Bristol, Dukes, Nantucket, Plymouth
Mississippi: George, Greene, Hancock, Harrison, Pearl River, Perry, Stone
New Jersey: Atlantic, Cape May, Ocean
New York: Nassau, Suffolk
North Carolina: Beaufort, Camden, Chowan, Columbus, Craven, Currituck, Dare, Hyde, Jones,
New Hanover, Onslow, Pamlico, Pasquotank, Pender, Perquimans, Tyrrell, Washington
Rhode Island: Bristol, Kent, Newport, Washington
South Carolina: Beaufort, Charleston, Georgetown, Horry
Texas: Brazoria, Calhoun, Chambers, Galveston, Jefferson, Kenedy, Kleberg, Matagorda, Nueces, Refugio, San Patricio, Willacy
Virginia: Accomack, Northampton

Zone 2 (110 mph)
Alabama: Autauga, Barbour, Bibb, Bullock, Butler, Chambers, Chilton, Choctaw, Coffee, Conecuh, Coosa, Covington, Crenshaw, Dale, Dallas, Elmore, Escambia, Macon, Montgomery, Perry,
Pike, Russell, Sumter, Tallapoosa, Washington, Wilcox
Connecticut: Fairfield, Hartford, Litchfield, New Haven, Tolland, Windham
Delaware: Kent, Sussex
Florida: Alachua, Baker, Bradford, Clay, Columbia, De Soto, Gadsden, Gilchrist, Glades, Hamilton, Hardee, Highlands, Jefferson, Lafayette, Lake, Leon, Madison, Marion, Orange, Osceola,
Putnam, Polk, Seminole, Sumter, Suwannee, Union
Georgia: Appling, Atkinson, Bacon, Baker, Baldwin, Ben Hill, Berrien, Bibb, Bleckley, Brantley, Brooks, Bulloch, Burke, Calhoun, Charlton, Chattahoochee, Clay, Clinch, Coffee, Colquitt,
Columbia, Cook, Crawford, Crisp, Decatur, Dodge, Dooly, Dougherty, Early, Echols, Effingham,
Emanuel, Evans, Glascock, Grady, Hancock, Harris, Houston, Irwin, Jeff Davis, Jefferson, Jenkins, Johnson, Jones, Lamar, Lanier, Laurens, Lee, Long, Lowndes, Macon, Marion, McDuffie,
Meriwether, Miller, Mitchell, Monroe, Montgomery, Muscogee, Peach, Pierce, Pike, Pulaski,
Quitman, Randolph, Richmond, Schley, Screven, Seminole, Stewart, Sumter, Talbot, Tattnall,
G-
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Taylor, Telfair, Terrell, Thomas, Tift, Toombs, Treutlen, Troup, Turner, Twiggs, Upson, Ware,
Warren, Washington, Wayne, Webster, Wheeler, Wilcox, Wilkinson, Worth
Hawaii: the entire state
Louisiana: Parishes of Acadia, Allen, Ascension, Avoyelles, Beauregard, Calcasieu, Catahoula,
Concordia, East Baton Rouge, East Feliciana, Evangeline, Iberville, Jefferson Davis, Jefferson,
Livingston, Pointe Coupee, Rapides, St. Helena, St. Landry, St. Martin, Tangipahoa, Vermilion,
Vernon, Washington, West Baton Rouge, West Feliciana
Maine: Androscoggin, Cumberland, Hancock, Kennebec, Knox, Lincoln, Sagadahoc, Waldo,
York
Maryland: Caroline, Dorchester, Queen Annes, Talbot, Wicomico
Massachusetts: Bristol, Essex, Franklin, Hampden, Hampshire, Middlesex, Norfolk, Suffolk,
Worcester
Mississippi: Adams, Amite, Claiborne, Clarke, Copiah, Covington, Forrest, Franklin, Hinds, Jasper, Jefferson, Jefferson Davis, Jones, Kemper, Lamar, Lauderdale, Lawrence, Leake, Lincoln,
Marion, Neshoba, Newton, Noxubee, Pike, Rankin, Scott, Simpson, Smith, Walthall, Wayne,
Wilkinson, Winston
New Hampshire: Cheshire, Hillsborough, Merrimack, Rockingham, Strafford
New Jersey: Bergen, Burlington, Camden, Cumberland, Essex, Gloucester, Hudson, Mercer,
Middlesex, Monmouth, Morris, Passaic, Salem, Somerset, Union
New York: Bronx, Kings, New York, Putnam, Queens, Richmond, Rockland, Westchester
North Carolina: Bertie, Bladen, Cumberland, Duplin, Edgecombe, Gates, Greene, Halifax, Harnett, Hertford, Hoke, Johnston, Lenior, Martin, Nash, Northampton, Pitt, Robeson, Sampson,
Scotland, Wayne, Wilson
Pennsylvania: none
Rhode Island: Providence
South Carolina: Aiken, Allendale, Bamberg, Barnwell, Berkeley, Calhoun, Chesterfield, Clarendon, Colleton, Darlington, Dillon, Dorchester, Fairfield, Florence, Hampton, Jasper, Kershaw,
Lancaster, Lee, Lexington, Marion, Marlboro, Orangeburg, Richland, Sumter, Williamsburg
Texas: Angelina, Atascosa, Austin, Bastrop, Bee, Brooks, Burleson, Caldwell, Colorado, De Witt,
Duval, Fayette, Fort Bend, Goliad, Gonzales, Grimes, Guadalupe, Hardin, Harris, Hidalgo, Jackson, Jasper, Jim Hogg, Jim Wells, Karnes, Lavaca, Lee, Liberty, Live Oak, McMullen, Montgomery,
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Newton, Orange, Polk, San Jacinto, Starr, Trinity, Tyler, Victoria, Walker, Waller, Washington,
Webb, Wharton, Wilson, Zapata
Virginia: Gloucester, Isle of Wight, James City, Lancaster, Mathews, Middlesex, Northumberland,
Southampton, Surry, York. Cities of Chesapeake, Hampton, Newport News, Norfolk, Suffolk,
Virginia Beach
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H. Pre-Engineered and
Prescriptive Foundation
Designs
Drawing No.

Title

GN-1.1

Recommended Foundation – General Notes

M-1

Single Unit Masonry Foundation Plan

M-2

Double Unit Masonry Foundation Plan

M-3

Masonry Wall Foundation Detail

M-4

End Wall Foundation Detail

WF-1

Single Unit Wood Framed Foundation Plan

WF-2

Double Unit Wood Framed Foundation Plan

WF-3

Wood Framed Foundation Detail

WF-4

Wood Framed Shear Wall Detail

BM-1.1

Single Unit Braced Masonry Pier Foundation Plan

BM-1.2

Braced Masonry Pier Detail

BM-2.1

Double Unit Braced Masonry Pier Foundation Plan

BM-2.2

Braced Masonry Pier Detail

HF-1.1

Single Unit Braced Wood H-Frame Foundation Plan

HF-1.2

Single Unit Wood H-Frame Detail

HF-2.1

Double Unit Braced Wood H-Frame Foundation Plan

HF-2.2

Double Unit Wood H-Frame Detail

GASP90-1.1

Single Unit Ground Anchor Foundation Plan

GASP90-1.2

Ground Anchor and Pier Detail (Single Unit)

GASP90-2.1

Double Unit Ground Anchor Foundation Plan

GASP90-2.2

Ground Anchor and Pier Detail (Double Unit)

GASP110/130/150-1.1

Single Unit Ground Anchor Foundation Plan

GASP110/130/150-1.2

Ground Anchor and Pier Detail (Single Unit)

GASP110/130/150-2.1

Double Unit Ground Anchor Foundation Plan

GASP110/130/150-2.2

Ground Anchor and Pier Detail (Double Unit)

GA90-1.1

Single Unit Ground Anchor Foundation Plan

GA90-1.2

Ground Anchor and Pier Detail (Single Unit)
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Drawing No.

H-

Title

GA90-2.1

Double Unit Ground Anchor Foundation Plan

GA90-2.2

Ground Anchor and Pier Detail (Double Unit)

GA110/130/150-1.1

Single Unit Ground Anchor Foundation Plan

GA110/130/150-1.2

Ground Anchor and Pier Detail (Single Unit)

GA110/130/150-2.1

Double Unit Ground Anchor Foundation Plan

GA110/130/150-2.2

Ground Anchor and Pier Detail (Double Unit)

APD-1.1

Alternative Pier Details for Flood Velocities Not Shown on Plans

AS-1.1

Lateral Ground Anchor Spacing

AS-1.2

Longitudinal Ground Anchor Spacing and Anchor Notes

SP-1/2.1

Single Unit Concrete Masonry Pier Foundation Plan

SP-1/2.2

Concrete Masonry Pier Details

SM-1/2.1

Single Unit Concrete Masonry Wall Foundation Plan

SM-1/2.2

Concrete Masonry Wall Foundation Detail

SWF-1/2.1

Single Unit Wood Framed Foundation Plan

SWF-1/2.2

Wood Framed Foundation Detail
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Th e se re co m m e nd e d f ou n da tio n d e sig n s c on t a in g u id a nce fo r m a kin g m a n uf act ure d h o m e s, p la ce d
in S pe cial Flo od H aza rd A re a s, re sista nt to n a tu ra l h aza rd s. Th e de sig ns d o n o t co ver a ll
in sta lla tion s. M a nu fa ct ure d h om e s pla ced in th e f ollow ing a re a s a re exclu d ed :
a . V zon e s
b . C o a sta l A zon e s: A rea s id e nt ified on FIR M a s a rea s o f Lim ited M od e ra te W a ve A ctio n
(L I MW A ) w h ere c on d it io n s ca n p rod u ce bre a king w a ve he ig ht s o f 1 .5 fe et o r g rea te r.
c. F lo o d wa ys
d . A re a s w ith Flo o d V elo cit ie s o ve r 5 f ee t pe r seco n d
e . A re a s w ith Flo o d De p th s o ve r 3 fe e t
f.
A re a s w ith S e ism ic S p ect ra l Ac cele ra tio n C o nst a nt s S s gre a te r t ha n 0 .5 g o r S 1 g re at er th a n
0 .1 5 g
g . A re a s w ith g rou n d sn ow lo ad s g re a te r th a n 4 0 po u nd s p e r sq u are f oo t
h . I nst a llation s with p ier he ig hts ove r 3 6 in che s
i.
M a n uf a ctu re d h o m e s w eig hin g less th a n 25 p sf
j.
M a n uf a ctu re d h o m e s w it h fra m e s sp ace d les s th a n 95 in che s
k. M a n uf a ctu re d h o m e s w it h en d wa ll h eig ht s o ve r 8 fe e t 2 in ch es

14.
15.
16.
17.

Th e fo u n da tio n s yste m s h ave b ee n d esig ne d to re sis t loa d s sp ecifie d in A S C E 7 M in im u m De sig n
L o ad s f o r B u ild ing s a n d Ot he r S tru ctu res. A n y lo cally a d op te d co d e o r o rdin an ce w ith m o re strin g en t
re q uire m en t s sh all g o ve rn .
D e sig n s are p rovid ed a s g u ida n ce f or f ou n da tio n s t ha t sa tisf y t he re com m e n d ed de sig n crite ria
sp e cif ie d in C ha p te r 10 . S e lect ion o f sp ecific fo u nd a tion typ e a n d fina l de sign m u st b e m a d e o n th e
b a sis o f in d ivid u al sit e con d ition s, m a nu fa ctu re r in sta lla tio n inst ru ct ion s, a nd re g u la to ry
re q uire m en t s.
R e com m en d ed f ou n d at io n d esig n is b ase d o n a 1 4 -fo ot w id e (sin gle u n it ) a nd a 28 -fo o t wid e
(d o ub le u nit) m an u fa ctu re d h o m e . T he se d esig n s ca n be u se d with se ctio n wid th s u p to 1 6 f ee t
p ro vid e d th e sp a cin g of fa ste ne rs co n ne ctin g t he h om e to t he lon g it ud in al fo u nd a tion wa lls ar e
re d uce d b y t he f act o r (1 4 divide d b y t he a ctu a l sec tion w idt h).
S e ism ic re sista n t fo u nd a tion d esig n s p ro vide d (dra win g s S P , S M , S W F) a re a su it ab le f or h o m es
p lace d in are a s w it h S eism ic D es ig n Crit eria D 0 , D 1 , D 2 a nd E with a b a sic win d spe e d of 9 0 m p h
(3 -se co nd g u st) o r le ss.
Th e f o un d at io n s a re d ep icte d o n fla t s ite s. W he re m a nu fa ctu re d h om e s are p lac ed o n slo pe d lo ts,
re fe r to N FP A 5 0 0 0 Ch a pt er 36 . 8 or IR C-2 0 0 9 S ect io n s R 4 03 .1 .5 an d R 40 3 .1 .7 f or ad d itio n a l
re q uire m en t s.
S o il b ea ring cap a cit y sh a ll b e a s req u ir ed b y th e au th o rity h a vin g ju risd ictio n. W h ere pre su m pt ive
va lue s ar e a llo we d , th e y sh a ll b e pe r NF P A 5 0 0 0-2 0 09 Ta ble 3 6 .3 .4 (a ) I RC 20 0 9 Ta b le R4 0 1 .4 .1 o r
2 4 CF R Ta b le 3 2 85 .2 0 2 a s d ire cte d b y t he B u ild ing officia l.
A n ch o r p e rf o rm an ce sh a ll be b a se d o n loa d t est in g a n d p rob a b ilistic a n alysis o f a nch o rs t est e d in
b o th d ry an d sa tu rat e d so ils . A n cho r d e sign va lu e s sh all b e b a se d o n a m a xim u m 1 0% lo we r
e xclusio n lim it a n d a m inim u m 9 0 % co n fide n ce in te rva l. A n ch or sp a cin g in t h ese d esig n s is b a se d
o n a m inim u m s tif fn e ss o f 1 ,2 00 p ou n ds p e r in ch fo r in-line an ch o rs a n d 6 7 5 p ou n d s p e r in ch fo r
a n cho rs use d with 1 1 ”x17 ” ste e l sta b ilizer p la te s. The se st iffn e ss va lue s we re d e te rm in e d f ro m
t est s o f 5 -fo o t a n ch ors c on d uct ed in sa tu ra te d a n d u nsa tu ra te d un ifo rm (p o orly g ra de d ) m e d iu m t o
f in e g rain e d san d y so ils (so il cla ss 4 A ) in K issim m e e, Flo rida , Ju ly 20 0 2. To rq u e an d /o r S t an d a rd
p e ne t ra t io n te sts (A S TM D -1 5 86 -9 9 ) te sts sho u ld b e u se d in g ro u nd a n cho r s ele ction .
P re loa d a n cho rs a m in im um of 5 0 0 po u nd s or as re qu ired t o fu lly ac tiva t e th e resista n ce o f th e
st ab ilize r p lat es an d th e a n cho r h e lice s.
A n ch o r st rap s sha ll b e g a lva n ize d , te ste d p e r A S T M D 3 95 3 , a nd sh all h a ve a m in im um a llo wa b le
w ork in g loa d o f 3,15 0 p o un d s a nd a m in im um te ns ile stre n g th o f 4 ,7 2 5 p ou n ds.
C o ncre te a nch o rs sha ll p ro vid e a m inim u m allo wa b le wo rkin g lo ad o f 3, 15 0 po u nd s a nd a m in im um
u ltim at e lo a d o f 4 ,7 2 5 p o un d s. P la ce co n cret e a n ch ors a m in im u m of 3 in che s a wa y f rom a ll e d ge s
o f fo o tin g s.
C o ncre te m a so nry u n it s sha ll b e Typ e I or Type I I p er A S TM C 9 0. M ort a r sha ll b e Typ e M , N, or S
p e r A S T M C2 7 0 .
P o lyure t ha n e b a sed m a so n ry ad h esive s m a y b e u se d in p la ce o f P o rtla nd ce m e nt /lim e m o rta r.
M a so nry a d h esive s use d sh all ha ve b ee n te ste d a n d ce rtif ie d by a n at io n a lly re cog n ize d a ge n cy as
e q uiva le n t t o Typ e M , O, a n d S P o rtlan d ce m en t/ lim e m a so nry. C ert if ica tio n sha ll in d ica te t ha t
m a so nr y a d h esive is a p p lica ble to m as on ry co nst ruct io n de sig ne d in a cco rd a nc e w it h th e
re q uire m en t s o f I RC S e ction 60 6 . M a so nry a dh e sives sh all be inst alled in st rict a cco rda n ce w ith th e
m a n uf a ctu re' s inst ruct ion .

ABS
CMU
fps
fb
fc
fc
f’c
ft
fv
fy
g
max
mph

Grout shall be coarse aggregate and shall be apportioned per ASTM C476.
Surface bonded mortar shall meet ASTM C887-79a (2001) and ASTM C946-91 (2001).
Wind speed is a 3-second gust speed in miles per hour at 33 feet above ground in Exposure Category C.
Maximum anchor spacing is the spacing designed to limit manufactured home movement during a design event to 3”
horizontal or 2” vertical. This criterion has historically been used by the manufactured housing industry.
18. End anchors shall be located no more than 2 feet from the ends of the home per 24 CFR Part 3280.306 (c)(2).
19. Flood vents required by the NFIP, in accordance with NFIP Section 60.3(c)(5), may be omitted for homes with
non-structural skirting providing:
•
The skirting system will prevent differential flood depths from reaching 12 inches.
•
Performance of skirting under flood conditions is certified by a licensed professional engineer or architect.
Symbols and Abbreviations
-

acrylonitrile butadiene styrene
concrete masonry unit
feet per second
Bending strength (wood)
compressive strength parallel to grain (wood)
compressive strength perpendicular to grain (wood)
compressive strength (concrete)
tensile strength parallel to grain (wood)
shear strength parallel to grain (wood)
yield strength of reinforcing steel
gravitational force
maximum
miles per hour

o.c.
psf
psi
PL
PT
Ss

-

on center
pounds per square foot
pounds per square inch
plate
preservative treated
spectral response acceleration at
short periods
- spectral response acceleration at
S1
a period of 1 second
T and B - top and bottom
Typ. - typical
a>
_ b - a is greater than or equal to b
a<
_ b - a is less than or equal to b
a < b - a is less than b

Material Specifications
1.

All exposed hardware shall be hot dipped galvanized per ASTM A-153. Nails and hardware in contact with framing or
plywood with preservative treatment concentration exceeding 0.40 pound per cubic foot shall be stainless steel.

2.

All concrete shall be a mixture of Portland Cement, water, and aggregate and shall be proportioned to provide a
minimum 3,000 psi 28-day compressive strength (f’c). Portland Cement shall be per ASTM C150.

3.

Reinforcing steel shall be deformed bars per ASTM A615, A617 or A706 and shall have a minimum 60 ksi yield strength
(fy). Lap splices in reinforcing steel a minimum of 36 bar diameters.

4.

All wood below the BFE and not in contact with the soil (framing, shims, etc.) shall meet or exceed NFIP flood resistant
material requirements. One acceptable method is to provide rot and insect resistance that meets or exceeds protection
provided by ACQ (alkaline copper quaternary) at a retention of 0.25 pounds per cubic foot. See FEMA Technical
Bulletin 2 for additional guidance.

5.

All wood shall be of a species recognized for structural use by the authority having jurisdiction and shall provide the
minimum design values as follows:
>
975 psi
fb
_
>
550 psi
ft
_
>
90 psi
fv
_
>
565 psi
fc
_
fc
> 1,450 psi
_

6.

Foundation wall sheathing shall be American Plywood Association (APA) rated panels and constructed with cross
laminated full width veneers that conform to Voluntary Product Standard PSI-95. Sheathing shall be pressure
preservative treated with ACQ-B (ammoniacal copper quat) Type B or D to a minimum retention of 0.25 pounds per
cubic foot.

1

Table 1 - Side Wall Framing Connector Schedule
Wind Speed
Single Unit
Double Unit
90 mph
8’–0”
8’–0”
110 mph
8’–0”
8’–0”
130 mph
4’–0”
4’–0”
150 mph
4’–0”
4’–0”

Braced Masonry Pier Foundation - Pier, Footing and Tie Schedule
(Minimum 1,000 lb/ft 2 Soil Bearing Capacity Required)
Frame
Perimeter
Wind
Wall Tie
Frame Tie
Pier
Footing
Footing
Speed
Spacing1
Spacing2,3 Spacing2,3
(W by D)
(W by D)
Single Unit
Not
Not
90 mph
16” by 10”
10’-0”
8’-0”
Required
Required
110 mph
16” by 12”
8” by 16”
10’-0”
10’-8”
5’-4”
130 mph
16” by 12”
12” by 16”
8’-0”
8’-0”
4’-0”
150 mph
16” by 12”
12” by 24”
8’-0”
5’-4”
2’-8”
1
Locate end piers within 2’-0” of the ends of the home.
2
Wall and frame ties may be connected to a single concrete anchor.
3
Install wall and frame straps in other locations if required by the manufacturer.

P i e r S p a c i n g T a b le

Table SP-1.2 of Pier to Chassis Seismic/Wind Anchorage Forces1
Width

single

double

single

double

Horizontal
Net
Pier
Maximum
Seismic/Wind Seismic/Wind
Height Pier Spacing
Force Each
Uplift Force
(ft)
(ft)
Pier (lb)
Each Pier (lb)2
3

3

5

5

4

320

720

7

560

1250

10

800

1790

4

290

860

7

440

1510

10

600

2150

4

350

720

7

620

1250

10

880

1790

4

340

860

7

490

1510

10

650

2150

Notes
1. Listed loads are in accordance with ASCE/SEI 7 Section 2.4 Allowable Stress Design (ASD)
2. Based on 14 ft section width. Multiply by 1.15 for 16 ft section width

Table SM-1.1 Required Anchorage Capacity Between
Foundation Wall and Floor Diaphragm.

Home Width

single
double

Net
Seismic/Wind
Uplift Force
Per Foot Wall
Length
(lb/ft)1,

Wall Location

Horizontal
Seismic/Wind
Force Per Foot
Wall (Shear)
(lb/ft)1

end

510

50

side

70

120

end

260

50

side

140

150

1

Based on anchorage over entire home perimeter. Forces shall be
increase proportionally if anchorage length on any side is
decreased.

Table SM-1.2 Manufactured Home Minimum Perimeter to
Foundation Wall Seismic/Wind Anchorage

Home Width

Wall
Location

Maximum
Maximum
Spacing for
Spacing for
1/2-in Anchor
Framing Plate
Bolt Anchoring
with Shear and
Sill to
Uplift Capacity
Foundation
1
(in)
Wall (in)

end

16

12

side

48

42

end

32

18

side

32

18

single

double
1

Not less than 18 ga. Galvanized plate, fastened to sill and home with not less
than six 8d common short nails each.
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1.0 Introduction – Building
Systems and Flood
Hazards
During the past 30 years, flooding in the U.S. has resulted in an annual average of nearly $8 billion in flood losses (adjusted for inflation) and 82 fatalities (NWS, 2015). Because of anticipated changes in climate conditions,
stronger storms and rising sea levels, flood risk to coastal and interior flood-prone areas is only expected to increase, along with its associated losses (U.S. Global Change Research Program, 2014).
A significant portion of flood damage is attributed to critical building systems including mechanical, electrical,
plumbing and other utility elements. Residents, communities and businesses are all impacted when building utility systems are damaged and cause delays in post-flood building re-occupancy.
This publication illustrates the design and construction of utility systems that comply with the National Flood
Insurance Program (NFIP) requirements for construction of new residential and non-residential structures in
flood-prone areas. It is also useful when evaluating structures that will undergo Substantial Improvement (see
Note on page 1-4), guiding users to meet floodplain management regulations and building code requirements.
Even if compliance is not required, many building owners may find that applying mitigation measures described
in this publication will not only reduce future flood damage, but also facilitate recovery after flooding.
This publication addresses mitigation measures for the following building system utilities, equipment, and equipment components:
n

n

Mechanical equipment and appliances: heating and
cooling equipment and appliances, exhaust systems,
duct systems, boilers and water heaters, hydronic
piping, and solar energy systems
Electrical systems: service equipment, feeders,
panelboards, switches, fuse boxes, cabinets and
control panels, outlets, receptacles, wiring, and
emergency power generators

NOTE
When a building system, equipment or
equipment component is mentioned
in this publication, every element and
component is included, even if not
specifically mentioned or listed here.
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n

Communications: telephone, cable, fiber optic, internet, and Wi-Fi systems.

n

Plumbing: water supply piping, water treatment systems, sanitary drainage, fixtures, laundry appliances,
plumbing vents, septic tanks, fire protection systems, and pumps and equipment for pools and spas.

n

Water supply systems: wells, water connections, and filtration and treatment systems.

n

Fuel systems: fuel gas and oil supply pipes, oil tanks, propane tanks, meters, pumps, and gas and oilfired equipment, and appliances.

n

Conveyances: elevators, escalators, and lifts.

In addition, the best practices presented in this publication will improve community resilience and function
through:
n

Reduced vulnerability of building system utilities to flooding

n

Reduced recovery time, occupant displacement, and business downtime

n

Potential reduced NFIP insurance premiums

n

Increased peace of mind

1.1 Intended Audience
This publication is intended for use by people responsible for designing, constructing, operating, or maintaining
residential and non-residential buildings, and by local officials responsible for enforcing floodplain management
regulations and building codes. Chapters 1, 2, 3, and 4 are of interest to local officials, building owners and architects, engineers, builders, and contractors for residential buildings. Chapters 1, 2, 3, and 5 are of value to local
officials, building owners, architects, engineers, builders, contractors and property managers of non-residential
buildings and multi-family buildings.
As used in this publication, “residential buildings” refers to detached one- and two-family dwellings and townhouses not more than three stories in height, which are dwellings within the scope of the International Residential
Code® (IRC®).
As used in this publication, “non-residential buildings” are all structures within the scope of the International Building Code® (IBC®), which are structures not within the scope of the IRC. These buildings include, but are not limited
to: health care facilities, public safety buildings (e.g., police, fire, and EMS), government buildings, schools, college and university campus structures, shopping centers, manufacturing sites, commercial office buildings, etc.
Notably, residential buildings that exceed the limits of the IRC are within the scope of the IBC. See Section 2.6 for
a discussion of building occupancies and the terms “residential” and “non-residential.”

1.2 How to Use this Publication
1.2.1 Basic Process
When planning and, ultimately, installing building utility systems, the basic process illustrated in Figure 1-1
should be followed to ensure selection of appropriate flood risk reduction measures for building utility systems
that satisfy building code requirements, manufacturer specifications, and local floodplain management regulations.
1-2
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Figure 1-1. Basic utility flood protection decision process flow chart.

1.2.2 Icons
The following icons are used to signal information that emphasizes specific points.
Note: Contains important information or references.

Warning: Highlights potential dangers or concerns.

1.3 Background
1.3.1 The National Flood Insurance Program (NFIP)
The NFIP is a Federal program that was established by the National Flood Insurance Act of 1968 to respond to
increased national flood recovery costs during the mid-twentieth century. Owners of property located in communities that participate in the NFIP are able to purchase Federal insurance as protection against flood losses. Flood
insurance pays claims when a qualifying flood event occurs. Federal disaster assistance is only available if flooding
is declared a major disaster by the President.
Participation in the NFIP is based on an agreement between individual States, Tribes, and communities and the
Federal Government. To participate in the NFIP, a community must adopt and enforce floodplain management
regulations that meet or exceed the NFIP minimum requirements.
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NFIP requirements for buildings and structures located in the
identified Special Flood Hazard Area (SFHA) are in 44 Code of
Federal Regulations Section 60.3 (44 CFR §60.3). The criteria
require that new construction and Substantially Improved structures be built with electrical,heating,ventilation,plumbing and air
conditioning equipment and that other service facilities be designed and/or located to prevent water from accumulating in
their components during flooding [44 CFR §60.3(a)(3)(iv)].
44 CFR §60.3 continues with the provision that all public
utilities and facilities such as sewer, gas, electrical, and water
systems are to be located and constructed to minimize flood
damage [see §60.3(a)(4)(ii)] and provides specific requirements for water supply systems [§60.3(a)(5)] and sanitary
sewage and onsite waste disposal systems [§60.3(a)(6)].
The NFIP regulations and model building codes require adherence to requirements for new construction and Substantial
Improvement located in SFHAs. The design and installation
guidance in this publication is also applicable to structures that
are not required to comply with those requirements, such as
those outside of the SFHA and those that do not have improvement or repair costs exceeding 50 percent of their current
market value (see Note on this page).

1.3.2 Regulated Flood Hazard Areas

NOTE
Substantial Improvement is any repair, rehabilitation, addition or other
improvement of a structure, the cost
of which equals or exceeds 50 percent
of its market value before the “start of
construction” of the improvement. This
includes structures that have incurred
Substantial Damage, regardless of
the actual repair work performed or
the reason for the damage.
Some communities have adopted a
cumulative Substantial Improvement
value, tracking the cost of improvements over time. See your building
official or floodplain administrator for
more information.
Additional information on meeting requirements for building systems and
utilities follows in this chapter and
Chapters 2, 3, 4, and 5.

The NFIP Risk Standard: The One-Percent-Annual-Chance
Flood
The NFIP can offer affordable flood insurance by using risk management (floodplain management) principles to
reduce flood losses. The Federal Government established the standard for mapping and regulating flood risk to
be the one-percent-annual-chance flood, also referred to as the “base flood” and sometimes called the “100-year
flood.” The base flood represents a magnitude and frequency that has a 1 percent chance of being equaled or exceeded in any given year. A flood of this magnitude has a 26 percent (1 in 4) chance of occurring over the life of
a 30-year mortgage. The one-percent-annual-chance flood standard has been used since the NFIP’s inception and
is used in more than 22,200 participating communities.

1-4
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NOTE
Base Flood Elevation (BFE) – The elevation of the base flood relative to the datum specified on a community’s Flood Insurance Rate Map (FIRM). In any given year, there is a one-percent chance that the
base flood will be equaled or exceeded. The BFE is the NFIP’s minimum elevation used for design and
construction of buildings. Areas affected by the base flood are shown as Special Flood Hazard Areas
(SFHAs) on FIRMs.
Design Flood Elevation (DFE) – The elevation of the design flood relative to the datum specified on a
community’s flood hazard map. This elevation is the higher of the base flood or the value designated for
a flood hazard area on a community flood map or otherwise designated. Communities may designate
another flood elevation in order to regulate based on a flood of record, to account for future increases in flood levels based on upland development or to incorporate freeboard. The International Codes®
(I-Codes®) and the American Society of Civil Engineers (ASCE) Standard Flood Resistant Design and
Construction (ASCE 24) use this term.
Freeboard – An added margin of safety expressed in feet above a specific flood elevation, usually the
BFE. Some States, Tribes, and many community regulations require freeboard. Freeboard can account
for unknown factors, future development and floods higher than the base flood. For example, if a regulation or code requires a two-foot freeboard, then new construction and Substantially Improved buildings
and their utility systems must be elevated or floodproofed to a minimum of two feet above the BFE. The
I-Codes and ASCE 24 incorporate additional height into building elevation requirements.
Flood Protection Level – The level (elevation) of the flood used in design of buildings, including building
utility systems, equipment and equipment components. As used in this publication, the flood protection
level refers to the elevation required by the NFIP, building codes, or locally-adopted regulations. In addition, flood protection level refers to the level selected to provide the desired level of protection when
compliance with a code or regulation is not required and designers and owners elect to elevate or protect building utility systems.

The Regulated Floodplain: The Special Flood Hazard Area (SFHA)
Floodplains are areas subject to inundation from floodwaters.
The Federal Emergency Management Agency (FEMA) prepares
Flood Insurance Studies (FISs) and defines and delineates areas
at risk for one-percent-annual-chance flooding on Flood Insurance Rate Maps (FIRMs). These areas are called Special Flood
Hazard Areas (SFHAs). Communities that participate in the NFIP
adopt FISs and associated FIRMs, which are then used to regulate development. FISs are prepared using specified engineering
models and the physical, hydrologic, and climate conditions
in effect at the time the studies were conducted. The resulting
FIRMs are drawn incorporating the FIS data. FIRMs and FISs are
thus a “snapshot” of flood risk at a certain time, and can become
outdated as topographic, hydrologic, land use or climate conditions change or as engineering methods, data collection and

NOTE
SFHAs shown on FIRMs indicate areas subject to floodplain management
regulations. They also show where the
purchase of flood insurance is mandatory for buildings financed through
federally-backed mortgages and by
some other lenders.
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models improve. The FIS, FIRMs and associated flood data adopted by communities are referred to as “effective”
until replaced by a new FIS or FIRM.
Figures 1-2 and 1-3 illustrate how riverine and coastal flood zones are delineated on FIRMs. Flood zone designations reflect the nature of the flood conditions expected during the base flood. Where detailed studies are
prepared, FIRMs also show base flood elevations, or BFEs. In the absence of detailed studies, SFHAs without BFEs
are delineated using the best available information.
In inland communities (Figure 1-2), SFHAs subject to riverine flooding are identified as Zone A. Some FIRMs
show floodways along waterways for which detailed studies have been prepared. Floodways are channels and adjacent land areas that must be reserved in order to convey the base flood without cumulatively increasing the water
surface elevation more than a designated height (usually one foot). FIRMs also show shaded Zone X areas that
are outside the SFHA but are subject to flooding with a 0.2-percent-annual chance of occurrence (also called the
500-year flood). Unshaded Zone X areas are land areas at higher elevations than SFHAs and shaded Zone X areas.
In coastal areas (Figure 1-3), SFHAs identified as Zone V are subject to inundation as well as wave heights of 3.0
feet and higher. SFHAs inland of Zone V, or inland of shorelines where Zone V is not delineated, are identified as
Zone A. The Limit of Moderate Wave Action (LiMWA), delineated on FIRMs prepared after 2009, is the inland limit
of the 1.5-foot base flood wave height. The Zone A area seaward of the LiMWA is known as a Coastal A Zone. Wave
heights between 1.5 and 3.0 feet are expected during the base flood in Coastal A Zones.
Online Access to the FEMA Map Service Center
The FEMA Flood Map Service Center (MSC) is the official public source for flood hazard information produced in
support of the NFIP. Use of the MSC enables owners, engineers, architects, builders and government officials to
find official flood maps, access a range of other flood hazard products, and take advantage of tools to more clearly
understand the flood risk for specific structures and sites. The MSC can be accessed at http://msc.fema.gov/portal.
Technical support is available at 1-877-FEMA-MAP or 1-877-336-2627 from 8:00 AM to 6:30 PM, Eastern Time,
Monday through Friday.

Figure 1-2. Conceptual FIRM showing representative riverine flood zones.
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Figure 1-3. Conceptual FIRM showing representative coastal flood zones.

1.3.3 Risk Assessment and Risk Reduction
Preparing a flood-resistant building design, including supporting utility systems and their repair, replacement, or upgrade,
should begin with a risk assessment. Compliance with regulatory standards and potential increased resistance to flooding may
be best achieved by successfully identifying and managing flood
risks.
Risk assessment is the process of quantifying the total flood risk to
a building (including its utility systems) located in an SFHA or
an area prone to flooding. Designers and builders should be informed on current hazard and risk information and understand
how risk affects design decisions and client requirements. It is
recommended that designers and builders:

WARNING
Meeting minimum regulatory and
code requirements for building siting, design and construction does not
guarantee the building will be safe
from all flooding. Floods more severe
than the base flood can and do occur. It is up to designers and building
owners to determine the level of acceptable risk to a structure’s utilities
and whether to exceed the minimum
requirements.

n

Use the most current published flood hazard data to
determine site or building utility vulnerability. For most
communities, the FIS is the best available information,
although many communities and regional agencies
develop studies that include additional information.

n

Conduct a detailed risk assessment or update an existing assessment if there are indications that site
or watershed conditions may have changed significantly since the hazard data were published or if
published hazard data are not representative of a site’s exposure to flooding.

n

Consider how site or watershed conditions may change over the expected life of a structure or building
utility system, accounting for factors such as anticipated upland development and increased frequency
and magnitude of extreme weather events.

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

1-7

1

INTRODUCTION – BUILDING SYSTEMS AND FLOOD HAZARDS
n

Upon completion of a risk assessment, review design options that will best mitigate the effects of
flooding for the proposed project. Building owners may find potential flood damage costs or loss of
function unacceptable, leading them to work with designers to determine mitigation options and reduce
risk to an acceptable level.

Risk reduction is composed of two aspects: reduction of exposure to physical damage and risk management through insurance.
While eliminating all flood risk may not be feasible, a risk reduction evaluation determines the acceptable level of
residual risk. Residual risk is the risk that remains after mitigation measures are implemented. Risk management,
including identifying acceptable levels of residual risk, underlies the entire design and construction process. The
initial, unmitigated risk is reduced through compliance with floodplain management regulations and building codes, application of best practices, and purchase of insurance to provide financial protection for residual
risks. Each risk reduction element decreases the residual risk. The more elements that are applied, the smaller the
remaining residual risk will be.
FIS and FIRM Limitations
FIRMs do not identify all areas subject to flooding as indicated by the documented occurrence of damage in areas
outside of mapped SFHAs. In some places, areas included in the SFHA have never flooded – although that does
not mean those areas are not prone to flooding. Damage from floods associated with hurricanes and other coastal storms such as Floyd (1999), Alison (2001), Katrina (2005), Rita (2005) and Sandy (2012), along with the
Midwest floods in 1993, 1994, 2008 and 2015 occurred far beyond the mapped SFHA. FEMA also reports many
insurance claims are paid for damage that occurs outside of mapped SFHAs.
Building owners and designers should be aware that many watersheds have been significantly altered by ongoing
urban and suburban development. The increased prevalence of paved areas causes rainfall runoff to flow rapidly
over impervious surfaces like roads, parking lots, and rooftops. Some storm drainage systems do not have the
capacity to manage increased runoff volumes, contributing to localized flooding. In addition, floodplains are dynamic systems that have been altered through natural processes and wetland and floodplain filling for agriculture,
urban development, transportation, flood control projects, and other land uses.
While floodplain modeling procedures have become more precise, resources are not available at the Federal, State,
or community levels to fully fund comprehensive flood hazard mapping. In addition, in some areas of the country, future flood risk could be compounded by climate change and sea level rise impacts. As a consequence, the
building utility best practices presented in this publication should be considered by owners, designers, and builders working with utility systems.
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1.4 Flood Hazard Characteristics and Flood Loads
The NFIP and building codes require that buildings located in
flood hazard areas resist flotation, collapse, and lateral movement associated with flooding. This section is an overview of
flooding characteristics that determine flood loads, the forces
that act on inundated buildings and building elements.

1.4.1 Flood Elevation or Flood Depth
Hydrostatic Loads. Hydrostatic loads are forces or pressures
that are associated with standing or slowly moving floodwater
and are one of the main causes of flood damage. Hydrostatic
loads can cause severe deflection or displacement of buildings
and utility components if water levels on opposite sides of the
component (inside and outside buildings) are substantially
different (Figure 1-4):
n

Lateral hydrostatic load: Standing water or slowly
moving water can induce horizontal hydrostatic forces
against a structure if floodwater levels on both sides of
a wall are not equal.

n

Vertical hydrostatic load (buoyancy): Building
elements that are lighter than water are subject
to buoyancy and if designed to be watertight
(substantially impermeable), submerged portions
of buildings and building system components are
subject to flotation.

NOTE
Additional information on flood
hazard characteristics, flood load calculations, and design requirements is
available in:
• ASCE 7, Minimum Design Loads
for Buildings and Other Structures;
• ASCE 24, Flood Resistant Design
and Construction;
• FEMA P-55, Coastal Construction
Manual: Principles and Practices
of Planning, Siting, Designing,
Constructing, and Maintaining
Residential Buildings in Coastal
Areas; and
• FEMA P-259, Engineering Principles and Practices of Retrofitting
Flood-Prone Residential Structures.

Figure 1-4. Hydrostatic forces.
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1.4.2 Flood Velocity
Hydrodynamic Loads. Hydrodynamic loads are imposed on an object, such as a building or building component,
by moving water flowing against and around it. Load-inducing forces illustrated in Figure 1-5 include positive
frontal pressure against the structure, drag effect along the sides, and negative pressure on the downstream side.
Hydrodynamic forces are one of the main causes of flood damage. Hydrodynamic forces are of particular concern along rivers and streams with high velocity floodwater and in coastal and other areas subject to storm surge.
Moving floodwater imposes hydrodynamic forces on submerged foundations and building elements, including
utility system components located below flood levels. Hydrodynamic forces can destroy solid walls and dislodge
buildings with inadequate connections or load paths. Moving floodwater can also transport large quantities of
sediment and debris that can cause additional damage.

Figure 1-5. Hydrodynamic forces.

1.4.3 Wave Loads
In coastal areas, moving floodwater is usually associated with one or more of the following:
n

Storm surge and wave runup flowing landward through breaks in sand dunes, levees, or across low-lying
areas

n

Outflow (seaward flow) of floodwater driven into bay or upland areas by a storm

n

Strong currents along the shoreline driven by storm waves moving in an angular direction to the shore.

Wave Action. Wave action describes the behavior of wind-driven waves in floodplains along shorelines. The
height of waves associated with the base flood can vary by flood zone: in Zone V, wave heights equal or exceed 3
feet, while in Coastal A Zones (LiMWAs), wave heights are between 1.5 and 3 feet. Waves can affect buildings in
a number of ways:
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n

Breaking wave loads: The force created by waves breaking against a vertical surface causes the most
severe damage to coastal buildings and is often ten or more times greater than the force created by high
winds during a storm event. For this reason, elevated coastal structures supported on open foundations
(piles or columns) that are free of underlying obstructions and have minimal exposure to breaking
waves withstand coastal storms better than non-elevated coastal structures on other types of foundations.

n

Wave runup and wave slam: Wave runup occurs as waves break and run up beaches, sloping surfaces,
and vertical surfaces. Wave runup can drive large volumes of water against or around coastal buildings,
creating hydrodynamic forces that, although generally smaller than breaking wave forces and drag forces
associated with high velocity water, can cause localized erosion and scour. The action of wave crests
striking the elevated portion of a structure is known as “wave slam.” Wave slam introduces potentially
large lateral and vertical loads on the lower portions of elevated structures, typically resulting in damaged
floor systems.

1.4.4 Other Impacts of Flooding
Flood-borne debris impact. Flood-borne debris produced by floods and coastal storms typically includes materials from damaged carports, decks, porches, awnings, steps, ramps, breakaway wall panels, portions of buildings,
entire buildings, shipping containers, fuel tanks, pad-mounted equipment, vehicles, boats, piles and dock decking,
fences, destroyed erosion control structures, and a variety of smaller objects. Typical flood-borne debris is capable
of damaging or destroying unreinforced masonry walls, light wood frame construction, and small-diameter posts
and piles, as well as the structural components they support (Figure 1-6). Debris trapped by cross-bracing, closely
spaced piles, grade beams or other building components is also capable of transferring flood and wave loads to
the foundation of an elevated structure. Impact loads also are impacted by ice, trees, and other objects transported
by floodwater.
Figure 1-6. Flood-borne debris
impact.
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Erosion and Scour. Erosion refers to the wearing or washing away of riverbanks, shorelines and land surfaces. It
is part of the larger process of fluvial morphology and shoreline change. Due to the dynamic nature of erosion,
it is one of the most complex hazards to understand and is difficult to accurately predict at a specific flood-prone
site. Scour is localized erosion that occurs when waters move around foundational elements and other obstructions. Determining potential scour is critical in designing foundations to ensure the foundation does not fail due
to a loss in either bearing capacity, embedment depth or anchoring.
Duration and Rate of Rise.
n

Duration: Duration is the measure of how long flooding remains above normal levels. The duration of
riverine flooding is primarily a function of watershed size and the steepness of valley topography. Rivers
that drain large watersheds and those with relatively flat topography experience high water for weeks or
months. Coastal flooding typically is of shorter duration – usually only one or two tide cycles depending
on how fast storms move through affected areas. Prolonged contact with floodwater may make it difficult
to achieve the required or desired level of flood protection because of damage to building materials and
seepage.

n

Rate of Rise: Rate of rise is the measure of how quickly floodwater rises above normal levels. Areas
with steep topography and small drainage areas may experience flash flooding, during which floodwater
can rise very quickly with little or no warning. Large rivers typically rise more slowly. In coastal areas,
the rate of rise at specific locations may be affected by how fast storms approach the shore, offshore
bathymetry and the shape of the land. Building protection measures that require active intervention by
building managers or occupants may not be appropriate in areas with rapid rates of rise (faster than 5
feet per hour).

Contaminants in floodwater. Residents, business owners,
and property managers should assume that anything touched
by floodwater is contaminated and will have to be disinfected
or discarded. Mud or sediments left by floodwater may contain chemicals from landscaping and agricultural to household
and industrial sources. All materials, building components and
building systems contacted by floodwater should be cleaned,
disinfected and dried as quickly as possible.

WARNING
After flooding, it is critically important that all inundated building utility
systems are thoroughly inspected for
damage to determine whether they
are safe to use or re-energize. Simply
drying out systems may not be adequate to prevent the potential negative
health effects of contamination or
mold, or the threat of fire from corroded system components.

n

Chemical (heavy metals, petroleum products,
pesticides, and industrial and agricultural
chemicals): Floodwater carries chemical contaminants.
In urban areas, stormwater runoff and floodwater
carry chemicals; heavy metals from industrial sites
and vehicles; petrochemicals such as oil, grease, and
gasoline; herbicides; and pesticides. Similarly, flooding
in rural agricultural areas also carry petrochemicals,
sediment, heavy metals, and pesticides and herbicides
from farming operations.

n

Biological (bacterial and fungal): Bacterial contamination comes from sewage treatment plants and onsite septic systems that are overwhelmed or inadequate to handle flooding, as well as livestock farming
operations in rural areas. Biological contaminants carry the risk of streptococcus and pneumococcus
infections along with tetanus and other diseases. When floodwater recedes, exposed surfaces usually
host various fungal contaminants (molds), including species with potentially serious health impacts. Of
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great concern are mold-infected heating, ventilation, and air conditioning (HVAC) ductwork, which can
exacerbate lung and breathing conditions if not properly cleaned or replaced.
n

1.5

Salt water contamination: Salt water is corrosive and can cause damage and weakening of important
building system and utility components and connectors. Salt water can be especially damaging to
electrical conductors.

NFIP Flood Insurance Considerations

NFIP flood insurance policies provide coverage for two types of
insurable property: building and contents. Policies for damage
to buildings are separate from policies for damage to contents.
NFIP flood insurance policies do not provide coverage for damage to land, landscaping, decks, docks, piers, boat houses, or
outbuildings and accessory buildings like sheds, swimming
pools, or gazebos.
Building coverage includes:
n

The insured building and its foundation

n

Electrical and plumbing systems

n

Central air conditioning equipment, furnaces, and
water heaters

n

Refrigerators, cooking stoves, and built-in appliances
such as dishwashers

n

Permanently installed carpeting over unfinished
flooring

NOTE
Designers and building owners
should consult with insurance agents
to determine how design options may
affect the rating of NFIP flood insurance policies, when policies may be
purchased, and the nature and limitations of coverage.

Contents coverage includes:
n

Clothing, furniture, and electronic equipment

n

Curtains

n

Portable and window air conditioners

n

Portable microwaves and dishwashers

n

Carpeting that is not already included in property coverage

n

Clothing washers and dryers

Building owners can purchase flood insurance directly through the NFIP, but most purchase insurance through
traditional private sector insurers. Some insurance companies that are not part of the NFIP offer coverage, usually
in extremely high-risk areas or for buildings whose replacement value or contents value far exceeds the limits of
the NFIP coverage.

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

1-13

1

INTRODUCTION – BUILDING SYSTEMS AND FLOOD HAZARDS

Recent NFIP Reforms and Potential Impacts on Flood Insurance Premiums
On March 21, 2014, President Obama signed the Homeowner
Flood Insurance Affordability Act (HFIAA) of 2014. This law
repealed or modified certain provisions of the Biggert-Waters
Flood Insurance Reform Act of 2012 (BW-12) and made additional changes to other aspects of the NFIP not covered by
BW-12.

NOTE
For more information on NFIP reform, visit
www.fema.gov/flood-insurance-reform.

HFIAA slows some flood insurance premium rate increases and offers relief to certain policyholders who experienced steep premium increases in 2013 and early 2014 resulting from enactment of BW-12. Flood insurance
rates and other charges were revised for new or existing policies starting on April 1, 2015. In addition to insurance rates, other changes resulting from BW-12 and HFIAA will be implemented over time and will further affect
the cost of NFIP flood insurance policies.
The April 2015 changes included an increase in the NFIP Reserve Fund Assessment, the implementation of an annual surcharge on all new and renewed policies, an additional deductible option, an increase in the Federal Policy
Fee and rate increases for most policies. Other key changes that will impact future insurance rates include:
n

Limiting annual rate increases for individual premiums and rate classes to 18 percent until premiums
reach their full risk rates

n

Limiting premium increases for average rate classes to 15 percent

n

Mandating premium increases for certain subsidized policy holders under BW-12 and HFIAA

n

Implementing a new procedure for Preferred Risk Policy Eligibility Extension (PRP EE), a cost-saving
coverage option for property owners whose buildings were newly mapped into a SFHA. The PRP
EE premiums will be the same as the PRP, which offers low-cost coverage to owners and tenants of
eligible residential and non-residential buildings located in moderate- to low-risk areas for the first year
(calculated before fees and assessments).
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2.0 Regulatory Framework –
NFIP Regulations and
Building Codes
The NFIP regulations and requirements described in this chapter pertain to electrical, heating, ventilation, plumbing, and air conditioning equipment components, as well as other services. These requirements are intended
to apply to all building utility systems, equipment, and equipment components. Therefore, each time any one
component or system is mentioned throughout this publication, all components and systems are implied to be
included. This consistency better ensures that buildings exposed to base flood events suffer minimal damage and
can be swiftly restored to their fully-functioning condition. This chapter also describes model building codes and
standards for buildings and their utility systems and components.
A discussion of methods to reduce flood damage, even when compliance is not required by floodplain management regulations or building codes, may be found in Section 2.3.
The distinction between residential buildings and non-residential buildings, which determines the appropriate
method of flood protection, is explored in Section 2.6.

2.1 NFIP Regulations for Building Systems/Utilities
The NFIP’s minimum requirements for new construction and Substantially Improved buildings may be found in
44 CFR §60.3(a)(3). Communities are required to:
“Review all permit applications to determine whether proposed building sites will be reasonably safe
from flooding. If a proposed building site is in a flood-prone area, all new construction and substantial improvements shall (i) be designed (or modified) and adequately anchored to prevent flotation,
collapse, or lateral movement of the structure resulting from hydrodynamic and hydrostatic loads,
including the effects of buoyancy, (ii) be constructed with materials resistant to flood damage, (iii) be
constructed by methods and practices that minimize flood damages, and (iv) be constructed with electrical, heating, ventilation, plumbing, and air conditioning equipment and other service facilities
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that are designed and/or located so as to prevent water from entering or accumulating within the
components during conditions of flooding.” [emphasis added]
Protection methods described in Chapter 3 of this publication, such as elevation and relocation (Section 3.1)
and component protections (Section 3.2), may be used to satisfy NFIP requirements. These methods, along with
other measures that provide partial protection (Section 3.3), should be considered even when compliance is
not required. Additional details regarding protection of utility systems and equipment for dwellings and other
occupancies may be found in Chapter 4 (one- and two-family dwellings) and Chapter 5 (non-residential and
multi-family buildings).

2.2 Achieving Compliance – New Construction, Substantial
Improvement and Substantial Damage
New construction and Substantially Improved and Substantially
Damaged buildings located in SFHAs must fully comply with
NFIP regulations, including those that apply to building utility
systems noted in Section 2.1. NFIP regulations (44 CFR §60.3)
define Substantial Improvement and Substantial Damage:
Substantial Improvement means any reconstruction, rehabilitation, addition, or other improvement of a structure
whose cost equals or exceeds 50 percent of the structure’s market value before the “start of construction.”
This term includes structures that have incurred “Substantial Damage,” regardless of the actual repair work
performed. The term does not, however, include either:
1. Any structural improvement project whose
purpose is to correct existing violations of
state or local health or sanitary or safety code
specifications that have been identified as the
minimum necessary for safe living conditions
by local code enforcement; or

NOTE
When compliance is required, the
minimum level of protection established by the NFIP is the base flood
elevation (BFE). State and local floodplain management requirements and
building codes may require a higher
flood protection level. This publication
uses “flood protection level” to refer to
the required level of protection or the
desired level of protection if compliance is not required.

2. Any alterations to a “historic structure,” provided that the alteration will not preclude the structure’s continued designation as a “historic structure.”
Substantial Damage is damage of any origin sustained by a structure whereby the cost of restoring the structure to its pre-damage condition would equal or exceed 50 percent of the structure’s pre-damage market
value. Substantial Damage is implied to be included in each mention of Substantial Improvement
throughout this publication, as the requirements for floodplain management and building code regulation compliance are identical.
It is incumbent upon communities to evaluate proposals for all repairs, alterations, additions, and other improvements in order to determine whether the combined work (repairs and improvements) constitutes Substantial
Improvement. It is critical that communities enforce building codes and floodplain management regulations to
increase these structures’ resistance to future flooding. Building utility systems may achieve compliance through:
2-2
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n

Elevation: installing or locating utility systems and components at or above the flood protection level
required by local regulations or building codes.

n

Relocation: moving existing utility systems and components to locations at or above the flood protection
level required by local regulations or codes (i.e., moving a furnace out of a below grade enclosure or
basement). Elevation and relocation are discussed in Section 3.1.

n

Component protection: the implementation of techniques to protect a system, equipment component,
or group of components located below the elevation required by local regulations or codes from
exposure to floodwater. Component protection is discussed in Section 3.2.

2.3 Compliance Not Required – Non-Conforming Existing Buildings,
No Substantial Improvement or Substantial Damage
Non-conforming existing residential and non-residential buildings built before communities joined the NFIP are not required
to comply with NFIP regulations unless they are proposed to
be Substantially Improved or have incurred Substantial Damage. Owners of these existing buildings may elect to implement
mitigation measures that reduce flood risk and the costs of postflood damage repairs and system restoration.
Where compliance is not required, protection of building
utilities systems can be achieved using a number of measures
including elevation, relocation, component protection, or other
measures that provide partial protection as described in Chapter
3. These approaches can be used to improve flood damage resistance of non-conforming buildings, especially in areas subject
to repetitive, low-level flooding. The principles of these measures apply, with two key differences:

NOTE
The measures described in this publication can be used to reduce flood
damage in areas subject to flooding,
even if those areas are not shown
on FIRMs. FEMA reports that nearly
20 percent of NFIP flood insurance
claims are paid for damage to buildings located in areas identified as
low-risk Zone X.

n

Elevation, relocation, and component protection can be accomplished at elevations lower than the
elevation required for compliance.

n

Component protection may be used for residential and non-residential buildings, whereas component
protection may be used only for non-residential structures when NFIP compliance is required.

Even if compliance is not required, owners of existing buildings may want to reduce vulnerability to future flooding. Partial protection measures for building systems and components, described in Section 3.3, can reduce
damage and facilitate recovery. While protection by elevation, relocation, or component protection is preferable,
some owners may prefer a lower-cost partial method of protection, which may include using flood damageresistant materials, designing system components to facilitate replacement, installing quick-connect flanges to
flood-vulnerable equipment, and employing emergency measures such as sandbags, temporary flood barriers,
and flood wrapping systems. As previously stated, these measures are optional unless buildings are Substantially
Improved or have incurred Substantial Damage, in which case full compliance would be required.
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2.4 Building Codes
Model building codes include provisions pertaining to anticipated hazards such as flood, wind, seismic, snow, and soil
conditions. Two organizations maintain the most widely used
model building codes: the International Code Council, Inc.
(ICC) and the National Fire Protection Association (NFPA).
Model codes are updated every three years, but there is usually
a lag of two or more years between the publication of a model
code and adoption by States and communities.
Model building codes are neither Federal laws nor regulations.
They are typically adopted by States and communities to standardize enforcement of safe building practices. Some States and
communities modify the model codes. Users should check with
their applicable authorities to determine if and how adopted
codes in their State or community vary from the model codes.

NOTE
More detailed information on how to
integrate building codes and floodplain management requirements,
including those that apply to building utility systems, can be found in
Reducing Flood Losses through the
International Codes: Coordinating
Building Codes and Floodplain
Management Regulations; Fourth
Edition (2014).

An adopted building code establishes legal requirements for building design and construction. In many States,
the codes are adopted at the State level and local enforcement is mandated. Conversely, some States do not adopt
codes, but have many communities that do at the local level.
The International Code Council, Inc. develops and publishes the International Codes (I-Codes) and conducts a
comprehensive training and certification program. Table 2.1 at the end of Section 2.5 provides a list of sections
from the I-Codes and the ASCE 24 standards that pertain to building utility systems in flood-hazard areas. The ICodes include:
n

n

2-4

The International Building Code® (IBC) is largely a
performance-based model code with some prescriptive
requirements. Performance-based codes state the
intended functional result of a requirement and
separate the intent from the means of compliance. The
IBC refers to many standards that are, in effect, part
of the code’s requirements. For construction in flood
hazard areas, including building systems, the IBC refers
to ASCE 24, Flood Resistant Design and Construction,
which is discussed in greater detail in Section 2.5.
For equipment and utilities requirements, the IBC
also refers to the International Mechanical Code® (IMC),
International Fuel Gas Code® (IFGC), International Plumbing Code®
(IPC), International Swimming Pool and Spa Code® (ISPSC), and
International Private Sewage Disposal Code® (IPSDC).

NOTE
FEMA has prepared excerpts of the
flood provisions from the 2015, 2012,
and 2009 I-Codes, and highlights
from 2014 and 2005 ASCE 24 (described in Section 2.5). The excerpts
are available at https://www.fema.
gov/building-code-resources.

The International Residential Code® (IRC) is a prescriptive-oriented model code with some performance
standards. A prescriptive code specifies construction requirements and methods that are deemed to
be in compliance with performance standards. In most cases, dwellings can be constructed without
involving registered design professionals such as licensed engineers and architects. The 2015 IRC
(Section R322.1.6) requires electrical systems, equipment, and components; heating, ventilating, air
conditioning; plumbing appliances and plumbing fixtures; duct systems; and other service equipment to
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be located at or above the required elevation for the dwelling, which is the BFE plus 1 foot, or the design
flood elevation (whichever is higher). Alternatively, those elements may be below the required elevation
if designed and installed to resist flood loads and prevent water from entering or accumulating within
the components. Electrical wiring systems are permitted below the required elevation if they conform to
the IRC’s electrical requirements for wet locations.
n

The International Existing Building Code® (IEBC) specifies requirements for work on existing buildings
including repair, alteration, additions, change of occupancy, moved structures, and historic buildings.
The IEBC requires buildings in flood hazard areas to be brought into compliance with the flood resistant
requirements of the IBC or IRC, as applicable, if the buildings are Substantially Improved or have incurred
Substantial Damage.

n

The International Mechanical Code® (IMC) requires mechanical systems, equipment and appliances to be
located at or above the elevation required by IBC Section 1612, which references ASCE 24. Alternatively,
components are allowed below the required elevation if designed and installed to resist flood loads and
prevent water from entering and accumulating within the components. ASCE 24 Chapter 7 specifies
general requirements, and specific requirements for mechanical, heating, ventilation, and air conditioning
systems may be found in Section 7.4. Both the IMC and ASCE 24 state that mechanical systems and
equipment must not be mounted on or penetrate walls intended to break away under flood loads. Air
intake openings and exhaust outlets must be installed at or above the elevation specified in IBC Section
1612. IMC specifies that duct systems and plenum spaces must either be located above the elevation
required in IBC Section 1612 or be designed to prevent water from entering or accumulating inside
their components while also resisting flood loads, including the effects of buoyancy. In addition, fuel oil
system components must be elevated or capable of resisting flood loads. Requirements for elevators may
be found in ASCE 24 Section 7.5.

n

The International Fuel Gas Code® (IFGC) requires fuel gas appliances, equipment and systems to be
located at or above the elevation required by IBC Section 1612, which references ASCE 24. Alternatively,
components are permitted below the required elevation if designed and installed to resist flood
loads and prevent water from entering and accumulating inside the components. ASCE 24 Chapter 7
specifies general requirements, with specific requirements for mechanical, heating, ventilation and air
conditioning systems in Section 7.4.

n

The International Plumbing Code® (IPC) requires plumbing systems and equipment to be located and
installed as required by IBC Section 1612, which references ASCE 24. Alternatively, components are
permitted below the required elevation if designed and installed to resist flood loads and prevent water
from entering and accumulating inside. ASCE 24 Chapter 7 specifies general requirements, with specific
requirements for buried and exposed plumbing systems, plumbing systems below minimum elevations,
and sanitary systems detailed in Section 7.3. Both the IMC and ASCE 24 state that plumbing systems,
pipes, and fixtures must not be mounted on or penetrate walls intended to break away under flood loads.

n

The International Swimming Pool and Spa Code® (ISPSC) requires equipment serving pools and spas to be
elevated or anchored to prevent flotation and protected to prevent water from entering or accumulating
within the components. Electrical equipment installed in flood-prone locations must be supplied by
branch circuits that have ground-fault circuit interrupter (GFCI) protection for personnel.

n

The International Private Sewage Development Code® (IPSDC) requires soil absorption systems to be located
outside of flood-hazard areas or, if permitted in flood-prone areas, the site must be located to minimize
the effects of inundation. Septic tanks must be anchored to counter buoyancy and vent termination and
service manholes must be at least two feet above the base flood elevation or fitted with covers to prevent
the inflow of floodwater and outflow of tank contents.
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The National Fire Protection Association (NFPA) develops and maintains model codes and numerous standards,
including:
n

Building Construction and Safety Code® (NFPA 5000), a performance-based model code applicable to all
buildings and structures, including dwellings. The NFPA 5000 refers to many standards that are, in effect,
part of the code. ASCE 24 is the referenced standard for building design and construction of in flood
hazard areas.

n

National Electric Code® (NFPA 70), is a regionally adoptable standard for the safe installation of electrical
wiring and equipment in the United States. In some cases, the NEC is amended, altered, and superseded
by regional regulations issued by local governing bodies.

The International Association of Plumbing and Mechanical Officials (IAPMO) develops and maintains the
Uniform Mechanical Code® (UMC), Uniform Plumbing Code® (UPC), Uniform Solar Energy Code® (USEC), and the Uniform Swimming Pool, Spa and Hot Tub Code® (USPSHTC). Each model code specifies requirements for building utility systems and
components and has requirements applicable to buildings and structures in flood hazard areas.

2.5 Standards
ASCE 24 Flood Resistant Design and Construction is part of a series of
standards published by the American Society of Civil Engineers.
ASCE 24 provides minimum requirements for flood-resistant
design and construction of structures located totally or partially
in flood hazard areas including alluvial fans, flash flood areas,
mudslide areas, erosion prone areas, and high-velocity flow areas. ASCE generally updates standards every five years.
The IBC specifies, “The design and construction of buildings
and structures located in flood hazard areas, including areas
subject to high velocity wave action, shall be in accordance with
ASCE 24.” The IRC requires dwellings in floodways to comply
with ASCE 24 and allows dwellings in any flood hazard area to
be designed and constructed in accordance with ASCE 24.

NOTE
The term “attendant utilities and
equipment” is defined in ASCE 24.
ASCE 24 establishes requirements
for attendant utilities and equipment
associated with buildings in flood hazard areas. The term is broadly defined
as “attendant utilities and equipment—utilities, mechanical, electrical,
fuel gas, plumbing, HVAC, and related equipment, as well as services
associated with new construction and
substantial improvements.”

ASCE 24 specifies minimum requirements for building performance (flood loads), elevating or dry floodproofing methods
relative to flood elevations, enclosures below elevated buildings,
flood damage-resistant materials, and methods for attendant utilities and equipment. ASCE 24 Chapter 7 specifies
requirements for both utility elevation and equipment and utility systems that are located below required elevations. The required elevation depends on the type of building and the level of the minimum flood protection
standard. Table 2-1 includes a list of ASCE 24 sections related to building systems and utilities in flood hazard areas.
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Table 2-1. Summary of I-Code and standard references for building utility systems in flood hazard areas.
Code/ Standard

HVAC

Electrical

Plumbing

Fuel Systems
and Tanks

Conveyances

2015 IBC

1612.4, ASCE 24

1612.4, ASCE 24

1612.4, ASCE 24

1612.4, ASCE 24

1612.4, ASCE 24,
3001.2

ASCE 24-14

7.1; 7.4

7.1; 7.2

7.1; 7.3

7.1; 9.7

7.1; 7.5

2015 IRC

R322.1.6;
M1301.1.1;
M1401.5;
M1601.4.10;
M1701.2;
M2001.4;
M2201.6

R322.1.6

R322.1.6;
P2601.3;
P2602.2;
P2705.1;
P3001.3;
P3101.5

R322.1.6;
G2404.7;
R322.1.6;
R322.2.4;
R322.3.7

R322.1.6

2015 IMC, IPC,
IFGC

IMC: 301.16;
401.4; 501.3.1;
602.4; 603.13;
1206.9.1;
1210.8.6;
1305.2.1

IPC: 309.1;
309.2; 309.3

IFGC: 301.11

2015 UMC, UPC

UMC: 305.2;
603.9; 607.2

UPC: 301.4

2.6 Building Occupancies
NFIP regulations establish minimum requirements for buildings and structures in SFHAs (44 CFR Section 60.3).
Some requirements apply to all buildings and structures across all flood zones, such as 44 CFR Sections 60.3(a)
and (b). Specific utility systems requirements in the NFIP regulations apply based on flood zone designation:
n

n

The requirements for Zone A apply to all buildings
and structures, residential or non-residential. Dry
floodproofing is allowed in non-residential buildings.
[44 CFR §60.3(c)]
The requirements for Zone V apply to all buildings
and structures located in the coastal high hazard area,
regardless of use classification. [44 CFR §60.3(e)]

The NFIP uses but does not define the terms “residential” and
“non-residential.” For application of the I-Codes, the terms are
defined in ASCE 24 and are used to determine whether buildings may be dry floodproofed. This publication uses the terms
described in Sections 2.6.1 and 2.6.2.

NOTE
For design, specification, and installation of utilities and equipment, the
distinction between residential and
non-residential buildings is important
because “component protection” is
allowed only for non-residential buildings in Zone A. Component protection
is described in Section 3.2.

While the NFIP Flood Insurance Manual defines residential and non-residential buildings, those definitions are used for
insurance purposes and should not be used to determine which floodplain management requirements apply to
specific buildings, nor should they determine compliance for building utility systems. For example, for insurance
rating purposes, nursing homes are considered “non-residential,” and thus qualify for higher policy limits than
residential buildings. However, FEMA floodplain management guidance describes residential buildings as those in
which people live, sleep, or are cared for on a 24-hour basis.
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2.6.1 Residential
Residential buildings include detached one- and two-family dwellings and townhouses not more than three
stories. The IRC applies to buildings that are “detached one- and two-family dwellings and townhouses not more
than three stories above grade plane in height with a separate means of egress and their accessory structures not
more than three stories above grade plane in height.” The IRC does not require plans and construction documents
to be prepared by a registered design professional (licensed engineer or architect) unless specifically required by
State or local regulations. Certification of design is required for dwellings in coastal high hazard areas (Zone V).
The 2015 IRC now requires Coastal A Zone dwelling designs to be certified by registered design professionals.
Chapter 4 describes requirements and best practices for building utility systems and equipment for dwellings
within the scope of the IRC. Those specific requirements are additions to the general requirements described in
Chapter 3 that apply to utility systems, equipment, and components for all buildings.

2.6.2 Non-Residential
Non-residential buildings include all non-residential structures and critical facilities, as well as residential occupancies other than dwellings within the scope of the IRC. The IBC’s scope applies to all buildings and
structures that are not within the scope of the IRC. The IBC requires registered design professionals to prepare designs and construction documents unless applicable State or local statutes specify otherwise.
Some buildings and structures governed by the IBC are residential in nature. The IBC details “Residential Group R”
(Section 310) and “Institutional Group I” (Section 308). Both include buildings and areas within buildings that
are residential in nature (see Note on the following page).
Chapter 5 describes requirements and best practices for utility systems and equipment systems for all buildings
and structures within the scope of the IBC. Those specific requirements are additions to the general requirements
described in Chapter 3 that apply to utility systems, equipment, and components for all buildings.
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NOTE
TERMINOLOGY FOR RESIDENTIAL AND NON-RESIDENTIAL BUILDINGS
IBC Section 308 Institutional Group I includes “the use of a building or structure, or a portion thereof,
in which care or supervision is provided to persons who are or are not capable of self-preservation without physical assistance or in which persons are detained for penal or correctional purposes or in which
the liberty of occupants is restrticted.” This group includes, among others, board and care treatment
centers and facilities, hospitals, nursing homes, prisons, correctional/detention centers, and certain day
care facilities.
IBC Section 310 Residential Group R includes “the use of a building or structure, or a portion thereof,
for sleeping purposes when not classified as an Institutional Group I or when not regulated by the IRC.”
This group includes, among others, transient lodging (hotels, motels, lodging and boarding houses),
apartment houses, dormitories, and small group homes that provide 24-hour care (assisted living facilities, group homes, halfway houses, and rehabilitation and care facilities).
ASCE 24-14 Residential is defined to include “(1) buildings and structures and portions thereof where
people live or that are used for sleeping purposes on a transient or non-transient basis; (2) structures
including but not limited to one- and two-family dwellings, townhouses, condominiums, multifamily dwellings, apartments, congregate residences, boarding houses, lodging houses, rooming houses, hotels,
motels, apartment buildings, convents, monasteries, dormitories, fraternity houses, sorority houses,
vacation time-share properties; and (3) institutional facilities where people are cared for or live on a 24hour basis in a supervised environment, including but not limited to board and care facilities, assisted
living facilities, halfway houses, group homes, congregate care facilities, social rehabilitation facilities,
alcohol and drug centers, convalescent facilities, hospitals, nursing homes, mental hospitals, detoxification facilities, prisons, jails, reformatories, detention centers, correctional centers, and prerelease
centers.”
ASCE 24-14 Nonresidential is defined as “any building or structure or portion thereof that is not classified residential.”
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3.0 Compliance and
Mitigation Measures
This chapter presents an overview of the mitigation measures available to bring utility systems, equipment, and
components into compliance with NFIP requirements for new construction or Substantial Improvement and
repair of Substantial Damage. These measures are generally applicable to both residential and non-residential
buildings, although some may be used only for non-residential buildings when compliance is required. When
compliance is not required, certain measures may also be used to reduce flood vulnerability for existing buildings,
resulting in reduced recovery time and cost.
Chapter 4 of this publication provides additional details regarding building utility system mitigation measures for
HVAC, electric, plumbing, water and wastewater, as well as conveyance systems in one- and two-family dwellings
and townhouses with three or fewer stories. Chapter 5 discusses specific mitigation information on ways to reduce flood damage to complex utility systems commonly found in multi-family, non-residential, and mixed-use
buildings.

3.1 Elevation and Relocation
Elevation: Installing or locating utility systems and components
at or above the flood protection level required by local floodplain management regulations or building codes.
Relocation: Moving existing utility systems and components
previously installed below the base flood elevation to less vulnerable locations, preferably above the flood protection level
required for new construction.
Compliance with elevation or relocation requirements generally
entails installing exterior equipment on platforms, pedestals, or
the rooftop. Interior equipment can be installed on platforms inside enclosures below elevated buildings, or installed or relocated
to floors at or above the required elevation. Pedestals are typically
masonry structures (Figure 3-1). Platforms may be free-standing,

NOTE REGARDING BEST
PRACTICE
When buildings are elevated or protected higher than the minimum
required flood protection level, equipment serving the buildings should
be elevated or located at least to the
same height. This measure not only
protects the equipment from the same
level of risk as the building, but allows
access to the best available rates for
NFIP insurance policies as well.

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

3-1

3

COMPLIANCE AND MITIGATION MEASURES

self-supporting structures or they may be cantilevered from, or knee-braced to, buildings (Figure 3-2). In flood
hazard areas identified as Zone V on FIRMs, pedestals must not be sited under or immediately adjacent to buildings because they could obstruct the free passage of floodwater and waves.

Figure 3-1. Air conditioning compressor elevated on a
pedestal.

Figure 3-2. Air conditioning compressor elevated on a
cantilevered platform.

Depending on building characteristics, some systems or equipment may be suspended from walls, floor systems, or roof
framing to raise them above the required elevation. Additionally, protection must be provided for any element or component
that extends from the ground to the building, such as water
supply pipes, sanitary drainage pipes, gas and fuel lines, or underground electric service. Table 3-1 at the end of this chapter
summarizes elevation and relocation measures.

NOTE
Platforms and pedestals used to elevate equipment must resist flood
loads and other applicable loads.
Equipment on outdoor platforms and
pedestals must be anchored to resist
applicable wind loads. In regions with
significant seismic risk, equipment on
platforms must be anchored to resist
seismic loads.

Replacement of equipment and systems that serve existing
buildings provides an opportunity to reduce vulnerability to
future flooding. When buildings are Substantially Improved or
repaired after incurring Substantial Damage, the buildings and
their equipment and utilities must be brought into compliance
with the same requirements that apply to new construction. Elevating or relocating equipment achieves compliance. Dry floodproofing (also called component protection)
below the elevation required for protection by using substantially impermeable, watertight vaults or utility rooms
may achieve compliance in non-residential buildings.
3-2
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When replacement of equipment and systems is not part of Substantial Improvement, relocating equipment
from lower to higher elevations provides some protection against flood damage and may help occupants return
to the building more quickly after a flood. Relocation is especially effective when equipment is moved from below-grade areas (i.e., basements) to higher floors. In some cases, small above-ground additions can be added to
existing buildings to serve as utility rooms for relocated equipment.
Above-Ground Fuel Storage Tanks. Above-ground fuel storage
tanks located in SFHAs must be designed to resist flotation, collapse, and lateral movement. Anchoring straps and cables should
resist the effects of corrosion and be able to withstand buoyancy
forces when the tank is empty. Fill openings, outlets, vents, and
cleanouts should be either above the required flood protection
level or designed to prevent the entry of floodwater and loss of
contents during flooding.

NOTE
Section 4.4.2 provides details on
mitigation of fuel storage tanks for
one- and two-family dwellings. Section
5.4.2 provides details on mitigation of
fuel storage tanks for multi-family residential and non-residential buildings.

In flood hazard areas identified as Zone A on FIRMs (all zones
that start with the letter “A”), above-ground tanks may be either elevated or, if constructed, installed, and anchored to resist
potential buoyant and other flood forces, placed below the required flood protection level. Tanks associated with
non-residential buildings may also be protected by component protection (see Section 3.2.3). In areas where large
flood-borne debris is likely, bollards or barriers should be designed to protect tanks from debris impact.
In coastal flood hazard areas identified as Zone V on FIRMs (all zones that start with the letter “V”), above-ground
tanks cannot be located under elevated buildings or attached to buildings below the lowest floor because they can
become obstructions to the free passage of floodwater and waves. If located away from buildings, above-ground
tanks may be elevated on pile-supported platforms that are designed to resist wave-related loads. The potential effects of scour and erosion that lower the ground around the supports should be considered.

3.2 Component Protection
Component Protection: The implementation of techniques to
protect a system, equipment component, or group of equipment components from exposure to floodwater when located
below the required flood protection level. Component protection is permitted for non-residential buildings in SFHAs
outside of coastal high hazard areas (i.e., only in areas identified on FIRMs as Zone A). Component protection may be used
for building utility systems, components, and equipment that
serve elevated non-residential buildings. Table 3-1 at the end of
this chapter summarizes component protection measures.

WARNING
The design effectiveness of component protection using a barrier
or walled structure is limited by the
height of the wall, and there is no residual protection once floodwater
overtops or breaches the wall.

The NFIP requires that non-residential buildings in Zone A be designed with their lowest floors at or above the BFE
or, if not elevated, to be dry floodproofed. Dry floodproofing is achieved by designing and constructing measures
that result in watertight structures, including attendant utilities and equipment, with all elements substantially
impermeable to the passage of water. Structural components must have the capacity to resist flood loads and penetrations through walls and floors below the required flood elevation and must be watertight. Although they can
be effective, the engineering challenges and measures necessary for complete floodproofing and flood load resisPROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE
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tance can be costly. A thorough discussion of dry floodproofing, including limitations and guidance, is included
in Floodproofing Non-Residential Buildings (FEMA P-936).
Most component protection and dry floodproofing measures
require human intervention to properly place or deploy one
or more elements, such as mountable flood shields and closure panels. Components often feature materials that must
be maintained, such as gaskets and fasteners. Operations and
maintenance plans with specific instructions for periodic implementation drills and regular maintenance are critical for
effectiveness. Refer to ASCE 24 Chapter 6 for more information.

WARNING
Floodproofing measures that require
human intervention are effective only
if there is enough warning time to mobilize the necessary labor and safely
evacuate the building.

Flood Barriers. Barriers around building system utility components are a primary way to achieve component
protection. Flood barriers or walled structures must be designed with a foundation and walls suitable to protect
the building system utility components from floodwater. Barriers or walls may be located in a building’s interior
or exterior. Sometimes called floodwalls, these barriers are usually freestanding, permanent engineered structures
constructed of reinforced concrete or masonry (Figure 3-3). Flood barriers protect components from inundation
to a specified level of protection. To provide that level of protection, barriers must be designed to resist hydrostatic
loads, hydrodynamic loads, and loads from flood-borne debris and ice.
Figure 3-3. Protective flood barrier
surrounding shed housing back-up
power generator.

Design of barrier foundations and walls to resist flood loads and conditions must be undertaken by a qualified
registered design professional. After flood conditions are identified, characteristics of the flood barrier and equipment installation must be determined, including:

3-4

n

The height of the wall, which is a function of the depth of water and the level of protection required
or desired. If a flood barrier is used for equipment serving new construction or buildings that are
Substantially Improved or repaired after incurring Substantial Damage, the height of the barrier is
determined by the elevation required for compliance.

n

Dimensions of the flood barrier, which must provide sufficient space around the equipment for service
and maintenance.
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n

Access to equipment, which can be provided by a
doorway with a removable flood shield or panel or
a specially designed door to prevent water entry.
Permanently installed doors are recommended to
eliminate the need to locate and install flood shields
when flood conditions are expected. Depending on the
height of the wall, access may be provided by stairs.

NOTE
Floodproofing measures are either passive or active depending on
whether they require human intervention. Passive measures do not require
human intervention and are recommended whenever possible. Active
(or emergency) measures require
human intervention and are effective only if there is enough warning
time to mobilize the necessary labor
and equipment and to evacuate the
building safely.

n

Connections to buildings served by equipment located
inside a flood barrier. Penetrations of the flood barrier
and any portion of a dry-floodproofed building below
the required flood protection level should be avoided.
When unavoidable, such penetrations must be sealed to
avoid becoming a pathway for seepage of floodwater.
FEMA P-936 details measures to protect building
penetrations.

n

Accumulation of rainfall. If the area enclosed by the
flood barrier is not covered with a roof, the flood
barrier design should address how interior rainfall accumulation will be handled. Estimates of likely
total rainfall amounts should be obtained and measured against the equipment height from the floor.
Some level of protection against inundation by accumulated rainfall is achieved by typical equipment
installations, but added slab or pad thickness, or other means to raise the equipment above the floor may
be necessary.

Dry Floodproofing and Flood Barriers for Equipment Rooms and Machine Rooms. Areas inside non-residential buildings can be dry floodproofed or surrounded by flood barriers to provide component protection (Figure
3-4). The same issues described above for flood barriers, including resistance to flood loads, access doors or stairs,
and penetrations through the walls and floor of the dry-floodproofed area or room must be addressed during design. This approach, sometimes called “core area protection,” may be feasible in the following situations:
n

Under elevated non-residential buildings to protect machine or equipment rooms that cannot be
relocated or elevated in place.

n

Inside enclosed areas under elevated non-residential buildings that are otherwise limited to parking,
storage, and building access and are designed using “wet floodproofing” techniques to protect machine
or equipment rooms.

n

Inside non-residential buildings built before flood requirements were adopted. Retrofit options may be
considered as part of bringing non-residential buildings that are Substantially Improved or incurred
Substantial Damage into compliance (see Section 2.2), or if compliance is not required and an owner
elects to implement damage reduction measures (see Section 2.3).

Interior equipment in machine rooms and vaults require access and ventilation, which may require specially designed ventilation systems and “submarine” doors. Because dry floodproofing measures are rarely completely
watertight, a system to prevent and drain seepage and infiltration is required. Sump pumps powered by emergency power sources are recommended. Note that these enclosures are not intended to be occupied when flooding
is predicted.
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Figure 3-4. Dry floodproofing with a
substantially impermeable watertight
wall and access gate used to protect
mechanical and plumbing equipment.

3.2.1 Protection of Exposed Risers, Conduits, and Cables
Underground utilities, including water supply, sanitary drainage, gas service, and electric service, are exposed to flooding
when they extend from the ground supply source to elevated
buildings. Connecting risers, conduits, and cables should be installed to resist anticipated flood loads, including impact from
flood-borne debris. Exposed utility system connection components and equipment elements can be protected in several ways:
n

3-6

Installing risers, conduits, and cables on the most
sheltered side of interior piles or other vertical
foundation members. In coastal areas, installation
on the landward side of pilings or columns provides
protection. Similarly, in riverine areas, installation
should be on the downstream side of columns, pilings,
and posts, or located inside foundation perimeter walls
(crawlspace).

NOTE
Sections 4.2.2.4 and 4.4.2 provide
details on mitigation of exposed risers, conduits and cables for one- and
two-family dwelling systems. Section
5.4.2 provides details on mitigation
of exposed risers for multi-family residential and non-residential buildings.
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Protecting risers, conduits, and cables by enclosing them in insulated, rigid, watertight conduits or
chases with welded seams designed to withstand flood and debris impact forces.

n

Installing utility equipment components and connectors so they do not penetrate through walls designed
to break away under flood loads. In coastal high-hazard areas, walls that surround enclosures used for
parking, storage and building access must be breakaway walls.

3.2.2 Protection of Duct Systems
Duct systems distribute air throughout buildings. Systems include the ducts, duct fittings, dampers, plenums, fans, and
accessory air handling equipment and appliances. As with other
utility system components, the most effective way to meet the
minimum requirements for flood resistant construction is to install all duct system elements at or above the required elevation.
Standard duct system components are not intended to prevent
floodwater from entering or accumulating within them and
are not installed to resist flood loads if submerged. Duct system
components should only be installed below the required flood
protection level if the components are constructed of flood
damage-resistant materials. In addition, they must be designed
to prevent the entry and accumulation of floodwater, and must
be anchored and installed with hangers and supports capable of
resisting flood loads, including buoyancy. This approach should
be examined carefully. Supply and return ducts and plenums
that are sealed to prevent the entry of floodwater must be strong
enough to withstand the effects of buoyancy and debris impact.
It is important to note that typical straps and hangers installed
with standard spacing are not able to carry the weight of saturated insulation after floodwater recedes.

NOTE
Section 4.1.2 provides details on mitigation of duct systems for one- and
two-family dwellings. Section 5.1.2.2
provides details on mitigation of duct
systems for multi-family residential
and non-residential buildings.

WARNING
Installation of ducts between joists or
below floor systems of buildings may
require floors to be higher than the
minimum required elevation so that
the ducts are high enough to meet the
floodplain management regulations
and code requirements.

3.2.3 Specially Designed Equipment
Although difficult to achieve, an alternative provided by NFIP
regulations allows equipment to be located below the BFE, provided that the equipment is designed, constructed, and installed
to “prevent water from entering or accumulating within the
components during conditions of flooding.” While not explicitly stated, the performance expectation is that equipment will be
serviceable after flooding recedes, with only minor repair and
cleaning so that buildings may be reoccupied quickly.
To satisfy the expectation that flooded equipment will be
serviceable, the equipment must be specially designed to withstand submersion in floodwater that may contain sediment,
salts, and other contaminants (refer to Section 1.5.1). Regular
maintenance should be performed according to manufacturer instructions. In addition, equipment permitted below the
BFE must:

WARNING
Specially designed equipment is not
permitted below the BFE in buildings
located in coastal high-hazard areas
(Zone V) due to a requirement that
space below such buildings be free of
obstructions.
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n

Be anchored to resist flood loads during conditions as severe as the base flood;

n

Be protected from flood-borne debris;

n

Not act as a pathway for water to enter buildings; and

n

Have connections designed to be submerged.

Restrooms, bathrooms, and similar uses are not allowed below the BFE when compliance is required because use
of enclosures is limited to vehicle parking, storage, and building access. Backflow valves for fixtures such as toilets, sinks, showers, and floor drains can be used to prevent backflow of floodwater only when those fixtures are
in dry-floodproofed areas of non-residential buildings. If work on a building is not required to comply with the
NFIP minimum requirements, then backflow valves may be used for bathroom fixtures and floor drains to reduce
flood damage.

3.3 Other Mitigation Options – Partial Protection Measures
There are situations – particularly for existing buildings that are not Substantially Improved or Substantially
Damaged – in which elevation, relocation, or component protection measures are not feasible, or owners may
determine that the cost of such measures is not warranted. This situation may occur when buildings are subject
to significant flood forces, or when buildings have basements containing utility systems that cannot be readily elevated, relocated, or floodproofed. In these situations, other measures can provide partial protection of building
utility systems. Table 3-1 at the end of this chapter summarizes other measures and associated partial protection
measures.

3.3.1 Flood Damage-Resistant Materials
Flood damage-resistant materials can be used to provide partial protection to elements located below the required elevation.
Most flood damage-resistant materials are commonly used for
exterior finishes, structural elements, and interior building finishes. However, there are some materials and finishes that can be
used to reduce flood impacts to building utility systems, such as:

NOTE
Refer to FEMA NFIP Technical
Bulletin 2, Flood Damage-Resistant
Materials Requirements for a list of
flood damage-resistant materials.

n

Uninsulated stainless steel ductwork in HVAC systems
designed to be submerged;

n

Most piping materials used in plumbing systems; and

n

Corrosion-resistant coatings and finishes used to protect components located in elevator pits.

Although flood damage-resistant materials do not eliminate damage, they can help reduce it and facilitate cleanup
to allow for swift restoration of building services.

3.3.2 Fast Replacement of Components
If components of a building utility system cannot be elevated, relocated, or protected with component protection
measures, another mitigation measure is to install these elements in a manner that allows for quick isolation and
cost-efficient replacement if damaged. Although this approach does not eliminate flood damage to building utility
systems, it can help isolate the damage and allow for quicker service restoration.
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Examples of these measures are:
n

Installing sections of HVAC ductwork that are exposed to flooding with brackets and joints that allow for
quick removal and replacement;

n

Installing electrical wiring using corrosion resistant raceway systems that facilitate replacement of
conductors exposed to flooding;

n

Electrically isolating components installed in areas subject to flooding from components at higher
elevations; and

n

Installing separate branch circuits or feeders that are isolated from the rest of the electrical system and
protected using ground fault circuit interrupters (GFCIs).

3.3.3 Emergency Measures
Emergency measures are temporary procedures implemented in
the period between the recognition of a flood threat and when
flooding actually occurs. These measures may be used to provide
some protection to buildings or portions of buildings. Some
commonly used emergency measures with variable effectiveness
are briefly described below. “Active measures” are those requiring intervention or activity such as filling and placing sandbags,
activating a flood protection system or deploying flood gates.
“Passive measures” are those which are in place, ready to function without intervention such as protective flood barriers or an
automatic generator.

NOTE
Refer to Section 4.4 of FEMA P-936,
Floodproofing Non-Residential
Buildings for additional details on
emergency measures.

Sandbags: Temporary barriers constructed of sandbags can be used to protect structures or system components
from flooding or provide additional height to existing flood barriers before flooding reaches critical levels (see
Figure 3-5). However, unless emergency placement is planned and deployed under the direction of trained personnel, most sandbag barriers are not fully effective and leaking and failure are common. Due to the intensive
effort and amount of time needed for proper placement, and the limited protection they afford, sandbag walls
should not be considered a reliable long-term protection measure.
Temporary Flood Barriers: A number of vendors offer temporary, self-supporting flood barriers that can be assembled, moved into place, anchored, and filled with water, sand or gravel and then removed after flood threats
have passed (see Figure 3-6). These barriers must be sized for the site or building. Caution should be exercised
when considering use of temporary barriers for flood depths greater than three feet. Training and annual drills are
important so personnel know how to deploy the barriers. Proper storage, including cleaning after deployment, is
necessary to protect the materials over long periods of time.
Flood Wrapping Systems: Flood wrapping systems are temporary emergency measures in which plastic or other
synthetic waterproof sheeting material is used to seal buildings and prevent water intrusion into the building and
associated systems. Depending on building configuration, use of a wrapping system may be effective to protect an
equipment or machine room from frequent flooding.
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Figure 3-5. Techniques for proper placement of sandbags.

Figure 3-6. Gravel-filled containers
formed a barrier to protect University
of Iowa facilities during a flood event
(2008).
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3.3.4 Quick-Connect Mechanisms
When equipment essential to a building utility system cannot be elevated, relocated, or dry-floodproofed (component protection), quick-connect mechanisms (often called “flanged connections” or “service flanges”) can be
used to disconnect equipment components prior to the onset of flooding. If the disconnected equipment is small
or lightweight, it can be moved to a location above the anticipated flood level and then quickly reconnected after
floodwater recedes. If the equipment is too large or heavy to move or is damaged, having quick-connect mechanisms allow for the connection of temporary equipment such as boilers, chillers, and generators until damaged
equipment is repaired or replacement equipment is delivered (Figure 3-7). Although the installation of quickconnect mechanisms may not eliminate flood damage and service losses associated with flooded building utility
systems, this measure can reduce damage and speed the restoration of utility services and building function.
Figure 3-7. Portable boiler provides
heat during repair of flood damage.

3.3.5 Summary of Mitigation Concepts for Building Utility Systems
Table 3-1 summarizes mitigation concepts for building utility systems. Table 3-1 can be a starting point to help
identify the most appropriate mitigation actions for building utility systems that warrant further examination
based on the guidance in Chapter 4 and Chapter 5. The appropriate mitigation action for any part of the utility
systems that serve buildings depends on whether a building is a new construction, Substantial Improvement, or a
repair of Substantial Damage, in which case compliance is required. If compliance or conformance it not required,
some mitigation actions may reduce vulnerability to flood damage. Other factors must be considered in the context of a specific building’s characteristics, such as whether action must be taken when flooding threatens (active
or passive measures), the degree of protection required or desired and the relative cost.
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Table 3-1. Summary of Mitigation Concepts for Building Utility Systems.
New Construction and SI/SD
Mitigation Actions for
Building Utility Systems

Residential

Nonresidential

Compliance
or
Conformance
Not Required
(not SI/SD) All
Zones

Active or
Passive2

Degree of
Protection3

Relative
Cost4

Factors for Consideration

Zone A

Zone V
(CAZ1)

Zone A

Zone V
(CAZ1)

Elevate on pedestal,
or pier/post-supported
platform

3

Not
permitted

3

Not
permitted

3

Passive

High

$

Elevate on pilesupported or knee-braced
platform

3

3

3

3

3

Passive

High

$$

Relocate to required
elevation (pedestal/
platform), next higher
floor, or roof

3

3

3

3

3

Passive

High

$$

Not
permitted

Not
permitted

3

Not
permitted

3

Active or
Passive

Moderate

$$$

Dry floodproof (building,
portion of building, vault,
machine room)

Not
permitted

Not
permitted

3

Not
permitted

3

Active or
Passive

Moderate

$$$

Flood barrier (outside or
inside)

Not
permitted

Not
permitted

3

Not
permitted

3

Active or
Passive

Moderate

$$$

3

Not
permitted

3

Not
permitted

3

Active or
Passive

Moderate

$$$

Flood damage-resistant
materials

Not
permitted

Not
permitted

Not
permitted

Not
permitted

3

Passive

Low

$$

Facilitate replacement of
below-BFE components

Not
permitted

Not
permitted

Not
permitted

Not
permitted

3

Active

Low

$

Emergency measures

Not
permitted

Not
permitted

Not
permitted

Not
permitted

3

Active

Low

$$

Not
permitted

Not
permitted

Not
permitted

Not
permitted

3

Active

Low

$

Elevation and Relocation

Relocate for component
protection (dry-floodproofed vault, machine
room, flood barrier)
Component Protection

Specially designed
equipment
Partial Protection Measures

Quick-connect
mechanisms for belowBFE equipment
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Table Notes:
1) FEMA recommends enforcing Zone V requirements in Coastal A Zone (CAZ), the area seaward of Limit of Moderate
Wave Action (LiMWA).
2) Active or Passive
		 Active

Requires human intervention, flood warning time, and significant maintenance to be effective

		 Passive

Do not require human intervention or flood warning time with limited maintenance to be effective

3) Degree of Protection
		

Low

Typically effective for lower flood depths (less than 3 ft.) and lower flood velocities (less than 5 ft./s)

		Moderate Typically effective for moderate flood depths (4 to 6 ft.) and moderate flood velocities (5 to 10 ft./s)
		

High

Typically effective for higher flood depths (8 ft. or more) and higher velocities (10 ft./s or more) or wave action

4) Relative Cost
		

$

Generally low cost relative to other measures

		

$$

Generally moderate cost relative to other measures

		

$$$

Generally high cost relative to other measures
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4.0 Mitigation Measures for
Residential Buildings
Chapter 4 describes mitigation measures for residential buildings, with a specific focus on detached one- and
two-family homes and townhouses up to three stories in height. The discussions in this chapter also apply to larger residential buildings, (i.e. those covered by IBC Section 310 – Occupancy Group R), but many – particularly
high-rise or mixed use buildings – may have mechanical, electrical, and plumbing (MEP) systems similar to those
found in commercial buildings. Therefore, for those buildings, the guidance provided in Chapter 5 may be more
appropriate. It should be noted, however, that regulations limit mitigation options for residential buildings, and
so not all mitigation options discussed in Chapter 5 can be implemented in new construction or in Substantially
Improved or Substantially Damaged residential buildings. For the purposes of Chapter 4 and Chapter 5, Substantial
Damage requirements are covered by the Substantial Improvement requirements.
The guidance herein is generally consistent with requirements for new construction and Substantially Improved
residences, but can also be applied on a voluntary basis to existing buildings not Substantially Improved or
Substantially Damaged to increase flood resiliency. This chapter describes mitigation measures rather than specific
construction techniques because there are often many ways to reduce exposure to flooding while meeting state
and local codes, ordinances, referenced standards, and NFIP criteria.
NFIP regulations [44 CFR §60.3(a)(3)] state that:
All new construction and Substantial Improvements shall be constructed with electrical, heating, ventilation, plumbing, and air conditioning equipment and other service facilities that are designed and/or located so as to prevent water from entering or accumulating in
the components during conditions of flooding.
This requirement is reflected in the IRC, where Section 322 requires the following to be elevated above the flood
protection level:
n

heating, ventilating, duct systems, and air conditioning systems, equipment and components;

n

electrical systems, equipment and components;

n

plumbing appliances, plumbing fixtures; and

n

other service equipment.
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Exceptions are allowed only when components are designed and installed to prevent water entry or where equipment can resist flood loads, including buoyancy. While it may be practical to prevent water entry into a few utility
components (e.g., sealed water piping), it is often difficult to resist flood forces that tend to crush or dislodge submerged equipment. Thus, elevating utility systems is often the only practical option for flood protection.
Chapter 2 outlined information on building system NFIP requirements and building codes and other regulations
that may apply. Because building codes and NFIP regulations vary by state and local government, one should always consult with local building officials to verify that all new construction or Substantial Improvement proceeds
in accordance with applicable regulations. The local building official will also determine the required permits for
residential utility system mitigation projects.
The following mitigation actions will be discussed in this chapter:
n

Elevation: This measure involves elevating vulnerable components of the MEP systems by placing
them on raised platforms or frames, preferably above the flood protection level. For new construction
and Substantially Improved buildings, elevation is usually the only option recognized by the NFIP
for mitigating residential equipment vulnerable to flood damage. In this document, elevation may be
referred to as “in-place elevation” to distinguish it from the more involved, but generally more effective
mitigation approach of relocation.

n

Relocation: This measure involves moving vulnerable
components of building utility systems to a higher
level or higher floor in the home. Relocation is often
the method that offers the least residual risk.

n

Component protection (Dry floodproofing): This
measure involves the installation of flood resistant
barriers and can be used to protect vulnerable
components of MEP systems (see Note). The NFIP
does not recognize dry floodproofing for residential
buildings as a mitigation measure; therefore, it is not
an option for new construction and Substantially
Improved buildings (see Warning). Nonetheless, dry
floodproofing can reduce flood risks in instances other
than Substantial Improvement or Substantial Damage.

n

Other Measures (Wet floodproofing): Partial system
mitigation can reduce flood damage. Certain HVAC
components that have some resistance to flood
damage and can be readily cleaned and repaired, may
be used instead of elevation or dry floodproofing.
The NFIP, the IRC and ASCE 24 allow components
to be exposed to floodwater, provided they can resist
flood forces and are designed and installed to prevent
floodwater entry. However, it can be difficult to obtain
flood-resistant utility components, particularly those
that prevent floodwater entry and can resist flood
loads.

NOTE: DRY
FLOODPROOFING
Since it is extremely difficult to
make buildings and systems completely watertight, some minimal
water entry should be expected in dry
floodproofed spaces that protect residential building components. Refer to
Chapter 5 for technical details on specific dry floodproofing requirements
for non-residential buildings.

WARNING
In addition to dry floodproofing prohibitions for new construction,
Substantial Improvements, and repairs to Substantial Damage, avoid
dry floodproofing residential buildings
in a manner that will render the structure in violation of the NFIP.

It is advantageous to describe MEP systems as consisting of primary components and secondary components. Primary components are those that must operate to provide MEP service (heat, ventilation, air conditioning, electrical
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power, potable water, etc.) to any portion of the home. Secondary components are those that, if damaged or rendered inoperable, do not interrupt the function of the entire system; portions of the home can still be served even
when some secondary components have been damaged by floodwater.
Table 4-1 summarizes mitigation approaches for various MEP systems and indicates where they are discussed in
this chapter. General principles are provided in Chapter 3, Compliance and Mitigation Measures.

NOTE: FLOOD PROTECTION LEVEL
This publication uses the term flood protection level to address the minimum elevation that the owner
uses as a level of flood protection. For new construction, existing construction deemed to be Substantially
Improved or Substantially Damaged, and houses otherwise directed by the authority having jurisdiction,
the BFE or design flood elevation usually refers to the minimum required elevation of flood protection.
When required flood elevation is used in this publication, it refers to the minimum elevation required for
flood protection by the jurisdictional authority. At a minimum the required flood elevation is the BFE. In
addition, flood protection level refers to the level selected to provide the desired protection when compliance with a code or regulation is not required and designers and owners elect to elevate or protect
building utility systems.
In some situations, more than one flood protection level may be appropriate. For example, owners may
elect to provide more protection for more critical or more expensive systems than they do for less critical
or expensive systems that could more easily be repaired.
Table 4-1. Summary of utility mitigation measures for residential buildings.
NFIP Compliant New Construction or
Substantial Improvement

System Repairs for Existing and NonSubstantial Improvement Construction

General recommendations

Minimize number of HVAC system components installed below the flood protection
level. When placed below the flood protection level, install components that
resist flood forces and prevent floodwater
entry and accumulation.

Install system components as high as
practical. When placed below the flood
protection level, install components that
can be readily restored or replaced and
that are functionally isolated from the rest
of the system.

Primary components (HVAC
units, boilers, chillers, hot and
chilled water pumps)

Install above the flood protection level unless components are designed to resist
flood forces and prevent floodwater entry
or accumulation.

Install as high as practical. When placed
below the flood protection level, protect
with dry floodproofing or install components in a fashion that allows for rapid
removal and restoration

System
HVAC (Section 4.1)

Dry floodproofing not allowed.
Dry floodproofing can be an option for interim flood mitigation.
Secondary components (duct,
Install above the flood protection level
grills, registers, convectors, radi- when possible. When placed below the
ators, and zone control valves)
flood protection level, install components
that resist flood forces and prevents
floodwater entry and accumulation.

Install as high as practical. When placed
below the flood protection level, install
secondary components to reduce system
impacts from flood damage.
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System

NFIP Compliant New Construction or
Substantial Improvement

System Repairs for Existing and NonSubstantial Improvement Construction

Minimize electrical system components
installed below the flood protection level.
When placed below the flood protection
level, install components that resist flood
forces and prevent floodwater from entry
or accumulation.

Install electrical system components as
high as practical. When placed below the
flood protection level, install components
that can be readily replaced and electrically isolated from rest of the system.

Electrical (Section 4.2)
General recommendations

Primary components (service
Install above the flood protection level.
panel, meter, generator, portable
generator connection, transfer
Dry floodproofing not allowed.
switch)

Install as high as practical. When placed
below the flood protection level, protect
with dry floodproofing or install components in a fashion that allows rapid
removal and restoration.
Dry floodproofing can be an option for interim flood mitigation.

Secondary equipment (branch
circuits and devices)

Install above flood protection level when
possible. When placed below flood protection level, install components to resist
flood forces and prevent floodwater entry
and accumulation.

Install as high as practical. When placed
below flood protection level, install secondary components that can be electrically
isolated from rest of the system.

Miscellaneous equipment

See general recommendations.

See general recommendations.

Minimize number of plumbing components installed below the flood protection
level. When placed below the flood protection level, install components to resist
flood loads and prevent floodwater entry
and accumulation.

Install plumbing components as high as
possible. When placed below the flood
protection level, install components that
can be readily restored or replaced and
are functionally isolated from the rest of
system.

Plumbing (Section 4.3)
General recommendations

Primary system components
Install any non-submersible components
of the potable water system
above the flood protection level.
(booster pumps, domestic water
heaters, meters, backflow preDry floodproofing not allowed.
vention valves)

Install any non-submersible components
as high as practical. When placed below
the flood protection level, protect with dry
floodproofing or install components in a
fashion that allows for rapid removal and
restoration.
Dry floodproofing can be an option for interim flood mitigation.

Wastewater systems – primary
components

Place non-submersible lift and macerator
pumps above flood protection level.

Install non-submersible components as
high as practical. When placed below the
flood protection level, protect with dry
floodproofing or install components in a
fashion that allows for rapid removal and
restoration.

Fire sprinkler systems – primary
components

Place sprinkler and jockey pumps above
flood protection level.

Install as high as practical. When placed
below the flood protection level, install
components in a fashion that allows for
rapid restoration.
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NFIP Compliant New Construction or
Substantial Improvement

System Repairs for Existing and NonSubstantial Improvement Construction

Minimize number of plumbing components installed below the flood protection
level. When placed below the flood protection level, install components to resist
flood forces and prevent floodwater entry
and accumulation.

Install as high as practical. When placed
below the flood protection level, install
components in a fashion that allows for
rapid restoration.

Primary components (pumps,
meters, and tanks)

Minimize number of plumbing components installed below the flood protection
level. When placed below the flood protection level, install components to resist
flood forces and prevent floodwater entry
and accumulation.

Install as high as practical. When placed
below the flood protection level, protect
with dry floodproofing or install components in a fashion that allows for rapid
removal and restoration.

Secondary components (piping,
valves)

Minimize number of plumbing components installed below the flood protection
level. When placed below the flood protection level, install components to resist
flood forces and prevent floodwater entry
and accumulation.

Install as high as practical. When placed
below the flood protection level, protect
with dry floodproofing or install components in a fashion that allows for rapid
removal and restoration

Minimize number of conveyance components installed below the flood protection
level. When placed below the flood protection level, select components that will
resist flood forces and prevent floodwater
entry and accumulation.

Install components high as practical.
When placed below the flood protection
level, protect with dry floodproofing or install components in a fashion that allows
for rapid removal and restoration.

System
Secondary equipment of plumbing systems (domestic water,
drain waste and vent piping,
sprinkler piping)

Fuel Systems (Section 4.4)

Conveyances – Elevators and
Lifts (Section 4.5)
Primary and Secondary components (motors, pumps, controls)
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4.1 Heating, Ventilation and Air Conditioning (HVAC)
It is advantageous to describe HVAC systems as consisting of primary components and secondary components. Primary components are those that must function to provide heat, ventilation or air conditioning to any portion of
the home. Secondary components are those that, if damaged or rendered inoperable, do not interrupt the entire
HVAC system. Portions of the home can still be supplied by HVAC systems even after some secondary components
are damaged or destroyed by floodwater.
Most residential HVAC systems provide both heating and air
conditioning, usually through forced air ductwork. In forced air
systems, air is conditioned (heated or cooled) in a primary unit
(furnace or air handling unit) and then distributed throughout
the conditioned portions of the home via a system of supply
and return ducts, grills and registers. Furnaces are typically
fuel-fired but can be electric. Conditioned air is then reheated (or
re-cooled) and recirculated.
HVAC systems that provide only heat are not necessarily forced
air systems. Other options include hydronic systems and hybrid
systems. In hydronic systems, hot water is heated by a boiler and
circulated throughout the home. With hybrid systems, the hot
water provided by the boilers is circulated through hot water
coils in air handling units where it heats the distributed air.
A residential HVAC system is shown in Figure 4-1 which depicts
a home supplied with dual forced air HVAC units and associated
ducts, grills and registers. One HVAC unit with its associated supply ducts and return ducts is located in the basement; the second
unit is located in the attic. The basement unit serves the first floor;
the attic unit serves the second floor. Table 4-2 lists the primary
and secondary components and the subsections where mitigation options are discussed.

4-6

NOTE
In newer, more tightly constructed
homes with limited leakage, fresh
air may be provided by heat recovery ventilators (HRVs) or energy
recovery ventilators (ERVs). These
components constantly exhaust stale
interior air and draw in fresh outside
air. These systems generally consist
of interior air handling units or furnaces and exterior compressor or
condensing units. HRV and ERV systems can be stand-alone and have
dedicated supplies and return (fresh
air and exhaust) ducts or they can
work in conjunction with the main
HVAC system.
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Figure 4-1. Example of a residence supplied by two forced-air HVAC systems.
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Table 4-2. Typical primary and secondary components of residential HVAC Systems.
HVAC equipment type (Subsection)

Components

Primary components (4.1.2.1)

Air handlers and air handling units (AHUs), trunk line supply, and return ducts
Compressor and condensing units (AC units and heat
pumps)
Furnaces and boilers
Circulator pumps
Lateral supply and return ducts

Secondary components (4.1.2.2)

Piping (when present)
Convectors, radiators, and zone control valves

The primary HVAC components include all equipment necessary to heat or cool the home. Primary components vary with the style of HVAC system, but typically include air handling units (AHUs), AC condensers or heat
pumps, furnaces, boilers, and circulator pumps. In forced air systems, the sections of supply and return ducts
that connect to the HVAC units are also primary components because they are required for a functional heating
or cooling system. Often, the primary sections of ducts are called trunk line ducts. Components of other systems
that supply the HVAC equipment, such as fuel supply and piping and electrical components needed for operation,
are considered primary components. These components include the controls needed for the system to function,
which may be one or multiple thermostats and motor-operated valves or dampers.
Regardless of the system type, most HVAC components are not flood resistant and are readily damaged if exposed
to floodwater. Typically, primary components are completely destroyed when inundated by floodwater. Inundation
short-circuits the unit’s electrical equipment, saturates insulation, and usually introduces silt and sediment into
the unit. Mold can develop, especially in duct work. Also, due to the corrosive nature of floodwater, inundation
typically causes rust and oxidation that can damage a unit after floodwater recedes.
Flood mitigation can reduce physical damage and loss of function from flooding. Primary components are often
the most expensive components to replace, resulting in the longest period of system downtime. If a flood occurs
in cold weather regions during the winter season, the resident may not get a Certificate of Occupancy to return to
the home until the heating system is fully functional. In many homes, HVAC system components are one of the
best candidates for mitigation. Due to the cost of primary components and their integral function in the home,
mitigation measures that produce even moderate reductions of flood risk should be considered.
The following sections discuss techniques for elevation and protection of the main components of residential
HVAC systems. Selection of mitigation measures may be dictated by code requirements. For example, for heatproducing devices like boilers, furnaces and fuel-fired water heaters, codes often limit clearances to combustibles.
Those clearances could limit how much a boiler, furnace or water heater can be elevated. Local building code officials should be consulted to verify that actions taken to reduce flood risks satisfy all codes.

4.1.1 Flood Risks to HVAC Components
The risk of flood damage to HVAC components depends on their elevation and location in the residence and by
how the home was built. The primary components of a home’s HVAC system are often located in the basement
if one is present, where they are most vulnerable to flood damage. Primary HVAC components in slab-on-grade
homes are located typically on the first floor, the attic, or in an attached garage. Often, the elevation of the garage is lower than the house itself (due to fire codes or site considerations); therefore, HVAC components located
4-8
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in a garage may be at greater flood risk unless they are elevated. Homes built over crawlspaces often have HVAC
components placed in the crawlspace, including ductwork and even the heating and air conditioning units. In
multi-level homes with two or more HVAC systems, primary HVAC components are often located in attic areas
with a much lower flood risk.
In air-conditioned homes, exterior compressor units are typically used. The compressor unit works with an interior HVAC coil unit to remove heat from the interior and exhaust it outside. Condenser units are usually placed
outside at grade level except for new construction, for which the NFIP and building codes require placement of
components at or above the required flood protection level. If placed at grade, condenser units might be located
below this level, thus increasing the risk of flood damage.
Secondary HVAC components can be damaged without the entire system losing service. Secondary systems often
provide heating, ventilation, or cooling to portions of the building, or they may be optional components, like humidifiers, that are not necessary for operation. For forced-air systems, secondary components include portions of
the supply and return ductwork that serve individual rooms or spaces, as well as the supply registers and return
grills in those rooms or spaces. As mentioned previously, the main supply and return ducts – often called trunk
lines – are considered primary components because they are essential to provide heating, ventilation or cooling
to homes. For hydronic systems, secondary components include piping and convectors, radiators, and zone control valves.
Like primary components of HVAC systems, most secondary components can be damaged or destroyed by floodwater. Air handling components are particularly vulnerable because of the common practice of installing ductwork
below the living space and supplying conditioned air from floor grills and registers, which exposes ductwork to
flood damage.
Ducts in residential systems typically operate at static pressures of approximately one inch of water column, which
is about 0.04 pounds per square inch (psi), or about 5 pounds per square foot (psf). Floodwater can create much
greater pressures on sealed ducts even when those ducts are only partially submerged. For example, the hydrostatic
pressure on the bottom of a sealed HVAC duct submerged in 6 inches of floodwater is 0.22 psi, or about 30 psf.
That pressure is six times the operating pressure of the duct. Because ducts are typically sealed to resist air leakage,
they will collapse or be crushed even when only partially submerged.
When ducts are not sealed, floodwater entering the ducts will reduce the hydrostatic loads because they are a
function of the amount of water displaced by the duct; if ducts fill with water, the net hydrostatic force is zero.
Floodwater entering ducts will typically contaminate the system through an accumulation of grit, sand, mud,
pathogens, petrochemicals, herbicides and pesticides, fertilizers, sewage, and other materials.
Fiberglass insulation commonly used for residential HVAC ducts readily absorbs water. Unless flood resistant
closed-cell insulation is used, flooding contaminates and often destroys ductwork insulation and requires the insulation to be replaced. Other HVAC components can also be damaged if their insulation is saturated.
The corrosive nature of floodwater can cause long-term degradation of secondary components if they cannot be
adequately cleaned after a flood event. Piping in HVAC systems offer some inherent resistance to floodwater (particularly from still water flooding), but piping insulation can still be destroyed when inundated. The corrosive
effects of floodwater can damage some piping components like valve stems, threaded fittings, and piping supports.
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NOTE
In SFHAs where flood elevations have been determined with delineated BFEs, the actual flood risk to
the HVAC system can be determined by comparing the HVAC equipment elevation to the required flood
elevation. In areas outside of SFHAs, or in SFHAs where flood elevations are undetermined, historical
data and records often can be used to assess flood risk.

4.1.2 Mitigation for HVAC Components
The most effective method of mitigating flood risk for primary HVAC components is elevating them, preferably
above the required flood protection level. In some situations, it may not be necessary to achieve this level to make
mitigation effective. Sometimes, elevating HVAC components even a few inches can reduce flood risk significantly.
While any amount of elevation reduces flood risk, components should be elevated as high as practical to achieve
the greatest mitigation benefit.
Several considerations control the achievable elevation, including:
n

size and height of components and ceiling clearance height where components are located;

n

required clearance to equipment and combustibles that require maintenance;

n

provisions for combustion air and vents;

n

access for maintenance, routine servicing, and repairs;

n

connections to other HVAC components, particularly duct connections and condensate lines; and

n

ability to support and anchor elevated equipment.

Unit height and height of spaces containing equipment: When primary HVAC components are elevated in place
(as opposed to being relocated), component height and available vertical clearance often determines how high
they can be elevated. Some options to increase vertical clearances, like relocating ducts to run between framing members, may be available. Increasing vertical clearances using structural modifications, however, are often
impractical.
Elevation of exterior components like condensing units may not be hindered by equipment height, but rendered
impractical by restrictions to access for servicing the equipment. Maintenance access may influence the ways in
which equipment can be elevated. For example, platforms that allow service technicians access may require stairs
and safety railings.
Clearance to combustibles and working space: Most heat-generating HVAC equipment requires minimum clearance to combustible materials. Different clearances are often necessary for the top, bottom, sides, and back of a
unit. Working space must be maintained for servicing, repairs, and component replacement. Specific clearances to
combustible and working space are in manufacturers’ installation manuals.
In some installations, non-combustible materials can be installed between the heat-generating HVAC equipment
and combustible materials to allow for equipment elevation.
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Combustion air and venting: Fuel-burning devices require combustion air-venting for gas exhaustion. When
elevating equipment, those provisions need to be maintained. Combustion air provisions are usually satisfied if
HVAC equipment elevation is in place, but proper venting can limit elevation height. For example, vents need to
slope upward to maintain draft and to allow condensation (for condensing units) to drain properly. Thus, when
HVAC equipment is elevated, exhaust equipment must be elevated as well.
Access for maintenance, servicing, and repairs: When elevating equipment in place, access is usually not significantly changed. However, if elevation involves moving the equipment to other areas of the residence, then access
for maintenance, servicing, and repair must be accommodated.
Connections to the HVAC system: Primary HVAC components are connected to other system components. While
these connections may be easily made with water heating systems, forced air systems feature connections to relatively large ducts that require significant space for installation. The space and configuration of system connections
will often determine flood mitigation options to reduce flood exposure of the connections.
Ability to support and anchor equipment: All elevated equipment should be, and may be mandated by code to
be adequately supported to carry the weight of equipment. In seismic areas, the supports must also resist earthquake forces. Those forces can include lateral and vertical loads that depend on the equipment’s weight and center
of gravity. Earthquake forces on equipment can increase with elevation; therefore, earthquake forces should be
determined for the elevated location. Exterior equipment must also be supported and anchored to resist other environmental loads like wind, ice, and snow.
Exterior HVAC equipment: Outdoor HVAC equipment can be placed on elevated pedestals or platforms. In coastal areas, floodways, and areas subject to high velocity flooding where floodwater can undermine foundations
supporting pedestals or platforms, outdoor HVAC equipment should be supported by piles that extend below
the expected depths of erosion, scour, and frost. Alternatively, HVAC equipment can be placed on platforms that
cantilever out from the structure. In both cases, the platforms should elevate equipment above the required flood
protection elevation. Where possible, pedestals and platforms should be located on the landward side (in coastal areas) or downstream side (in riverine areas) of homes to minimize risk from flood-borne debris impact. In
coastal areas, the lowest horizontal member supporting the equipment or platform should be above the required
flood protection elevation to avoid damage from breaking waves.
Exterior equipment should be anchored or strapped to resist wind and other forces as specified by local building
codes. In coastal areas, anchors and straps should be stainless steel or hot-dip galvanized to resist salt spray and
corrosion.
Figures 4-2 and 4-3 show examples of elevated residential HVAC
components supported by cantilevered platforms.
Mitigation Scheduling and System Downtime: Most mitigation requires some system downtime. Components must be
taken out of service during elevation or relocation. It is often
preferable to mitigate during system replacement when the system is shut down. When mitigating newer equipment that is still
serviceable, scheduling the mitigation may reduce the impact of
that downtime. For example, mitigation of heating or air conditioning equipment can be performed during temperate times of
the year when the temporary interruption of heat or air conditioning may not be a significant inconvenience.

NOTE
The NFIP requires that all HVAC
equipment that cannot be elevated
above the BFE be designed to prevent
water from entering and accumulating
within the equipment. Nonetheless,
this option is rarely practical because
it is extremely difficult to prevent water
intrusion.
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Figure 4-2. Elevated HVAC condenser
units in a coastal zone with a
protective railing installed (Galveston
Island, Texas).

Figure 4-3. Elevated HVAC condenser
unit on cantilevered platform (Port
Bolivar, Texas).

Whether mitigating operational equipment or waiting until equipment needs to be replaced before mitigating the
system, advanced planning and consultation with the building official is important. Planning allows for various
options to be considered and the best selected, and the scope of work to be clearly defined, quantified and budgeted so that mitigation can be completed as efficiently as possible.
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4.1.2.1 Mitigation for Primary Components
In-Place Elevation: As previously mentioned, the most effective flood mitigation for primary HVAC components
is elevation, preferably above the required level. When vertical clearance exists and connections to the primary
unit allow it, the unit can be elevated in-place; that is, the unit can be elevated without moving it to a higher floor.
In-place mitigation is generally simpler, less expensive, and more practical than relocating equipment to a higher
floor.
One of the more common approaches for in-place elevation is to construct platforms or frames to elevate, support and anchor primary components. This approach requires temporary removal of equipment, relocation while
the platform or frame is constructed, and reinstallation at the new, higher elevation. Figure 4-4 shows a platform
being used to elevate an interior HVAC unit in-place. Where possible, the exterior units should be elevated to provide equal flood protection.
Figure 4-4. Placing the interior HVAC
unit on an elevated platform and
placing the exterior units at a higher
grade provides greater protection
from flooding.

Component reconfiguration: If ductwork is already sufficiently elevated (or can be elevated) but insufficient
vertical clearance exists for installing an elevated frame or platform, component reconfiguration may be a viable
option. With component reconfiguration, a vertical HVAC unit is replaced with a horizontal unit. This approach is
often most feasible with heat pumps that do not produce exhaust gases that require venting, or condensing furnaces that require vents for exhaust gases but the vents can be installed close to combustible materials.
Figure 4-5 shows an HVAC system being reconfigured to a horizontal unit that can be placed at a higher elevation
than a vertical unit. Figure 4-5 also shows the exterior condensing units placed at a higher elevation to reduce
flood risk exposure.
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Figure 4-5. Replacing a vertical style
interior HVAC unit with an elevated
horizontal style unit and placing
exterior units at a higher grade
provides greater protection from
flooding.

Component relocation: If there is insufficient clearance to elevate equipment in-place and reconfiguration is not
an option, component relocation may be a feasible mitigation option. Component relocation involves moving a
component or piece of equipment from its original position to a higher location in the home, typically to a higher
floor. Component relocation can be more effective than elevating in-place because it adds at least a story height (8
to 10 feet) of elevation as opposed to the 1 to 3 feet typically achievable with in-place elevation, or the 4 to 6 feet
with component reconfiguration. However, component relocation generally involves more extensive work than
either of the other methods discussed, and may be impractical in some cases.
Relocating primary HVAC components can require newly created space on an elevated floor to house the equipment. In residences, closets are often used. The space must be large enough to house the equipment while
maintaining clearance to combustible materials and access for repairs and maintenance. Forced air systems need
to connect to existing supply and return ducts; fuel fired units need to exhaust combustion products. Also, electric
power and control wiring, as well as fuel piping or hot water piping, need to be brought to the new location. For
these reasons, component relocation is typically done only during major renovations that can meet Substantial
Improvement requirements where all code and NFIP criteria must be met. Figure 4-6 shows a HVAC unit relocated
from the basement to the first floor.
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Figure 4-6. Relocating the basement
HVAC unit to the first floor and
placing exterior units at a higher
grade provides greater flood
protection than in-place elevation.

Component protection (dry floodproofing): When HVAC units cannot be elevated in place, reconfigured, or
relocated to a higher floor, dry floodproofing may be an option if the residence is not new construction or undergoing Substantial Improvements.
Dry floodproofing involves enclosing components in watertight walls that extend up to the flood protection level.
An example is shown in Figure 4-7. For dry floodproofing to be effective, the walls and floor of the protected
area must be strong enough to withstand all applicable flood forces (including hydrostatic and buoyancy forces)
and the equipment must be heavy enough – or sufficiently anchored – to resist buoyancy. If the flood protection
level is relatively low (12 inches or less), a low wall or curb can be constructed without requiring a closure panel, so long as stepping over the top of the wall does not unduly limit access. For higher walls, the configuration
shown in Figure 4-7 may be appropriate. Closure panels should be latched except when servicing the equipment
(Figure 4-8).
Because it is usually difficult to create completely watertight enclosures, provisions should be made to address
seepage. Sump pumps to remove water that seeps into dry floodproofed areas should be installed. Because electric
power could be interrupted during a flood event, a standby power source is recommended. The type of standby
power depends on seepage rates and the flood duration. When seepage rates are well controlled and flooding is
of a short duration, stored energy devices like batteries may suffice. In regions with longer duration floods where
seepage is not well controlled, an on-site standby generator may be needed. The generator, its fuel system, and all
wiring needed to supply the sump pump would need to be protected from flooding.
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Figure 4-7. Dry floodproofing with a
watertight wall and access gate used
to protect mechanical and plumbing
equipment.

Connections: Most HVAC equipment requires several connections to components in the HVAC system and to
other systems (i.e., electrical). Providing connections that facilitate removal and replacement of damaged equipment can minimize system downtime.
Connective unions like T-sections can be installed in piping to simplify new connections to existing piping. Junction boxes can be installed in the branch circuits that supply HVAC equipment. The junction boxes allow wiring
between those boxes and the flood-damaged HVAC equipment to be replaced without disturbing the undamaged
portions of the wiring routed above the floodwater. Flexible couplings or splices can be installed in ducts to facilitate replacing flood damaged ducts with ducts not exposed to floodwater. The flexible couplings should be placed
as high as possible, preferably above the flood protection level.
Transitions such as unions and junction boxes should be located above the flood protection level. Also, codes require that these components be accessible and not located in concealed spaces.
For HVAC components that are relatively small and light, these connections may allow preemptive actions to prevent flood damage. Disconnection points may allow the unit to be temporarily removed before the flood and
reinstalled after floodwater recedes. If mitigation allowing preemptive removal is planned, isolation valves should
be installed upstream of the disconnection points.
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Figure 4-8. Alternate dry floodproofing
methods for protecting equipment.

Other mitigation methods: In some residential construction, the options for in-place elevation, component reconfiguration and dry floodproofing are limited and component relocation is cost-prohibitive or otherwise not
practical. In those situations, unconventional methods that may require human intervention (active mitigation)
or are not acknowledged by codes and standards may offer some benefits. Flood risk may not be reduced, but recovery from flooding could be accelerated.

4.1.2.2 Mitigation for Secondary Components
Secondary components are usually less expensive than primary components and, because they often extend
throughout the home, can be difficult to mitigate entirely. For many residences, some secondary components can
be damaged by flooding without causing a loss of system function for the entire home.
Elevation: Like mitigating primary components, the most effective strategy for mitigating secondary components
is to elevate them, preferably above the flood protection level. Occasionally, some flood mitigation can be accomplished by in-place elevation, but often component relocation is needed. Component protection is generally not
PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

4-17

4

MITIGATION MEASURES FOR RESIDENTIAL BUILDINGS

feasible for secondary HVAC components. Wet floodproofing may be an alternative, but the ability to clean components thoroughly after a flood event must be considered.
Air handling ducts are generally the most significant secondary components in forced air HVAC systems. Elevating ducts can be done by:
n

suspending ducts from floor framing if framing is sufficiently elevated;

n

locating ducts above finished living spaces (i.e., in attics or knee wall areas) if those areas are sufficiently
elevated;

n

locating ducts above suspended ceilings; or

n

locating ducts near the ceilings, concealing them in soffits.

In new and Substantially Improved construction, ducts below the required flood elevation are not allowed unless
they are designed to resist flood forces and constructed so that floodwater will not enter or accumulate in them.
Ducts that resist flood forces and prevent floodwater entry are not widely available items and, while allowed, they
are likely impractical for residential construction. From a practical standpoint, elevation is likely the only option
to protect ducts in new or Substantially Improved construction.
Elevating ducts can be straightforward in new construction and
may be straightforward in some Substantially Improved homes.
Repairs or improvements often involve removing interior finishes, exposing areas that are typically concealed or inaccessible
and creating new routes for ducts that allow them to be placed
above the required flood elevation. Ducts that run parallel to
framing often can be installed between floor, ceiling, or roof
framing, but fewer options are available where ducts need to
run perpendicular to framing. Open-web, parallel-chord trusses used in some residential construction offer some spaces to
route ducts (particularly for flexible ducts), but solid framing
(dimensional lumber) or prefabricated wood I-joists typically used in residential construction do not allow the routing of
ducts through framing members. When ducts need to be routed perpendicular to solid framing, they can only be run either
above or below that framing.
The American Wood Council’s Wood Framed Construction Manual (WFCM) contains criteria on boring and notching framing
members. Those criteria generally allow small holes and notches to be made in wood framing for wiring and domestic water
or gas piping to be routed through members, but do not allow
holes or notches large enough to install any ducts. The WFCM is
referenced by both the IRC and IBC and is often used for residential construction. Parallel chord trusses should never be cut
or modified to allow duct installation unless modifications are
designed by a licensed design professional.
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NOTE
Locating ductwork between floor joists
should be carefully considered. Only
ductwork running parallel to the direction of the floor joists can be elevated
in this manner. Ductwork running perpendicular to floor joists usually needs
to be placed below except in new
construction where open-web, parallel-chord floor trusses are used.

WARNING
Modifications to joists or other portions of the floor framing should be
evaluated carefully to verify that the
mitigation effort does not affect the
structural integrity and load-carrying
capacity of the framing.
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In homes built over crawlspace foundations, HVAC ducts supplying the lowest floors are often located in the
crawlspace and are more prone to flood damage due to their placement one to two feet below the first finished
floor elevation. Some flood mitigation may be achievable while keeping the ducts in the crawlspace. For example,
the lateral sections of duct can be elevated between floor framing members. It is usually necessary to relocate the
duct system at or above the first-floor ceiling to achieve effective mitigation.
Relocating ducts from crawlspaces to living space requires removal of some interior finishes, relocation of the
main trunks of the ducts above the first-floor ceiling, and placement of lateral duct sections between framing
members of the second floor (if there is one). Relocated ducts can be enclosed in interior finishes to create a
boxed-in soffit or may be placed above the first-floor ceiling. Rectangular trunk lines that are shorter and wider
may need to be selected to provide the minimum ceiling height dictated by local codes.
Where possible, relocating ducts to an attic is often the most
practical and feasible option. In most attics, roof framing creates
sloped ceilings that enable ductwork to be run along the base of
the rafters, minimizing intrusions into the attic space. Main duct
trunk lines can run along the floor of the attic, and lateral taps
off of those trunk lines can run between attic floor framing or
vertically into the living space below. As mentioned previously,
AHUs and furnaces occasionally can be relocated into attic areas
to maximize flood protection. Figure 4-9 shows options for relocating ducts to reduce flood risks.

NOTE
When elevating a house or determining a lowest-floor elevation for a home,
it is important to consider protection
of all mechanical systems below the
first floor. The cost to elevate to the
additional height necessary to prevent HVAC components from being
impacted by a design flood is often
minimal.

When considering duct relocation, the final configuration of
the duct systems should be evaluated by the HVAC contractor
with assistance from a designer. The duct system will need to
be evaluated; new ducts may need to be longer, and larger ducts
may be needed to account for the greater friction losses of the longer duct runs. These modifications may require
changes to the supply and return duct systems. Supply and return grill styles may need to be changed. The supply grills located near the floor are often a different style than those placed closer to the ceiling and the optimum
placement of supply grills and return louvers can change when reconfiguring an HVAC duct system for flood
mitigation.
In homes that are not under repair or renovation or where flood mitigation retrofit is being considered, interior
finishes are likely in place, complicating duct relocation. In those instances, some compromises may be necessary
to balance costs and flood mitigation effectiveness. Because the cost of duct relocation would usually trigger neither Substantial Improvement requirements nor NFIP and building code flood provision compliance, homeowners
can consider mitigation that does not fully comply with contemporary codes and standards but significantly reduces flood damage repair and replacement costs. While full compliance is desirable, partial compliance may be
appropriate for reduction of potential flood damage and can be part of a long-range phased mitigation renovation
that will eventually achieve full compliance.
All controls and electrical components are extremely susceptible to damage by floodwater. However, they can usually be inexpensively relocated above the flood protection elevation.
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Figure 4-9. Creating a concealed soffit to allow a duct trunkline to be relocated.
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4.2 Electrical Systems
A typical residential electrical system is shown in Figure 4-10. Power originates from a utility transformer that
generally provides single phase 120/240 volt power for detached one- and two-family dwellings. The transformer
may be pole- or pad-mounted. Larger multi-family residential buildings may receive single phase 120/208 volt
power derived from a three-phase system, but flood recommendations are the same in either case. For clarity, only
portions of the branch circuits and electrical devices are shown.

Figure 4-10. Typical residential electrical system.
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From the transformer, power flows through an overhead service drop or an underground service lateral to a utility meter where power consumption is measured for billing purposes. Utility meters are typically centered about
five feet above grade so that they may be read and easily removed when a customer’s power needs to be shut off.
From the utility meter, power enters the building and feeds the main service disconnect, which may be a separate
enclosed fuse or circuit breaker, or may be mounted in the home’s main panel. Most homes have a single main
panel; larger homes, homes with additions, and those that have a combination of new and legacy wiring may
have two or more panels. When present, electrical feeders connect panels that are downstream of the main panel
to the main panel.
Panels contain overcurrent devices such as circuit breakers or fuses that protect branch circuit wiring. The branch
circuits are either 120 volt (lights and outlets) or 240 volt (appliances like ranges, ovens, electric water heaters
and air conditioning units that draw significant power).
Homes that have standby generators or provisions to connect
portable generators are enabled by transfer switches to draw
power from the utility company, or from the generator if utility power is not available. Transfer switches are either automatic
transfer switches (ATSs) or manual transfer switches (MTSs).
ATSs automatically sense a loss of utility power, send a signal to
start the generator and operate to transfer loads from the utility
to the generator. MTSs require manual transfer of power from
the utility to the generator. Homes with on-site generators may
have ATSs or MTSs; homes with properly designed provisions to
connect temporary generators typically have MTSs.

WARNING
Transfer switches are critical to protecting utility workers. Improperly
connected generators can feed power back onto power lines. When the
120/240 volt power typically produced
by a residential generator flows back
through the utility’s transformer, the
voltage is increased to 12,000 volts
or more. Utility line workers repairing
damaged power lines can be injured
or killed instantly from back-fed power.

Figure 4-11 shows a home supplied with an on-site standby
generator. The home features two branch circuit panels. One
of the panels (designated “N” for normal power) is the main
service panel, which is supplied only from the utility. The other panel (designated “NE” for normal/emergency) is supplied
from the transfer switch that receives power from the utility through the main service panel, or from the standby generator. Loads considered important such as the refrigerator, freezer, well pump, water heater, and selected
lights and receptacles are typically supplied from the normal/emergency panel. Loads deemed less important –
particularly those that draw significant power like electric ranges, air conditioning units, and clothes dryers – are
often supplied by the normal power panel to allow a small standby generator to supply the home.
Electrical systems can be divided into primary and secondary components. Primary components are needed for
any portion of the system to function; secondary components can be damaged or rendered inoperative without
causing a total loss of function for the electrical system. Table 4-3 lists the typical components of a residential system and distinguishes them as primary or secondary components.
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Figure 4-11. Typical residential electrical system with an on-site standby generator.
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Table 4-3. Typical primary and secondary components of a residential electrical system.
Electrical equipment type (Subsections)

Components

Primary components (4.2.2.1 and 4.2.2.4)

Utility transformer, electrical service drop or service lateral,
electrical meter
Service disconnect and service panel
Downstream panels (when present)
Standby generator and ATS or MTS
Portable generator connection and MTS
Service lateral and service drop
Electrical feeders (when present)
Branch circuits

Secondary components (4.2.2.2 and 4.2.2.3)

Switches, convenience outlets, and light fixtures
Interconnecting branch-circuit wiring
Information technology (IT) and communications systems:
phone, internet, and cable television (CATV)

4.2.1 Flood Risks to Electrical Systems
Floodwater can damage nearly all electrical system components
except those designed for submerged applications. Damage to
electrical system components can create fire and electrocution
hazards during a flood, extend power outages, and delay the
reoccupation of a home after a flood event.
For new construction and Substantially Improved buildings,
codes allow electrical devices to be installed below the regulatory flood protection elevation, but only require that electrical
devices be suitable for wet locations. Electrical devices suitable
for wet locations can still be damaged if submerged in floodwater; therefore, only equipment listed for at least temporary
submersion is recommended for use below the flood protection level. The National Electric Code (NEC) Table 110.28, Enclosure
Selection, lists the degree of protection for various electrical
enclosures. Only National Electrical Manufacturers Association
(NEMA) Type 6 and 6P enclosures are listed for protection from
submersion.
The primary components of an electrical system that may be
vulnerable to flood damage include pad-mounted utility transformers, underground electrical service laterals, electrical utility
meters, service disconnect or service panels, and standby power
equipment like an on-site generator, transfer switch and portable generator connectors. Electrical feeders that connect the
primary components are considered primary components.
Electrical service drops, which are typically placed more than
10 feet above ground level, are usually not at risk of flooding.
Supply equipment placed at lower elevations can be vulnerable
to floods.
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NOTE
ASCE 24 contains performance
criteria requiring that utilities and attendant equipment be elevated above
the flood protection elevation but allows equipment to be placed below
this elevation if:
• It is protected from flood exposure
by component protection (dry floodproofing); or
• It is designed and installed to
prevent water from entering or accumulating within the equipment
and to resist flood forces.
In practice however, it is difficult to
meet these performance criteria, particularly in residential construction.
Most electrical components will be
damaged when exposed to floodwater and component protection (dry
floodproofing) allowed by ASCE 24
in non-residential buildings is not allowed in residential buildings.
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Secondary components that are vulnerable to flood damage include all equipment and wiring that are not specifically designed for submerged installations. These include switches, convenience outlets, light fixtures, junction
boxes, and interconnecting wiring not suitable for submerged installations.

4.2.2 Mitigation for Electrical Systems
Mitigation actions for electrical systems should focus on primary components; secondary components should be
mitigated where practical. Primary and secondary components should be placed as high above the flood protection elevation as possible. Placing as many components as high as possible should be the design goal for all new
construction and Substantially Improved residential buildings.
Component relocation is generally the most appropriate mitigation approach for residential electrical systems.
This is an option when the residence is not undergoing Substantial Improvement. Component reconfiguration is
generally not an option because most primary electrical components cannot be re-configured to allow installation
at higher elevations. In-place elevation is an option but NFPA 70 National Electrical Code (NEC) contains specific requirements for access to electrical equipment that may limit in-place elevation. Those criteria apply to the service
disconnect, service panel, and transfer switches. In-place elevation must satisfy NEC requirements.
If components must be located below the required flood elevation, they should be designed and installed to
minimize effects on elements of the electrical system not damaged by floodwater. To accomplish this, wiring and
devices installed below the flood protection elevation should be supplied from dedicated branch circuits separate
from those that supply equipment above the flood level. Also, for equipment that is vulnerable to floodwater exposure, wiring suitable for submerged applications should be used. As as an alternative, wiring that facilitates the
replacement of flood-damaged components should be installed. Non-metallic conduit and boxes, installed in a
way that allows them to be readily cleaned after a flood and facilitates removal and replacement of flood-damaged
conductors, should be considered.
Mitigating secondary components of the electrical system is often most feasible for new construction, but it is
also possible when repairing damaged homes. When homes are being renovated in which interior finishes are
removed or otherwise exposed, normally concealed portions of the electrical system, including the utility meter,
electrical panel, and other main components, can be installed above the required flood elevation. Electrical components that need to be located below the required flood elevation can be constructed using equipment suitable
for submerged applications like ground-fault circuit interrupter (GFCI) receptacles, or can be installed in a manner that allows them to be electrically isolated and readily replaced if flooded.

4.2.2.1 Mitigation for Primary Components
Primary electrical system components are generally either the responsibility of the electrical utility or the property
owner; therefore, the flood mitigation discussion is directed at whoever is responsible for components. Typically,
the utility is responsible for the transformer, the electrical service drop or service lateral, and the electrical meter.
The property owner is typically responsible for the service disconnect and service panel, downstream panels and
electrical feeders, and all branch circuit wiring and devices. Standby generators or generator connections and ATSs
or MTSs are also typically the responsibility of the property owner. The demarcation between utility and property
owner responsibility varies between utilities so, the utility company should be contacted to discuss mitigation
specifics.
The first primary component of a residential electrical system that is the responsibility of a property owner is the
service disconnect, usually located in the home’s main service panel. While a specific maximum distance between
the meter and the service disconnect is not specified in the NEC, the service disconnect is typically located as close
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as possible to the electric meter. This arrangement is intended to minimize the length of service conductors exposed to damage that are only protected from overcurrent devices in the utility system.
When the service disconnect is close to the utility meter and the meter is exposed to flooding, the service disconnect is also exposed to flooding. Preferably, the meter, service disconnect, and main service panel (if separate
from the service disconnect) should all be placed above the required flood elevation. When the meter cannot be
elevated, one option is to install a combination meter socket and service disconnect. This configuration allows
the main service panel equipment to be elevated even if elevating the electric meter is not possible. Figure 4-12
shows an example of a combination meter socket and circuit breaker, which serves as the service disconnect, and
depicts a combination meter socket and circuit breaker that allows the main panel to be elevated when the meter
cannot be moved.
The service disconnect provides overcurrent protection for downstream equipment, alleviates the minimum distance requirement, and allows the main service panel to be elevated above the meter. Occasionally, the main
service panel can be elevated above the meter without installing a combination meter and service disconnect. This
can be done by routing the wiring between the meter and the main service panel outside of the home. However,
this approach should be discussed with local electrical inspectors and the utility company to confirm if it is a viable option.

Figure 4-12. Combination meter socket and circuit breaker service disconnect used to allow a main panel to be elevated
and protected from flooding when the electrical meter cannot be moved.
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If the home has a standby generator, it, along with the transfer switch and normal/emergency panel, should be
elevated above the flood protection elevation. The feeder that connects the generator to the electrical system and
all control wiring should either be elevated or be suitable for submerged installations. Figure 4-13 shows a home
served by an elevated standby generator with an elevated transfer switch and normal/emergency panel.
Figure 4-13. Home with elevated
standby generator, transfer switch
and normal/emergency panel. The
utility meter and branch circuits
below the flood protection level
remain vulnerable to damage.

In homes provided with a flanged connection (often called a quick connect) to connect a temporary generator,
the flanged connection should be placed above the required flood elevation in a place that allows the generator to
be brought onto the site, quickly connected to the home, and safely refueled. Additionally, the generator should
be located away from vents or windows to prevent exhaust gases from entering the home or otherwise pose a risk
to occupants. Figure 4-14 shows a flanged connection often used to connect a temporary generator.
Figure 4-14. Flanged connection
(quick connect) for connecting
temporary generator (Milford, DE).
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The ability to elevate electrical meters is often limited by dependence on the local utility company to enable access for reading the meter and removing it when electrical power needs to be interrupted. Typically meters need
to be placed five feet above grade, which often exposes it to flood damage. One mitigation option is to mount
electrical meters over elevated decks or platforms so that the meter is above the required flood elevation. Those
decks or platforms typically cannot be used only for meter access because single use decks or platforms can fall
into disrepair and become a hazard for personnel reading the meters. Owners who are considering elevating their
electric meter should contact the local electrical utility to identify and coordinate meter relocation to meet the
utility’s criteria.
Figure 4-15 shows an example of an elevated deck that allows an electrical meter to be relocated above the required flood level. The dual nature of the deck is conducive to performing adequate maintenance.
Figure 4-15. Deck provides meter
access and allows the meter and
main service panel to be elevated and
protected from flooding. Electrical
components placed below the flood
protection level remain vulnerable to
flood damage.

Component Protection (Dry floodproofing): Dry floodproofing can be considered as an interim mitigation option for electrical system components in existing homes that are not Substantially Improved. Dry floodproofing
will not lead to full compliance with building codes, standards or the NFIP.

4.2.2.2 Mitigation of Secondary Components
As with the primary components of an electrical system, the preferred approach to mitigate secondary components is to place as many as possible above the required flood elevation. For new construction and Substantial
Improvement to residences where interior finishes are typically removed to create access for installing secondary
components, this approach is almost always feasible. For existing homes that are not undergoing Substantial Improvement, many electrical components can be elevated or relocated.
Electrical devices and wiring should be located above the required flood elevation. In cases where they must be
placed below this elevation and exposed to floodwater, they should be suitable for submerged locations. However,
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ASCE 24 and the IRC allow wiring suitable for wet locations. Wiring suitable for wet locations is less restrictive
and more prone to flood damage than wiring suitable for submerged locations.
The number of required devices (receptacles, switches, lights, and other components) placed below the required
flood elevation should be minimized. Those components should be supplied from separate branch circuits protected by GFCI breakers. In addition, these breakers should be clearly marked so that they can be disconnected in
the event of flooding. Installing wiring in a non-metallic conduit that can readily be cleaned after a flood event
can facilitate recovery. Conductors that could sustain damage can be removed and replaced more readily if they are
installed in a conduit. Alternatively, junction boxes can be installed in branch circuits that allow damaged wiring
below the junction box to be readily removed and replaced. Junction boxes should be placed above the required
flood elevation.
In addition, all wiring and components that could potentially be exposed to flooding should be designed and installed to accelerate repair or replacement after a flood event. When elements of branch circuits are located below
the required flood elevation, they should be designed to be electrically isolated from the rest of the system. Such
isolation will allow for power restoration before flood-related electrical repairs are completed.
Figure 4-16 shows a home where flood mitigation has been completed on several primary and secondary electrical system components. Electrical devices in the basement and wiring to those devices have been elevated as
high as possible. If devices cannot be elevated (e.g., a sump pump to control leakage into the basement), they are
supplied by separate branch circuits and a junction box has been installed to facilitate the replacement of damaged wiring.
Figure 4-16. Elevating electrical
components and routing wiring above
the flood protection level protects
several primary and secondary
electrical components from flood
damage.
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4.2.2.3 Mitigation of Miscellaneous Electrical Systems
IT and communications systems such as phone, internet, and cable television (CATV) components should be
protected from flooding using methods similar to those of other electrical system components. Primary components like modems, video switches, splitters, and routers should be elevated. Secondary components like outlets
and wiring should also be elevated. If outlets must be placed in areas exposed to flooding, the number of outlets
should be minimal. GFCIs should be used and electrically isolated from the rest of the system.

4.2.2.4 Other Mitigation Considerations for Electrical Systems
In areas where moving floodwater is anticipated, electrical equipment that cannot be elevated should be installed
to reduce the potential for physical damage. In coastal areas, electrical equipment should not be installed on walls
designed to break away when exposed to flood loads. Equipment installed below the flood elevation should be
routed along the landward side of structural members in coastal areas or along the downstream side in riverine
areas. Figure 4-17 depicts electrical equipment routed in that fashion.

Figure 4-17. Placing electrical components to reduce risk from moving floodwater.
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4.3 Plumbing Systems
Residential plumbing systems include domestic water and drain, waste, and vent (DWV) systems. They can also
include sprinkler systems and fuel oil systems.
Domestic water systems distribute potable water to a residence from a private well or municipal water utility.
DWV systems convey waste from a residence to a municipal wastewater utility or a private on-site waste system.
These systems must be operable to allow occupation of residences so residential flood resiliency can be improved
by flood mitigation. A typical residential plumbing system configuration for a home supplied from a municipal
water system is shown in Figure 4-18, and for a home supplied from a private well in Figure 4-19.

Figure 4-18. Typical residential plumbing system configuration for a home served by a municipal domestic water system.
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Figure 4-19. Components of an on-site potable water system supplied by a well.

For typical DWV systems, Figure 4-20 depicts a home that discharges waste to a municipal sanitary sewer line.
Figure 4-21 shows a home that discharges waste to an onsite waste disposal (septic) system.
Residential plumbing systems are composed of primary and secondary components, but there are relatively few
primary components. One primary component is the domestic water heater that exists in most residences. Water
heaters may be either separate units or components of HVAC equipment. If the water heater is a component of the
HVAC system, it is typically a heat exchanger in the boiler that heats a home. In tall residential buildings, domestic water booster pumps are often installed to provide sufficient water pressure on upper floors. Booster pumps
are needed in these buildings because static water pressure drops approximately 4 psi for each story of building
height. Sewer lift pumps are needed for DWV systems that discharge into forced sanitary sewer mains or sanitary
sewer systems that are higher than the elevation of the sanitary sewer pipe exiting the building.
In homes supplied by private wells, pumps deliver water from the well to the home. Well pump types include
submersible pumps and jet pumps. Submersible pumps are submersed in the well, typically a few feet above the
bottom of a dug well (10 feet or more above the bottom of a deep, drilled well). Jet pumps are typically located
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in the home or in an enclosure near grade. Submersible and jet pumps both feature pressure tanks that provide
pressurized water storage. They also reduce the on- and off-cycling of well pumps, thus lengthening the life of the
pump. Tanks contain a pressure switch that senses pressure in the water system and controls the pump to maintain
pressure in a specified range, typically between 30 and 50 psi.
Water treatment systems are also present in many homes, particularly those supplied by private wells. Water treatments systems in homes supplied by municipal water systems are generally less prevalent because water quality is
controlled at the water treatment plant. Domestic water treatment systems include filters, water softening equipment, aeration equipment, and reverse osmosis equipment.

Figure 4-20. DWV system that discharges into a municipal sanitary sewer line.
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Figure 4-21. DWV system that discharges into an onsite waste disposal (septic) system.

Table 4-4 lists the typical elements in a residence and the subsections where mitigation options are discussed.
Table 4-4. Typical elements of residential plumbing systems.
Plumbing equipment type (Subsection)

Components

Primary plumbing components (4.3.2)

Water heaters, booster pumps, pressure tanks, well pumps,
pressure switches
Water treatment equipment
DWV Lift pump (when present)
Main sections of DWV piping and fittings

Secondary plumbing components (4.3.2)

Water piping, valves, and fittings
Water fixtures
Lateral sections of DWV piping and fittings

Primary components - Fire protection systems (4.3.3)

Residential sprinkler systems

Secondary components - Pools and spas (4.3.4)

Pumps and associated equipment
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4.3.1 Flood Risks to Plumbing Systems
Floodwater affects domestic water and DWV systems differently. The greatest risk to domestic water systems is
saturation of the pipe insulation often used in sections of a domestic water system. Corrosion is common in piping, components, and fittings exposed to floodwater. Flooding can also contaminate water in domestic piping
systems, but that risk is greatest for the portion of piping outside of the home. Domestic water pipes inside the
home are usually watertight, so contamination in the home is much less of a risk. Contamination risk is greatest
when water pressure is lost and floodwater or groundwater seeps into piping from joints in the municipal water system that are not watertight. For that reason, water suppliers routinely issue “boil-water” orders following
events where system pressure is lost. In the case of private wells, contamination can enter a domestic water system
if floodwater extends above the well head or seeps into the well casing when watertight well caps are not used.
In areas of standing water flooding, the greatest risk associated with DWV piping occurs when the DWV piping
acts as a conduit allowing floodwater to flow into a home. This risk is greatest to homes with basements that are
below grade on all sides, where the DWV piping can be the lowest point of entry for floodwater.
Flood risks vary when those systems are exposed to moving
floodwater, as is the case with elevated homes constructed
on open foundations in coastal or riverine areas. In those instances, velocity flow, flood-borne debris impact, and breaking
waves can physically damage vertical piping located between
grade (below which they are protected by soils) and the point
where pipes enter the home (where they are protected above
the entry point by the building envelope). In addition, erosion
and localized scour can uncover buried pipes, exposing them
to damaging flood currents. Erosion and scour are common in
coastal areas, but can also occur in riverine floodplains. Well
heads that typically extend above grade one to two feet can also
be damaged by moving floodwater.

NOTE
Because most wastewater systems
rely on gravity flow, sewage backup
can occur even if the building does
not flood. Flooded sanitary systems
may prevent wastewater from draining and cause backflow into buildings
if proper mitigation techniques have
not been applied.

Flood risks to primary components of residential plumbing systems are similar to the risks posed to primary components of HVAC equipment. Floodwater contact with domestic
water heaters, non-submersible domestic water booster pumps, and water treatment equipment can damage electrical components, gas burners, and safety equipment in those devices and render them inoperative. Corrosion
from contact with floodwater can damage equipment after floodwater recedes. Sanitary lift pumps are usually designed for submerged operation with the ability to handle chemically reactive fluids, so they offer some inherent
resistance to flood damage. However, electrical controls for sanitary sewer lift pumps can be damaged or destroyed
by floodwater unless they are located in enclosures suitable for submerged conditions.

4.3.2 Mitigation for Plumbing Systems
Flood mitigation approaches for residential plumbing systems are similar to those for HVAC and electrical systems. Plumbing components should be elevated as high as possible, preferably above the required flood elevation.
Primary components can be elevated in-place or, if space is available, moved to a higher floor. Component reconfiguration may facilitate the elevation of some primary plumbing system components. For example, replacing a
standard-height water heater with a lowboy model, which can be 12 to 16 inches shorter, may allow a water heater to be elevated in place. Some primary components, like fuel-fired water heaters, are more difficult to relocate
because they require venting for combustion gases, which may not be feasible on higher floors. Relocating an
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electric water heater to a higher floor can be easier because venting is not necessary. Upper floors are usually finished for living space; therefore, when relocating primary components of a plumbing system, pans with suitable
drain piping should be installed below the relocated units to collect and dispose of any water that may result from
the operation of the plumbing system or failure of the relocated component. Figure 4-22 depicts an example of
mitigation of primary plumbing components.

Figure 4-22. Relocation of a primary plumbing system components to an upper floor.

It may not be necessary to protect primary components like water treatment devices that improve water quality but
whose operation is not essential to producing potable water. If these components are not protected, bypass valves
should be installed to isolate them from the domestic water system in case they incur damage from floodwater.
For existing homes that are not Substantially Improved, primary components located in areas vulnerable to flooding can be mitigated by dry floodproofing. To maintain the effectiveness of dry floodproofing, sump pumps fed
from reliable electrical supplies should be installed in the protected area, unless seepage through the flood barriers
can be eliminated (for long-duration flooding) or controlled sufficiently (for short-duration flooding).
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When plumbing components need to be placed below the required flood elevation, they should be (and, in newly
constructed and Substantially Improved homes, must be) designed to resist flood forces and prevent floodwater
entry and accumulation. They also must be designed and installed to resist flood loads.
In elevated homes constructed over open style foundations, vertical sections of domestic water and DWV piping
can be exposed to moving floodwater, flood borne debris, and, in coastal areas, breaking waves. Installing this
piping along vertical structural elements, preferably on the landward side in coastal areas or the downstream side
in riverine areas, can help protect them from damage. Alternatively, piping can be placed in a vertical chase if the
chase is designed to resist flood forces. In cold climates, chases are typically insulated to provide freeze protection.
Well casings that extend above grade can also be exposed to damage from moving floodwater. Steel casings are less
prone to damage than polyvinyl chloride (PVC) casing and should be used in areas exposed to moving floodwater.
Sewage can back up into a house in one or a combination of the following scenarios:
n

Floodwater infiltrates the sewer system by entering through unsealed manholes, pipe connections, and
line breaks, thus surcharging the sewer.

n

Combined systems that collect both sewage and stormwater can be overloaded and surcharged following
heavy or prolonged rains. Surcharged or overloaded lines can back up into houses connected to that
combined system.

n

Municipal sewage pump station failure can cause sewage to back up into a house.

The risk of floodwater entering a home through DWV piping
can be reduced by installing backflow valves. These devices, referred to as backwater valves in the IPC and IRC, can help prevent
wastewater backup in a house when the municipal sanitary sewer lines are surcharged or overwhelmed, or when floodwater
flows into an onsite waste disposal system.
Backflow values should be installed in the sanitary sewer lateral.
Preferably, the backflow valves should be installed outside of the
home before the lateral enters the basement or crawlspace. The
backflow valve may be installed inside the home if the outside
location prevents access for testing and maintenance, or when
installing the device outside is impractical.
There are several types of backflow prevention valves, including
check valves, gate valves, and ball float valves. Some are suitable for use in DWV piping, while others are suitable for other
plumbing systems like foundation and floor drain systems.
n

NOTE
ASCE 24, Section 7.3, Sanitary
Plumbing Systems states:
• Any openings below the required
elevation should be protected with
automatic backwater valves or
backflow devices.
• Redundant backflow devices requiring human intervention are
permitted.
• Sanitary system vent openings
should be elevated.
The I-Codes contain criteria on the
installation of backwater valves that
may dictate where they can be used.

Check Valves: Check valves allow one-direction flow.
Flow from the opposite direction automatically shuts
the valve. A check valve in the sewer service connection
pipe allows sewage to flow out of the collection system
and into the public sewer or onsite treatment system during non-flood conditions while preventing it
from flowing back into the house during flood conditions. The valve generally has corrosion-resistant
internal parts and a cast-iron body with a removable cover for access. Valves are available in sizes from
2 to 8 inches in diameter. A disadvantage of check valves is that they are susceptible to debris blockage.
Periodic maintenance and testing is required to maintain functionality.
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n

Gate Valves: Gate valves allow flow in both directions. Gate valves must be operated manually or
electronically, and are less susceptible to debris and blockage than check valves. When open, a gate valve
allows flow in either direction; when closed, a gate valve prevents flow in both directions.

n

Shear Gate: Some manufacturers add a shear gate mechanism that is manually operated to close the
drain line when backflow conditions are anticipated. The valve remains open during normal use.

n

Ball Float Check Valve: A ball float check valve can be installed on the bottom of outlet floor drains to
prevent water from flowing up through the drain. This type of valve is often built into floor drains or
traps in new construction (see Figure 4-23).

Figure 4-23. Floor drain with ball float
check valve.

Although manually operated valves are available, it is recommended that homeowners consider automatic valves.
Backflow through sewage pipes may result from a backup some distance away from the house and occur with little or no notice, so manual valves may not be as convenient. Manual valves can be installed to augment automatic
valves, but if they are used, manually operated backflow valves should be closed well before flooding is expected.
For the best protection against sewage backup, a combination of a check valve and a gate valve should be installed,
as shown in Figure 4-24. The operation of a check valve can be impaired by the accumulation of debris at the
valve opening, while a gate valve is less likely to be affected by debris. With these two valves in use, backed-up
sewage would shut the check valve automatically. Then, closing the gate valve either manually or electrically can
seal the pipe.
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Figure 4-24. Combination gate and
check valve.

4.3.2.1 Mitigation for Private Wells
The risk of private well water contamination can be reduced by
sealing the portion of the well exposed to floodwater. For drilled
wells sleeved with casings, pre-manufactured sanitary well caps can
be used as shown in Figure 4-25.
For dug wells constructed with pre-cast concrete casings, gaskets
may be available to help seal individual riser sections and to seal
the concrete cap to the top riser. For existing wells, it is impractical to add seals for all casing sections. However, gaskets can usually
be added to seal the cap to uppermost casing section (see Figure
4-26).
Sealing the portions of wells exposed to floodwater will help pre- Figure 4-25. Sanitary well cap.
vent floodwater from entering and contaminating drinking water
wells. While they reduce the potential for contamination, however,
gaskets will not fully eliminate contamination risk. After floodwater recedes, all lines from private wells should be flushed and the
well water should be tested. If it is found to be contaminated with
harmful bacteria, the well must be disinfected.
If wells are in areas that can experience moving floodwater, mitigation actions should be taken in conjunction with steps to prevent
floodwater from contaminating well water. When new drilled wells
are installed in areas that can be exposed to moving floodwater,
steel casings should be used because they are less prone to damage from debris impact and hydrodynamic loads. For existing wells Figure 4-26. Concrete well cap and the
exposed to moving floodwater, other protective devices like flood- uppermost section of concrete casing.
and impact-resistant devices constructed around exposed portions
of the well should be considered.
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4.3.2.2 Mitigation for Onsite Waste Disposal Systems
Wastewater generated from a residence discharges either to a municipal waste disposal system or to an on-site
waste disposal system. On-site private waste disposal systems, called septic systems, typically consist of one or
more septic tanks that receive solid waste and effluent from the
home. In a properly operating onsite waste disposal system, solids remain in the septic tank where aerobic bacteria break them
down. Carbon dioxide and water are typical byproducts of this
NOTE
biological process. Effluent exits the tank where it flows into a
Property owners or contractors should
drainage field, also called a leach field. The effluent seeps into
contact local health departments for
the ground from the leach fields. Some effluent will evaporate
guidance on residential waste water
from the leach field. Pumped systems are used when the relative
treatment systems that meet NFIP
elevation between the tank and the leach field does not allow
and health department regulations.
gravity to convey the liquid effluent. Leach fields generally require layers of well-draining soils above the groundwater table
to handle the anticipated volume of effluent.
During flood events, floodwater can enter septic tanks through drain field piping, which is perforated to allow
leachate to exit the piping, and eventually flow into a home through the DWV piping. Floodwater can also enter septic tanks through piping connections and covers used to inspect and pump septic tanks. For gravity-fed
systems where the leach field is lower than the tank, leach fields will be inundated before floodwater reaches the
tank. Sealing the tanks may reduce intrusion from runoff, rainwater and perched water tables but is generally not
an effective method for reducing floodwater intrusion. If the tank of a pumped effluent system is below the leach
field, floodwater will reach the tank before the leach field. In those instances, sealing tank openings can be effective at reducing floodwater intrusion.
The following techniques can reduce floodwater entry by making septic tank penetrations more watertight:
n

Wall penetrations: Pipe penetrations through an external wall can be sealed using an expansive sealant,
a molded sleeve, an elastomeric seal, or a neoprene seal. Seals are typically manufactured with septic
tanks.

n

Septic tank access covers: Neoprene gaskets can be installed between the access covers and their seats in
the tank (see Figure 4-27). This combination will reduce infiltration.

n

Access risers: Access risers are often installed above septic tank access points to reduce the amount of
soil needed to be removed to pump or inspect tanks. Because risers intentionally reduce soil cover over
portions of the tank, they are not recommended in areas that are vulnerable to velocity-flow flooding,
such as Zones V and Coastal A Zones and riverine areas near floodways. If the top of the riser is exposed
by erosion, obstructions to flood flow can occur, causing localized scour. Scour and erosion can expose
the tank and associated piping, leading to system damage and contamination.

While sealing a septic tank is a desirable method to reduce the potential entry of floodwater into the tank and
eventually into a home, it can increase buoyant forces if the tank is submerged in floodwater. During flooding,
sealed septic tanks will be exposed to greater buoyant forces than a tank that is allowed to flood. To resist buoyancy, septic tanks placed in SFHAs should be anchored to resist flood forces. ASCE 24 requires that tanks exposed to
flooding be designed to resist 150 percent of the flood loads to which they are exposed. The weight of the fluids
in a tank are not included in buoyancy resistance load calculations.

4-40

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

4

MITIGATION MEASURES FOR RESIDENTIAL BUILDINGS

Figure 4-27. Septic tank with lids and
gasketed access covers, concrete
risers, and riser caps.

4.3.3 Mitigation for Fire Protection Systems
The 2009 IRC (and later editions) specify sprinkler systems for
one- and two- family dwellings and townhouses. While not all
states or jurisdictions may have adopted this requirement, many
require fire protection systems in new residential construction.
When considering new construction, property owners, designers, and contractors should check with local building code
administrators to clarify local fire code protection requirements.
There are two categories of residential sprinkler systems: standalone systems that use an individual set of pipes independent
of the normal water plumbing, and multi-use sprinkler systems
that are integrated with the home plumbing system. Selection
of a stand-alone or multi-use system may be influenced by
whether the house has a well. For houses with well-supplied
water systems, sprinkler systems often use larger storage tanks
than those needed to supply typical plumbing fixtures.

NOTE
Refer to Section 5.3.4 of this guide
for additional details on fire protection
systems. Building codes usually require fire walls in non-residential and
multi-family residential occupancy
buildings.

WARNING
Sprinkler pumps should be provided
with adequate backup power located
above the required flood elevation.

Storage tanks exposed to flooding should be properly protected
and anchored as described in Section 4.4. Otherwise, components for both stand-alone and multi-use sprinkler systems
should be protected from flood damage in a similar fashion to
other plumbing systems in the house. Components exposed to flooding should be minimized, and those components that must be placed below the required flood elevation should be designed to resist flood forces and prevent
water intrusion and accumulation. Sprinkler heads installed below the required flood elevation may be subject
to damage during a flood event. All sprinkler heads submerged during a flood should be replaced following
the event.
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4.3.4 Mitigation for Pools and Spas
The material presented in this section focuses on the equipment needed to operate pools and spas, not on the operation of pools and spas. Several codes and standards govern the construction of pools and spas, many of which
contain additional criteria for pools and spas placed in Special Flood Hazard Areas. Codes, standards and guides
that relate to pools and spas include: The ICC’s 2015 Swimming Pool and Spa Code, ASCE 24 Flood Resistant Design and Construction, FEMA P-55 Coastal Construction Manual, and FEMA P-499 Section 8.2 Decks, Pools and Accessory Structures.
The I-Code’s flood provisions include relevant excerpts from the International Swimming Pools and Spas Code:
n

[BS] 304.4 Protection of equipment. Equipment shall be elevated to or above the design flood elevation
or be anchored to prevent floatation and protected to prevent water from entering or accumulating
within components during conditions of flooding.

n

304.5 GFCI protection. Electrical equipment installed below the design flood elevation shall be supplied
by branch circuits that have ground-fault circuit interrupter protection for personnel.

Chapter 9.6 of ASCE 24-14 specifies that:
In-ground and aboveground pools shall be designed to withstand all flood-related loads and load combinations. Mechanical equipment
for pools such as pumps, heating systems and filtering systems, and their associated electrical systems shall comply with Chapter 7.
Pools and spas require equipment to maintain water quality and, in heated pools and spas, water temperatures.
Pool and spa equipment includes pumps that circulate water, filters that remove particulate materials, and equipment that eliminates coliform bacteria and prevents waterborne pathogens. The equipment also includes piping
that connects pumps and filters to pools or spas, water supply piping for filling pools and spas, piping for drainage, discharge and backwashing, and electrical supplies for pumps and sanitation equipment.
Mitigation recommendations for pool and spa equipment are similar to those for other MEP systems (Sections
4.1, 4.2 and 4.3). Equipment should be elevated above the regulatory flood elevation where possible. Equipment
placed below the regulatory flood elevation should be flood resistant to prevent water entry and accumulation.
Equipment elevation may be limited by functional requirements. For example, circulator pumps typically need a
net positive suction head (i.e., a minimum amount of pressure at the pump inlet) to prevent cavitation and facilitate priming. Elevation of in-ground pool and spa pumps may experience problems with pump function and
performance. In those cases, the equipment should be elevated as high as possible. When the pump and filtration
system is replaced, provisions for pump elevation should be included in the new system design.

4-42

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

MITIGATION MEASURES FOR RESIDENTIAL BUILDINGS

4

4.4 Fuel Systems and Tanks
Residences can contain fuel systems that supply furnaces, boilers, and domestic water heaters. Fuel that serves
residences can be liquid or flammable gas. Liquid fuels are generally No. 2 fuel oil, which is nearly identical to the
diesel fuel used for vehicles; flammable gas is typically liquid propane (LP) or natural gas (NG). Flammable gas
fuels can also supply gas-fired appliances like ranges, ovens, clothes dryers and gas-log fireplaces. Liquid fuels and
flammable gases can also supply standby generators.
Like other MEP systems, fuel systems consist of primary components and secondary components. However, fuel
systems usually contain relatively few secondary components because all components need to remain functional
to supply fuel burning devices.
Table 4-5 lists the components of fuel systems typically found in residences. The components of a house with a
liquid fuel system are shown in Figure 4-28. This includes a fuel tank that may be installed within the home or
underground next to the home, fill and vent piping, and fuel oil piping that runs between the fuel tank and fuel-burning devices. Components of a residence supplied with a flammable gas (LP or NG) are shown in Figure
4-29. This includes pressure regulators for both LP and NG systems, meters for NG systems and flammable gas
piping and valves that connect the flammable gas burning appliances to the flammable gas services. Note: While
Figure 4-29 shows the components of LP and NG systems, a house would rarely be served by both propane and
natural gas.
Table 4-5. Typical elements of residential fuel systems.
Fuel equipment type (Subsection)

Components

Primary components (4.4.1 and 4.4.2)

Above-ground storage tanks (fuel oil or propane)
Underground storage tanks (fuel oil or propane)
LP regulator or NG meter/pressure regulator
Valves, unions and fittings
Fuel piping or Flammable gas piping
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Figure 4-28. Typical elements of a residential fuel oil system.
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Figure 4-29. Typical elements of a residential flammable gas system – liquid propane (LP) with tank and pressure regulator
(left side); natural gas (NG) with meter (right side).

4.4.1 Flood Risk to Fuel Systems and Tanks
Flood risks for fuel systems are similar to those for other plumbing systems. The risks include:
n

Damage from hydrostatic forces when fuel system components are submerged;

n

Damage from hydrodynamic forces and flood-borne debris impact when they are exposed to moving
floodwater; and

n

Oxidation of metallic components from the corrosive nature of most floodwater.
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In addition, control devices like pressure regulators, solenoids, and meters can be destroyed if exposed to floodwater. With NG and LP systems, floodwater can extinguish standing pilot lights and create a potential fire risk.
The most significant impact of floodwater on a fuel system is damage to propane or fuel tanks. When inundated
with floodwater, buoyant forces can crush or displace fuel tanks. The net buoyant forces are less on full tanks than
on empty tanks, but full tanks can release their contents when floodwater reaches their fill or vent piping.
Propane and fuel oil tanks are common in residences where natural gas service is not available and may be above
or below ground. Propane tanks are placed outside of the house; fuel oil tanks may be inside or outside.
Both underground and above-ground fuel tanks are vulnerable to floodwater damage. Propane and fuel oil tanks
are exposed to the following flood risks:
n

Submerged tanks are subject to buoyant forces. If the
flood forces exceed the weight of an above-ground
tank and the fuel within, then the tank is at risk of
displacement. For underground tanks, if the flood
forces exceed the combined weight of the tank, the
fuel within, and any soils above the tank, the tank can
be displaced. Tank displacement can damage fuel lines
and cause fuels to be discharged. Buoyant forces are
proportional to the volume of floodwater displaced.
As more of the tank is submerged, the buoyant forces
increase. Once a tank is fully submerged, buoyant
forces are maximized because greater flood depths do
not displace greater amounts of floodwater.

NOTE
Refer to Section 5W.13 of FEMA
P-259, Engineering Principles and
Practices for Retrofitting Flood-Prone
Residential Structures, for additional details on how to determine the
net buoyant force on a tank and the
volume of concrete required to offset
buoyancy.

n

Submerged tanks can be crushed by flood forces. For each foot of flood depth, freshwater flooding exerts
compressive forces of 62.4 psf of tank surface while saltwater exerts compressive forces of 64.0 psf.
Unlike buoyant forces that are maximized when a tank is fully submerged, compressive forces continue
to increase as flood depths increase. Therefore, tanks exposed to deeper floodwater are much more prone
to crushing failure. A fuel tank placed on a basement floor can be exposed to much larger compressive
forces than a tank placed in a shallow crawlspace. Similarly, underground tanks can be exposed to greater
compressive loads than those placed at grade.

n

Above-ground tanks exposed to moving floodwater can be damaged by forces caused by hydrodynamic
loads, wave action, and flood-borne debris impact.

n

Underground tanks in a V Zone can be uncovered and exposed by erosion and scour, making them more
vulnerable to buoyancy forces, velocity flows, wave action, and debris impact.

n

Exposed portions of fuel lines can be damaged by moving floodwater. The corrosive effects of floodwater
can damage metallic fuel lines.

n

Vent lines connected to fuel oil tanks to prevent pressurization during filling operations can allow
floodwater to enter the tanks and cause the release of their contents. Floodwater can also flow into fill
pipes if they lack watertight caps.
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4.4.2 Mitigation for Fuel Systems and Tanks
Elevating fuel system components, preferably above the required flood elevation, is the most effective method to reduce
flood risks to fuel systems (see Figure 4-30). ASCE 24, the IBC
and the IFGC allow components below the required flood elevation, provided that they are installed to prevent water entry and
accumulation and to resist flood forces. Exposure of fuel system
components should still be avoided to reduce potential damage
from corrosion.

NOTE
While fuel lines should be anchored
to prevent dislodging, some soil types
can expand and contract depending
on moisture levels. It is important to install lines allowing for some movement
so that they are not damaged when
soils expand. Similarly, wall penetrations should be sealed in a manner
that will allow some movement.

When components cannot be elevated, they should be constructed in a way that allows them to be isolated from other
portions of the fuel system, particularly when they are supplied
from portions of the system that are protected from floodwater.
For example, if fuel piping installed above the required flood
elevation along first floor framing supplies a fuel burning appliance below the required flood elevation, a valve
should be installed in the line that feeds that appliance. This valve will allow piping exposed to floodwater to be
isolated from the rest of the fuel system. This measure will facilitate repairs and recovery after the flood and may
allow other portions of the fuel system to remain functional while repairs are completed.

Figure 4-30. Elevation of fuel system components raises the flood protection level.
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Fuel piping may need to pass through areas exposed to floodwater, which is typical when fuel piping originates
underground. In these situations, non-corrosive piping materials and materials that will not be damaged by floodwater should be installed. If local codes or standards restrict the use of piping materials, fuel gas components that
can be exposed to floodwater should be installed in a fashion that facilitates convenient post-event replacement
of those components.
In elevated homes constructed over open foundations and in other instances where fuel piping can be exposed to
moving floodwater, the piping should be installed on structural components designed not to breakaway during a
flood event (see Figure 4-31). In coastal areas they should be installed on the landward side of the structural element; in riverine areas, they should be installed on the downstream side of structural elements. As is the case with
domestic water and DWV piping, fuel system piping can be installed in vertical chases provided that those chases
are designed to resist flood loads.

Figure 4-31. Protecting fuel piping from moving floodwater.

In areas where underground fuel piping is placed near obstructions to floodwater flow, localized scouring can
occur as with piping installed near foundation elements. To reduce the risk of flood damage, piping should be
placed below the predicted level of erosion and scour. Often it is more practical to route underground services
away from these obstructions.
In flood-prone areas, the meter can be protected by pipes or
bollards installed nearby to shield it from debris impacts. The
gas line running from the meter into the house should be protected as much as possible, but ideally the gas would be turned
off at the meter prior to a flood event in order to facilitate
swift repair.
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The most effective flood protection technique for fuel storage tanks is elevation of the tank above the required
flood elevation. In A Zones, tanks can be elevated on platforms, frames, or on structural fill. In V Zones and Coastal
A Zones, however, structural fill is not allowed for new construction or Substantially Improved homes. When elevated, the tanks themselves will not be exposed to flood forces during a design flood; however, they still require
anchoring and support to resist wind loads and, in seismic areas, earthquake loads. Methods to elevate tanks are
shown in Figure 4-32 and 4-33.

Figure 4-32. Fuel tank elevated on a supporting frame.

Figure 4-33. Fuel tank elevated on structural fill.

The fuel tank should be secured to the platform with straps or anchors to prevent movement caused by high
winds or seismic events. In coastal zones, the anchors should be made of non-corrosive material to reduce potential damage from salt spray.
In V Zones and Coastal A Zones, the platform should be supported by posts or columns that are adequately designed for all loads including flood, wind, and earthquake. Bracing may be required to address loads from moving
floodwater and structural redundancy may be appropriate to protect against debris impact. The lowest horizontal
member of the supporting frame should be above the wave crest. The foundation should be deep enough to resist
loads after being undermined by the predicted levels of erosion and scour. A braced pile or post platform may be
necessary in riverine locations where moving water and debris pose a risk.
In SFHAs outside of V Zones and Coastal A Zones, compacted structural fill can raise the ground to a level above
the required flood elevation so that the tank can be elevated and anchored to resist wind and seismic loads. Often, a concrete slab is placed on top of the fill material for anchorage. Figure 4-33 shows a tank elevated on fill.
When elevation above the required flood elevation is not feasible, new tanks and tanks for Substantially Improved
homes must be designed to resist flood loads and prevent the release of their contents. Also, ASCE 24 requires that
both above-ground and underground tanks be designed and installed to resist 1.5 times the flood loads acting on
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an empty tank. Those loads are not just the buoyant forces that tend to dislodge tanks but also the compressive
forces that could crush tanks exposed to floodwater.
When fuel tanks cannot be elevated or relocated, dry floodproofing may be an option if the residence is not newly
constructed or Substantially Improved. For new construction and Substantially Improved residences, dry floodproofing is not allowed by the NFIP for residential occupancy.
Adding weight (dead load) to the foundations supporting the tanks helps resist buoyant forces. Concrete is commonly used to help anchor tanks. Because concrete placed below a flooded tank displaces floodwater and, like
the tank, is exposed to buoyant forces, only the submerged weight of the concrete provides resistance to buoyant forces on the tank. Alternatively, the total weight of the concrete can be used, provided that the volume of the
concrete is included in the volume of floodwater displaced for the buoyant force calculations. Figure 4-34 shows
a tank installation where concrete is used to resist buoyant forces.
Helical earth anchors are occasionally used to resist buoyant forces (see Figure 4-35). The anchors should be designed to take into account the soil type and any reduction in capacity due to saturated soil conditions. All anchors
and connecting hardware should be corrosion-resistant.

Figure 4-34. An underground fuel tank with sealed cover.
Concrete used to resist buoyancy.

4-50

Figure 4-35. Above-ground tank secured with helical earth
anchors.
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4.5 Conveyances – Elevators and Lifts
While still relatively rare, conveyances are becoming more common in residences. The most common vertical conveyances
found in one- and two-family dwellings, townhouses, and residential buildings not greater than three stories are elevators and
lifts that move people or materials between the floors or levels
of a structure.
Elevators include a cab or platform that moves along rails located in a shaft powered by one or more motors and other
equipment. The two primary types of elevators in homes are
hydraulic elevators that push the elevator cab using a piston,
and traction elevators that hoist the cab using cables. Although
hydraulic elevators are typically used in low-rise construction,
traction elevators have recently become more common in lowrise residential construction. Typical elements of hydraulic and
traction elevators are shown in Figure 4-36.

NOTE
For additional information on elevator systems and mitigation methods,
refer to the current version of FEMA
NFIP Technical Bulletin 4, Elevator
Installation for Buildings Located
in Special Flood Hazard Areas in
Accordance with the National Flood
Insurance Program. https://www.
fema.gov/de/media-library/assets/
documents/3478

Lifts are other vertical conveyance mechanisms used in residential construction. Lifts include a wide range of systems with different components and levels of complexity. A few of the most common systems:
n

Passenger lifts: conveyance mechanisms typically installed on the exterior of the home to move people
between floors over a vertical height of about 30 to 40 feet. These lifts usually consist of a hoist motor
with cables connected to a platform cage that runs along two or more hoist beams. The hoist motor
is controlled by a key-activated control box inside the platform cage. A typical passenger lift is shown
in Figure 4-37. Passenger lifts offer many of the same safety features as elevators. The hoist motor is
typically above the required flood elevation at the top of the hoist beams. There is no elevator shaft.

n

Chairlifts: conveyance mechanisms installed over or along a staircase to transport wheelchair occupants
between floors. Chairlifts are designed to operate inside structures. Chairlifts and associated equipment
are usually located in the elevated part of the home above the required flood elevation, or are protected
by other measures.

n

Vertical platform lifts (VPLs): transport people in wheelchairs from one level to another. VPLs are
usually designed so that a wheelchair user can enter the lift on one side and exit on another (i.e., the
lift has two doors). VPLs are used indoors above the required flood elevation or outdoors below this
elevation and can be open (bound by handrails) or fully enclosed.

Table 4-6 provides a list of the typical elements of elevators and lifts and where they are addressed in this chapter.
Note that, unlike most other systems discussed in this chapter, all conveyance system components are considered
primary components.
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Figure 4-36. Typical elements of hydraulic elevators (left) and traction elevators (right). (Source: Otis Elevator Company).
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Figure 4-37. Residential coastal
building with passenger lift circled
in red.

Table 4-6. Typical elements of conveyances.
Conveyance Equipment Type (Subsection)

Components

Primary components - Elevators (4.5.1)

Elevator shafts and enclosures
Elevator cabs and equipment

Primary components - Lifts (4.5.2)

Passenger lifts
Chair lifts
Vertical platform lifts (VPLs)

4.5.1 Mitigation Measures for Elevators
Elevator shafts and enclosures: Low-rise residential elevators, particularly those added as post-construction retrofits, are usually installed independent of an outside wall. In some cases, shafts may be located inside the structure.
Regardless of its location, the shaft must have a landing, usually at the ground level, with a pit at a lower level that
is almost always below the required flood elevation. Because elevator shafts and enclosures below the required
flood elevation are not required to include hydrostatic openings or breakaway walls, they may obstruct the flow
of floodwater and are highly susceptible to damage from various flood forces including erosion and scour. Therefore, elevator enclosures must be designed to resist hydrodynamic and hydrostatic forces as well as erosion, scour,
and waves, particularly in V Zones. Technical Bulletin 4 (TB 4) recommends that elevator shafts and enclosures extending below the required flood elevation be constructed of flood damage-resistant materials such as reinforced
masonry, block, or reinforced concrete walls and located on the landward side of the building to provide increased
protection from flood damage. Further, designs for nearby or adjacent structural elements of the building should
account for obstructed flow impacts.
Elevator cabs and equipment: Some equipment common to all elevators will be damaged by floodwater unless
protected. The most obvious example is the elevator cab. Depending on the size of the cab and the types of interior materials used, residential elevator cabs can be expensive to replace. Flood damage to elevator cabs can be
avoided by installing a detection system with one or more float switches in the elevator shaft to prevent the cab
from descending into floodwater (see Figure 4-38). Where possible, elevator equipment such as electrical controls
and hydraulic pumps should be located above the required flood elevation. In some cases, it may be necessary
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to locate elevator equipment such as switches and controls
below the required flood elevation in the elevator pit. If
equipment must be located below the required flood elevation, it should be protected using flood damage-resistant
components. Any electrical equipment installed in the hoistway below the required flood elevation should be a NEMA
Type 4-rated enclosure for water resistance. Some elevator
equipment manufacturers offer water-resistant components.
Design professionals should contact suppliers to determine
the availability of these components.

4.5.2 Mitigation Measures for Lifts
Passenger lifts: As previously stated, the hoist motor is typically located above the required flood elevation at the top
of the hoist beams. The hoist cables and lift controls can
be protected by installing the platform cage control box
above the required flood elevation. Prior to a flood, it is
recommended that the passenger cage be moved above the
required flood elevation if possible, so as to reduce the potential damage from moving floodwater and flood-borne
debris. Hoist beams and the passenger cage are typically
constructed of flood damage-resistant materials such as aluminum or stainless steel; therefore, as long as the base of the
hoist beams are anchored into a properly supported foundation that can resist erosion and scour, all key elements of
passenger lifts will be well-protected from flood damage.
Chairlifts: Chairlifts are usually located inside buildings;
therefore, components of these systems should be located above the flood protection level to protect them from
damage.
Vertical platform lifts (VPLs): VPLs may be placed inside
buildings above the flood protection level to protect them
from flood damage. For outdoor VPLs below the flood protection level, all equipment that cannot be elevated above
this elevation is susceptible to flood damage.
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Figure 4-38. Float switch to control cab descent
(Source: Otis Elevator Company).
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5.0 Mitigation Measures
for Non-Residential
Buildings
Chapter 5 describes mitigation measures for non-residential buildings. While non-residential buildings are this
chapter’s primary focus, many of the proposed mitigation measures may be appropriate for larger residential and
mixed-use buildings with mechanical, electrical and plumbing (MEP) systems similar to those found in commercial buildings.
The purpose of this chapter is to describe mitigation measures for MEP systems rather than detail specific construction techniques because there are often many ways to reduce exposure to flooding while meeting state and
local codes, ordinances, referenced standards, and NFIP criteria.
The NFIP regulations [44 CFR §60.3(a)(3)] state that:
All new construction and Substantial Improvements shall be constructed with electrical, heating, ventilation, plumbing, and air conditioning equipment and other service facilities that are designed and/or located so as to prevent water from entering or accumulating
within the components during conditions of flooding.
This requirement is reflected in the I-Codes, in which IBC Section 1612.4 requires that buildings and structures
located in flood hazard areas be designed and constructed in accordance with Chapter 5 of ASCE 7 and ASCE 24.
ASCE 24 requires that new construction and Substantial Improvements have their lowest floors elevated to or above
the flood protection level. It provides allowances for the lowest floors to be below the flood protection level for
non-residential buildings and non-residential portions of mixed-use buildings, provided they meet ASCE 24’s dry
floodproofing requirements. ASCE 24 also identifies requirements for MEP systems under sections on “Attendant
Utilities and Equipment” and “Miscellaneous Construction.” Note that, for the purposes of Chapter 5 discussion,
all Substantial Improvement requirements also apply to structures that have suffered Substantial Damage.
Chapter 2 provides more information on NFIP requirements for building systems, as well as building codes and
other regulations that may apply. Since building codes and regulations vary depending on location, one should always consult with local building officials to verify that any new construction or Substantial Improvement proceeds

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

5-1

5

MITIGATION MEASURES FOR NON-RESIDENTIAL BUILDINGS

in accordance with applicable regulations. The local building official will also determine the required permits for
large utility system mitigation projects.
The following mitigation actions will be discussed in this chapter:
n

Elevation: This measure involves elevating vulnerable
components of the MEP systems by placing them on
elevated platforms or frames, preferably above the flood
protection level. For new construction and Substantially
Improved buildings, elevation of equipment above
this level is the preferred option for compliance with
the I-Codes and the NFIP because elevation offers
lower residual risks compared with other mitigation
approaches. In this document, elevation refers to in-place
elevation of equipment.

NOTE:
DRY FLOODPROOFING
If properly installed, all mitigation options presented in Chapter 5 will
reduce exposure to flooding, but not
all non-residential measures are
compliant with large, multi-family residential building NFIP and building
code requirements.

n

Relocation: This measure involves moving vulnerable
components of building utility systems to a higher level
or higher floor within the building. Relocation is often
the method that offers the least residual risk.

n

Component protection (Dry floodproofing): This measure involves the installation of flood-resistant
barriers and can be used to protect vulnerable components of MEP systems (see Note below). The
NFIP does not recognize dry floodproofing for residential buildings as a mitigation measure, so it is
not an option for new construction or Substantially Improved large residential buildings. However, dry
floodproofing can reduce flood risks in non-residential buildings and non-Substantial Improvement
instances. Nevertheless, dry floodproofing should not be chosen over elevation or relocation efforts that
would provide the same level of flood protection because the residual risks of dry floodproofing can be
significant. See the Note on the next page for additional details regarding residential risks.

NOTE: SUBSTANTIALLY IMPERMEABLE
Since it is extremely difficult to make buildings and systems completely watertight, the intent of dry floodproofing is make all elements substantially impermeable to flooding. ASCE 24 defines substantially
impermeable as “Use of flood damage-resistant materials and techniques for dry floodproofing portions
of a structure, which result in a space free of through cracks, openings, or other channels that permit
unobstructed passage of water and seepage during flooding, and which result in a maximum accumulation of 4 in. of water depth in such space during a period of 24 hours.”

n

5-2

Other Strategies (Wet floodproofing): Partial system mitigation can reduce flood damage and service
losses. System components that have some resistance to flood damage and can be readily cleaned,
repaired and returned to service could be used instead of elevation or dry floodproofing. The NFIP, the
I-Codes, and ASCE 24 allow components to be exposed to floodwater, provided that they can resist flood
forces and are designed and installed to prevent floodwater entry. However, obtaining flood-resistant
components is difficult for many systems, particularly those that prevent floodwater entry and can resist
flood loads.
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Another potential option is to combine wet floodproofing and
dry floodproofing. Areas below the required flood elevation
can be partially protected using flood damage-resistant materials, and the interior core areas can protect individual utility
systems or key equipment that cannot be relocated above the
flood protection level. When areas are below grade, it should
be assumed that any wet floodproofed areas will be inundated
and may need to be pumped out once floodwater has receded.
When addressing flood risk reduction, it is appropriate to think
of building systems as consisting of primary components and
secondary components. Primary components are those that
must function for the system to operate. When primary components are damaged, the entire system ceases to function.
Secondary components can sometimes be damaged or destroyed without preventing the entire building system from
functioning, although the utility system may function at a
reduced level of service or cause service interruptions to a portion of the building.

WARNING
While discussing large or complex
residential buildings in conjunction
with non-residential buildings is appropriate because some systems are
similar, readers should remember that
some mitigation methods allowed for
non-residential occupancies, such
as dry floodproofing, are not allowed
for new residential construction or
Substantially Improved residential
buildings.

NOTE: DRY FLOODPROOFING RESIDUAL RISKS
Dry floodproofing is acknowledged by the NFIP for non-residential buildings and is allowed by ASCE
24. However, dry floodproofing is less effective than elevation because it inherently has greater residual
risks, such as the following:
• Active Mitigation: Dry floodproofing is active mitigation that generally requires human intervention in
order to be effective. Failure to install or maintain a flood enclosure or sump pump can render the entire dry-floodproofing system ineffective. By contrast, elevation and relocation are passive mitigation
approaches that do not require human intervention.
• Overtopping: If flood levels exceed the elevation of the dry floodproofing design, floodwater will flow
into the protected area. The time required to fill an area protected by dry floodproofing depends on the
volume of the protected area and on the amount of overtopping. A 20-foot by 20-foot area protected
by 3-foot flood barriers will fill in approximately 10 minutes if flood levels overtop the 3-foot tall walls by
only 1/2 inch.
• Seepage: While it is theoretically possible to create watertight flood barriers with impermeable seals,
in practice some seepage through the barriers or walls should be expected, particularly when piping, conduits, and other elements penetrate the barriers or walls. Like overtopping, seepage, if not
removed, will eventually fill the floodproofed area and submerge protected equipment. Sump pumps,
properly sized to accommodate anticipated seepage rates and powered from reliable electrical sources, can reduce flood risks from seepage. Because flooding often interrupts utility power, standby
power sources are recommended for dry-floodproofed areas where seepage cannot be eliminated.
• Structural Failure: During flood conditions, dry-floodproofed areas are exposed to lateral hydrostatic
loads that push against flood barriers and walls toward protected areas, and to buoyancy forces that
cause uplift on the floor system of the floodproofed area. If the barriers are not strong enough to resist
flood forces or heavy (or anchored) enough to resist buoyancy, the dry-floodproofing system will fail.
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DRY FLOODPROOFING RESIDUAL RISKS (continued)
Due to its inherent residual risks, dry floodproofing should not be chosen over elevation or relocation efforts that would provide the same level of flood protection, as illustrated in the example below.
Residual Risk Example: Consider two identical equipment rooms protected to a flood depth of two feet
– one using dry floodproofing and the other using elevation. Assuming dry floodproofing measures are
substantially impermeable and address any seepage by including sump pumps with reliable back-up
power, then dry floodproofing mitigation measures provide the same level of protection for floods less
than two feet above floor level and will keep equipment dry and functional. However, if flood levels even
slightly exceed the two-foot level of protection, flood barriers will be overtopped and the dry floodproofed
equipment will be exposed to two feet of water, resulting in extensive damage and loss of function. By
contrast, floodwater that rises to just over two feet will only reach the bottom of elevated equipment and
will not likely cause significant damage or loss of function. Therefore, dry floodproofing measures have
a significantly higher residual risk than elevation.

Designing building systems for flood resistance requires a holistic approach involving all members of the design
team including architects, mechanical engineers, electrical engineers and structural engineers, particularly if massive equipment must be located on upper floors or if dry floodproofing is required.

NOTE: FLOOD PROTECTION LEVEL
This publication uses the term flood protection level to address the minimum elevation that the owner
uses as a level of flood protection. For new construction, existing construction deemed to be Substantially
Improved, or buildings otherwise directed by the authority having jurisdiction, the BFE or design flood
elevation usually refers to the minimum required elevation of flood protection. When required flood
elevation is used in this publication it refers to the minimum elevation required for flood protection by
the jurisdictional authority. At a minimum, the required flood elevation will be the BFE. In addition, flood
protection level refers to the level selected to provide the desired level of protection when compliance
with a code or regulation is not required and designers and owners elect to elevate or protect building
utility systems.

Table 5-1 summarizes mitigation measures for various MEP systems and where they are discussed in this chapter.
General principles of these measures are discussed in Chapter 3, Compliance and Mitigation Measures.

5-4

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

5

MITIGATION MEASURES FOR NON-RESIDENTIAL BUILDINGS
Table 5-1. Summary of utility mitigation measures for non-residential buildings.

System

New Construction or Substantial
Improvement, NFIP Compliant

System Repairs for Existing
and Non-Substantial
Improvement Construction

HVAC (Section 5.1)
Primary HVAC system components (air handlers, chillers,
boilers, furnaces, pumps, and
control panels)

Elevate above the flood protection level.
Alternatively, dry floodproof to the flood
protection level.

Install as high as possible.

Secondary HVAC components
(lateral ducts, grills and registers,
piping)

Above the flood protection level. Allow secondary components to be exposed to floods only if
they prevent water entry and resist flood forces.
Components exposed to floods should be functionally isolatable from the rest of the system.

Install as high as possible.

Primary electrical system components (service equipment,
distribution panels, electrical
feeders, standby generators and
equipment)

Elevate above the flood protection level.
Alternatively, dry floodproof to the flood
protection level.

Install as high as possible.

Secondary electrical system components (branch circuit wiring and
devices)

Above the flood protection level.

Install as high as possible or isolate to limit damages.

Electrical (Section 5.2)

Allow secondary components to be exposed to
floods only if they prevent water entry and resist
flood forces. Components exposed to floods
should be functionally isolatable from the rest
of the system.

Plumbing (Section 5.3)
Primary plumbing system components [main piping line, domestic
booster pumps, primary domestic
water heaters, treatment systems
(when required for potability),
waste lift pumps, fire pumps]

Above the flood protection level for all
nonsubmersible components. Alternatively, dry
floodproof to the flood protection level.

Elevate all nonsubmersible
components as high as possible.

Secondary plumbing system
components (lateral piping lines,
plumbing fixtures)

Above the flood protection level for all
nonsubmersible components.

Elevate all nonsubmersible
components as high as possible.

Allow secondary components to be exposed to
floods only if they prevent water entry and resist
flood forces. Components exposed to floods
should be functionally isolatable from the rest
of the system.

Fuel Systems (Section 5.4)
Primary components of fuel systems (regulators, fuel oil pumps,
main fuel and gas lines)

Above the flood protection level for all
non-submersible components Alternatively, dry
floodproof to the flood protection level.

Protected below the flood
protection level.

Secondary components of fuel
systems

Above the flood protection for all nonsubmersible components. Allow secondary components to be exposed to floods only if they
prevent water entry and resist flood forces.
Components exposed to floods should be functionally isolatable from the rest of the system.

Above the flood protection level for
all non-submersible components.

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

5-5

5

MITIGATION MEASURES FOR NON-RESIDENTIAL BUILDINGS

New Construction or Substantial
Improvement, NFIP Compliant

System
Fuel tanks exposed to flooding

System Repairs for Existing
and Non-Substantial
Improvement Construction

Locate above the flood protection level or
Protected below the flood
design tanks to prevent floodwater intrusion and protection level.
resist flood forces. Alternatively, dry floodproof
tanks to the flood protection level.

Conveyances – Escalators and
Escalators (Section 5.5)
Primary and secondary
components of elevators and
escalators

5-6

Above the flood protection level. Alternatively,
Protected below the flood
dry floodproof to the flood protection level.
protection level.
Allow components consisting of flood damage
resistant materials to be exposed to floodwaters
provided they will resist damages during the
design flood.
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5.1 Heating, Ventilation and Air Conditioning (HVAC)
HVAC systems for non-residential and larger residential buildings can be significantly different from those found
in one- and two-family dwellings. HVAC systems in non-residential and larger residential buildings often include
multiple units, centralized chilled water and hot water systems, and active ventilation systems for controlling indoor temperatures, humidity levels and indoor air quality.
The typical elements of non-residential HVAC systems are shown in Figure 5-1. The graphic depicts a hydronic
system where water – often containing glycol for freeze protection – is heated or cooled and distributed through
the building through coils in air handling units (AHUs) that heat and cool the structure. In direct expansion (DX)
systems, AHUs are still used, but the water is replaced with a refrigerant that undergoes liquid-to-vapor and vaporto liquid phase changes. The latent-heat transfer associated with those phase changes allows for heat to be removed
from the building during air conditioning or added into the building during heating. While DX systems differ
from hydronic systems, both consist of primary components like AHUs, condenser units and evaporative coils,
and secondary components like ducts, supply grills and return louvers.

Figure 5-1. Primary components of a non-residential, hydronic HVAC system. Note that HVAC components on upper floors
are not shown on this simplified graphic.
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Table 5-2 provides a list of typical primary and secondary components of non-residential HVAC systems and describes where to find mitigation approaches for each component.
Table 5-2. Typical elements of non-residential HVAC systems.
HVAC equipment type (Subsection)

Components

Primary components (5.1.2.1)

AHUs, supply and exhaust fans, and furnaces when serving entire building
Trunk line sections of ducts
Chilled water system components (chillers, cooling towers, condensers, pumps,
and piping)
Hot water system components (boilers, pumps, and piping)
Fuel tanks and main piping (for fuel-fired systems)
Pumps and main chilled water and hot water piping
Primary exhaust systems
Energy management control panels

Secondary components (5.1.2.2)

AHUs, furnaces, and condenser units serving small, non-critical areas
Lateral sections of ducts or ducts that serve individual rooms or minor areas
Ductwork (supply ducts and registers, return ducts, and grills)
Lateral piping lines
Convectors and radiators
Thermostats for individual rooms and areas

As indicated in Table 5-2, primary equipment includes components that heat or cool the entire building, such as those that
produce chilled and hot water for hydronic systems and AHUs
that serve most or all of the building. While the primary equipment in an HVAC system varies based on the style of the system,
there are common features present in most HVAC systems. A description of the most common non-residential HVAC systems
and components is provided on the pages that follow.
Hydronic HVAC Systems

NOTE
All fresh air intake and exhaust
vents should be elevated above the
flood protection level, including all
HVAC-related ducts and others such
as bathroom, kitchen, and laundry
room vents.

Hydronic HVAC systems use water as the thermal transfer medium for heating and cooling a building. The following is a description of the key components of hydronic HVAC systems – chillers and chilled water pumps, boilers
and hot water pumps, and air handling units.
Chillers and Chilled-Water Pumps: The HVAC systems in many large buildings use chilled water for mechanical cooling. Chilled water typically is created using water-cooled chillers in conjunction with evaporative cooling
towers (see Figure 5-2), or air-cooled chillers that require no cooling towers (see Figure 5-3). Chilled water can
also be produced by absorption chillers that produce chilled water from steam or other heat sources.
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Figure 5-2. Indoor water-cooled chiller (left) with rooftop evaporative cooling tower (right) in Bridgeville, Delaware.
Figure 5-3. Air-Cooled rooftop chiller
in Georgetown, Delaware.

Circulating pumps distribute the chilled water through the building. Air conditioning occurs within AHUs where
the chilled water flows through cooling coils. Figure 5-4 shows a pump that distributes chilled water from a chiller unit to hydronic coils in AHUs.
Boilers and hot-water pumps: In hydronic systems, boilers produce hot water for heating a building. The hot
water is circulated throughout the building by circulator pumps and the hot water supplies coils in AHUs. Heat
is drawn from those coils and the water is recirculated back to the boilers for reheating. Figure 5-5 shows a typical boiler. Boilers can be fueled by oil, propane, natural gas, coal, or, occasionally, electricity. Circulator pumps are
similar to those used for chilled water.
Air handling units (AHUs): AHUs heat and cool areas of the building using fans, water coils, sound attenuators,
and dampers. Air handlers in four-pipe systems contain separate heating and cooling coils that can heat and cool
simultaneously. Air handlers in two-pipe systems contain a single coil that can either heat or cool. AHUs also filter
the distributed air, and many provide ventilation by introducing fresh outside air. Examples of air handlers include
humidifiers, disinfection lamps and electrostatic precipitators. Figure 5-6 shows a four-pipe air handling unit that
contains separate chilled- and hot-water coils.
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AHUs can vary widely in size. Small AHUs with rated capacities of a few hundred cubic feet per minute (cfm) that
serve individual rooms or small areas may be considered
secondary components. Large AHUs rated 10,000 cfm or
more that serve large areas, entire floors or entire buildings
may be considered primary components. Small units can
be floor-mounted or suspended from the structural deck
above; large units are nearly always floor-mounted. AHUs
connect to supply ducts that distribute conditioned air and
return ducts that return air to the unit. Often, the spaces
above finished ceilings are used as return air plenums. The
air handling components of HVAC systems can be damaged or destroyed when exposed to flooding.

Figure 5-4. Chilled water pump, Georgetown, Delaware.
Figure 5-5. Dual fuel (fuel oil and
propane) boiler, Dagsboro, Delaware.
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Figure 5-6. AHU with a separate
chilled water coil (green labels) and
hot water coil (yellow labels). The
coils are within the unit and are not
visible (Dagsboro, Delaware).

Other Types of HVAC Systems
HVAC systems, particularly those in small buildings, often do not use water to transfer heat. Instead, they heat air
in furnaces and distribute the heated air through ducts. The furnaces can be fuel-fired (fuel oil, liquid propane,
or natural gas) or electric. Electric furnaces heat air through resistance heating coils. In those systems, cooling is
often provided by DX units consisting of an evaporative coil and a compressor and condensing unit. The evaporative coil is located either in the AHU or the downstream duct, with the compressor and condensing unit almost
being located outside. With DX units, refrigerant goes through a phase change (liquid to vapor or vapor to liquid)
and the latent heat associated with those phase changes cools the building.
HVAC systems also can be hybrid systems that use DX for cooling and hot water from a boiler for heat. In hybrid
systems, the hot water heating coil is separated from the evaporator coil using refrigerant.
Heat pumps are also frequently used. Heat pumps are DX-type air conditioning units that can mechanically cool
building spaces and function in reverse to provide heat. Geothermal systems use heated groundwater to provide
heating and cooling for a building. The earth functions as either a heat sink that absorbs heat rejected from the
building during cooling or a heat source that provides heat for the building. Geothermal systems typically use heat
pumps for the actual thermal exchange.
While the mechanics differ between types of HVAC systems, each consists of primary and secondary components
and provides a near-identical overall approach to flood mitigation.

5.1.1 Flood Risks to HVAC Components
HVAC components are generally not flood-resistant, and most will be damaged or destroyed when exposed to
floodwater. Chilled water and hot water piping in hydronic systems have some resistance to flood damage, but
the insulation typically used on the piping can be damaged by floodwater unless closed-cell insulation is used.
Valve stems, threaded fittings and piping supports can also be damaged unless constructed with corrosion-resistant materials. The air handling components of HVAC systems offer some flood resistance because they are usually
constructed with corrosion-resistant materials like galvanized steel, but those components can be damaged or destroyed by flood forces that exceed operational design forces.
PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE
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NOTE
In SFHAs where flood elevations have been determined with delineated BFEs, the actual flood risk to
the HVAC system can be determined by comparing the HVAC equipment elevation to the required flood
elevation. In areas outside of SFHAs or in SFHAs where flood elevations are undetermined, historical
data and records can often be used to assess flood risk.

Flood risks to HVAC components depend on the location of the component within the building. Roof-mounted
components and components placed on high floors have little or no flood risk, but equipment located on the
lowest floor, below grade, and in a SFHA can be exposed to significant flood risks. Even if the building is located
outside of a mapped SFHA, flood risks may still exist from events that exceed the base flood, storm runoff, failure of systems within the building (like potable water or sprinkler systems), and backflow or blockage in waste
disposal systems. If a building located in a SFHA is exposed to moving floodwater (e.g., coastal areas and near
floodways), HVAC equipment outside or underneath buildings can be damaged or destroyed by hydrodynamic
forces, breaking waves, erosion and scour, and flood-borne debris impact.
Boilers and hot water pumps are often located on the lower floors of a building near the fuel source or to chimneys or stacks that exhaust combustion products. As a result, these components and associated equipment may be
exposed to flood damage, particularly in buildings in SFHAs or with lower floors that extend below grade.

5.1.2 Mitigation for HVAC Components
Mitigation actions identified in the introduction to Chapter 5, including elevation, relocation, wet floodproofing
and dry floodproofing will reduce risk to primary and secondary HVAC components. Most will reduce physical
damages and functional loss. Other actions that allow buildings to be supplied by temporary utilities such as installing flanged connections for steam, hot water, chilled water and electrical services will reduce damages related
to functional downtime.

5.1.2.1 Mitigation for Primary Components
Elevating equipment, preferably above the required flood elevation, is the preferred method of flood mitigation
for primary HVAC components. Components can be elevated in place or, if space exists or can be created, relocated
to higher floors in the building.
In-place elevation is generally more convenient because electrical, piping and duct connections are already in
place and can be extended from below, or shortened from above, the elevated unit. The amount of flood protection available from in-place elevation is often limited, however, by the vertical height of HVAC components and
restricted headroom. Since exterior equipment has fewer vertical obstructions than interior equipment, in-place
elevation can provide greater protection.
Support and anchoring for HVAC components also needs to be considered. All HVAC system components must
be supported to resist gravity loads, but equipment that could be exposed to high winds and earthquakes require
additional support and anchoring. For gravity and seismic loads, relatively light primary HVAC components like
AHUs, pumps, and some cooling towers can often be supported and anchored without major structural modification. However, large, heavy equipment like water-cooled chillers may require significant structural modification
for adequate support. For equipment that is mounted on the exterior of a building and exposed to wind loads,
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vulnerability to wind force is dictated by the equipment’s dimensions. The weight of the equipment provides
some assistance in resisting wind loads, but physically large units such as roof-mounted AHUs and fan units,
though relatively light, can be difficult to anchor.
When exposed to wind and seismic forces, primary HVAC units can shift, causing stress to fixed electrical, piping and duct connections. Flexible piping, duct and electrical connections are recommended to reduce damages
from those forces.
Water-cooled chillers are typically placed in mechanical rooms within a building. When mechanical
rooms are below the required flood elevation or below grade, mechanical equipment within the rooms
is vulnerable to flood damage. Cooling towers and
air-cooled chillers may be placed on at-grade slabs
or elevated on frames supported by at-grade slabs.
Cooling towers may be roof-mounted or placed in
mechanical penthouses. Figure 5-7 shows a cooling
tower elevated above grade on a steel support frame.
Although equipment placed on at-grade slabs is less
susceptible to flood damage than equipment placed
below grade, the grade slab elevation may not be
sufficient to protect equipment from flood damage. Roof-mounted equipment is usually free from
significant flood risk. When the weight of HVAC
components prevents relocation to upper floors,
component reconfiguration may be an option. For
example, it may be possible to replace a watercooled chiller in a below-grade mechanical room
with an-air cooled chiller on an elevated exterior
platform.
Like chillers, boilers are often located on lower floors
of buildings due to proximity to the fuel source
Figure 5-7. Cooling tower placed on an elevated frame
or to chimneys or stacks that exhaust combustion
(Hurricane Ike, Port Bolivar, Texas, October 18, 2008).
products. Hot water pumps required for hydronic
HVAC systems are typically located near the boilers
they serve. When located on lower floors or below grade, boiler equipment, especially hot water pumps and associated equipment, may be exposed to flood damage. Ideally, like other primary HVAC equipment, they should
be elevated, preferably above the flood protection level.
For non-residential buildings, AHUs may be considered as primary or secondary components of an HVAC system,
depending on the number and size of the units. AHUs can be floor-mounted or suspended. Although smaller,
suspended units are easier to elevate than larger, floor-mounted units, they should be considered for mitigation
because even a few inches of elevation can provide increased protection from flooding.
Occasionally, vertical AHUs can be replaced with horizontal or in-line units. Horizontal units are generally shorter,
require less headroom, and are often easier to elevate in place than vertical units. When in-place elevation is not
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Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

5-13

5

MITIGATION MEASURES FOR NON-RESIDENTIAL BUILDINGS

possible or practical, it may be possible to move AHUs to a higher floor if there is adequate space and if ductwork
can be rerouted and extended to accommodate the new location. Relocating AHUs to higher floors may require
penetration of smoke and fire separation barriers to accommodate new ductwork; therefore, be sure to consult a
design professional to verify that fire risk is addressed and the necessary building permits are filed for local code
compliance.
Figure 5-8 shows flood mitigation measures being taken when primary equipment is elevated in-place by placing
components on elevated supports or frames.

Figure 5-8. In-Place Equipment Elevation of primary HVAC components elevated on supports or frames. Note the source of
the flooding in the basement areas can greatly impact the effectiveness of flood protection measures.

Relocating equipment to higher floors is an effective method of reducing flood risk, but it is usually more complex than in-place elevation, as space must be created on the higher floor to house the relocated equipment.
However, upper (at-grade and above grade) floors are generally more desirable for owner and tenant businesses
than lower floors – which is a primary reason why mechanical equipment is relegated to lower or below grade
floors.
Figure 5-9 shows relocation of primary HVAC components from a subgrade basement level to the first floor. This
approach is often feasible when less critical or easily replaceable equipment or services can be relocated to a lower
floor to create space higher in the building for critical mechanical equipment. In some cases, provisions can be
put in place that allow the facility to function without equipment that is normally needed for the operation of the
facility. For example, consider a hospital in a SFHA where the mechanical room is in a basement below grade and
the laundry area is on the first floor, two feet above the BFE. In its present location, the mechanical room is at high
risk of flooding from a 10 year (10-percent-annual-chance) flood; while the laundry is at a much lower risk of
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flooding since it is located above the 100-year (1-percent-annual-chance) flood. Both the mechanical equipment
and the laundry are needed for the hospital to function, but, while HVAC must remain operational for the hospital
to function, the hospital can function without on-site laundry services by using external service providers. Using
temporary off-site laundry service providers will allow a hospital to remain in operation while recovering from a
flood event, particularly if the HVAC system was protected. Thus switching locations of the mechanical room and
laundry area will increase the flood resiliency of the hospital.

Figure 5-9. Flood risk reduced by relocating primary HVAC components from a subgrade basement level to a higher floor.

When elevation or relocation is not possible, dry floodproofing may allow in-place primary-component protection. Flood barriers can be constructed to protect primary HVAC components from shallow flooding, but for
deeper floods it might be more practical to dry floodproof the entire mechanical space. Doing so can provide flood
protection for all equipment located within that space. However, it should be emphasized that residual risks exist
for all dry floodproofing measures. Those risks are discussed in Section 3.2, Component Protection.

5.1.2.2 Mitigation for Secondary Components
As stated previously in Section 5.0, secondary components include equipment that are necessary to provide heating, cooling, or ventilation to some areas within a building, but not required to provide those services to all
portions of a building. Secondary equipment includes: lateral and non-trunk line ducts, supply grills and return
registers, lateral portions of chilled- and hot-water piping, convectors and radiators, control equipment for localized control, and AHUs serving small or non-critical areas.
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As with primary components, the preferred method of reducing flood risk is to elevate secondary components,
preferably above the required flood elevation. Dry floodproofing is allowed in new construction and Substantially
Improved non-residential buildings, but is less desirable due to the inherent residual risk of dry floodproofing.
Ductwork: NFIP and ASCE 24 both allow HVAC ducts below the required elevation, provided that they prevent
water entry and accumulation and are capable of resisting flood forces. In practice, however, standard ducts are
designed to move air, not to prevent water entry and accumulation or resist flood forces. Ducts are often sealed
to limit air leakage, particularly in newer buildings that meet energy efficiency standards. However, sealed ducts
prevent flood waters from entering them and equalizing flood forces. As a result, even partial submersion in a few
inches of floodwater can create hydrostatic forces sufficient to crush sealed ducts or dislodge them from their supports. If ducts are not sealed and floodwater can enter them, flood forces are significantly reduced, but the ducts
would violate NFIP regulations and ASCE 24 criteria designed to prevent water from entering or accumulating in
equipment below the required flood elevation.
For new construction and Substantially Improved buildings, the most practical method of meeting NFIP regulations and ASCE 24 criteria without having to install specially designed flood-resistant ducts is to elevate them
above the required flood elevation. Duct placement and routing above this elevation will need to be addressed
during HVAC design and planning.
In existing buildings that are not Substantially Improved, ducts
can be installed below the required flood elevation. However,
to reduce flood risk, ducts should be placed as high as possible within the building, preferably above the required flood
elevation. Even when it is not mandated, consideration should
be given to using flood-resistant ducts when they are below the
required flood elevation.
Ductwork that has been submerged during a flood event should
be carefully inspected and evaluated to determine if it can be
cleaned and salvaged. It is recommended that all duct insulation
exposed to flooding be discarded and replaced with new insulation, and that all pre-insulated flexible ductwork exposed to
flooding be discarded and replaced with new ductwork.

NOTE
Refer to National Institute for
Occupational Safety & Health
(NIOSH) Recommendations for
the Cleaning and Remediation of
Flood-Contaminated HVAC Systems:
A Guide for Building Owners and
Managers, 2010 for additional details
on post-flood cleanup of ductwork
and other HVAC components: http://
www.cdc.gov/niosh/topics/emres/
cleaning-flood-hvac.html

Piping: Since most piping systems associated with HVAC systems
operate under pressure, they have some inherent resistance to
flood damage. Piping system components like automatic vents, exposed valve stems and seats, and relief valves
might be vulnerable to the corrosive effects of floodwater. This vulnerability should be considered in the design
and placement of piping system components in new construction and Substantially Improved buildings located
in SFHAs.
Some HVAC piping systems like chilled water and hot water systems use pipe insulation that may not be flood
damage-resistant. Piping insulation for new construction and Substantially Improved buildings placed below the
required flood elevation must be flood damage-resistant. For existing buildings, it may not be practical to relocate
piping above the flood protection level, but flooded insulation should be replaced with flood damage-resistant
insulation.
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Piping in new construction and Substantially Improved buildings must be designed to resist flood loads. HVAC
components under elevated buildings are frequently exposed to moving floodwater. Placement of components on
the landward side of structural elements (in coastal areas) and on the downstream side of structural elements (in
riverine areas) can reduce risks from moving floodwater when the components cannot be elevated. ASCE 7 contains criteria for determining flood forces; ASCE 24 contains criteria for resisting flood damage.
While elevation is the preferred mitigation approach for secondary HVAC components, dry floodproofing is allowed for non-residential buildings and may be used for interim flood mitigation in existing residential buildings
that are not Substantially Improved.
The lack of readily available flood-resistant HVAC components that meet NFIP criteria (i.e., those that prevent
water entry and accumulation and resist flood forces) will likely make other flood mitigation approaches necessary, particularly in existing construction. Those approaches should minimize damage and facilitate recovery from
flood events. The following actions will help achieve those goals:
n

Transition Points: Creating transition points between sections of the HVAC system above and below the
flood protection level will facilitate repairs and recovery. Piping unions can be installed in chilled- and
hot-water systems to allow for the removal and replacement of damaged components, while minimizing
disruption to the undamaged portions of the system. The transition devices should be installed above the
required flood elevation to reduce potential damage.

n

Isolation Devices: Installing valves that control feed portions of HVAC piping exposed to floodwater
will facilitate repair or replacement of damaged equipment. The valves allow damaged equipment to be
isolated from undamaged sections, and may allow the undamaged sections to function during repairs.
Isolation valves should be installed above the required flood elevation to reduce potential damage.
Similarly to valves, dampers can be installed in lateral sections of exposed HVAC ducts that are fed from
trunk-line ducts above the floodwater.
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5.2 Electrical Systems
Nearly all building systems require electrical power to operate, and without it most buildings cannot function as
intended. Buildings that rely on electrical power to supply life safety equipment cannot function as intended or
be safely occupied when power is lost.
As with HVAC systems, electrical system components can be vulnerable to flooding and rendered inoperable by
flood damage. Unlike HVAC systems, however, the loss of electrical power results in the interruption of all building systems that rely on it to operate. Those systems impacted by electrical power loss can include life safety and
critical systems like fire detection, alarm systems and suppression systems, emergency lighting, exit signage and
smoke control systems. Loss of electrical power can also impact other systems including HVAC, plumbing, lighting, and conveyances that are often essential to building function during and after a flood event.
Most large buildings contain some sort of emergency or standby power. For many building uses, emergency power is limited to those systems that satisfy requirements for life safety equipment. These systems typically need to
be powered for only 90 minutes, which is considered the maximum time needed to safely evacuate a building.
Batteries, for example, can provide 90 minutes of emergency power, after which the building would have been
evacuated and critical loads would not be needed for life-safety operation because the building would be effectively “off-line.”
Other buildings may have more stringent criteria for emergency power systems. For example, emergency power requirements
for many health care facilities are based on a shelter-in-place
approach instead of evacuation. Some buildings require emergency power for fire suppression, smoke control systems, and,
in high-rise buildings, conveyance systems like elevators. Those
systems are referred to as code-required standby systems. Often, more
stringent emergency or standby power requirements will necessitate the installation of on-site power generation, which
is usually provided by standby generators. In some buildings,
I-Code requirements (see Note) for emergency power and required standby systems are considered inadequate and optional
stand-by systems are provided to supply equipment deemed necessary for building functionality.
All electrical systems, including normal power, emergency power,
and standby power systems, are vulnerable to damage if exposed to floodwater and are treated equally by I-Codes and NFIP
regulations. In this section, all electrical systems are discussed
holistically; recommendations contained in this publication do
not distinguish between the three classifications of electrical systems that are acknowledged by the I-Codes. However, readers
might be advised to consider the three systems separately and
provide additional flood protection for certain systems that are
considered more critical than others.
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NOTE
I-Codes and standards acknowledge three classifications of electrical
systems: emergency systems, coderequired standby systems, and
optional standby systems. The same
level of flood protection is specified
for all three systems per the minimum protection in ASCE 24. For
normal power systems, the minimum
flood protection specified by ASCE
24 may be considered appropriate.
However, from a best practices standpoint, it may be appropriate to provide
additional freeboard protection for optional standby systems, code required
standby systems and emergency
systems; for example, elevating the
equipment an additional one foot
above the required flood elevation.
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It may be convenient to consider electrical systems as being comprised of primary components and secondary
components. The primary components of electrical systems are often 1) the most expensive to replace, 2) the
most critical to system operation, and 3) the most readily mitigated.
Figures 5-10 and 5-11 depict the electrical system for a typical non-residential building. Figure 5-10 shows some of the
significant components of the system; Figure 5-11 shows a
schematic diagram of an electrical system, often called a “riser
diagram.” Large residential buildings may have similar systems;
large commercial buildings and industrial facilities may have
more complex systems. Regardless of the size and complexity
of the electrical system, similar flood mitigation approaches
may be taken.

WARNING
Any electrical components that come
in contact with salt water or contaminated floodwater should be replaced
rather than repaired. Corrosion can,
at a minimum, significantly reduce
electrical components’ useful life, but
more importantly, corroded components can cause electrical fires.

Figures 5-10 and 5-11 show the utility company transformer, which is typically pad-mounted but may be pole-mounted,
and the building’s main electrical service, which consists of
a free-standing switchboard with a utility metering compartment (lower left), main service section (upper left), and a feeder or distribution section (right). As the name
implies, the metering section contains devices needed to measure energy consumption for billing purposes. The
metering section is usually sealed so that only utility company workers have access.
The main section contains the main service disconnect that can shut off all utility power to the building. The main
device is typically a circuit breaker (or, in older buildings, a collection of fuses) that provides overcurrent protection. The feeder section – also called the distribution section – contains circuit breakers that supply individual
feeders, which in turn supply individual electrical loads. Figure 5-10 includes a feeder for a roof-mounted HVAC
unit that represents a cooling tower; feeders for four branch circuit panel boards that are supplying receptacle circuits, small appliances or other devices; and a feeder supplying a basement HVAC unit featuring a water-cooled
chiller.
Figure 5-10 also shows the feeder section that supplies one of two feeds needed to power an automatic transfer
switch (ATS). The second feed is from an on-site standby generator. The ATS senses the loss of normal power and,
if power is interrupted, signals the standby generator to start. After the generator starts and becomes operational,
the ATS transfers downstream electrical loads from the utility to the generator. The transfer switch operates quickly
in response to the loss of the primary power source – for I-Code-required emergency electrical loads, redundant
power transfer must occur within 10 seconds.
Note that the riser diagram depicted in Figure 5-11 is simplified. A large building typically contains more branch
circuit panel boards, one or more elevators, and dedicated feeders for computer and information technology (IT)
systems. When a building’s utility system requires standby power for more than just emergency loads, additional
ATSs are needed. Separate transfer switches are often installed for emergency systems, required standby systems
and optional standby systems.
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Figure 5-10. Simplified diagram depicting primary components of a non-residential electrical system.
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Figure 5-11. Electrical schematic/riser diagram for a typical non-residential building.

Table 5-3 provides a list of typical electrical system components and the subsections where mitigation options
are addressed.
Table 5-3. Typical elements of a non-residential electrical system.
Electrical equipment type (Subsection)

Components

Primary components (5.2.2.1)

Pole- or pad-mounted service transformer (typically the responsibility of the
utility company) and service drop (overhead service) or service lateral
(underground service); utility meter.
Service equipment, distribution equipment (distribution panels or distribution sections of service equipment), electrical feeders, motor control
centers and branch circuit panel boards (if they supply primary components
of MEP or other systems).
Emergency/standby power systems components (generators, transfer switches, paralleling and synchronizing equipment, controls); fuel oil
pumps, cooling fans and pumps, starting equipment and battery-charging
equipment.

Secondary components (5.2.2.2)

Branch circuit devices: receptacles, switches, light fixtures.

Miscellaneous components
(5.2.2.3 and 5.2.2.4)

IT and telecommunications: phone, fiber optic, CATV, closed circuit
television.
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5.2.1 Flood Risks to Electrical Systems
As with HVAC system components, floodwater can damage nearly all electrical system components except for
those designed for submerged applications. Flood damage to electrical system components can create fire and
electrocution hazards, disrupt operation of power-dependent building systems, and delay reoccupation of a building following a flood event. Salt water or mixed fresh and salt (brackish) water is especially damaging due to
corrosion.
New construction and Substantially Improved buildings may feature installation of electrical devices below the
regulatory flood protection elevation if the devices are suitable for wet locations per I-Code requirements. However, electrical devices suitable for wet locations can still be damaged if submerged in floodwater, so submergence
of any equipment not listed for at least temporary submersion should be avoided. Primary components of electrical systems that can be damaged if exposed to floodwater include pad-mounted utility transformers, service
equipment, electrical distribution equipment, panel boards, motor control centers and electrical feeders. When
emergency or standby power systems are installed, on-site generators, transfer switches and feeders connecting
those components are also vulnerable to floods. Pole-mounted transformers and overhead service drops are inherently at little risk to flood damage because they are generally located above the flood protection level.
Secondary components include switches, convenience outlets, light fixtures, junction boxes, and interconnecting
wiring as well as any associated wiring, which is typically not designed for submerged installations.

5.2.2 Mitigation for Electrical Systems
For primary components, relocation is generally the most appropriate mitigation approach for electrical systems
in non-residential buildings. In-place elevation is appropriate if elevation that sufficiently reduces flood risk can
be achieved and access requirements of National Fire Protection Association (NFPA) 70 National Electrical Code®
(NEC) can be met. Those requirements apply to operable electrical devices such as the service disconnect, circuit
breakers, and transfer switches. Component protection through dry floodproofing is also an option.
For secondary components, elevation or relocation is also the most appropriate mitigation option, but replacing
vulnerable secondary components with those suitable for submerged installation is also an option when cost allows. Unlike many primary components, some secondary components are available in models that are suitable
for submerged use.
In existing buildings, it is often not practical to elevate or protect all electrical equipment simultaneously, but
flood protection can often be provided in a phased approach. Flood mitigation can be incorporated as equipment
needs to be replaced when it reaches its end-of-service life, becomes obsolete, or during building improvements
and modifications.

5.2.2.1 Mitigation for Primary Components
Power Transformers: The power transformer is a primary component in an electrical system that serves the
building by reducing the voltage of electricity delivered from the utility company’s distribution voltage to the building’s utilization voltage. Transformers typically reduce power from a nominal 5 or 15 kilovolts (kV) to 208 or 480
volts, and may be pole-mounted or pad-mounted. Pole-mounted transformers are usually mounted high enough
to prevent accidental contact and are typically free from significant flood risks. Pad-mounted transformers are
generally placed at grade on gravel bases or concrete pads, and thus can be damaged by flooding, particularly in
a SFHA.

5-22

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

MITIGATION MEASURES FOR NON-RESIDENTIAL BUILDINGS

5

Flood protection for transformers can be challenging. Elevation is the preferred method to reduce flood risk. However, since transformers need to be physically located close to the building’s electrical service equipment in order
to reduce the voltage loss that occurs in service laterals, elevation may be difficult unless the service equipment
is elevated as well. Dry floodproofing is an option when it protects a large portion of the building. Floodwalls or
flood barriers that only protect the transformer generally limit access; several feet of working space is typically
needed around transformers. Vehicle access is also required when transformers need to be replaced. Additionally,
pump systems are required to remove seepage and address rainwater that accumulates inside the protected area.
When transformers cannot be elevated or dry floodproofed and other portions of the electrical system can be
protected from flood damage, actions that facilitate transformer replacement can reduce functional downtime. For
example, preemptive coordination with the utility to verify that new transformers can be obtained and access can
be provided for replacement will reduce service interruptions.
Service Equipment: Service equipment is generally not flood-resistant and cannot prevent floodwater from either
entering or accumulating within. For new construction and Substantially Improved buildings, the most practical method to protect service equipment from flooding is to elevate above the required flood protection level or
provide dry floodproofing that protects equipment to the required flood protection level. As previously discussed,
elevation is the preferred option due to the inherent residual risks of dry floodproofing.
Service equipment can be elevated in place or relocated to a higher level in the building. Relocation achieves
greater flood protection; therefore, it is generally more effective at reducing flood risk. However, relocating service equipment to a higher floor requires space to be created for the equipment, which often requires relocating
existing equipment or functions on that floor to areas with greater flood risk. In-place elevation is usually easier,
but the level of achievable flood protection is generally lower. When elevating in place, access to service equipment
and working clearance around the equipment needs to be maintained. For free-standing switchboards and service
panels, elevated walkways can be built to provide access to operable components of the service equipment. This
access needs to be sized to provide the minimum working clearance required by the NEC.
Other Primary Components: Electrical distribution equipment separate from the service equipment, panel
boards, and motor control centers should be treated similarly to electrical service equipment. Primary components should be relocated to higher floors when possible, but may be elevated in place if in-place elevation is
sufficient. NEC-required access and working space must also be maintained.
Figure 5-12 shows primary equipment being mitigated by in-place elevation. Elevated platforms are created for
access. Figure 5-13 depicts an electrical system in which primary components have been relocated to higher
floors.
Electrical feeders should also be elevated, but can be routed below the required flood elevation if the feeders are
constructed of flood damage-resistant materials, are able to prevent floodwater entry and accumulation, and can
be secured and anchored to resist flood forces.
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Figure 5-12. Simplified diagram showing primary components of a non-residential electrical system mitigated by in-place
elevation. Note the source of flooding in basement areas can greatly impact the effectiveness of flood protection measures.

Figure 5-13. Simplified diagram showing primary electrical system components mitigated by relocation to higher floors.
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5.2.2.2 Mitigation for Secondary Components
As with primary components of electrical systems, the preferred approach to mitigate secondary components
is to place as many as possible above the flood protection level and use flood-resistant components below that
elevation. For new construction and Substantially Improved buildings, as well as buildings undergoing tenant
build-outs or modifications that remove interior finishes and create access to normally inaccessible areas, many
secondary electrical system components can be elevated above the flood protection level.
Components that must be placed below the flood protection level should be suitable for submerged conditions.
ASCE 24 and the I-Codes allow the use of wiring suitable for wet locations, but the wiring will more likely be
exposed to flood conditions.
As few receptacles, switches, lights, and other devices as possible should be placed below the flood protection
level. These components should be supplied from separate branch circuits protected by GFCIs. Installing wiring in
non-metallic conduit that can readily be cleaned after a flood event can facilitate recovery. Alternatively, junction
boxes can be installed above the flood protection level in branch circuits to facilitate removal and replacement of
damaged wiring below the box.
In addition, all wiring and components vulnerable to flooding
should be designed and installed to limit damage and service
losses. When elements of branch circuits are located below the
required flood elevation, they should be designed to be electrically isolated from the rest of the system. Such isolation will
allow power to be restored before flood-related electrical repairs are completed.

5.2.2.3 Mitigation for Emergency and Standby
Power Systems
Approaches for mitigating emergency and standby systems
are similar to those recommended for other elements of the
electrical system, with a few notable differences. Dry floodproofing should not be used when elevation is feasible due to
the inherent residual risk of this type of protection. Also, while
the I-Codes and standards do not mandate additional flood
protection for emergency, code-required standby, and optional
standby equipment, additional flood protection such as freeboard should be considered due to the importance of redundant
electrical power systems. Figures 5-14 and 5-15 show examples
of protection for emergency power system components.
Secondary components of emergency power systems are also
critical and should be elevated, preferably to or above the flood
protection level. In existing buildings where elevation above the
flood protection level is not feasible, secondary components vulnerable to flood damage should be electrically isolated from the
rest of the emergency or standby system.

WARNING
Electrical systems result in numerous
penetrations though wall systems.
Special attention should be placed on
dry floodproofed areas or interior core
areas. These penetrations should be
properly sealed to prevent water from
infiltrating around the conductor or
conduit. Water can also travel through
conductors or conduits; therefore,
those elements should be specifically addressed if electrical systems
are routed through wet floodproofed
areas.

NOTE
For additional details on protecting emergency power from floods
and other hazards, refer to FEMA
P-1019, Emergency Power Systems
for Critical Facilities: A Best Practices
Approach to Improving Reliability,
September 2014:
https://www.fema.gov/media-library/
assets/documents/101996
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Figure 5-14. Example of protected
emergency power system components.
The BFE (shown approximately in red)
is below the second floor so primary
components of the electrical system
were elevated well above the required
flood elevation.

Figure 5-15. Exterior view (top left) and
interior views (bottom right) of elevated
emergency generator and switchgear
at medical center in Galveston, TX.
Figure 5-14 is an exterior view of the
electric room.
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5.2.2.4 Mitigation for Miscellaneous Electrical Systems
Mitigation of miscellaneous electrical systems can be achieved using the same approach presented for branch
circuits. Primary components should be identified and elevated. Remote or ancillary components also should be
elevated where possible; otherwise they should be retrofitted to allow for automatic isolation from the rest of the
system during flood events.
IT and Communications
IT and communications systems include fiber optic, phone, and cable television (CATV). Equipment and wiring located below the flood protection level should be placed with consideration given to access for repair or
replacement. Taps should be installed off CATV splitters that feed outlets below the flood protection level to allow isolation from the rest of the system in the event of a flood. Placement of wiring in conduits may facilitate
replacement of damaged wires.
Rooms housing a large amount of IT equipment such as server rooms should be located above the flood protection level. These rooms typically need to be mechanically cooled, which should be addressed when mitigating
the HVAC system (Section 5.1.2).
Closed Circuit Television (CCTV)
Similar to IT and communications systems, CCTV and security systems often have flexibility when it comes to
locating the primary system within a building. These systems should have devices that allow for isolation of components and wiring installed below the flood protection level.
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5.3 Plumbing Systems
Plumbing systems found in non-residential buildings include domestic water systems and drain, waste, and vent
(DWV) systems. They can also include fire protection (sprinkler) systems, flammable gas piping (propane or
natural gas) systems, roof drainage systems, pools and spas, compressed air systems and, in health care facilities,
medical gas systems. Protecting plumbing and piping systems is important for maintaining the function of large
residential and non-residential buildings.
Plumbing system components can be considered primary or secondary, and their flood risks may be considered
accordingly. Table 5-4 lists the typical elements and the subsections where mitigation options are discussed.
Table 5-4. Typical elements of non-residential plumbing systems.
Potable water equipment type (Subsection)

Components

Primary components (5.3.2.1)

Water meter
Domestic water booster pumps/domestic hot water circulator
pumps
Domestic water heaters
Main piping lines/valves and fittings within main piping lines
Lateral piping line/valves and fittings within lateral piping lines

Secondary components (5.3.2.2)

Plumbing fixtures
Wastewater equipment type (Subsection)

Components

Primary components (5.3.3)

Sanitary lift pumps
Sanitary sewer lateral connection/drainage waste and vent
(DWV) piping/backwater valves

Secondary components (5.3.3)

Fixtures, grease trap

Fire suppression and Pool and Spa equipment
type (Subsection)

Components

Primary components – Fire Suppression (5.3.4)

Service riser (shut off valves, backflow prevention valves, check
valves, test points and gauges)
Fire pump and jockey pump

Secondary components - Pools and Spas (5.3.5)

Pumps and associated equipment

Figure 5-16 shows a simplified view of plumbing and piping system components in a non-residential building.
The figure shows two water services, one for fire suppression and the other for domestic (potable) water, as well
as a sanitary sewer service lateral. Both water services originate from a common service line. The figure shows a
domestic water heater and various plumbing fixtures for a low-rise building in which domestic water booster
pumps are not needed to provide adequate supply pressures on upper floors. The figure also shows a DWV system
discharging into a gravity sanitary sewer line below the building. Buildings that discharge sewage to forced mains
or sanitary sewer lines elevated higher than the building require a sewer lift pump.
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Figure 5-16. Simplified plumbing systems in a non-residential building.
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5.3.1 Flood Risks to Plumbing Systems
Floods can damage several components of a plumbing system including water heaters, booster pumps, lift pumps
and some valves components and fittings. Unlike HVAC and electrical systems, some plumbing and piping system
components are inherently flood-damage resistant such as non-metallic piping, corrosion-resistant hangers, supports and fittings, and uninsulated wet service piping.
One risk unique to potable water systems is contamination from floodwater when systems lose pressure. Because
many portions of a municipal water system are not watertight, groundwater can infiltrate the system outside of
the building when system pressure is lost. When municipal water systems become depressurized, “boil-water”
orders are often issued. Conversely, plumbing systems within buildings are sealed and infiltration is less likely even
if there is a loss in system pressure. Infiltration can occur, however, at openings or penetrations in the system, including plumbing fixtures, anti-syphon valves, and pressure relief valves.
Exposed portions of plumbing systems can be damaged by velocity flow, wave action, and debris impact associated with moving floodwater. Physical damage can occur where buried water and wastewater lines are exposed by
erosion and scour and subjected to hydrodynamic forces. This risk is highest in coastal areas, but can also occur
near floodways or wherever moving floodwater exists.

5.3.2 Mitigation for Potable Water Systems
Elevation, relocation, and component protection are all mitigation alternatives compliant with NFIP regulations
that are permitted for use in buildings in the SFHA:
n

Elevation: Elevation raises system components in place to reduce their exposure to floodwater. It is often
the only practical option for plumbing systems in existing buildings.

n

Relocation: Relocation mitigates vulnerable system components by moving them to a higher level or
higher floors. Relocation is often the mitigation option that results in the lowest residual risk, but may
require the displacement of other building equipment or functions in the building to create room for
the relocated equipment.

n

Component protection: Component protection involves the placement of equipment and components
that are below the flood protection level in a substantially impermeable enclosure or vault designed and
installed to protect against infiltration.

5.3.2.1 Mitigation for Primary Components
Water Meters: Water meter placement is determined by the service provider. Water meters are generally located
below grade to prevent freeze damage and to allow access for service and meter monitoring. If possible, the meter
should be located above the flood protection level to minimize service interruption. If the meter must be located
below this level, below grade meters and associated fittings should be flood resistant. Meters placed above grade
should be flood resistant and protected from flood forces and impact from flood-borne debris. Steel bollards are
occasionally used to help reduce potential damage from flood-borne debris impact.
Elevated water meters mounted on the building should be located on a vertical structural member on the downstream side in riverine areas, or on the landward side in coastal areas, as shown in Figure 5-17. In coastal areas,
meters and associated piping should not be mounted on breakaway walls.
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Figure 5-17. Placement recommendation for water meters exposed to moving floodwater.

Booster pumps: Booster pumps increase system pressure and overcome head loss in high-rise buildings. Unless
they are suitable for submerged applications, they should be elevated above the required flood elevation along
with their electrical supply and controls. When elevation is not possible, dry floodproofing may be used to protect
components, but the inherent risks of dry floodproofing measures should be considered.
Water heaters: Vulnerable electric and gas-fired water heaters should be elevated above the flood protection level
or located in a dry floodproofed area. Water heaters that create hot water from steam or hot water heat exchangers
are somewhat flood-resistant, but can still be damaged by flooding if their controls are submerged. Additionally,
unless flood-resistant insulation is used on those units, damage can result if the units are not elevated or protected.
Main piping lines: The portions of a building’s water piping system that are considered primary components are
those through which all water must flow to reach any portion of the building. Main sections include all portions
between the point where the water line enters the building and the first lateral tap off of the main line. The piping,
including elbows and tees, can be exposed to floodwater without creating significant flood risk, but may still be
damaged by moving floodwater, which can limit where components are installed in coastal areas and near floodways. Other components that can be damaged by floodwater include threaded fittings, valve stems, and flanged
couplings manufactured with materials that can corrode. While these components can meet the I-Code criteria for
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preventing floodwater entry and accumulation, and may be installed in a way that resists flood forces, they should
still be elevated above the required flood elevation to avoid damage from corrosion.
Floodwater can flow through gaps in the penetrations where water service piping enters the building. The risks of
floodwater entering around piping can be great in buildings with basements below grade on all sides where the
water service pipe penetration is the lowest point of entry.
In an elevated building – for example for buildings sited in a Zone V or a Coastal A Zone – the vertical section of
water service piping between the elevated building and the buried water line lateral can be exposed to moving
floodwaters, flood-borne debris, hydrodynamic forces and forces from breaking waves. Those vulnerable sections
of piping can be protected by the following methods:
1. The water service pipe can be protected from flood damage by attaching it to the landward or downstream
side of a vertical supporting structure (pillar, pile, or column) using straps. The vertical supporting structure provides support and protection from the direct impact of debris, wave action, and velocity flow. In
coastal zones where salt water and salty air can accelerate corrosion, straps attaching the pipe to the vertical supporting structure should be stainless steel or hot-dip galvanized to resist corrosion.
2. The service connection pipes can be enclosed inside a utility chase extending from ground level to a point
above the desired elevation, or to the bottom of the lowest floor. The chase should be designed to resist all
flood forces specified by ASCE 7 and should not impede the failure of walls intended to breakaway when
exposed to flood loads. Any utility chase should be designed to allow access for inspection and repairs.

5.3.2.2 Mitigation for Secondary Components
Most plumbing fixtures are considered secondary components because they are not required to operate for the
entire plumbing system to function. The portions of domestic water piping tapped from main lines are also
considered secondary components.
Wherever possible, secondary components should be installed above the flood protection level to avoid corrosive
floodwater and reduce potential for contamination if system pressure is lost. Many secondary components can
meet the I-Code requirement for preventing floodwater entry and accumulation when designed to resist flood
forces.

5.3.3 Mitigation for Drain, Waste and Vent (DWV) Systems
This section will discuss the concepts involved in preventing sewage backup and flood damage to municipal and
onsite sewage management systems so that buildings can be reoccupied as quickly as possible after floodwater
has receded.
For most buildings, the location and routing of DWV piping is dictated by the location of plumbing fixtures and
the sanitary sewer lateral, as well as the requirement that DWV piping be sloped to drain. As a result, there is
less flexibility in placing DWV piping and components than in the placement of other MEP system components.
Elevating all DWV piping and components above the required flood elevation is generally not feasible (mostly because of the location of the sanitary sewer lateral), but some flexibility for routing and placement to reduce flood
risk is typically possible. Since many DWV system components are inherently flood damage-resistant, their location does not significantly impact the overall building flood risk.
In areas prone to inundation flooding, the greatest risk associated with DWV piping is that the piping can act as
a conduit for floodwater flow into a building. Floodwater can flow through gaps in the DWV piping penetrations
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or through the DWV piping itself. The risk of floodwater entering around piping can be high for buildings with
basements in which the DWV piping penetration is often the lowest point of entry. The risk of floodwater entering through DWV can be significant when DWV piping discharges into sewer lines that can be surcharged with
floodwater during a flood.
In areas where DWV piping may be exposed to moving floodwater, the piping can be physically damaged by hydrodynamic forces and flood-borne debris impact, and undermined by erosion and scour that exposes buried
pipe sections.
The sewer service lateral connection pipe collects and discharges building wastewater to the public sewer system.
The depth of a sanitary sewer lateral is typically dictated by the relative depth of the main sewer line. In areas with
erodible soils, piping should be buried below the expected erosion and scour depth whenever possible.
Sanitary lift pumps are needed when municipal sanitary sewer lines are at a higher elevation than the building’s
sanitary sewer piping. Lift pumps are normally placed in sumps with limited storage capacity and are generally
designed for submerged operation. However, the pump controls and power supply can be damaged if not placed
in enclosures suitable for submerged installation. Control panels for pumps should be placed above the flood protection level. Wiring and components exposed to flooding should be installed in a junction box or similar casing
which serves to enclose the components to protect them for a submerged application.
In elevated buildings like those sited in V Zones or Coastal A Zones, the vertical section of DWV piping between
the elevated building and the buried sanitary lateral can be exposed to hydrodynamic forces, flood-borne debris,
and breaking waves forces. Those vulnerable sections of piping can be protected using the following methods:
1. The sewage collection pipe can be protected from flood
damage by attaching it to the landward or downstream
side of a vertical support structure (wall, pillar, pile or
column) using straps. The vertical support structure
provides protection from the direct impact of velocity
flow, debris, and wave action. In coastal zones, straps
attaching the pipe to the vertical supporting structure
should be stainless steel or hot-dip galvanized to resist
corrosion from salt spray.
2. The service connection pipe can be enclosed inside a
utility chase extending from ground level to a point
above the flood protection level, or the bottom of the
lowest floor. The chase should be designed to resist all
flood forces specified by ASCE 7, should not impede the
failure of breakaway walls, and should allow access for
inspection and repairs.
Backflow Valves: Installing backflow valves in DWV pipes in the
sanitary sewer lateral can help prevent wastewater backup into a
building when the sanitary sewer system is surcharged.
There are various types of backflow valves, including check
valves, gate valves, and other valves.

NOTE
ASCE 24, Sec. 7.3 Sanitary
Plumbing Systems
• Openings below the required
elevation should be protected with
automatic backwater valves or
backflow devices
• Redundant
backflow
devices
requiring human intervention are
permitted
• Sanitary system vent openings
should be elevated
The I-Codes contain criteria on the
installation of backwater valves that
may control where they can be used.
Check with the local water authority
for potential restrictions on the use of
backflow valves.
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Check Valves: Check valves allow for one-direction flow; flow from the opposite direction automatically shuts
the valve. Installing a check valve in the sewer service connection pipe ensures that sewage can flow out of the
collection system into the public sewer or on-site treatment system during non-flood conditions, but cannot
flow back into the building during flood events. One disadvantage of check valves is that they can be susceptible
to debris and blockage. Some manufacturers add a shear gate mechanism that can be manually operated to close
the drain line when backflow conditions are anticipated, but remains open during normal use. When manuallyoperated backflow valves are used, the time necessary to close the valves should be factored into the emergency
operations plan.
Gate Valves: Gate valves allow flow in both directions when open, but prevent flow in either direction when
closed. Gate valves can be closed manually or electronically, but are less susceptible to debris and blockage than
check valves. For the best protection against sewage backup, a combination of a check valve and a gate valve should
be installed (see Figure 5-18). With a combination of these two types of valves in use, backed-up sewage would
shut the check valve automatically. Then, closing the gate valve either manually or electrically would seal the pipe.
Other Valves: In older buildings, floor drains may discharge to piping that connects to sanitary sewer lines, allowing a surcharged sanitary main to backflow contaminated water into a basement through the drains. Ball float
check valves, which sense the presence of water and “float” to cut off water flow, can be installed on the bottom
of outlet floor drains to prevent backflow of floodwater through the drain. Figure 5-19 shows one style of ball
float valve. The valve can also reduce flood risk when floor drains are connected to foundation drains and storm
drains that can become surcharged under flood conditions.
Figure 5-18. Combination check valve
and gate valve.

5-34

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

5

MITIGATION MEASURES FOR NON-RESIDENTIAL BUILDINGS
Figure 5-19. Floor drain with ball float
check valve.

5.3.4 Mitigation for Fire Suppression Systems
Fire suppression systems consist of fire protection service piping; service valves; backflow valves; main sprinkler
risers; lateral piping; sprinkler heads; flow, pressure and tamper switches; standpipes; and fire pumps and fire
pump controls.
Many fire suppression components have some inherent resistance to flood damage because the piping is watertight (wet systems) or airtight (dry systems) and is installed along the ceilings of buildings (see Figure 5-20).
However, floodwater can enter a building wherever fire suppression piping does, particularly when piping enters
a subgrade basement. Therefore, fire suppression components should still be elevated when possible to prevent
floodwater from coming in contact with fire suppression piping and reduce the risk of corrosion by floodwater.
When piping must be installed in flood-prone areas, steps should be taken to facilitate the removal of floodwater and its corrosive contaminants. Fire suppression piping exposed to moving floodwater should be installed to
prevent damage from flood effects. The steps described in Section 5.3.2 for domestic water piping and the steps
discussed in Section 5.3.3 for DWV piping are appropriate for fire suppression piping.
Some components of fire suppression systems such as fire pumps and controls are inherently vulnerable to flood
damage. Where possible, components of fire suppression systems vulnerable to flood damage should be elevated
above the flood protection level or protected by dry floodproofing.
Figure 5-20. Fire protection piping and
sprinkler heads installed along the
building ceiling.
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5.3.5 Mitigation for Pools and Spas
The material presented in this section focuses on protecting the equipment needed to operate pools and spas not on
the actual operation of pools and spas. Several codes and standards govern the construction of pools and spas and
many of them contain additional criteria for pools and spas placed in Special Flood Hazard Areas. Codes, standards
and guides that relate to pools and spas include: The International Code Council’s 2015 Swimming Pool and Spa Code
(ISWPC), ASCE 24 Flood Resistant Design and Construction, FEMA P-55 Coastal Construction Manual, and FEMA P-499 Section
8.2 Decks, Pools and Accessory Structures.
The I-Code’s flood provisions include relevant excerpts from the ISWPC:
n

[BS] 304.4 Protection of equipment. Equipment shall be elevated to or above the design flood elevation
or be anchored to prevent floatation and protected to prevent water from entering or accumulating
within components during conditions of flooding.

n

304.5 GFCI protection. Electrical equipment installed below the design flood elevation shall be supplied
by branch circuits that have ground-fault circuit interrupter protection for personnel.

Chapter 9.6 of ASCE 24-14 specifies that:
n

In-ground and above-ground pools shall be designed to withstand all flood-related loads and load
combinations. Mechanical equipment for pools such as pumps, heating systems and filtering systems,
and their associated electrical systems shall comply with Chapter 7.

n

Pools and spas require equipment that maintains water quality and, in heated pools and spas, water
temperatures. Pool and spa equipment includes pumps that circulate water, filters that remove particulate
materials, and equipment that eliminates coliform bacteria and prevents waterborne pathogens. The
equipment also includes piping that connects pumps and filters to pools or spas; water supply piping for
filling pools and spas; piping for drainage, discharge and backwashing; and electrical supplies for pumps
and sanitation equipment.

Mitigation recommendations for pool and spa equipment are similar to those for other MEP systems (Sections
5.1, 5.2 and 5.3). Equipment should be elevated above the regulatory flood elevation where possible or should
be flood-resistant to prevent water entry and accumulation when placed below the regulatory flood elevation.
Equipment elevation may be limited by normal operation requirements. For example, circulator pumps typically
need a net positive suction head (i.e., a minimum amount of pressure at the pump inlet) to prevent cavitation
and facilitate priming. Elevation of in-ground pool and spa pumps may experience problems with pump function
and proper operation. In those cases, the equipment should be elevated as high as possible. When the pump and
filtration system is replaced, provisions for pump elevation should be included in the new system design. In some
mixed-use apartments or non-residential buildings, pools and spas are located on the lowest level of the building,
sometimes far below the flood protection level. In this case, dry floodproofing should be used to protect the filter
and pump equipment; this is often accomplished by placing the equipment in a substantially impermeable vault.
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5.4 Fuel Systems and Tanks
Non-residential and large residential buildings are often served by fuel systems that supply HVAC components like
furnaces and boilers and plumbing system components like water heaters. Flammable gas supplies like liquid propane (LP) and natural gas (NG) can also supply appliances such as ranges, ovens and clothes dryers. Fuel systems
can also supply standby generators.
Fuel systems can be considered as consisting primary components and secondary components. Unlike other MEP
systems that may have several secondary components, fuel systems contain relatively few secondary components
because nearly all components are needed to supply fuel-burning devices.
Table 5-5 lists the components of fuel systems typically found in non-residential buildings. Components of buildings with an on-site fuel system and a natural gas (NG) system are shown in Figure 5-21. Note that, unlike
other systems discussed previously, all fuel system components are considered primary components. In buildings
served by liquid propane (LP), the NG meter and service lateral would be replaced with an LP regulator and above
ground or underground propane tank.
Table 5-5. Typical elements of non-residential fuel systems.
Fuel equipment type (Subsection)

Components

Primary components – Fuel system components (5.4.2)

Above ground storage tanks (fuel oil or propane)
Underground storage tanks (fuel oil or propane)
LP regulator
NG meter and pressure regulator
Fuel oil and gas piping, critical valves, unions and fittings
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Figure 5-21. Typical elements of a non-residential building supplied with liquid fuel or flammable gas.

5-38

PROTECTING BUILDING UTILITY SYSTEMS FROM FLOOD DAMAGE

Principles and Practices for the Design and Construction of Flood Resistant Building Utility Systems

5

MITIGATION MEASURES FOR NON-RESIDENTIAL BUILDINGS

5.4.1 Flood Risk to Fuel Systems
Flood risks for fuel systems include damage from hydrostatic forces when components are submerged, damage
from hydrodynamic forces and flood-borne debris when components are exposed to moving floodwater, and
corrosion from exposure to floodwater. Control devices like pressure regulators, solenoids, and meters can also
be destroyed when exposed to floodwater. With NG and LP systems, floodwater can also extinguish pilot lights,
creating a potential fire risk.
Propane and fuel oil tanks are common in buildings where natural gas service is not available and may be installed
above or below ground. Propane tanks are placed outside of the building, while fuel oil tanks may be either inside
or outside. Both underground and above-ground fuel tanks are vulnerable to flood damage as described below:
n

Submerged tanks are subject to buoyant forces. Buoyant forces are proportional to the volume of
floodwater displaced. For underground tanks, if the buoyant forces exceed the weight of the tank, the
fuel within the tank, and soil above the tank, then the tank will float. Above-ground tanks can also be
subject to buoyant forces if the force exceeds the weight of the tank and the fuel within the tank. Tank
displacement can damage fuel lines and cause fuel to spill.

n

Submerged tanks can be crushed by hydrostatic forces.
For each foot of flood depth, freshwater flooding
exerts compressive pressures of 62.4 psf of tank surface
while saltwater exerts 64 psf. Tanks exposed to deep
floodwater are more prone to crushing failure. Tanks
placed on a basement floor can be exposed to larger
compressive forces than tanks placed in a shallower
crawl space. Underground fuel tanks will be exposed
to greater compressive loads than fuel tanks placed at
grade.

n

Tank vents, which prevent tanks from being overpressurized during filling, can become conduits for
floodwater entry if they are not watertight and do
not extend above predicted flood levels. Since water is
denser than fuel oil, floodwater entry will displace fuels
and spill the contents. Floodwater can also flow into fill
pipes if the fill pipes lack watertight caps.

NOTE
For an example of how crushing pressures increase with flood
depth, see RA2 (Reducing Flood
Effects in Critical Facilities) of FEMA
P-942, Mitigation Assessment Team
Report: Hurricane Sandy in New
Jersey and New York: https://www.
fema.gov/media-librar y/assets/
documents/30966.

In coastal areas and riverine areas near floodways, fuel system components can be exposed to the damaging effects
of moving floodwaters that include hydrodynamic, breaking wave, and flood-borne debris impact forces. Aboveground tanks and fuel piping serving elevated buildings constructed over open foundations can be particularly
vulnerable. When exposed to moving floodwaters, buried fuel system components may be exposed when soils
are displaced by erosion and scour.

5.4.2 Mitigation for Fuel Systems and Tanks
Elevating fuel system components, preferably above the required flood elevation, is the most effective method
of reducing flood risks to fuel systems. While ASCE 24, the I-Codes, and the International Fuel Gas Code (IFGC)
allow components below the required flood elevation (provided they are installed to prevent water entry and accumulation and resist flood forces), exposing fuel system components to floodwater should be avoided to reduce
potential equipment damage from corrosion and fuel discharge.
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When elevation above the flood protection level is not feasible, fuel tank systems for new construction and Substantially Improved buildings must be designed to resist flood loads and prevent the release of their contents. ASCE
24 also requires that both above-ground and underground tanks be designed and installed to resist 1.5 times the
flood loads acting on an empty tank. Those loads include buoyancy forces that can dislodge tanks as well as compressive forces that can crush tanks exposed to floodwater.
All fill lines, pipes, and connections should include appropriate
valves or other components to prevent floodwater from contaminating the tanks and fuels from escaping during a flood. Even
NOTE
tanks in interior protected areas or dry floodproofed rooms may
Refer to Section 5W.13 of FEMA
still have fuel lines that run through an area exposed to flooding.
P-259, Engineering Principles and
All fuel lines running from tanks to boilers, furnaces, or emerPractices for Retrofitting Flood-Prone
gency power systems should be properly anchored to resist flood
Residential Structures, for additionforces and sealed to prevent leakage that could cause further conal details on how to determine the
tamination of floodwater and the building. Wall penetrations
net buoyance force on a tank and the
should be properly sealed to prevent inundation. Installing fuel
volume of concrete required to offlines through a utility chase from lower building levels to equipset buoyancy: https://www.fema.gov/
ment located above the flood protection level is recommended.
media-library/assets/documents/3001.
Tank vents should extend above the flood protection level or be
provided with check valves that prevent floodwater from entering through the vents when submerged. Utility chases should be
floodproofed if it is not possible to protect them from hydrostatic pressures in the space below the flood protection level. Failure of a check valve can result in contaminated fuel; thus, extending vent lines above the required
flood elevation is recommended by NFPA 30.
Fuel pumps and their controls should be protected from flooding. There are two general types of pumps: submersible pumps and external pumps. Submersible pumps, installed in the fuel tank, are typically used in underground
tanks and sometimes in above-ground tanks. External fuel pumps are generally not resistant to floodwater and
should only be used when located in dry floodproofed areas or vaults. The pump controls and motors for both
types of pumps should be elevated, dry floodproofed, or designed for submerged operation and be connected to
an emergency power system.
To reduce fire risk, codes may require large fuel tanks to be installed on the lowest floor of a building. When
located in or near a SFHA, however, tanks placed on the lowest floor can be exposed to flooding. Tanks are available that can resist flood forces and prevent the discharge of fuel during a flood. Alternatively, tanks which are not
flood-resistant can be installed in substantially impermeable areas that will prevent the tank, associated piping
and equipment from floodwater exposure. Such areas are often referred to as vaults and are typically constructed of reinforced concrete because the concrete mass helps counteract buoyancy and resists hydrostatic pressures.
Steel vaults, which are typically lighter than concrete, can also be used, but generally require additional mass
or anchorage to resist buoyant forces. Rooms containing tanks require access and ventilation to avoid explosive
concentrations of fumes, so they must be equipped with specially designed watertight submarine doors with substantially impermeable seals, as well as ventilation equipment that vents above the required flood elevation. Also,
due to the difficulty of creating an impermeable barrier seal, provisions should be included to address floodwaters
seeping into the vault. Figure 5-22 depicts a fuel tank and fuel pump placed in a below grade vault. Figure 5-23
shows a fuel tank placed in a below grade vault and its access door.
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Figure 5-22. Fuel tank and fuel equipment protected within a flood-resistant vault.

Figure 5-23. Fuel tank placed in floodproof vault in basement of
commercial high-rise (New York, NY).

Tanks and fuel system components exposed to moving floodwaters should, wherever possible, be elevated above
the required flood protection level. When fuel system components must pass through areas exposed to moving
floodwaters, they should be secured to resist flood forces, protected from flood-borne debris impact, and constructed with flood-resistant materials. Fuel system components should not be installed on breakaway walls.
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In A Zones, tanks can be elevated on platforms, frames, or on structural fill. In V Zones and Coastal A Zones, structural fill is not allowed for tanks serving new construction or Substantially Improved non-residential buildings.
When elevated, the tanks themselves will not be exposed to flood forces, but still need to be secured to the platform with straps or anchors to prevent movement from high winds or seismic events. In coastal zones, anchors
should be made of corrosion-resistant materials to prevent damage from salt spray.
In V Zones and Coastal A Zones, the platform should be supported by posts or columns that are adequately designed for all loads including flood, wind and seismic. Bracing may be required to address loads from moving
floodwater and structural redundancy may be appropriate to protect against debris impact. Figure 5-24 shows
flood protection measures appropriate for components exposed to moving floodwater.

Figure 5-24. Protection of fuel system components exposed to moving floodwaters.
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5.5 Conveyances – Elevators and Escalators
Elevators are the most common vertical conveyances found in non-residential and large residential buildings. All
elevators include a cab or platform that moves along rails located within a shaft and are powered by one or more
motors, as well as other equipment. The two primary types of elevators used for large residential and non-residential buildings are hydraulic elevators that push the elevator cab using a piston and traction elevators that hoist
the cab using one or more cables. Hydraulic elevators are typically used in low-rise construction while traction
elevators are most commonly installed in high-rise construction. The typical elements of non-residential hydraulic and traction elevators are shown in Figure 5-25.
In addition to elevators, non-residential buildings and public facilities may provide access between floors using
escalators, which is a moving staircase consisting of a continuous chain of stairs on tracks connected in a loop.
Escalators are powered by one or more motors and other equipment. Most escalators in non-residential buildings
are located in the building’s interior, and therefore can often be located above the flood protection level. However,
many public facilities, such as transit stations, have indoor escalators located below the flood protection level, as
well as outdoor escalators that can be directly exposed to flooding and other weather-related hazards. Typical elements of non-residential escalators are shown in Figure 5-26.
Table 5-6 provides a list of the typical elements of non-residential elevators and escalators and where they are
addressed in this chapter. Note that, unlike most other systems discussed in this chapter, all conveyance system
components are considered primary components.
Table 5-6. Typical elements of non-residential conveyances.
Conveyance Equipment Type (Subsection)

Components

Primary components - Elevators (5.5.1)

Elevator shafts and enclosures
Elevator cabs and equipment

Primary components - Escalators (5.5.2)

Indoor escalators
Outdoor escalators
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Figure 5-25. Typical elements of non-residential and large residential hydraulic elevators (left) and traction elevators (right)
(Source: Otis Elevator Company).
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Figure 5-26. Typical elements of an escalator (Source: Otis Elevator Company).
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5.5.1 Mitigation for Elevators
Flood mitigation strategies for protecting various components
of elevator systems are described below.

NOTE
Elevator shafts (enclosures): For low-rise elevators, particularly those added as a post-construction retrofit, shafts are
usually installed independent of an outside wall. Most highrise elevators are inside the structure. In either case, the shaft
must have a landing, usually at the ground level, with a pit
at a lower level that is almost always below the flood protection level. Since elevator shafts and enclosures below the
flood protection level are not required to include hydrostatic openings or breakaway walls, they may obstruct the flow
of floodwater, and are therefore highly susceptible to damage
from various flood forces including erosion and scour below
elevated buildings. Consequently, elevator enclosures must be
designed to resist hydrodynamic and hydrostatic forces as well
as erosion, scour, and waves, particularly in V Zones. TB 4 recommends that elevator shafts/enclosures extending below the
flood protection level be constructed of flood damage-resistant materials such as reinforced masonry, block, or reinforced
concrete walls, and be located on the landward side of the
building to provide increased protection. Further, designs for
nearby or adjacent structural elements of the building should
take into account the impacts of obstructed flow in coastal and
high-velocity riverine flood zones.

For additional information on elevator systems and mitigation methods,
refer to FEMA NFIP TB 4, Elevator
Installation for Buildings Located
in Special Flood Hazard Areas in
Accordance with the National Flood
Insurance Program, November 2010.

Elevator cabs and equipment: Some equipment common to
all elevators will be damaged by floodwater unless protected.
Perhaps most vulnerable is the elevator cab. Depending on the
size of the cab and the interior materials used, elevator cabs
can be expensive to replace. Flood damage to elevator cabs
can be avoided by installing a detection system with one or
more float switches in the elevator shaft to prevent the elevator cab from descending into floodwater (see Figure 5-27).
Where possible, elevator equipment such as electrical controls
and hydraulic pumps should be placed above the flood protection level. In some cases, it may be necessary to place elevator
equipment such as switches and controls below the flood protection level in the elevator pit. If equipment must be located
below the flood protection level, it should be protected using
flood damage-resistant components. Any electrical equipment installed in the hoist way below the floode protection
level should be in a NEMA Type 4-rated enclosure for water
resistance. Some elevator equipment manufacturers offer water-resistant components; design professionals should contact
suppliers to determine the availability of these components.
Figure 5-27. Float switch to control cab descent
(Source: Otis Elevator Company).
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Relocation for elevator systems: Relocation is another flood
mitigation method to consider for elevator systems in large
non-residential buildings and critical facilities such as hospitals,
where vertical transportation is essential to support continued
operations. Relocation involves raising one or more elevators in
a building so that the shaft landing terminates on a higher floor
that is above the flood protection level, with the elevator pit floor
and equipment also raised above the flood protection level. When
supported by an elevated emergency power system, relocated elevators can continue to provide service during a flood that disables
other elevators in the building. Stairs or ramps may be used to
access the newly elevated lowest floor. This mitigation method
was adopted by some New York City hospitals after their elevator systems were inundated by Hurricane Sandy in 2012 (see
Figure 5-28).

NOTE
For additional information on elevator
system damage to high-rise residential buildings and critical facilities,
refer to FEMA’s Mitigation Assessment
Team
Report,
FEMA
P-942,
Hurricane Sandy in New Jersey and
New York, November 2013. https://
www.fema.gov/media-library/assets/
documents/85922.

Figure 5-28. Hydraulic elevator in
New York City hospital flooded during
Hurricane Sandy.

5.5.2 Mitigation for Escalators
Most components for indoor escalators located in non-residential buildings can be located above the flood protection level. Similarly, outdoor escalators and their components that are exposed to the elements, but are located
above the flood protection level can be constructed of flood-resistant materials that are connected to pumps so as
to limit the entry of runoff into escalator landings. However, facilities with indoor or outdoor escalators that are
installed below the flood protection level will have equipment that cannot be elevated above this level, and thus
will remain exposed to potential flood damage. In this case, placement of equipment below the flood protection
level should be minimized. These escalators should be designed and constructed in a way that facilitates repair
and component restoration after flooding.
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Appendix A –
FEMA Assistance
FEMA assistance is available to help property owners implement flood retrofitting projects. The sources of the
assistance are the Increased Cost of Compliance (ICC) coverage in Standard Flood Insurance Policies from the National Flood Insurance Program (NFIP) (see Section A.1), FEMA’s Hazard Mitigation Assistance (HMA) Programs
(see Section A.2), and Section 406 Hazard Mitigation funding under the Public Assistance (PA) Program (see
Section A.3). Resources on FEMA funding are listed in Section A.4.

A.1 Increased Cost of Compliance Coverage
Property owners who have Standard Flood Insurance Policies for buildings in Special Flood Hazard Areas (SFHAs)
are eligible to receive up to $30,000 (as of April 2016) to bring the building into compliance with State or local
floodplain laws or ordinances and building code requirements. The building must have substantial or repetitive
flood damage to be eligible for ICC funds. ICC coverage can be used for elevating, relocating, and demolishing
residential and non-residential buildings, or floodproofing a non-residential building.
ICC claims are adjusted separately from flood damage claims
filed under the Standard Flood Insurance Policy. ICC coverage
is provided in all new and renewed Standard Flood Insurance
Policies in the NFIP.
An ICC claim may be paid if the property is determined to be
Substantially Damaged by a State or local official or a repetitive
loss property, which are defined as follows:

NOTE
For more information on ICC coverage, see FEMA P-301, NFIP
Increased Cost Compliance (ICC)
Coverage (FEMA 2003). http://www.
fema.gov/media-librar y/assets/
documents/1973

n

Substantially Damaged. The cost of repairing flood
damage equals or exceeds 50 percent of the building’s
pre-damage market value.

n

A repetitive loss property. At least two losses in 10 years have occurred in which the cost of repair, on
average, equaled or exceeded 25 percent of the building’s market value at the time of each flood.
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Additionally, the State or community must have a cumulative Substantial Damage provision or repetitive loss provision in its floodplain management law or ordinance being enforced against the structure to be eligible for an
ICC claim payment.

A.2 FEMA’s Hazard Mitigation Assistance Programs
FEMA’s HMA Programs present a critical opportunity to reduce the risk to individuals and property from natural
hazards while simultaneously reducing reliance on Federal disaster funds. The programs are authorized by Section
404 of the Robert T. Stafford Disaster Relief and Emergency Assistance Act of 1988, as amended (Title 42, United
States Code [U.S.C.] 5170c), Section 203 of the Stafford Act, 42 U.S.C. 5133 and Section 1366 of the National
Flood Insurance Act of 1968, as amended (42 U.S.C. 4104c). All programs are subject to changes in statutory requirements and amounts of authorized assistance.
All mitigation projects must be cost-effective, cost reasonable and technically feasible and meet Environmental
Planning and Historic Preservation requirements in accordance with HMA Program requirements. States, territories, federally recognized Indian tribal governments, and communities are eligible and encouraged to take
advantage of funding provided by the following HMA Programs in both the pre- and post-disaster time frames:
n

Hazard Mitigation Grant Program (HMGP). Provides
grants for long-term hazard mitigation measures
after a major disaster declaration in a given State. The
purpose of HMGP is to reduce the loss of life and
property as a result of natural disasters and to enable
the implementation of mitigation measures during the
recovery from a disaster.

NOTE
For more information on FEMA
Hazard Mitigation Assistance programs, see http://www.fema.gov/
hazard-mitigation-assistance.

n

Pre-Disaster Mitigation (PDM) Program. Provides
nationally competitive grants for hazard mitigation
planning and implementing mitigation projects before a disaster event. Funding the plans and projects
reduces the risk to people and property and the reliance on funding that is authorized after a Presidential
disaster declaration to rebuild.

n

Flood Mitigation Assistance (FMA) Program. Provides grants for certain flood mitigation projects to
reduce or eliminate flood risk to buildings, manufactured homes, and other buildings that are currently
NFIP insured. The National Flood Insurance Fund (NFIF) provides the funding for the FMA program.

HMGP is available, when authorized under a Presidential major disaster declaration, in the areas of the State requested by the Governor. The PDM and FMA programs are subject to the availability of appropriation funding, as
well as any program-specific directive or restriction made with respect to such funds. Table A-1 is a summary of
the flood mitigation projects related to building utility systems that are eligible for funding under HMA Programs.
Figure A-1 shows the process for FEMA grant applications and approvals. The process is divided into five stages,
starting with mitigation planning and ending with project closeout. The process requires coordination among
FEMA, the State, and the local government. The coordination is represented by the three rings in the figure. Regardless of which HMA Program the funds will come from, the FEMA grants cycle process includes the five stages
shown in Figure A-1 and described in Sections A.2.1 through A.2.5.
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A.2.1 Stage 1: Mitigation Planning
All project grant applications require a State or tribal multi-hazard mitigation plan. The plan must describe the
process for identifying the hazard risks in a community and the actions that will help reduce the risks. Non-residential flood mitigation projects that are proposed for FEMA funding under HMA Programs must be consistent
with the State’s or tribe’s mitigation plan. The mitigation planning process requires public participation and the
identification of measures to reduce risks and is therefore a good opportunity for property owners to address concerns
about flood hazards. More information is available at http://www.fema.gov/hazard-mitigation-planning-overview.
Table A-1. Flood Mitigation Projects Eligible for Funding Under HMA Programs.
HMA Programs
Eligible Activities

HMGP

PDM

FMA

Dry Floodproofing of Historic Residential Structures

3

3

3

Dry Floodproofing of Non-Residential Structures

3

3

3

Generators

3

3

Structural Retrofitting of Existing Buildings

3

3

3

Non-structural Retrofitting of Existing Buildings and
Facilities

3

3

3

SOURCE: Unified Hazard Mitigation Assistance Guidance (FEMA, 2015). Refer to the current fiscal year’s HMA Guidance for current
eligibility requirements when referencing this table.
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Figure A-1. HMA grants cycle process and the roles and responsibilities of FEMA and State and local governments.

A.2.2 Stage 2: Program Funding
HMA Programs enable hazard mitigation measures to be implemented before, during, and after disasters. Funding
depends on the availability of appropriation funding or is based on disaster recovery expenditures, as well as any
directive or restriction made with respect to such funds. HMGP funding depends on Federal assistance provided
for disaster recovery following a Presidential disaster declaration in a State, and PDM and FMA funding may be
authorized annually by Congress.
When the application period opens, the State notifies local governments of the availability of funds and relays information about the application process, project requirements, and eligibility criteria for the local government.
Table A-2 shows the cost-share requirements for the HMA Programs. Property owners should work with their local governments to express interest in participating in a flood mitigation project; the local government can then
submit a subapplication to the State and request HMA funding. In general, the community applying for the grant
must participate in the NFIP. Eligible subapplicants include State agencies, Indian tribal governments, local governments and communities, and private non-profit organizations.
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Table A-3 lists the eligibility of subapplicants for HMA Program grant funding.
Table A-2. Cost-Share Requirements for the HMA Program Grants.
Cost Share Requirements
(% Federal/Non-Federal Share)
HMA
Program
HMGP
PDM

FMA

Mitigation Activity

Recipient
Management Costs

Subrecipient
Management Costs

All subrecipients

75/25

100/0

-/-1

General subrecipients

75/25

75/25

75/25

Subrecipient is small and
impoverished community

90/10

75/25

90/10

Tribal Recipient/subrecipient
is small and impoverished

90/10

90/10

90/10

Insured properties and
planning grants

75/25

75/25

75/25

Repetitive loss property2

90/10

90/10

90/10

Severe repetitive loss
property2

100/0

100/10

100/10

Subcategory

SOURCE: Unified Hazard Mitigation Assistance Guidance (FEMA, 2015). Refer to the current fiscal year’s HMA Unified Guidance for
current ratios when referencing this table.
1. Subapplicants should consult their State Hazard Mitigation Officer (SHMO) for the amount or percentage of HMGP subrecipient
management cost funding their State has determined to be passed through to subrecipients.
2. To be eligible for an increased Federal cost share, a FEMA-approved State or Tribal (Standard or Enhanced) Mitigation Plan
that addresses repetitive loss properties must be in effect at the time of award, and the property that is being submitted for
consideration must be a repetitive loss property.

Table A-3. Eligibility of Subapplicants for HMA Program Grants.
Entity

HMA Programs
HMGP

PDM

FMA

State agencies

4

4

4

Federally-recognized tribes

4

4

4

Local governments/communities

4

4

4

Private nonprofit organizations (PNPs)

4

1

SOURCE: Unified Hazard Mitigation Assistance Guidance (FEMA, 2015). Refer to the current fiscal year’s HMA Unified Guidance for
current eligibility of subapplicants when referencing this table.
1. Local governments/community may include non-federally recognized tribes, or consistent with definition of local government at
44 CFR 201.2, may include any Indian tribe or authorized tribal organization, or Alaska Native village or organization that is not
federally recognized per 25 U.S.C. 479a et seq.

A.2.3 Stage 3: Application Development
Businesses cannot apply for HMA funds, so the non-residential property owner must work with the local government to develop a project subapplication on behalf of the owner. Local governments may submit a retrofit project
for a property as an individual subapplication or combine it with other projects as part of an aggregate subapplication (subject to program restrictions). Aggregating benefit and cost values is allowed for multiple buildings if
they are all vulnerable to damage from similar hazard conditions. See the current version of the HMA Unified Guidance
(periodically updated) for information on aggregating projects in one subapplication.
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Key elements for non-residential flood mitigation applications are:
n

Identification of the property to be mitigated.

n

Identification of key project personnel and roles, such as design professional and contractor.

n

Selection of an eligible project (see Table A-1).

n

Inspection of the building by a registered design professional to verify that the project can be implemented
if possible; if not done at this stage; it must be done during Stage 4, Project Implementation (see Section
A.2.4).

n

Development of a project cost estimate and work schedule.

n

Benefit-Cost Analysis (BCA) using FEMA’s BCA software (see Appendix B for additional information); if
the benefit-cost ratio (BCR) is 1.0 or more, the project is cost-effective. FEMA requires a BCR of 1.0 or
greater for funding.

n

Verification that properties in designated SFHAs will obtain flood insurance and that the insurance will
be recorded on the property deed.

The local government submits the subapplication to the State. The State then selects projects based on its priorities
and submits applications to FEMA for review. FEMA reviews the projects for eligibility, completeness, engineering
feasibility, cost-effectiveness, cost reasonableness, and environmental and historic preservation documentation.
The review process also confirms that all hazard mitigation activities adhere to all relevant statutes; regulations;
program requirements, including other applicable Federal, State, tribal, and local laws; implementing regulations;
and Executive Orders, all of which are detailed in the grant program guidance. The most current version of the
guidance can be found at the FEMA HMA website (http://www.fema.gov/hazard-mitigation-assistance).
Once FEMA approves a project and awards the grant, the State distributes the funds to the local government,
which distributes it to individuals as appropriate. No construction activities should begin until after the money
has been awarded because HMA funding is not available for activities initiated or completed prior to award or
final approval.

A.2.4 Stage 4: Project Implementation
After the State has awarded the funds to the local government, the next stage is project implementation. HMA
projects must be completed within a specified period of time (the period of performance), which is normally not
more than 36 months. During the period of performance, the local government must maintain a record of work
and expenditures for the quarterly reports that the State submits to FEMA.
Because the final design may not be completed prior to award, once the project is awarded, the design must be finalized by a registered design professional with some exceptions. If the scope of work or cost estimate changes as
a result of completing the final design, the HMA Unified Guidance should be consulted for direction on scope of
work modifications. If there is already a final design when the grant is awarded, the subgrantee can proceed with
the appropriate contracting procurement procedures to secure the services of a contractor to execute the requirements in the design and grant documents.
Some grant projects do not require the services of a design professional. In these circumstances, once the grant is
awarded, the subgrantee can proceed with appropriate contracting procurement procedures to secure the services
of a contractor to execute the requirements in the contract documents necessary to perform the work in the approved grant.
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To summarize, the basic steps in implementing an approved HMA mitigation flood retrofit grant project are:
1. If a design was not developed before Stage 3, secure a registered design professional to design, inspect,
and sign off on a mitigation retrofit solution within the bounds of the approved grant.
2. If a design solution was developed before Stage 3 or if a registered design professional is not needed because of the nature of the work, secure the services of a contractor to execute the work in the approved
grant.
3. Monitor the work being performed to ensure that all grant requirements are being met.
4. Inspect the finished project and verify that all grant requirements have been met. Work with the designer
/contractor to resolve any issues of concern and work with the State in closing out the grant after all requirements have been met.

A.2.5 Stage 5: Project Closeout
When the grant project has been completed, a registered design professional (preferably the same one as above)
should conduct a final inspection and verify in writing that the project he or she designed/signed off on was implemented as intended in the approved grant. If a contractor was the only professional who performed the work,
the contractor should verify in writing that he or she performed the work as outlined in the contract and the grant.
It is crucial for the subgrantee to ensure that the grant requirements have been met through any contracts the
subgrantee has have with design professionals or contractors because the subgrantee is ultimately responsible for
meeting the grant requirements. Poorly written contracts can result in work that complies with the contract but
is noncompliant with the grant requirements. The written verification of the work performed along with other
project documentation demonstrating grant compliance will help facilitate a smooth, efficient project closeout.
After obtaining project verification from the designer/contractor, the subgrantee then submits the grant project
documentation to the State. The State verifies that the work was completed in accordance with the approved grant
documentation, including the grant scope of work, and performs the closeout procedures. If the property is in a
SFHA, the local government must provide documentation of flood insurance for the property and a copy of the
recorded deed amendment. The HMA Unified Guidance contains a description of all closeout requirements that
must be addressed.

A.3 The Public Assistance Program and Section 406 Hazard
Mitigation Funding
The Public Assistance (PA) Program is a grant program authorized by the Robert T. Stafford Disaster and Emergency Assistance
Act (the Stafford Act) to make funding available for response
and recovery efforts after the President has declared a disaster
or emergency.
After the declaration is made, FEMA determines which locations are eligible for assistance under which categories of work.
Eligible disaster-related work, which is either emergency or permanent work, is divided into seven categories, as listed below.
The first two categories are emergency work, and the other categories are permanent work.

NOTE
More information on the Stafford
Act and Section 406 is available at:
https://www.fema.gov/95261-hazard-mitigation-funding-under-section406-stafford-act.
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n

Category A: Debris Removal (Emergency Work)

n

Category B: Emergency Protective Measures (Emergency Work)

•n

Category C: Roads and Bridges (Permanent Work)

n

Category D: Water Control Facilities (Permanent Work)

n

Category E: Buildings and Equipment (Permanent Work)

n

Category F: Utilities (Permanent Work)

n

Category G: Parks, Recreational Facilities, and Other Items (Permanent Work)

Entities that are eligible to apply for PA funding are limited to State agencies, local governments, private nonprofit
organizations (which must meet stringent requirements to be determined eligible), and federally recognized Indian tribes or authorized tribal organizations and Alaskan Native village organizations.
Under the PA Program, the FEMA/State cost share is usually 75 percent/25 percent, although the cost share is
subject to change based on the severity of the disaster. Applicants are reimbursed for eligible costs under the categories of work that FEMA has determined eligible for reimbursement under that specific disaster declaration.
The PA Program has a required focus on restoring damaged infrastructure to its pre-disaster function and capacity. Section 406 of the Stafford Act allows funding of mitigation measures that go beyond restoring a facility to
its pre-disaster condition and is applied only to the damaged element of the facility. Mitigation measures must
be cost-effective, cost reasonable, technically feasible and meet Environmental Planning and Historic Preservation
requirements in accordance with Federal laws, regulations, and Executive Orders and must reduce the risk of damage from future similar events to be eligible for Section 406 funding.
Only projects involving permanent work are eligible for Section 406 hazard mitigation funding. Hazard mitigation
measures under Section 406 are considered part of the total eligible cost of the repair, restoration, reconstruction, or relocation of a facility. Funding under Section 406 is not applicable to alternate or improved projects if a
new replacement facility is involved. Upgrades to meet applicable codes and standards are also not eligible under
Section 406 funding because they are not mitigation measures and may be an eligible part of restoration work
under the PA Program. Examples of eligible Section 406 mitigation measures related to building utility systems
(Category E) and utility facilities (Category F) include:
n

Elevation of utility equipment and controls including building utility system components

n

Dry floodproofing of building utility system components in accordance with NFIP regulations

n

Wet floodproofing of building utility system components in accordance with NFIP regulations where
dry floodproofing is not feasible

n

Anchoring fuel tanks

n

Protection of utilities

Hazard mitigation measures submitted under Section 406 are reviewed by FEMA to ensure eligibility, technical
feasibility, environmental and historical compliance, and cost effectiveness. When the project has passed all reviews, FEMA obligates the funds, and the State ensures that the funds are distributed to PA Program applicants in
accordance with State laws.
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A.4 FEMA Assistance Resources
Table A-4 provides a summary of FEMA assistance resources and links.
Table A-4. Summary of FEMA assistance resources.
FEMA Assistance Resources

Resource Links

Benefit-Cost Analysis Helpline

Telephone: (855) 540-6744
E-mail: bchelpline@fema.dhs.gov

Building Science Helpline

Telephone: (866) 927-2104
E-mail: FEMA-BuildingscienceHelp@fema.dhs.gov

Environmental Planning and Historic
Preservation

http://www.fema.gov/
environmental-planning-and-historic-preservation-program

Flood Mitigation Assistance Program

http://www.fema.gov/flood-mitigation-assistance-program

Hazard Mitigation Grant Program

http://www.fema.gov/hazard-mitigation-grant-program

Hazard Mitigation Assistance Policies

http://www.fema.gov/hazard-mitigation-assistance-grants-policy

Hazard Mitigation Assistance Helpline

Telephone: (866) 222-3580
E-mail: hmagrantshelpline@dhs.gov

HMA overview; includes link to the current HMA
Unified Guidance

http://www.fema.gov/hazard-mitigation-assistance

Increased Cost of Compliance; includes a link
to FEMA 301, NFIP Increased Cost Compliance
Coverage (FEMA 2003)

http://www.fema.gov/increased-cost-compliance-coverage
http://www.fema.gov/media-library/assets/documents/1973

Mitigation Planning

http://www.fema.gov/hazard-mitigation-planning-process

Pre-Disaster Mitigation

https://www.fema.gov/pre-disaster-mitigation-grant-program
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Appendix C – Resources
FEMA Hazard Mitigation Assistance (HMA) Programs
Benefit-Cost Analysis

http://www.fema.gov/benefit-cost-analysis

Environmental Planning and Historic
Preservation

http://www.fema.gov/
environmental-planning-and-historic-preservation-program

Flood Mitigation Assistance Program

http://www.fema.gov/flood-mitigation-assistance-program

Hazard Mitigation Assistance Overview

http://www.fema.gov/hazard-mitigation-assistance

Hazard Mitigation Assistance policies

http://www.fema.gov/hazard-mitigation-assistance-policy

Hazard Mitigation Grant Program

http://www.fema.gov/hazard-mitigation-grant-program

Increased Cost of Compliance coverage

http://www.fema.gov/national-flood-insurance-program-2/
increased-cost-compliance-coverage

Pre-Disaster Mitigation Program

http://www.fema.gov/pre-disaster-mitigation-grant-program

FEMA Building Science Publications and Other Resources
Community Rating System

http://www.fema.gov/national-flood-insurance-program/
community-rating-system

Community Rating System Resource Center

http://training.fema.gov/EMIWeb/CRS/

FEMA Building Science Branch

http://www.fema.gov/building-science

FEMA Library

https://www.fema.gov/resource-document-library

FEMA P-787, Catalog of FEMA Flood and Wind
Publications, and Training Courses

http://www.fema.gov/media-library/assets/documents/12909

Flood Insurance Studies

http://www.fema.gov/national-flood-insurance-program-2/
flood-insurance-study-fis

Flood Insurance Rate Maps

http://www.fema.gov/national-flood-insurance-program-2/
flood-insurance-rate-map-firm

Information and Guidance on Building Safer

http://www.fema.gov/safer-stronger-protected-homes-communities

Map Service Center

http://msc.fema.gov/

Mitigation

http://www.fema.gov/what-mitigation

Mitigation Assessment Team Reports

http://www.fema.gov/fema-mitigation-assessment-team-reports

National Flood Insurance Program

http://www.fema.gov/national-flood-insurance-program

National Flood Insurance Program Technical
Bulletins

http://www.fema.gov/national-flood-insurance-program-2/
nfip-technical-bulletins

National Preparedness Directorate National
Training and Education

http://www.training.fema.gov/
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Building Codes and Standards
American Society of Civil Engineers Publications http://www.asce.org/publications/
American Society for Testing and Materials

http://www.astm.org

American Wood Council

http://www.awc.org/codes-standards

International Association of Plumbing and
Mechanical Officials

http://codes.iapmo.org/

International Code Council: Codes and
Standards

http://www.iccsafe.org/

National Fire Protection Association

http://www.nfpa.org/codes-and-standards

National Institute for Occupational Safety
& Health

http://www.cdc.gov/niosh/pubs/

Building Utility Industry Resources
Air-Conditioning, Heating, and Refrigeration
Institute

http://www.ahrinet.org/

American Society of Heating, Refrigerating and
Air-Conditioning Engineers

https://ashrae.org/

National Electrical Manufacturers Association

http://www.nema.org/

Plumbing-Heating-Cooling Contractors
Association

http://www.phccweb.org/

Other Resources
Flood Mitigation News

http://www.floodmitigation.com/

National Oceanic and Atmospheric A
dministration’s National Weather Service

http://www.nws.noaa.gov/

Natural Resource Conservation Service Soils
website

http://soils.usda.gov/

Natural Resource Conservation Service
Technical Resource Library

http://www.nrcs.usda.gov/technical/

National Weather Service Precipitation
Frequency Studies

http://www.nws.noaa.gov/oh/hdsc/currentpf.htm

Susquehanna Flood Forecast and Warning
System

http://www.susquehannafloodforecasting.org/current-conditions.
html#river-forecasts

U.S. Army Corps of Engineers Library

http://www.publications.usace.army.mil/

U.S. Department of Housing and Urban
Development

http://portal.hud.gov/portal/page/portal/HUD

State and Regional Contacts
Association of State Floodplain Managers

http://www.floods.org/

Federal Emergency Management Agency

https://www.fema.gov/

National Flood Insurance Program

https://www.fema.gov/national-flood-insurance-program-bureau-statistical-agent-regional-support-offices

State Hazard Mitigation Officers

http://www.fema.gov/state-hazard-mitigation-officers

State Historic Preservation Offices

http://www.nps.gov/nr/shpolist.htm

U.S. Army Corps of Engineers

http://www.usace.army.mil/
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Figure D-1. FEMA Regions and locations of Regional Offices.
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FEMA OFFICES

Table D-1. FEMA Region Contact Information.
FEMA Region States and Territories

Address

Telephone

Headquarters

Headquarters

Federal Emergency Management Agency
500 C Street SW
Washington, DC 20472

800.621.3362

Region I

Connecticut, Maine,
Massachusetts, New Hampshire,
Rhode Island, Vermont

Federal Emergency Management Agency
99 High Street
Boston, MA 02110

617.956.7506
Alternate:
877.336.2734

Region II

New Jersey, New York, Puerto Rico,
U.S. Virgin Islands

Federal Emergency Management Agency
26 Federal Plaza
New York, NY 10278
Region II Caribbean Address
Federal Emergency Management Agency
Caribbean Division
P.O. Box 70105
San Juan, PR 00936-0105

212.680.3600

Region III

Delaware, District of Columbia,
Maryland, Pennsylvania, Virginia,
West Virginia

Federal Emergency Management Agency
615 Chestnut Street
Philadelphia, PA 19106-4404

215.931.5500

Region IV

Alabama, Florida, Georgia,
Kentucky, Mississippi,
North Carolina, South Carolina,
Tennessee

Federal Emergency Management Agency
3003 Chamblee Tucker Road
Atlanta, GA 30341

770.220.5200

Region V

Illinois, Indiana, Michigan,
Minnesota, Ohio, Wisconsin

Federal Emergency Management Agency
536 South Clark Street, 6th Floor
Chicago, IL 60605

312.408.5500

Region VI

Arkansas, Louisiana, New Mexico,
Oklahoma, Texas

Federal Emergency Management Agency
FRC 800 North Loop 288
Denton, TX 76209-3698

940.898.5399

Region VII

Iowa, Kansas, Missouri, Nebraska

Federal Emergency Management Agency
9221 Ward Parkway
Kansas City, MO 64114

816.283.7061

Region VIII

Colorado, Montana, South Dakota,
Utah, Wyoming

Federal Emergency Management Agency
Denver Federal Center
Building 710, Box 25267
Denver, CO 80225-0267

303.235.4800

Region IX

Arizona, California, Guam, Hawaii,
Federal Emergency Management Agency
Nevada, Commonwealth of
1111 Broadway, Suite 1200
Northern Mariana Islands, Republic Oakland, CA 94607-4052
of the Marshall Islands, Federated
States of Micronesia, American
Samoa

510.627.7100
Pacific Area Office:
808.851.7900

Region X

Alaska, Idaho, Oregon, Washington

425.487.4600
Alaska Area Office:
907.271.4300
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Federal Emergency Management Agency
Federal Regional Center
130 228th Street, Southwest
Bothell, WA 98021-8627
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BACKGROUND

T

his guidebook is the result of an elaborate process carried out over a two year period. The

authors initially met with the Federal Interagency Floodplain Management Task Force to
define the scope, focus, and target audience for the guidebook. The authors then talked
with representatives of the Association of State Floodplain Managers and prepared a mailback
questionnaire to determine the specific needs and interests of local officials and private interest groups.
From these discussions and questionnaires, the basic outline and specific information was modified
and refined accordingly.
The final step was to prepare sequential drafts which were reviewed by a working group of the Task
Force. Throughout the development of this guidebook the U.S. Environmental Protection Agency
and the Federal Emergency Management Agency provided extensive comments and guidance. A
revised draft was provided for final review and graphics and photographs were provided simultaneously with the completed guidebook. Following the distribution of the first printing in September
1995, overwhelming response has resulted in the printing of this updated second edition.
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expertise in floodplain and water resource management.
Project research and initial writing was done by Elizabeth Myers and extra case study research by
Kevin Olvany. Editing and facilitating the Tulsa workshop was done by Dr. Susan Senecah and
graphics and layout were prepared by Prof. Scott Shannon. Drs. Richard Smardon and John Felleman
provided overall project direction and management at the SUNY - College of Environmental Science
and Forestry's Randolf Pack Environmental Institute.

Copies available from:
Federal Emergency Management Agency
Washington, D.C.
(1-800-480-2520)
U.S. Environmental Protection Agency
Washington, D.C.
(1-800-832-7828)
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PREFACE

loods have caused a greater loss of life and property, and have devastated more families and

communities in the United States than all other natural hazards combined. In the past, efforts to
reduce flood losses often relied on trying to control floodwaters, rather than encouraging people
to avoid flood hazard areas. Yet, despite the expenditure of billions of tax dollars for "floodcontrol" structures such as dams, levees, and stream channelization, flood losses continued to rise. In
addition, this structural approach frequently had adverse impacts on the natural resources and ecological
integrity of our ivers and floodplains. In recent years many communities have come to recognize that the
floodplain environment is an important community asset and have taken the initiative to create greenxvays,
riverside parks, and other popular amenities. Significantly, protecting the natural resources and functions
of floodplains has proven to be effective in reducing flood losses as vell.
In the last few years, state and local officials, planners, engineers, property owners, and others, have requested information from Federal agencies on flood hazard mitigation methods that will preserve the integrity of floodplain systems. In response, this guidebook was prepared for local officials, and other interested
citizens, to help in the development of a community action plan to protect and restore important floodplain
resources and functions.
Rivers and their floodplains are dynamic and complex natural systems that can provide important societal
benefits, both economic and environmental. By adapting to the natural phenomenon of flooding, rather
than trying to control floodwaters, we can reduce the loss of life and property, protect critical natural and
cultural resources, and contribute to the sustainable development of our communities. In townTs and cities
across the nation, protecting and restoring floodplain resources will enhance the quality of life for this and
future generations into the 21st century, and beyond.

John H. McShane, Acting Chair
Federal Interagency Floodplain Management Task Force
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Introduction
Statement of Purpose

"The naturalresources alid

finctions of our riverie and
coastalfloodplainshelp

maintain the integrity,of
naturalsystems and pro tide
multiple benefitsforpeople,

both inaterialand spiritual. "

This guidebook has been written to introduce you, as officials and citizens at the local level,
to a basic understanding of natural resources in floodplains. and to offer suggestions for
creating strategies for wisely managing these important areas. As our scientific understanding of ecosystems grows. we increasingly recognize the importance of conserving and restoring the natural resources and functions of floodplains. Historically effective floodplain
management was recognized as a necessary task to reduce the loss of life and property.
Howeve-, floodplain areas are now also recognized as having an intrinsic value of their own
as a part of the interconnected ecosystem and an influential role in increasing a community's
quality of life. For example, the recognized benefits of a naturally functioning floodplain
include the storage and conveyance of flood waters, the recharuging of roundwate; the
maintenance of surface water quality, and the provision of habitats for fish and wildlife.
These areas also provide diverse recreational opportunities. scenic value, and a source of
community identity and pride. Clearly, the potential gains of transforming stream and river
floodplains from problem areas into value-added community assets are substantial. Local
leaders are uniquely positioned to tap these resources for the benefit of their communities.
The overall objective of this guidebook is to help you learn about and understand floodplain
management issues in order to take action toward conserving and restoring floodplain natural
resources. Whereas case studies will showcase communities that have successfully implemented such projects, a step-by-step formula for uLniversal application to all communities
would be unrealistic. Rather, this guidebook is intended as a starting point and a resource
for ideas so you can utilize current knowledge about floodplain natural resources in order to
customize floodplain management projects to your unique local context.
Chapters 2 and 3 of this guidebook provide an explanation of natural floodplains-- their
fmnctions and importance in reducing flood losses. maintaining clean and plentiful water
supplies, and generally enhancing other factors that affect the quality of life in communities. Recognizing the importance and the sensitive nature of these areas is an important first
step in designing an effective strategy for stewardship.
Chapters 4 and 5 of the guidebook suggest ways to successfully plan for and manage
floodplain natural resources. They provide information on establishing partnerships to
include the public and private sector to identify community objectives, and encourage

creative local application of existing federal, state and private programs to achieve
local goals. They also identify sources of technical information which are essential to
effective management programs, and explain the importance of continued monitoring
and stewardship.
Some excellent examples of floodplain management programs have emerged at the
local level. A number of communities have taken great initiative, utilizing public participation to define local objectives and tapping into available resources in state and
federal programs. The Case Studies at the end of the guidebook illustrate the variety of
approaches that can be taken to avoid future problems in floodplains and show how to
take advantage of the assets that rivers and streams can offer to a community. Finally,
the References direct readers to additional sources of information and support for communities that accept the challenge to protect these vitally important resource.

A Brief History of Floodplain and Natural Resources Management
Throughout history, people have settled next to waterways because of the advantages they
offer in transportation, commerce, energy, water supply, soil fertility, and even waste disposal. Many major cities are located along rivers, and even the smallest community is likely
to be near a creek or stream. In spite of these benefits, however, our historic attraction to
settling along rivers and streams is not without its drawbacks. Human uses of floodplains are
associated with dangers both to humans and to the natural functions of the riparian or floodplain environment. Loss of property and degradation of critical wildlife habitats are just two
of the threats posed by civilization at the water's edge.
Community planning is often a complex balancing act. On one hand, planners often try to
dedicate a certain amount of open space for natural areas and passive recreation, or habitats
for wildlife. On the other hand, planners also must be aware of the need to limit or avoid
development in sensitive areas like wetlands. These objectives often intersect in natural floodplain areas, which are likely to harbor more wetlands, greater wildlife diversity, and higher
scenic values, and yet are under a more intense threat of flood losses than any other area
within a community. It makes sense, then, to consider combining these objectives by focusing careful attention on the wise and creative use of floodplain lands.

Figure la & lb - Floodplains are notedfor
their significantly variable character both
between different river systems and from
season to season on the same watercourse...
MB;.>~1'$
1 '"2}2''

Unfortunately, the wisdom of such an approach can be difficult to recognize because in
many communities, distinct organizations are often responsible for parts of the goals
mentioned above. For example, agencies in charge of parks, recreation, or stormwater
management may operate at the municipal level, while separate state or federal agencies
address wetland permitting, wildlife protection, and flood insurance issues. Private environmental education organizations or environmental groups may be particularly concerned about a rare species, scenic beauty, or recreational experiences. Each of these
agencies or groups has a different primary goal, yet their interests are more closely
related than they may suspect because their common ground is the floodplain. Often,
however, the existing processes do not afford them the opportunity to discuss their interests, share their knowledge, and plan together; hence, valuable collaborative energy
is untapped.
In order to understand some alternative strategies that can be employed in managing
resources in floodplains, it is essential that we become acquainted with the history of
floodplain and natural resource management, especially in recent decades. Figure 2 illustrates the evolution of this need for the coordination and integration of strategies for
managing floodplain natural resources. Although the time lines present an overview of
the federal programs and agencies charged with managing the hazards and resources
associated with river corridors throughout U.S. history, the chronology also tells the
story of our evolving understanding of these dynamic systems.
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Figure 2- Taneline ofprinarv floodplain and
natural resource management efforts in the
United States.
The Frontier Era
Pre-1917

Limited federal involvement in
flood control or relief.

The Structural Era
1917
1928
1936
1938
1950

FederalFloodControl Acts In
response to flood disasters in
many areas of the country the
federal government took on the
costs of constructing reservoirs,
channels, dams, and levees. The
Army Corps of Engineers was
responsible for these efforts. This
type of flood controls are referred
to as 'structural controls."
Federal Disaster Act provided
relief to flood victims.

The Stewardship Era
1960

1965

1966

Flood Control Act Corps of
Engineers assists conmnuities
in planning uses of floodplains.
Water Resources Pian ning Act
combined federal and state
efforts in creating river basin
commissions to do comprehensive planning. Unified National
Program for Managing Flood
Losses sought to combine
federal, state, and local efforts
for comprehensive floodplain
management Evolving over
several decades, this prograsm
attempted to discourage mv.ise
development and to provide
education about strategies and
tools for managing floodplains.

1968

National Flood Insurance Act
made flood insurance available
to homeowners in communities
that have implemented local
floodplain management
regulations. National Wild and
Scenic Rivers Act.

1969

National Environmental Policy
Act required broad consideration of environmental impacts
before implementation of
federally funded projects.

1972

water Pollution Control Act
Amendments and Clean Water
Act establish a permitting
system for development in
weetlands.

1977

1977

Executive Order 11988.
Floodplain Mangeomen;

1986

WNater Resources Development
Act made provisions for cost
sharig in water projects.

1990

Omnibus Wrater
Bill requires
Corps of Engineers to consider
environmental protection as one
of its primary missions, and
encourages the protection of
wetlands; Stafford Disaster
Relief Act.

1994

National Flood Insurance
Reform Act

Despite the fact that the hydrology, vegetation, wildlife, and soils in floodplains are inticately connected to one another, agency programs were often desigf ed to deal only with
single aspects of floodplains, such as flood control or erosion. This single-purpose approach
to management has been limiting because it did not recognize the complexity of these systems and the interdependent components of natural areas. As the connections between networks of streams and rivers, adjacent xwetlands. soils, vegetation, x'ildlfe, and people are
increasingly understood, many experts have begun to encourage "multiobjective management" of river and stream corridors. This shift in approach is reflected in the time line, which
shows the parallel histories of floodplain and natural resource management as each has noved
toward more broad-based, comprehensive management efforts.
From the birth of the United States until the early 900s, many federal policies and programs
encouraged the development of land a plentiful resource in a continually expanding nation.
In this period, which might be classified as the Frontier Era, the common goal was to conquer the wild landscape of the young nation and to promote "productive use" of land. Flood
hazards were the problem of the individual propery owner or were dealt With cooperatively
at the local level.
As the land became more populated and developed during the first half of the tentieth
century. federal and state govenun ents began to set aside natural areas for protection. Such
legislative actions were useful, but they treated natural areas as discrete parcels and lacked
appreciation for the interconnectedness between preserved areas and the surrounding land.
At the same time, in response to a series of devastating flood disasters throughout the country, the federal goverment began to take an active role in preventing flood losses by assuming costs for the construction of structures such as dams and levees for flood control. This
period, known as the Structural Era, was characterized by attempts to alter and control floodwaters and get water off the land as quickly as possible.
In the 1960s and 1970s, however, the complexity and interconnectedness of natural
systems triggered in resource managers a nev respect for the multiple values of natural
areas. Federal agencies that had traditionally operated under single-purpose directives
were charged with broadened mandates, such as considering the effects of timber managrement practices on water quality and wildlife. These shifts in policy heralded an Era
of Stewardship for natural systems. Also during this period, despite impressive flood
control engineering feats, flood losses continued to rise. In response, federal disaster
relief programs were created to deal with the reality of ongoing flood losses throughout
the country, and others, such as the National Flood Insurance Program, encouraged
appropriate development of flood hazard areas. More recently, the lessons of natural
resource stewardship havte begun to influence our thinking about floodplain management, and as we realize not only the limitations of our ability to control flooding, we
also realize the tremendous benefits that naturally functioning floodplain systems can
offer. This realization is responsible for the shift to managing floodplains for multiple
objectives.
There are three stories running through this brief history of floodplain management in
the U.S.. The first is the story of our evolving understanding of the complexity of natural resource functions. The second is our recognition of limitations on our ability to
control floods. And the third -perhaps the most important -is the stor of shifting
responsibility. Although the burden of flood hazard protection was accepted by the federal government earlier in this century, we have come to recognize that the most sensible, least costly approach to, flood hazard protection may have less to do with darns
and disaster relief and more to do with land-use patterns ithin floodplains. in the U.S.,
most land-use decisions are made at the local level. This means that there must not only
be a renewed emphasis on conmunity responsibility for preventing flood losses, but
also for stewardship of the valuable natural functions associated with floodplains.

Figure 3a - The cost-effectiveness of
reducing flood losses by elevating or
relocating homes was dramatically
demonstrated i paris of the Midwes in
June, 1995. The top photograph shows an
inundated mobile home park along the
Missouri River during the Great Flood of
93. The same areaflooded again in 1995
(bottom photographcas the floodwaters were
rising), bit there weas little flood damage
because thejfamilies had beeti moted to new
sqfe sites Some 10,000 homes in the Midwest
have been elevated, relocated, or acquired
tiiti Federal and state finds since 1993.
The Net York Times noted that relocating
liomes out of the floodplain .. follows a
shifi toward a more realistic national
Jloodplain police, one that takes the
emphasis off trintg to control nature.. by
tmoving residents out of harni s way - cliaigiig the bmehavior o people instead
q fJrivers. (5/6/96)
2

"Foryears the Government
spent billions of Federal
dollars trying to keep water
away from people. Missouri
woke up and startedmoving
people out of harm's way... "

Governor Mel Carnahanof
Missouri, 1995

Aspects of the strategies of fomiier eras still influence us in many ways - flood control
structures, land-use patterns, agencies and programs, and even our thinking about these
systems still reflect a single-purpose approach in many ways. Certainly we must live
with some decisions of the past. But it is important to incorporate the new knowledge
that is available to us, and to protect and enhance the valuable resources that are so
important to the well-being of our communities. It is our hope that this guidebook will
help those at the local level to successfully meet this challenge.

~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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*Understanding Floodplain Resources
What Are Floodplain Natural Resources?
The term "natural resources" often brings to mnind products, such as timber or fossil
fuels that may be extracted from thcir natural environments and sold as commodities
for profit. But the natural values of floodplains arc different; their value lies not in their
removal and sale, but in the functions that they perform within the floodplain environhent.Floodplain natural resources include the soils, nutrients, water quality and quantity, and diverse species of plants and animals that exist in the areas between the water's
edge and the higher ground adjoining flood-prone areas. These can be considered as
natural "infrastructure." But what is it about these resources that make a naturally
functioning floodplain so valuable? We will begin the discussion with some basic
information about how floodplains a-e formed.
Rivers Shape the Landscape - The formation of a floodplain is intimately tied to the
adjacent river or stream, which over long periods of time carves out the surface geology
of the landscape and deposits sand, silt, and other material (these deposits are referred to
as alluvium) that form rich soils. A typical river corridor has several features that result
from the geological and hydrological processes that form these landscapes (Figure 4).
The river channel meanders through the landscape, carving through the terrain and
depositing sediment as it goes. Sediment deposits and depressions around the water's
edge may result in the formation of wetlands, areas that are always or periodically
inundated with water.
The level areas bordering river channels are known as floodplains. These portions of
river valleys are frequently defined in terms of the likelihood of flooding in a given
year. Hence, the "100-year" flood is the flood having a 1% chance of occurring during
any given year. (Similar definitions can be made for the 25- or 50-year floods.) As the
river cuts downward it may leave terraces, formed from a time when the river flowed
at higher elevations. These landforms are a part of the larger river corridor, and are
extremely important to the functioning of the floodplain ecosystem.
Watersheds - While the floodplain and its resources are the centerpiece of discussion
for this guidebook, watersheds are central to the understanding and management of
resources in floodplains. A watershed includes the area of land that is drained by a
river and its tributaries. Different watersheds are separated from each other by ridges

Figure 4 - Major plYsiographic elements of
a typical floodplain.
_
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or divides. Like floodplains, watersheds are formed over time by various climatic, hydrological and geological processes. But a watershed is much bigger than a floodplain
and can therefore be more difficult to manage, since large land areas are usually covered by a number of separate municipalities with different governments and land-use
strategies. It is important to understand, however, that upstream uses of land and water
within a river's watershed are likely to have adverse impacts downstream including the
potential for increased flooding.
Natural Resources and Ecosystems - Both the hydrological and the geological characteristics of the landscape play an extremely important role in determining what vegetation will inhabit the area. Many of the plant species that grow in floodplains are
adapted to thrive in the specific conditions created by the soil types and water flow
cycles that characterize river corridors. In turn, this vegetation plays an important role
in determining how water flows across the land, and is a major factor in controlling
erosion and sediment deposits that can change the face of the landscape.
In a mutually supportive cycle, the living and nonliving parts of natural floodplains
interact with each other to create dynamic systems in which each component helps to
maintain the characteristics of the environment that supports it. These systems of interacting parts of the physical and biological worlds are called ecosystems. Together,
these parts of the floodplain ecosystem function to store and convey floodwaters, protect water quality, prevent erosion, and maintain rich habitats for fish and wildlife. In
recognizing the relationships between the hydrological, geological and biological features of these systems, we can begin to understand how changes to one feature can alter
the entire system in significant ways. This was dramatically demonstrated during the
Great Midwest Flood of 1993 when the Mississippi River reclaimed much of its floodplain. The flood reconnected the river to traditional spawning areas, resulting in a
significant increase in fish populations.
Natural Communities - Throughout a floodplain and its adjacent landforms there may
be a number of different ecological communities, groups of plant and animal species

Figure 5

Coastal floodplains
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Figure 6 - Mfajor elements of the Hydrological
Cycle in floodploins.
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that coexist in a certain area. The various plant species within an ecological community may share the need for a certain soil type or level of soil moisture that is available
only in a particular portion of the floodplain. Wet meadowxs, bottomland hardwood
forests, and riparian shrub wetlands are examples of such communities. The boundaries of these ecological communities can be identified by the landform, soil, and plant
types that cover a portion of the floodplain.
Summay - This section has introduced floodplain natural resources with an explanation of floodplains, watersheds, ecosystems and natural communities. The basic characteristics of floodplains and their natural resources function in ways that make them
so valuable to humans and to wildlife. This is the subject of the next section.

How Do Natural Floodplain Systemrns Funcfion?
The Floodplain Ecosystem

-

FlOodplain ecosystems are typified by the bottonland

hardwvood forests found in southern regions of the U.S., the floodplain forests of central
and eastern areas, and small wvooded areas and streambank vegetation in the western
portion of the country. Each floodplain ecosystem has specific conditions that make it
unique, and it is important to recognize these distinctive attributes when planning
projects for a given area. But there are some general characteristics that are common to
the functions of ecosystems in stream and river corridors.
Hydrology - Flooding is extremely important to the maintenance of floodplain ecosystems, and may be the primary reason for their biological richness. Floodwaters carry nutrient-rich sediments and trigger chemical processes that cause beneficial changes in the soil,
which contribute to a fertile environment for vegetation. The degree of soil saturation from
flooding (and resulting elevated groundwater levels) determines the types of vegetation that
can growF throughout the floodplain and can create wetlands along stream channels. This is
especially important in dry climates, where water is a particularly limiting factor for vegetation. In these areas, floodplains may be far more biologically productive than surrounding
upland areas, xich are often drier

The ultimate determinant of the structure of floodplain ecosystems is the hydroperiod, or
the timing (frequency and duration) and intensity of flooding. The hydroperiod, which is
governed by the climate, soils, and geology of the area, determines the amount and movement of water in soils across the floodplain. This rise and fall of flowing water typically
occurs at least once within the growing season. The saturation of soils for at least part of the
year is one reason why wetlands tend to form in floodplains along stream channels. These
hydrological features, combined with the connections to upland and aquatic ecosystems,
are what make riparian ecosystems so special. (See Figure 7.)
Soils and Nutrients - The distinctive attributes of soils in riparian ecosystems are directly
influenced by the hydroperiod, which determines the soil aeration (or oxygen level) as well
as nutrients and content of organic material. In turn, the soil affects the structure and function of plant communities in these ecosystems. The aeration of soils is extremely important
for rooted vegetation. When the corridor is flooded for long periods of time, low oxygen
conditions can be created. Some plants have adaptations that help them to survive in such
conditions. Soils in riparian areas (especially wetlands) generally have a high level of nutrients because of the continual replenishment of nutrients during flooding. The periodic
wetting of the soil also releases nutrients from the leaf litter. (See Figure 8, page lo.)
Vegetation and Habitat - Any ecosystem that forms the edge of two other distinct ecosystems tends to be more biologically diverse than its neighboring systems. This is indeed the
case with floodplains, as nutrients, energy and water provide for high biological productivity. The soil conditions that result from varying amounts of moisture in soils leads to a
greater diversity of plant species in riparian areas. Floodplains may be characterized by
different zones of vegetation, with shallow aquatic vegetation shifting gradually to shrubs
and trees toward the upland elevations. This variety in plant life translates into greater
diversity of habitats for wildlife. (See Figure 9, page 11.)
Diverse vegetation can support a wide variety of wildlife and smaller organisms that feed
on the plants. In addition, the trees and shrubs of upland areas offer protection and
nesting and roosting areas for many species. Trees standing or fallen adjacent to the
Figure 7 - Hydrologic Features in the
floodplain.
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Table I - Nateral Resources and Functions
f f7oodpiains

0 Water Resources
Aatu-al Flood and Erosion Control
Provide flood storage and conveyance
-

Reduce flood velocities
Reduce peak flowts
Reduce sedimentation

later Quality Maintenance

-

Filter nutrients and impurities from runoff

-

Process organic wastes

-

Moderate temperature fluctuations

GroundwaterRecharge

-

Promote infiltration and aquifer recharge
Reduce frequency and duration of low surface flows

L2 Biological Resources
BiologicalProductivity

-

-

Rich. alluvial soils promote vegetative growth
Maintain biodiversitv
Maintain integrity of ecosystems

Fish and Wildlife Haitifats
- Provide breeding and feeding grounds
Create and enhance waterfowl habitat
Protect habitats for rare and endangered species.

21 Societal Resources
Harvestof Wild and Cultivated Products
Enhance agricultural lands
-

-

Provide sites for aquaculture
Restore and enhance forest lands

Recreational Opportniites

-

Provide areas for active and passive uses

-

Provide open space
Provide aesthetic pleasure

Areas for Scien~fic Study and OuitdoorEducation
Contain cultural resources (historic and archeolojc.al sites)
- Provide opportunities for environmental and other studies
Adapted from: A Unifjed Programfor Floodplain Mdanagement, 1994.

river's edge act to stabilize its banks, while fallen branches and root masses create
aquatic microhabitats in the form of pools, breaks, and ripples. A stream itself can be a
source of food and cover for wildlife, and the corridors themselves offer pathways
along which birds, mammals, and fish can migrate. Wetlands are particularly valuable
as nesting and feeding areas for fish and waterfowl.
Vegetation and Water in te Floodplain - While the type of vegetation inhabiting a
riparian ecosystem is largely determined by its hydrological conditions, the vegetation
itself plays an important role in maintaining these very conditions. The interaction of

Figure 8 -Nutrient Cycling in a floodplain
forested wetland ecosystem.
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vegetation and water influences local microclimate conditions. Plants in river corridors provide natural floodwater storage capacity by retarding runoff and increasing the
rate at which water infiltrates soils. This can result in the reduction of flood peaks
downstream. Vegetation also allows the water to spread horizontally and more slowly,
rather than running directly from upland areas into rivers or streams. In addition, the
leaf litter and soils associated with floodplain vegetation act as sponges in absorbing
some floodwaters. Vegetation also passes water to the atmosphere through transpiration.

'flu

Figure 9 - The snr-ttre of plant coinommnites
and interconnecting wildlife habitats are
siavngly itj7benced by spatial and emporal
pattens in the floodplain .

Surface Water Quality - Maintaining the ecological integrity of riparian areas can help

to protect and even enhance the quality of surface water. This is true because of the
critical role that riparian vegetation plays in these systems. First, trees and shrubs
along streambeds can maintain the temperature of water by shading it. This is important as lower temperatures increase the capacity of the water to carry oxygen, which is
critical for the support of aquatic life and decomposition of organic material.
Second, floodplain vegetation filters sediment and nutrients that move toward rivers
and streams from upland areas. This function is crucial because excessive nutrients in
aquatic ecosystems can disturb the balance and growth of species and reduce the availability of oxygen in the water. The results can include reduced diversity, unpleasant
odors, and ultimately, human health problems. The degree to which floodplain vegetation performs its filtration function is dependent on several factors, including the slope
and width of the floodplain and the nature of the vegetation.
Excessive sediment in waterways can also blanket the gravel beds that are home to
invertebrates such as insects and crustaceans. These creatures are an important link in
the food chain, and destruction of their habitat can have far-reaching effects on other
species in the ecosystem. Excess sediment can also disturb the areas in which fish eggs
and young fish develop, with harmful effects on populations that may be essential to
recreational fishing areas.
Groundvater Supply and Quality - Floodplains and wetlands can play an important
role in contributing to sources of water supply for human consumption. The slowing
and dispersal of runoff and floodwater by floodplain vegetation allows additional time
for this water to infiltrate and recharge groundwater aquifers. Floodplain soils and
vegetation can also help to purify the water as it filters down to the aquifer. The ability
of wetlands to contribute to groundwater recharge varies with geographic location,
season, soil type. water table location and precipitation, as well as wetland type.

mm

In addition, water can also flow from higher groundwater systems into lower surface
waters dui-ing periods of low flow, so that the frequency and duration of extremely low
flows may be reduced. Many wetlands store water that is important for wildlife and
may be used for irrigation during periods of drought.
Summary - Natural resources in floodplains interactively function to determine the
distinctive attributes of soils, vegetation, habitat, and water. They also carry out valuable functions that provide benefits both to humans and to wildlife. How these functions can be encouraged or impeded by human activities on the land is the subject of the
next section.

"...ten thousand river
commissions, with the mines
of the world at their back,
cannot tame that lawless
stream, cannot curb it or
confine it, cannot say to it "Go
here," or "Go there," and
make it obey; cannot save a
shore which it has sentenced;
cannot bar its path with an
obstruction which it will not
tear down, dance over, and
laugh at. "
- Mark Twain,

Lift on the Mississippi

Figure 10 - The Mississippi River reclaims its floodplain duriog the Great Flood o 1993.
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"Rivers were here long
before man, and for untold
ages every stream has
periodically exercised its
right to expand when
carrying more than normal
flow. Man 's errorhas not
been the neglect offloodcontrol measures, but his
refusal to recognize the right
of rivers to their
floodplain...
-Engineering News-Record,
1937
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While it is important to understand that natural resources of floodplains serve many
valuable functions, we must recognize that humans use the land in ways that can impede
these natural functions. If vegetation and soils play crucial roles in maintaining water
quality and retarding runoff, then their disturbance or removal can inhibit or eliminate
the functions that these ecosystem components perform. Loss of these functions should
raise concerns for those communities in which floodplain land uses are not compatible.
Every community makes choices about land use. These choices will vary according to
the characteristics of a particular community, and in many cases choices are limited by
land-use decisions of the past. Current land-use patterns may reflect inadequate consideration or understanding of the consequences of altering natural features of the environment. Even so, it is important that an awareness of the value of natural functions is
incorporated into the land-use decisions that will affect the future of any community.
Different levels of development and disruption to natural systems will have varying
impacts on natural resources. For example, if the floodplain in your community is already fully developed, your management objectives will be quite different from those of
a community that has a considerable amount of open space. Here are some different
levels of land use development and corresponding considerations:
O

Urban Areas - It is likely that the floodplain within an urban community is already
highly developed. Here, the management options include restoration of natural areas
and the relocation of structures that are particularly threatened by flood hazards.

O

Suburban Areas/Urban Fringe - Urban fringe areas often face great development
pressures, but may be fortunate enough to have some open space to work with. Effective planning is critical in these communities, and can include a focus on maintaining
existing open areas along waterways and restoration of vegetation.

O

Rural Areas - Agricultural communities have a different set of floodplain concerns.
They have an advantage in the fact that open space is probably already plentiful in
the floodplain. Management strategies here should focus on controlling erosion and
excessive nutrient loadings, as well as revegetating streambanks to restore natural
ecosystem functions.

Eu

O Wildlands-Communities with very low-density development and much more open
space already have functioning natural systems. Local officials in these areas have
the opportunity to safeguard floodplain functions at the outset, and to maintain valuQh1P hnhitntc
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Figure 11 - Floodplain development in the
United States, as well as other countries, has
significantly increasedflood damages and

often degrades thefloodplain environment.
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It may seem burdensome to plan for the protection of natural resource functions, particularly in heavily developed areas where economic concerns and space limitations are
pressing issues. But every community must recognize that decisions about floodplain
resources are decisions about the community's future. With careful consideration and
planning, rivers and streams can be aesthetic and functional assets that reflect community pride and ingenuity. However, a community that ignores the importance of natural
floodplain functions may ultimately face flood losses and deteriorating water quality. In
the end it would be less costly to plan well now.
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are highly suitable within the floodplain. Well-placed parks or recreational areas that
include vegetation are often ideal for maintaining flood storage capacity, and help to
support the floodplain functions that protect water quality and sustain habitats for diverse wildlife species. Even open space areas such as agricultural lands can help to
maintain flood storage capacity. In addition, there are proactive measures to restore naturally functioning floodplains, such as protecting or planting vegetated buffer strips and
creating channel alterations for fish habitat improvement. The following sections describe specific land uses and their relationship to floodplain functions:
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during a period when there have been few floods, the need for the flood storage capacity
of a naturally functioning floodplain may have been overlooked. The loss of natural
floodplain functions in heavily developed areas not only impedes flood storage, but also
increases erosion and reduces the mitigating effects that vegetated areas can have on the
pollution of waterways.

]

Impermeable surfaces such as buildings and pavement replace vegetation as ground cover,
increasing the runoff that would have infiltrated in a natural floodplain. The removal of
vegetation, destruction of wetlands, and paving in urban and suburban settings can thus
increase the risk nf flnndina Tnstrenm develnnment niitcidr. the fnndnlain ran
reuIlt in incrPenqec runnff Vpaptatinn lIRc nd PYCPQQixTP nnonff-inhin tha- t.^.IJILiII
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also cause increased erosion and sedimentation, which may cover spawning areas and
bury food sources in streams. Loss of vegetation also removes sources of shelter and
food for wildlife, and human-made structures may present barriers to migration and
reproductive activity.
The lack of naturally functioning floodplain resources in urbanized or developing areas
also has significance for water quality. Diffuse "nonpoint sources" sources of pollution
related to urbanization, such as lawn fertilizers, leached materials from waste disposal
areas, and chemicals leaked from automobiles, present a threat to water quality. Although it is most effective to address such problems at their source, vegetative buffers
along waterways can help to mitigate such pollution. Urban areas also present direct
"point sources" of pollution to waterways, such as sewage treatment plants and industrial discharge. Riparian vegetation would have little effect on this type of pollution.
Wetlands are particularly vulnerable to loss through human intervention. The draining
and filling of wetlands for development and agriculture results in the loss of an important natural system for reducing runoff and maintaining the quality of surface and groundME
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Figure 12 -Agricultre is a signzifcant and
important land use in tnanvfloodplains.

water, and destroys the diversity and habitats for which these areas are recognized. In
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some floodplain occupancy and the tremendous benefits to be gained from maintaining
naturally functioning floodplains.

E

Agriculture - While agricultural land uses do not impede the absorption of floodwaters
as urban development does, agriculture can present other problems for floodplain resources. Fertilizers and pesticides associated with farming are major sources of nonpoint
pollution of waterways. Erosion from poorly managed agricultural operations can cause
excessive sedimentation in streams. The removal of vegetation along stream and river
banks compounds these problems by eliminating valuable filtration functions.
Recreation and Open pace - Parks or recreation areas are one type of land use that is
generally considered to be quite compatible with the healthy functioning of floodplain
ecosystems. A tremendous variety of recreational activities can occur along rivers and
streams. A simple trail provides an opportunity for hiking, jogging, cycling, or horseback riding, as well as increasing accessibility of the waterway to birdwatchers, photographers, and beachcombers. A more ambitious recreation plan might include provisions
for water-based activities such as swimming, boating, and canoeing. Well-planned picnic or camping areas may encourage waterfront use by families, and some waterways
and wetlands may be ideal for fishing or hunting waterfowl.
If recreational land uses are planned for the floodplain, it is wise to lay out a strategy
carefully and to recognize the needs of different recreational groups. For example, swimming and powerboating in a narrow waterway might not be compatible activities, while
pollution may detract from water recreation possibilities altogether. Wetlands may have
particular value in performing natural floodplain functions, and are better suited to trails
or waterfowl hunting than to picnicking. A good starting point is to take an inventory of
existing recreation patterns for a waterway and of floodplain features that are unused but
have potential. When planning for recreational uses of floodplains, it is important to
design areas in ways that minimize potential damage. Heavy recreational use of riparian
areas can destroy vegetation, thus reducing its water quality maintenance functions. Trampling off-trail vegetation can also lead to disruptions that reduce diversity of plant and
animal life.
Aesthetic Resources - Scenic vistas can enrich the quality of life in any community, and
are quite likely to be found overlooking waterways. Such areas make excellent targets
for floodplain natural resource management plans. Existing or potential scenic areas can
be identified easily with input from the public, who are most familiar with a community's
special landscapes.
Cultural Resources - The centuries-old tendency of humans to settle near waterways
has resulted in many historic structures and archeological sites along rivers and streams.
Protecting these artifacts of our heritage may be an important part of a floodplain protection strategy.
Greenways - Greenways are linear parks or corridors of open space that may extend
across many communities. They embody a strategy for keeping riverside areas largely
undeveloped while providing recreational, cultural, and aesthetic resources. These chains
of green may be dotted with nature centers, historic structures or other semi-open-space
land uses, in addition to parks and wild areas with native vegetation. Greenways can
help to protect long stretches of floodplain ecosystems, and serve as migration corridors
for wildlife.
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Figure 13 - Boulder, Colorado is a good
e.ample avf
a colinminit v that has taken the
initiative to transformn its flood hazzard areats
into connalitvnn assets bv creating greeivaas
t/illh wildlife preserves, parks, and bike pat/is.

The Floodway - The floodway is the most significant component of the floodplain, relative to maintaining the flood-calTying capacity of rivers and streams. The floodway is
defined as that area of the watercourse plus adjacent floodplain land that must be preserved in order to allow the discharge of the base flood without increasing flood heights
more than a designated amount. Communities are required to prohibit development
within a floodway that would cause an increase in flood heights. Because a floodway is,
in many respects, a de facto preservation tool, it also acts to protect critical riparian
habitats, minimize degredation of surface water quality, and provide for greater groundwater recharge.
A number of states and local communities have adopted a more restrictive floodway
which generally results in a wider floodway: thus a greater area of floodplain, especially
sensitive riparian areas, would likely remain undeveloped. Some 5.8 million acres of
floodways have been delineated along 40,000 stream and river miles in 7,800 communities nationwide. This is an area the size of Vermont or more than 2 1/2 times that of
Yellowstone National Park.
Watersheds - The Big Picture - While it is important for communities to plan and take
responsibility for the land uses that occur in their own floodplains, it must be recognized
that flood level and water quality can be very much affected by land use activities that
occur elsewhere in the watershed. Land uses along tributatries are likely to have an impact on downstream communities. Wise management of tributaries is therefore extremely
important, as their protection can yield benefits for the entire network. Broad planning
efforts among communities within a watershed can thus have far-reaching advantages.
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"No higher duty can devolve
upon the city authoritiesthan
that of protecting the
property, health, and lives of
the people; this is their
permanent duty - a duty

which cannot be evaded, nor
can their right to do so be
lost by neglect or bartered
away. "
City of Welch vs Mitchell
21 S.E 165 (1924)
The first court case involving
floodplain regulations.
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Planning for Resource Protection & Restoration
Planners who value their community's long term vitality and high quality of life should
support a highly participatory approach for planning resource protection and restoration in the floodplain. Building consensus among all affected stakeholders, however
diverse, best provides an opportunity to establish mutually supportive partnerships and
offers the obvious benefits of commitment to basic goals and objectives and more meaningful implementation. Initially, however, any group must decide on a basic organizational approach. Options might include allowing all planning and resource acquisition
to be accomplished by:
O
O
O

a government agency
a private nonprofit association
a public-private partnership

Whichever organizational option is chosen, a community approach is needed that involves various, diverse stakeholders in planning floodplain use and management, e.g.,
land owners, resource managers, local government, environmental advocates, and agricultural and business interests. One of the best ways to start is to do an informal
reconnaissance-just invite people to walk the floodplain area together. In the process,
the members can start to compile natural resource infonnation as well as floodplain
management problems. This is a time to collect ideas, not debate priorities or approaches.
This process might need to be repeated, depending on the number and interest of stakeholders. The key is to build ownership of the decision-making process by providing
opportunities for all stakeholders to contribute. These experiences should generate a
fairly comprehensive list which may include needs, concerns, desires, problems, issues
and even solutions from which goals and objectives can be developed. Goals should
reflect more general directions and objectives should delineate the more specific means
of accomplishing those goals.
Next, choose an approach among single purpose, multiple purpose or comprehensive
planning. If the issues are very focused and small in scale, a single purpose approach
may be appropriate. e.g., such as creating a river floodplain park. Most groups opt to
use a multiple purpose approach; that is, to work simultaneously to meet several needs,
e.g., preserving wildlife habitats, reducing flood losses and enhancing water quality in
the floodplain.

Eli

A comprehensive holistic approach looks at an entire watershed or floodplain as an interref.,t,,-J Pnw/irn
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Figure 14 -The planning process works best
when all stakehollers are involved.

sion. This watershed approach requires the planning group assess two major items: the resources necessary to undertake the plan; and the organization appropriate to oversee actual
watershed assessment and management. Adjoining communities must be agreeable to dedicating their own efforts to a collaborative process.
The chosen approach also implies how the floodplain planning group will be organized, e.g.,
private, public, agency driven, private-public partnership, etc.. As noted earlier, the authors
urge the planning group to use a participatory approach that involves all stakeholders and
allows for as much participation as possible within the various planning tasks. Once the
group is organized, goals and objectives are initially set, and a planning approach is speciec, uenin
pianrng group is reay iuriluupia1 assessienli
basic steps for assessment:
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Figure 15 - ivenItonlig floodplain resourcees
in the field.

Step 1: Identify the Planning Area.
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plain area. Planning should include all the land area from which floodplain problems are
perceived to arise. This might include an entire watershed, but more likely will include a
section of the floodplain and a land area of not fewer than several hundred feet landward
from the banks of a stream or river. The area delineated should not include less than the -100
year" floodplain and should remain flexible because the boundaries may change as information becomes available and updated. As an example, some areas, such as latter tributary
buffer zones, may or may not actually lie within a definite floodplain. The maps of your
community's floodplain provided by FEMA are a good place to start.

Step 2: Conduct an Inventory and an Analysis of Land Use and
Environmental Concerns.
Broad stakeholder participation is important for the inventory and analysis stage. Participation is useful because as stakeholders become familiar with the floodplain natural resources
and management issues, this paves the way for more understanding and agreement on management and implementation steps (see Figure 14).
Choose a reference scale that will be consistent for all maps. This is important so that all
recorded information will facilitate accurate comparison of data in analyzing development
trends and environmental constraints (see Figure 16).
Natural and Cultural Resource Inventory and Assessment
The first stage of the inventory should be the collection of data regarding the natural and
cultural resources in the planning area. For each category of resource data, we have suggested a particular, appropriate resource as well as participatory opportunities in the Table
above. The table is illustrative of the types of infonnation needed for the natural and cultural
resources inventory. The key is to gather enough information to understand how floodplain
natural resources and functions are part of an ecosystem, e.g. how the vegetative communities and wildlife depend on local water levels and flows. Particular attention should be focused on areas needing special management or protective measures, e.g. wetlands, wildlife
and fisheries habitat, water bodies, and habitats of rare and endangered species.
The inventory should be based on reliable and acceptable sources of information such
as those indicated in the middle column; however, opportunities abound for local participation in data acquisition if this work is carried out in a methodical manner (see
Figure 14). In fact, some types of information, such as scenic resources, are best inventoried by local citizens. nformation might also be obtained from regional and local
ES

I

Table 2 -Natural Resource DataCategories.
Sources, &Participata)yOptions. Acronyms
and abbreviated agency names:
DlAR = Departmnent of Natural Resou-rces or
equivalent state agency
FIEA = Federal Emergency jlanagement

Category

Expertise Source

Participation

USGS office files
surficialbedrock maps

field trip to identify
land forms apparent

NRCS office &published
county soil survey, county
extension agent

field trip to sample
soil types & attributes

existing vegetation
mapping aerial photos,
local vegetation experts
state natural heritage program

field trip for identification &major veg
comnunities

surface &ground water
hydrolog, water quality
class

USGS office files
state env quality office

limited fieldwork
options - note hydralogic surface features

aquifers & recharge
areas-water bodies

USGS files &maps

limited fieldwork

historiclarcheological
sites &districts

local historians &
archeologists

look for local historic
archeologic studies &
naps

wetland location &
assessment

USFTS office &
State DNR office

fieldwork to check
NWI maps or state
agency for wetland
existence, equivalent
& vegetation health

fish & wildlife
habitat by species

state fish &game office
or USFWS surveys

fieldwork to observe
wildlife &fish during
different seasons

rare & endangered
plant &animal species

consult local experts
or existing surveys
in study area &USFWS

check for lists of
endangered species
or the area combine ar/fieldvork

floodplains & areas of
tidal inundation

Check existing FEAtR maps

look for flooding not
on existing maps

areas of outstanding
scenic quality

look for any existing
visual perception surveys

do local surveys, eg.,
nominate scenic
areas & self-employed
photography

Option

Agency

NRCS = Natural Resources Conservation
Service
A TS = Afational Wetlands Inventory
USFWS = United States Fish and Wildlife
Service
USGS = United States Geological Survey

surficiallbedrock

geology
soils, soil depth,

erodibiity, soil structure
wetness, percolation &
slope
vegetation types &
species

planning agencies, county environmental management councils, and local conservation
advisory boards or equivalents. Many of these agencies have prepared natural resource
inventories, open space indexes, and natural resource plans.
The next step is to assess the existing functions and benefits that the natural resources in
the planning area provide to the communityr. This assessment would include functions
such as flooding reduction, nutrient cycling, biological diversity and habitat support,
maintaining water quality as well as open space benefits including recreation, aesthetics, heritage and cultural resource maintenance.

Existing Land Use and Development Trends
Evaluate existing land use including county and local economic development trends in
the planning area that may impact it. Include in the evaluation such growth inducing
factors as current and anticipated major public and private capitol investments, including:
O

o
LI
LI
Li

industrial expansion
major commercial development
suburban residential development
development of natural resources (e.g. forestry, mining, recreation, etc.)
other social and economic trends

The evaluation should include:
a) development that has occurred over the last few years,
b) current development activities that are influencing the patterns and magnitude
of growth, and
c) development now in the early stages of planning which may impact the river or
stream corridor in the future. The evaluation should show patterns and intensity of
land use in the planning area, including urban and non-urban uses planned for undeveloped areas. The relative density and zoning classification, i.e. industrial, commercial, residential, etc., should be mapped, especially if the need for urban, urban
fringe, or expanding land use is apparent. Obviously, if the community is primarily
rural or wild land - this may be less of an immediate issue; however, projecting all
future land use possibilities is always wise.
Environmental Analysis
Information from the natural resources inventory should be used to evaluate growth
and development in the planning area such as floodplains, critical wildlife habitats,
high erosion potential, historic landmarks, scenic vistas, high ground water table, wetlands, etc.. This can be done in a number of ways.
The first way is a weighting of factors from the natural resources inventory as constraints to development ranging from "slight" to "moderate" to "severe." Transparent
overlay maps with shades of gray corresponding to the three levels of constraint can be
juxtaposed to indicate the degree of constraint or incompatibility with proposed land
use development (see Figure 16). This is called a weighted overlay method.
Another approach is to look at the functions (benefits) provided by the natural floodplain environment such as flood minimization, nutrient cycling, biological diversity,
water quality maintenance, contribution to ground water supply and quality, as well as
open space functions. The question is to what degree existing or proposed development
impacts or reduces these functions (benefits). If these functions are valued, specific
controls or performance conditions should be placed on future development in the floodplain such as no net loss of flood storage or conveyance capacity, alteration of existing
hydrological processes, disruption of existing habitat values, perceptible change in landscape character, or reduction in open space, etc.. The focus is not so much about a
particular land use being incompatible; the focus is more about designing particular
land uses or activities so they do not impact the existing ecosystem functions. One
could even go further and describe restoration of lost functions in an urban or heavily
impacted floodplain.
A third approach is to involve the local stakeholders in discussing and prioritizing both:
1) the floodplain natural resource values and functions
2) development issues.
I

Figure 16 - The inventory of environmental
characteristics,such as flood zone, land use,
and vegetation types is best accomplished by
mapping each characteristicindividually. The
synthesis of this information requires the
ability to considermultiple characteristicsand
their spatial interaction, such as through the
use of weighted overlay analysis or
computerised GIS modelling.
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In this way, some intermingling of local development needs and natural resource protection could be achieved by facilitating town meetings. advisory boards, even negotiations or mediation rather than dictating "professional planning" directives. Such stakeholder discussions are needed if realistic, supported implementation is expected.
In undertaking whatever approach is selected for the environmental analysis, it is useful to consult with other planning agencies, environmental management councils, conservation commissions, and professional resource managers to assist in the classification and interpretation of information in the natural resource inventory.

Step 3: Conduct a Problem and Need Assessment
This is one of the most important steps in the assessment process. Problems and needs
can be separated into three categories:
L
I

a

in-stream problems
floodplain corridor problems
watershed problems

In-stream Problems and Needs
n-stream problems and needs directly affect the bed and banks of the water body. Problems
include, for example, destruction of fisheries habitat through stream channelization, removal of stream bank vegetation sedimentation, and problems related to the pollution of
the stream bed including debris and wastes, affecting both water quality and aesthetics. The
location of these problems and sources should be mapped on a base map overlay or some
other information storing devise such as a geographic information system. Management
needs such as fisheries management, water quality management, floodplain management,
recreation development restoration or rehabilitation of scenic resources, etc. should be
discussed and linked to implementation
Floodplain Management Problems and Needs
The floodplain is the land that normally has the greatest influence on the quality and
character of a river, stream or creek. A stream or river is most vulnerable to sediment
from erosion and runoff which originates in the corridor. It is also vulnerable as a
result of the heat gained through the removal of a corridor's vegetative canopy. Thus,
flood-prone areas and land activities in the corridor vhich adversely affect a river,
stream or creek should be identified and mapped - especially if they are related to
agriculture, forestry, construction/urban encroachment, or mining activity A description should be made of these activities and how they are impacting the water body or
associated wetlands, for example, whether it is a quality or quantity alteration of the
ecological structure (see functional analysis in the earlier assessment section). Professional resource managers from your state Department of Natural Resources (DNR) or
equivalent, County Soil and Water Conservation Districts, Countyr and local planning
agencies, and environmental management councils should be consulted as necessary.
Watershed Management Problems and Needs
If local communities are to protect and conserve the resources of the streams, creeks
and rivers-they may have to look beyond the watercourse and corridor and consider
the watershed in its entirety. Because of the cause-effect relationships of the various
processes inherent in the land use of streams, creeks, and rivers, water courses sene as
an index of the health of the entire watershed. Accordingly, water management problems such as non-point pollution that are related to various land use activities that extend beyond the stream corridor and which are more watershed x ide concerns should be
described and mapped if the planning group opts to include a watershed wide approach

mlN

Step 4: Define the Corridor Management Boundary
While no precise scientific formula for determining the optimum boundary location for
any given corridor management unit can be offered, completion of the preceding steps
should help in establishing a "floating" working boundary.
A floating flood plain conservation and management corridor varies in width according to the location of important natural resource features and environmental constraints
that exert a strong influence on the character and quality of the stream and its surroundings. Wooded areas, wetlands, flood plains, scenic vistas, and areas having land
use constraints, such as steep hillsides or soils having high erosion potential, should be
included in the management corridor. However, it may be adequate to focus on the
floodplain areas as delineated in your flood maps provided by FEMA.
Step 5: Develop an Action Plan/Agenda
The next step is to move from problems and opportunities to developing an action plan
for implementation of various measures that might be needed to protect natural resources in the flood plain. It is especially at this stage that maximum participation of
all stakeholders is needed. Ideally, meaningful public participation has been continuous up to this point.
To create an action plan or agenda, there are three activities:
Li review goals/objectives and philosophical perspectives;
Li create the Action Agenda; and
LI determine the sequence of events.
For the first activity, when developing and reviewing your goals and objectives, you can
find guidance in the President's letter transmitting the 1994 document A Unified National Programfor Floodplain Management to the Congress:

[The Unified National Program] recognizes the importance of continuing to improve our efforts to reduce the loss of life and property
caused by floods and to preserve natural resources and functions of
floodplains in an economically and environmentally sound manner.
This is significant in that the natural resources and functions of our
riverine and coastal floodplains help to maintain the viability of natural
systems and provide multiple benefits for the people.
It is in this spirit that your organization should review basic goals and objectives as
well as adopt and overall strategy to protect floodplain resources.
According to "A Unified National Program in Floodplain Management" (1986 & 1994)
two basic strategies can be employed to protect a floodplain's natural resources:
1.) Preservationof Resources: Preventing alteration of floodplain natural and cultural
resources, and maintenance of the flood plain environment as close as possible using
all practical means.
2.) Restoration ofResources: Re-establishment of a setting or an environment in which
natural functions can again operate.
Preservation strategies focus on strict control or prohibition of development in sensitive or highly hazardous areas (through establishment of wildlife sanctuaries, for ex-

ample) while restoration strategies focus on actions to improve the quality or functioning of degraded floodplains (by restoring damaged wetlands, for example). It is not
always possible, however, to make a clear distinction between the two strategies. Preservation and restoration of floodplain natural resources are often accomplished, either
directly or indirectly, through a wide variety of development controls or by means of
regulatory standards designed to protect valuable natural resources or mniminze adverse impacts to those resources.

Preservation strategies do not exclude management activities that are compatible with
sustaining floodplain functions. Preservation strategies, for example, can include activities to improve habitat conditions and the nonpoint pollution control functions of
forests at the water's edge. Types of regulatory activities and management programs
that directly or indirectly contribute to the restoration and preservation of living resources/habitat resources include:
LI single and multi-purpose resource protection and management programs that inelude objectives for habitat and living resources protection that apply to floodplains

E

incorporation of provisions for protection of habitat and living resources in zoning,
subdivisions, and other land-use regulations that apply in whole or in part to floodplains

L

incorporation of specific provisions related to living resources and habitat protection in floodplain management programs and regulations.

These kinds of programs can be directed toward inland and coastal wetlands, estuarine and
coastal areas, barrier beaches and sand dunes, rare and endangered species, riverine and
coastal fisheries, and wild and scenic rivers. Most of the nation's wetlands, coastal barriers
Table 3 - Strategies and ToolsforFloodplain
lanagement - Source: Federal Interagency
Floodplain Management Task Force. A
Unified ATational Program for Floodplain
Management. Washington, D.C: Federal
Emergency Management Agency, 1986,
1994.

STRATEGY - Modify Susceptibility to Flood Damage and Disruption:
U
U
U
U

floodplain management land use regulations
building codes
acquisitiolrelocation
develonment and redevelnnment noliries

L

information and education

STRATEGY - Modify Flooding:
U
U
U

dams, levees, floodwvalls
channel alterations
land treatment measures

I
on-site detention facilities
STRATEGY - Modify the Impact of Flooding on Individuals and the Community

L
U
U

flood insurance
disaster assistance
information and education

U

tax adjustments

STRATEGY - Protect and Restore the Resources and Functions of Floodplains:
U

U
U

floodplain, wetland, and coastal barrier resources regulations
land use planning
conservation easements
watershed management
tax adjustments

U

information and education

o
o

Ei

and marine sanctuaries are located within riverine and coastal floodplains, and restoration
and preservation of the living resources and habitat resources of floodplains are often accompanied through multi-objective programs or regulations aimed at protecting inland
wetlands, coastal wetlands and barrier islands.
Preservation and restoration of floodplain water resources has been accomplished through
a variety of water supply, watershed management, agricultural erosion control, and water
quality maintenance and improvement programs.
Protection of floodplain cultural resources has been accomplished through open space and
recreation planning and urban renewal programs, especially in older cities where early
settlement concentrations occurred in the floodplain. Some of these programs include waterfront redevelopment projects, historic and cultural resources protection programs, and a
variety of multi-purpose open space programs including programs that focus on the development of water-oriented recreation, public access and greenbelts.
The second activity is to create the Action agenda utilizing strategies from Table 3 with
specific tools from Table 4. For each action come up with preliminary answers for the
following questions, remembering that none of them are carved in stone, but can be changed
as needed.
Who will take responsibility for initiating and implementing the action? One group
could take the lead role, or the work could be shared among a number of groups or individuals. If no firm commitment to take a leadership role exists, consider ways of generating
interest in carrying out this action in the future, rather than immediately.
How will the action be taken? Break it down into main components. For example,
creating a riverfront bike trail could involve meeting with elected officials, fundraising,
preparing a slide show to publicize the effort, and asking a local university for design
assistance.
When will the action be taken? Sometimes a fixed deadline is approaching that will
determine your timeframe. For instance, a hearing date may be scheduled for a proposed
flood protection project. In other cases you may need to know only that a given action, such
as a water quality monitoring program, should be accomplished within the next year or by
the end of the following summer. Perhaps one action will begin only after another is completed. These timeframes provide a general guide for planning your work.
The third activity is to determine the sequence of events. The action agenda outlines a
framework for taking actions in a logical sequence leading to the fulfillment of your natural

TOOLS FOR:
FLOOD STORAGE AND CONVEYANCE:
0

Minimize floodplain fills and other actions that require fills, such as construction of dwellings,
-i1ha__i of
for-rsvio
lactorles, mighways, LIu.

O
O
O
O
O
O

UN

Require that structures and facilities near wetlands provide for adequate flow circulation.
Use minimum grading requirements and save as much of the site from compaction as possible.
Relocate non-conforming structures and facilities outside the floodplain.
Return the site to natural contours.
Preserve free natural drainage when designing and constructing bridges, roads, fills and
built-up centers.
Prevent intrusion on and destruction of wetland, beach, and estuarine ecosystems, and restore
damaged dunes and vegetation.

Table 4 - Examples of Tools for Protecting
and Managing Natural Floodplain Resources. - Source: Federal Interagency
Floodplain Management Task Force. A Unified National Programfor FloodplainManagement. Washington, D.C.: Federal Emergency Management Agency, 1986 & 1994.

Table 4 - (Continued-)

WATER QUALITY MAINTENANCE:
I
0
L
L
0

Maintain wetland and floodplain vegetation buffers to reduce the build-up of sediments and
the delivery of chemical pollutants to the water body.
Support agricultural practices that minimize nutrient flows into water bodies.
Control urban run off, other storm water, and point and nonpoint discharges of pollutants.
Support methods used for grading, filling, soil removal, and replacement, etc. to minimize
erosion and sedimentation doring construction.
Restrict the location of potential pathogenic and toxic sources on the floodplain, such as
sanitary andfills and septic tanks, heavy metals wastes, etc.

GROUND WATER RECHARGE:
0

Require the use of permeable surfaces where practicable and encourage the use of detention/
retention basins.

O
O

Design construction projects that eliminate, reduce, or hold back runoff.
Dispose of spoils and solid waste materials so as not to contaminate ground and surface water
or significantly change the land contours.

LIVNG RESOURCES AND HABITATS:
O
O
I
L
O

Identify and protect wildlife habitats and other vital ecologically sensitive areas from disruption.
Require topsoil protection programs during construction.
Restrict wetland drainage and channelization.
Reestablish damaged flood plain ecosystems.
Manage timber harvesting and other vegetation removal.

CULTURAL RESOURCES:
I
O

Provide public access to and along the waterfront for recreation, scientific study, educational
instruction. etc.
Locate and preserve from harm historical and cultural resources: consult with appropriate
government agencies or private groups.

AGRICULTURAL RESOURCES:
O
O
E
Q
U
O
O
O

Minimize soil erosion on cropped areas in floodplains.
Control, minimize, or eliminate the use of pesticides, herbicides and fertilizers.
Limit the size of fields and promote fence rows, shelter belts, and strip cropping for improved
ildlife habitat.
Strengthen water bank and soil bank type programs in a manner consistent 'aith alternate
demands for use of agricultural land.
Minimize irrigation return flows and excessive applications of eater
Eliminate feedlot-type operations.
Discourage new agricultural production requiring the use of drainage.
Retain agricultural activity on highly productive soils where flood risk is compatible with the
value of the crops grown.

AQUACULTURAL RESOURCES:
O

O
O

O

Construct impoundments in a manner that minimizes alteration in natural drainage and flood
flow. Existing natural impoundments such as oxbow lakes and sloughs may be used with
proper management.
Limit the use of exotic species, both plant and animal, to those organisms already common to
the area or those known not to compete unfavorably wvith existing natural populations.
Discourage mechanized operations causing adverse impacts. Machinery such as dredges,
weeders, and large scale harvesting equipment may lead to environmental problems such as
sediment loading in adjacent watercourses.
Use extreme caution in the disposal of animal waste.

FORESTRY:
O
O
O
U

Control the practice of clear-cutting, depending on the species harvested, topography, and
location.
Complement state laws governing other aspects of harvest operations such as proximity to
water courses, limits to road building, equipment intrusions, etc..
Include fire management in any overall management plans. Selective burning may reduce the
probability of major destructive fires.
Require erosion control plans on all timber allotments, roads and skidways.

E

resource conservation goals. An effective action agenda will show concisely the scope of
your whole effort, but it is not specific enough to include all the tasks that will actually go
into the work. Organizing your time, resources and people is often necessary to make
actions come to life. Not every action or event will require a detailed list of tasks, but in
many cases a complex project becomes more manageable when broken down in this way.
What you can do to get started is to make lists of everything and everyone you will need as
part of the major actions, These lists can be arrayed on a time-line by weeks or months, and
ordered in a logical sequence. People can be assigned to the tasks and deadlines can be set
for each step. Once you're satisfied that this process will lead you in the right direction producing the maximum results with the minimum effort - you are set to begin.
This is where talking and planning end and action takes over. Your assessment of floodplain natural resources and issues, your public involvement efforts, goal-setting and selection of alternatives have led you to this point. You have given form to your ideas and you
are ready to achieve results.
Final Step 6 - Implementation and Monitoring of the Action Plan
Once an action is begun, it generates its own momentum, and its success is sometimes difficult to
evaluate objectively. It is important to keep track of your progress to be sure that you are accomplishing your floodplain conservation goals, as outlined in the action agenda Are you meeting
the timeframe that you expected? Are the responsible parties continuing to carry out their actions? If not, should responsibilities be shifted or shared with another group?
While monitoring your work, it is also important to continue to publicize your efforts, with
an eye toward continuously expanding your base of support. Periodic public events - an
annual floodplain festival, a traveling slide show, a clean up day - are good ways to achieve
this purpose, and to keep the public aware of the river as a valued resource. Events also
serve as a way to celebrate your progress and show appreciation for those who have worked
with you. A scheduling chart for implementation can also include monitoring activity as
well. Communities should be aware of the opportunity to integrate with the National Flood
Insurance Program's Community Rating System to acquire open space as this will result in
lower flood insurance rates. Monitoring is another opportunity for broad participation of
the stakeholders and should include assessing current status of floodplain resources and
problems as well as implementation progress.
A good example of the development of an effective action plan is the recent effort to protect
the New York City water supply. Over a period of years, the quality of the surface water in
a number of reservoirs has degraded due to increasing development and other activities
within the watersheds. To meet safe drinking water standards, a water treatment plant costing
upwards of $8 billion would be needed if the quality of the water supply could not be
maintained. The City and State of new York, local communities within the watersheds, and
environmental groups worked together to develop a watershed management plan that would
protect water quality while still allowing for economic development. Although there were a
number of contentious issues, and it took several years to formulate, an agreement was
reached by all the stakeholders. This is not only a good example of the planning process
working, but also clearly demonstrates that economic growth and environmental quality are
mutually compatible goals. However, it will be a number of years before the efficacy of the
plan can be fully evaluated.

KM

Figure 17 Though still meeting safe drinking
water standards, some of New York Citys 9
reservoirs have been adversely impacted by
runoff and other non-point source pollution in
recent years. Protectingfloodplain resources
throughout the watershed, such as by
preserving and restoring vegetated riparian
buffers, will help to maintainand enhance the
drinking waterfor over 9 million people.
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Wildcat and San Pablo Creek
North Richmond, California
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For years flooding was a major problem in the unincorporated community of North
Richmond, California. The impoverished community faced annual floods as a result of
overflowed creeks and poor drainage, and more serious floods every few years. During
the 940s and 1950s, the Army Corps of Engineers conducted a study of Wildcat and
San Pablo Creeks, but decided against launching a project to remedy the community's
problems because the low value of the structures in North Richmond's floodplain made
a flood control project unjustifiable in the government's cost-benefit analysis.
During the 1970s, the U.S. Department of Housing and Urban Development approached
the community with a "Model Cities Plan" aimed at promoting social well-being, environmental quality, and economic redevelopment. The plan was initiated with a costbenefit analysis that finally enabled the community to get federal help for its flooding
problems. The citizens of North Richmond responded favorably and worked enthusiastically with the Corps of Engineers to create a flood control plan that also included such
community enhancing features as recreation areas and landscaping. But the plan collapsed when the community was unable to raise the 50% funding that it was required to
pay for certain aspects of the project. In the early 1980s, the County Board of Supervisors created a scaled-back plan that addressed only the flood control aspects of the project.
But some citizens still had visions of a plan that could serve a wider range of the
community's needs. After the scaled down, take it or leave it, "Selected Plan" presented
by the County Board of Supervisors, a community coalition (made up of citizens and
interested organizations) came up with its own plan (Modified Plan) and also showed
the inadequacies of the Selected Plan. They attended public meetings and forced the
County to listen to their plan. They used a 1960's participation strategy known as advocacy planning by soliciting their own paid and unpaid experts to develop the Modified
Plan. The multi-objective stream corridor management effort that resulted when this
coalition came together provides a great example of how an impoverished community
empowered themselves and accepted the challenge to direct their own future.
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Implementation

The coalition was determined to come up with a floodplain management strategy that
also addressed environmental concerns and broader community needs. They presented
their plan at public meetings as an alternative to the Selected Plan. After heated debate
between the two plans the County Board of supervisors approved the Selected Plan.
However, the Selected Plan did not meet a series of regulatory approvals because of
environmental deficiencies with their plan. The two creeks were classified by the State
as one of the last remaining streams in the area with an aihost continuous riparian environment. The Selected Plan would have created an ugly concrete and earth lined channel destroying much of the natural setting. Also, there xvere major concerns that sedimentation would disturb the marsh and wetiand areas. Further, high maintenance costs
would be incurred by the local community for the periodic clearing of the channels
where sediments would build up.
A new design team wvas then formed out of a crisis situation caused by the lack of
support for the project on the part of State and Federal regulatory agencies and by the
negative publicity of the Selected Plan, and not out of the philosophy of consensus
planning. The design team was made up of representatives from both plans and they
were to build the "Consensus Plan", which combined both environmental and flood
control goals.
The planning process for the Consensus Plan was crucial in creating a plan that would
break the 29 year logjam. The process considered all the relevant stakeholders to be coequal and allowed the community of North Richmond to deternine its owxn fate. The
planning sessions were grueling, but unbiased leadership and inclusion of all interested
parties made the meetings successful. Implementation of the Consensus plan began two
years after its inception, breaking the stalemate.
Funding for the Consensus Plan was critical to the project's success. The project's broad
range of objectives made it eligible for funding from agencies unable or unwilling to
contribute to single-objective flood control ventures. Citizen groups in this impoverished community found funding through government agencies, foundations and environmental groups. The East Bay Park District provided funding which was matched by
the 'Corps of Engineers for connecting a regional trail system to the two creeks and to
create a nature study area. This idea was originally in the Model Cities Plan but funding
was unavailable at that point.

Natural Resource Protection Opportunities
Unlike most watersvays in the San Francisco Bay area, Wildcat Creek is still endowed
with riparian habitat along its entire length. For this reason, team members felt that it
would be a mistake to replace the natural streambaniks with concrete channels. Instead,
they modelled the channels after natural features. using meandering, low-flow channels
and planting streamside trees whose shade xvould prevent bullirushes from growing and
obstructing flow in the waterways. These strategies enabled the project to stay within
the 180-foot right-of-wvay required by the Selected Plan.
Experts working with the Coalition suspected that sedimentation would be aggravated by the flood control project, damaging xxetlands and reducing the channels'
capacity. Because of the propensity of many Western areas for flash flooding anid
associated erosion and even mudslides , the Consensus Plan's design adopted a
wetland transition zone with high-velocity low-flowv channels upstream to ensure

that sediment would be deposited upstream and in the bay, where it would be least
harmful.
En
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Wildcat and San Pablo Creeks. The original
1982 plan utilizes a typical box cross-section,
high-capacity channel with little or no
adjacentfloodplain;the 1986 plan eventually
implemented includes a shallow low flow
channel withfloodplain intactallowing trails,
tree nursery, etc.
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Summary
There were three key aspects of the Consensus Plan that made it an innovative accomplishment. Citizens, unable to participate in the planning process, can stall a project for
years and dramatically increase its cost through law suits and hearings. This can be seen
through much of the North Richmond case. Probably through default, citizens were
finally allowed an active role in the Consensus Plan. This feeling of empowerment
made them part of the process and allowed the plan to go through much more quickly.
The average time spent planning a US government assisted flood-control project before
construction begins is 26 years; North Richmond took 33 years. The second aspect was
the multi-objective nature of the plan. With all the varying interests involved the plan
had to satisfy their needs. Although multi-objective planning is much more complex,
the benefits can increase substantially. Funding for multi-objective planning increases
because state and federal agencies are much more apt to fund these type of projects.
Also a high level of participation can attract financial contributors and political support
which can only be positive. The third aspect was the use of the creeks natural features to
convey the "100 year" flood instead of using a purely structural approach. The sediment loads were taken care of much more easily, the aesthetic values remained substantially untouched and the natural setting was enhanced to convey the flood.
Case study adapted from Ann Riley. 1989. "Overcoming Federal Water Policies: The
Wildcat-San Pablo Creeks Case" Environment 31(10), pp. 12+.
Contact: Coalition to Restore Urban Waters, 1110 Chaucer St., Berkeley, CA 94702

on

Blackstone River National Heritage Corridor
Massachusetts and Rhode Island

Background
The Blackstone River Corridor was a center for industrial development in the eighteenth and nineteenth centuries, when the river's potential as a power source attracted
industry and workers to the area. The region is noted as the birthplace of the American
Industrial Revolution, and by the late nineteenth century the Blackstone was dubbed
America's "hardest working river," with the corridor serving as home to a booming
textile industry. During the 20th century, the area experienced economic decline, as
textile production increasingly shifted to southern states. Years of industrial stagnation
and neglect have spared much of the historical and natural landscape from destruction.
However, a new demand by people to settle in this region has raised concern over a
possible haphazard suburban sprawl.

Figure21 - Location Map

Today, the region is nationally recognized as the site of an important part of America's
cultural heritage. Its designation as a National Heritage Corridor is the basis for a renewed sense of pride and has spurred efforts to preserve valuable aspects of the past
while revitalizing the present. This corridor, which is 46 miles long and spans two
states, is the subject of a coordinated effort among federal, state and local governments,
as well as many private interests.

Implementation
In 1986 the federal government passed legislation authorizing the creation of the Blackstone
River Valley National Heritage Corridor Commission. Made up of representatives from
the National Park Service, state and local governments, and private citizens, the federally
created Commission has no legal authority to enforce preservation of the corridor. Nor
does the federal government own or manage land in the Blackstone River Valley. Instead,
the federal government contributes 50% of the funding for the work of the Corridor
Commission, and works in partnership with the states and localities in activities such as
comprehensive planning, technical assistance and environmental education. Much of
Figure 22 - View of the Blackstone River at
Slater Mill. a designatedNational HistoricSite

built in 1793.
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the work on the corridor is performed by state and local governments working with private
businesses and nonprofit organizations to protect the resources of the valley.
Each of the two state governments involved handles its relationship with the Commission
and localities differently. The Rhode Island Office of State Planning requires towns to
adopt comprehensive plans with certain mandatory components. This provides an
opportunity for the state to set standards that each community will follow, and affords
some degree of coordination in overall land use planning efforts.
The Central Massachusetts Regional Planning Commission, in contrast, simply offers
advice and coordination assistance to localities, while comprehensive planning is left up
to the initiative of each community and is not mandatory. In both Massachusetts and
Rhode Island, multiple state agencies bring expertise to the management of the corridor's
economic, historic, and natural resource elements.
Local governments play a key role in managing the corridor, because it is their planning,
zoning, and general land use management strategies that will ultimately have the greatest
impact on the corridor's landscape. Thus it is very important for communities within the
corridor to coordinate their planning efforts. The commission's role is to help facilitate
comprehensive planning. Their strategy emphasizes integrated, linked actions rather
than single, stand alone projects. Balanced action in each of these areas is critical to
achieving harmony among preservation, recreation and development.
The private sector also has an important role to play, as capital investment in the
maintenance and restoration of the natural and cultural resources in the corridor contributes
to the overall quality of life in area communities and attracts tourism to historic towns.
Many of the historic sites are being restored and used in different capacities. The restoration
of many of the old mills has increased tourism in the area and old factory sites are being
reincarnated as schools, retirement homes, libraries and parks. The local residents
overwhelmingly support the plan which would increase tourism in the area.

Resource Protection Opportunities
One of the Blackstone River Corridor's greatest assets is its "working landscape"- a
combination of farms, villages, cities and riverways that are a part of the region's cultural
heritage. Preservation efforts focus largely on historic and cultural resources from the
industrial revolution, such as Slater Mill (America's first factory) and the ethnically diverse
communities that emerged as waves of immigrants came to the booming region to find
work.
The commission's efforts also include recommendations for protection of water quality,
vegetation and open space. The industrial boom and subsequent economic decline took
a toll on the "hardest working river" by becoming one of America's most polluted rivers.
Consequently, part of the commission's goal is to take steps that will contribute to
improving the river's water quality, through such measures as encouraging the use of
vegetative buffers by landowners adjacent to river. Also conservation easements and
land trusts are two methods now being used to try and preserve the corridor. While there
are opportunities and widespread support for developing parks and recreation areas along
the river many sections remain underutilized. Currently a bike path spanning the entire
length of the river is now being built by the two states. The bikeway, along with nature
trails and boating on the river will open the riverway to local families and visitors for
recreation. Projects that link Valley-wide resources will be priorities for the commission.
Another key component to cleaning up the river is to increase enforcement of illegal
pollution discharges along the river. Although the river has become cleaner much progress
can still be made.

"I had not seen this corridor
before, and I saw... an
extraordinary landscape of
history, of generationsof
empathy and relationship to
the land a river once again
alive with fish, a second
revolution taking place...
and I said, take me further.."
-Bruce Babbitt, Secretary of
the Interior, July 1995

Figure23 - View of'the Blacksione River wi/h
a Great Bl/e Heron. These niagnijicet birds
have returned to the Blaccstone in recent
years, indicating ijproved vater qualitY in the

river and adjacent vvetlands.
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The commission, through its recommendations, has tried to create a vision for the
Blackstone corridor which, at its core, would preserve the Valley's cultural heritage. Its
concentration of mill villages and towns separated by extensive rural landscape is a
characteristic feature that the commission does not want to lose. Preserving and enhancing
the cultural and natural landscape are goals which the commission hopes will promote
tourism and revitilize the Blackstone Valley.
Contact: Blackstone River Valley National Herritage Corridor; One Depot Square;
Woonsocket, RI 02895; (401) 762-0250..
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Verde River Corridor Project
Arizona
Rnck rrnnlnd

I

-

The Verde river in Arizona runs through a variety of terrains, beginning in forested
mountains, then flowing through grasslands and desert. The river corridor has tremendous scenic character, as well as diverse ecosystems, which are particularly valuable in
a state that has many dry regions. The floodplains represent a large proportion of the
habitats available for plants and animals in the state. The Verde is one of the few rivers
in Arizona that is still perennial, and it also flows freely for two hundred kilometers.
Because the Verde is one of the last significant "natural" rivers left in Arizona, there is
increasing concern that uninhibited development and destruction of habitats along the
waterway might threaten the viability of its ecosystems.
Although there was no official mandate to implement a river corridor project for the
verae Kiver, state agencies and local citizens were eager to protect the valuable cultural
and natural eatures or the landscape while also maintaining the economic vitality of the
region. A proactive river corridor project was initiated featuring a high level of public
participation.

Figure 24-

LocatiOn
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Implementation
Past efforts to protect the Verde have met with varying success. A 9.7 km greenway was
established in the early 1980's and residents in 1989 initiated a Verde River Days festival to promote awareness and appreciation of the river. However, efforts to comprehensively protect the Verde have fallen short. In late 1989, the Arizona Department of
Commerce (ADOC) initiated discussions about the river's future. The planning principles used were encouraged by the National Park Service (NPS) and the early meetings
were facilitated by the ADOC and Arizona State Parks Board (ASPB). Citizens groups,
businesses, universities, and private organizations were to be responsible for issue identification, decision making, and information gathering for the project. Representatives
of state and federal agencies acted as facilitators in public meetings and as sources of
Figure 25 - View oftie Verde River iiorzh of
Phoenix
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technical expertise. The ASPB organized several public meetings, distributed questionnaires, and kept people informed of the project through mailings.)
A steering committee was created to direct the planning process, and it included 26
people representing all the different stakeholders. The issues to be dealt with were broken down into five categories that vere addressed by different subcomrittees: (1) economic and commercial uses of the river, (2) land conservation, (3) private property, (4)
recreation, and (5) water. Steering committee members plus other active citizens of the
communities affected made up the subcornamittees. The subcommittee members drafted
reports and recommendations and presented their findings to the steering committee in a
public forum. A very diverse steering committee voted on the recommendations presented by the subcommittees and reached consensus on an overwhelming majority of the
issues involved. A report from the steering cormmittee was then produced for all the
local communities within the watershed. The local communities then decided which
recommendations they would adopt.
Land along the Verde River falls under federal, state, local and Native American jurisdictions, and a significant portion of the land is in private ownership. Maps created by
project workers showed floodplain data, vegetation types, land use, slope, and land ownership. Area residents participated in a visual assessment study identifying areas of
great scenic quality in the valley. Tools recomm ended by the committees for managing
land along the corridor included greenways and conservation easements. The committees also recommended the use of published reports for use by local governments and
individuals, covering such topics as legal issues, and the rights and responsibilities associated with private property ownership. A watershed association was formed to deal
with water resource issues throughout the basin.
Although the plan is stil in early stages of implementation, many of the reconm endations of the VRCP report are being adopted by the local communities. Those involved
assert that the planning process itself has helped to make the communities in the Verde
basin more aware of what is necessary to protect the river corridor's valuable resources.
Also because the communities within the VRCP were active participants in the planning
process they were more apt to accept and use the recommendations made by the VRCP.
The current success of the 7RCP can be attributed to many different factors. However,
a few stand out: local empowerment, effective project facilitators, and high citizen participation. The VRCP was not controlled by an agency; it was a cooperative approach
between citizens and the government.

Resource Protection Opportunities
The agriculture and ranch-related features of the corridor's landscape are important parts
of the heritage of the region, and serve to provide open space. Conservation easements
and tax relief vere two recommendations made to ensure that agricultural lands remain
part of the corridor's landscape. Also to enhance water quality, instream flow, and to
lower water bills, the Economics and Commercial Uses Subcommittee recommended
that farmers, irrigation companies, conservation groups, and state agencies work together to develop more efficient irrigation practices. The Environmental Defense Fuind
gave a presentation on the potential water conservation savings that could be achieved
by municipal, industriaL and agricultural sectors of the Verde Valley. Sand and gravel
mining are also important economic enterprises that affect the landscape because much
of the mining occurs in or near river beds, thus destroying vegetation and causing increased erosion. Educational brochures were recommended on the laws and procedures
that must be followed when doing such work near rivers. In addition, the USFS initiated
land exchanges with mining companies for the land the USFS owns in order to move
sand and gravel operations alway from the river.
W

Figure 26 - The Verde River Upstream near
Cottonvood.

Land conservation concerns addressed in the project included the protection of wetlands
and riparian ecosystems, restoration of abandoned sand and gravel sites, and protection
of the tremendous scenic values of the Verde River corridor. In addition, an inventory
was conducted to determine archeological and historic sites along the river. Recreation
was also an important issue, as it is related to both the economic advantages of tourism
and the general land conservation issues.
Water quality was a major concern, as the corridor's groundwater is the principal public
watersource of the region and surface water is used for irrigation and recreation. A
major recommendation from the Water Subcommittee was to establish a permanent entity to protect water resources within the Verde valley. Substantial progress has been
made to establishing the Verde Watershed Association (VWA) which will help local
communities plan for future water needs and ensure sufficient flows in the river.
This case study was based on: E. Averitt, F. Steiner. R. Ammerman Yabes and D. Patten.
1994. "An Assessment of the Verde River Corridor Project in Arizona." Landscape and
Urban Planning28(2-3), pp. 161-178.

'The U.S. Environmental Protection Agency (EPA) recognized the community and state's desires to row economically while valuing and protecting their aquatic resources. and in 1989,
initiated enforcement actions to bring sand and gravel miners that were excavating riverbeds

into compliance with the Clean Water Act (CWA). In addition, EPA began an Advanced Identification (ADID) to qualitatively identify and map the functions and values of the river, work
with the public and government entities to recognize present and future needs in and along the
river. and to provide guidance as to which of these areas are likely to be suitable or unsuitable for
future filling pursuant to §404 of the CWA. The findings of the ADID provide guidance to state
and local planners concerning the likelihood of getting permits for future river-related fill activities. The Advanced Identification was completed in 1994 and the sand and gravel sites were
restored by 1995.
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Chattahoochee River
Atlanta, Georgia

Background
The Chattahoochee River originates in the Appalachian mountains of northeastern Georgia. The river flows southwesterly through Atlanta and joins the Flint River which then
empties into the Gulf of Mexico. The area of major concern for the Chattahoochee's
ecological integrity is a 48 mile section which flows through the city of Atlanta and its
surrounding suburbs. North of Atlanta, the river flows through a rapidly developing
area ofnarrow floodplains and steep-walled valleys. In Atlanta the river crosses areas of
industrial development and urban sprawl, yet it is still considered by many to be one of
the most unspoiled and scenic rivers within a metropolitan area of the U.S.

Figure 27 -Location Map

Figure 28 - The Chattahoochee near Atlanta

The Chattahoochee River supplies over seventy percent of the drinking water to the
Atlanta Region. In addition to supplying water for one quarter of Georgia's population,
it provides many diverse recreation and educational opportunities, spectacular views
and numerous historic sites, and assimilates treated wastewater from the city of Atlanta.
The multitude of diverse cultural amenities provided by the Chattahoochee makes it the
lifeblood of the rapidly expanding Atlanta region. With this rapid expansion, concern
was raised about the long-term health of the river and its related environment. Several

protection proposals from state and federal agencies were debated and the Georgia General Assembly considered the Metropolitan River Protection Act (MRPA), in 1971, which
would protect water supply rivers in regions with populations over one million people.
During this period the newly established Atlanta Regional Commission (ARC), which is
made up of local elected officials and citizen appointees, conducted a comprehensive
management study on the river within the Atlanta region and made recommendations on
future growth along the Chattahoochee corridor. Based on the findings of the ARC the
MRPA was passed in 1972 and required a comprehensive plan for the Chattahoochee.
The ARC then developed a plan of action which maintained a natural river corridor and
integrated conservation with development within the growing metropolitan area of Atlanta.

Implementation
From the beginning the ARC structured goals based on the notion that the Chattahoochee
would remain an urban river. The primary objective was to preserve the water quality of
the river. Additional objectives that were incorporated into the plan were protection of
scenic, historic and other unique areas, respect for private property rights, prevent erosion, siltation and the intensity of development, and provide for location and design of
land uses. During the planning process the ARC included citizens and interest groups in
the meetings to get their feedback.
The ARC studied and inventoried the natural settings of the Chattahoochee corridor to
determine where future development should take place. It was recommended that more
vulnerable zones remain undisturbed or be developed at low densities. Areas that were
considered less vulnerable were appropriate for more intensive development. The MRPA
established a 2,000 foot protection zone corridor along each side of the river including
the streambed and all river islands. The Act gave local governments responsibility to
implement the plan by reviewing and permitting development, monitoring land disturbing activities and enforcing restrictions in accordance with the Act and the plan within
the corridot The Act also gave the ARC responsibility to review permits that were
approved by local governments. If the ARC does not agree with the permit the local
governing body must have a two-thirds majority in order for the permit to go through.

Natural Resource Protection Opportunities
All land in the corridor was placed into six categories based on its vulnerability to development. Maximum limits on land disturbance and impervious surfaces were set for each
category. Buffer zone standards were also set which required fifty feet of vegetation be
left in its natural state along the banks of the river and 35 feet along the banks of streams
flowing into the Chattahoochee. Within 150 feet of the river, the plan generally prohibited any structures or impervious surfaces except for walking paths and bridges. Floodplain standards were also set requiring that the floodplain storage and conveyance function should not be altered from its present state.
One of the main objectives of the plan was to ensure that the location and design of land
uses minimize the adverse impact of urban development on the river's water quality.
Development and growth will take place. It is the ARC's goal to provide the information and technical assistance to local governments so development occurs on land least
vulnerable to modification. Another purpose of the plan is to use the Chattahoochee as
a centerpiece to promote recreation, education and community well being within the
Atlanta region. With proper planning, the Chattahoochee is not only a water supply, but
a place where people can congregate and enjoy a natural setting within a metropolitan
area.
Contact: ARC; 3715 Northside Parkway; Atlanta, GA. 30327; (404) 364-2500

*
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