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Preface

The Federal Emergency Management Agency (FEMA) first published Manufactured Home Instal-
lation 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 founda-
tions, 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 conduct-
ed 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 an-
chor 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 manda-
tory 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 con-
tained 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 foun-
dation 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, miti-
gation 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 par-
ticipating 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 con-
struction of alternative foundation systems as described in the HUD Model Manufactured Home
Installation Standards (24 CFR 3285). It is important to rec-
ognize that both the U.S. Department of Housing and The manufactured housing industry
Urban Development (HUD) and the NFIP require that | hasadopted the term “community”
foundation systems for manufactured homes located in ];grenrpsarllﬂucjsvcet\%fdthzotgem d[e);?ILO?s
Special Flood Hazard Areas (SFHAs) prevent flotation, used in the NEIP 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 install-
ing 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 founda-
tions 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, founda-
tion 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 cov-
ered.

Chapter 6 contains a review of the geology and hydrology of soils and their effects on manu-
factured 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 in-
stallation 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 li-
censed 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 re-
duce 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 aver-
age 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 man-
ufactured 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:

B 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).

B Section 605 of the National Manufactured Housing
Construction and Safety Standards Act of 1974 (42

States may choose to operate an

U.S.C. 5401), as amended by the Manufactured installation program for manufac-
Housing Improvement Act of 2000, authorized the tured homes in lieu of the Federal
Secretary of HUD to establish and implement a program.The State mustimplement
national manufactured housing installation program standards that provide protection

to include (1) installation standards, (2) the training to its residents that equals or ex-
ceeds the Model Manufactured

and hcensmg of ma‘nufactured home installers, Home Installation Standards (24
and (3) the inspection of manufactured home CFR 3285.1(a)(1). See http://

installations. www.hud.gov/offices/adm/hud-
clips for more information.
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Figure 1-1. Basic wind zone map for manufactured housing.
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B 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.

B The National Fire Protection Association (NFPA) has published three documents on the
subject of manufactured housing:

NFPA 501, Standard on Manufactured Housing

NFPA 501A, Standard for Fire Safety Criteria for Manufactured Home Installations, Sites and
Commumnities

NFPA 225, Model Manufactured Home Installation Standard, which will, in adopted areas,
govern installation of manufactured homes.

B 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.

B 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. Partici-
pation 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 sig-
nificantly 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 Presi-
dent 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 long-
term 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 Al1-30, 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 re-
sist 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 manufac-
tured 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 nu-
merous 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 through-
out 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 ad-
opted 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 construct-
ed before 1994 was the result of a lack of adequate elevation, the use of unreinforced piers
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(dry-stacked blocks) in areas exposed to moving floodwaters, inadequate anchoring, and fail-
ure 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 sup-
port piers; and improperly attached tie-down straps.

Figure 1-2. Inadequate
turnbuckle anchor
installed by the
homeowner on this pre-
1994 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 ex-
treme 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) pro-
vided the following conclusions in their report as related to the performance of manufactured
homes:
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“Finally, performance of manufactured housing was also observed to be a func-
tion 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 per-
formance 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 ob-
served in the units designed and installed to the HUD regulations implemented
after 1994 in response to Hurricane Andrew. Although some instances of struc-
tural 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 ob-
serve 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, re-
sulted in extensive damage to roof coverings, siding, windows, and doors of the
manufactured units, and generated significant amounts of debris. Very few man-
ufactured 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 bro-
ken. 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 dwell-
ings been shipped with appropriate glazing protection, these homes [within the
path of Hurricane Charley] would have been protected from windborne debris.”

PROTECTING MANUFACTURED HOMES FROM FLOODS AND OTHER HAZARDS 19
A Multi-Hazard Foundation and Installation Guide






2 Manufactured Homes

2.1 Manufactured Home Characteristics

Manufactured homes are one of several types of homes constructed entirely or partially in an off-
site 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 com-
ponents (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 Installa-
tion 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 longitudi-
nal 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, elimi-
nating 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 Site-
Built 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 16-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. Com-
mon 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 de-
signs for manufactured homes located in HUD Wind Zone III require the use of studs 2 inches
wide by 6 inches deep.
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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 l-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 construc-
tion 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, there-
fore, 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 con-
nected 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 in-
clude the following:

B Piers and ground anchors.
B Perimeter wall foundations.

B 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 ac-

cepted 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.

The Chassis

1. Chassis-heavy-duty axles, leaf
springs, and tires comprise the
running gear.

2. Frame-'l' beam, heavy-duty steel
welded frames. 8", 10", or 12" “I”
beams, depending on length of frame.

3. Rigid steel outriggers and center
cross members.

4. Hitch — sturdy “I” beam hitch members
optionally removable for cleaner

appearance.

The Floor System

5. Bottom board tightly sealed on bottom
of floor.

6. Floor insulation — all-weather insula-
tion for temperature control, blanket
fiberglass installed under entire floor
for complete weatherproofing.

7. Floor joists.

Heat duct — aluminum-framed duct.

9. 5/8" decking particleboard glued and
fastened to floor joists.

10. Roll goods-cushioned vinyl floor in
non-carpeted areas.

The Wall System

11. 2" x 4" studs.

12. Dadoed belt rails for unitized sidewall
construction.

13. 1" x 4" top and bottom plate.

14. Interior paneling — prefinished fire
rated interior paneling glued and
stapled to sidewall studs for unitized
construction.

15. Rugged metal anchor bonding ties
sidewalls to floor for additional
strength.

®

16. Sidewall insulation — heavy-density
fiberglass insulation.

17. Trim to harmonize with exterior decor.

16. Rigid exterior metal is prefinished
aluminum with baked-on enamel
finish.

The Roof/Ceiling System

19. Decorative ceiling board.

20. Gusseted truss-type rafters for extra
roof strength.

21. Blanket fiberglass insulation between
rafters.

22. Steel straps full length of roof over
rafters support insulation and galva-
nized roof between rafters.

23. Thick fiberglass roll insulation over
rafters.

24. Vapor barrier on warm side of roof to
prevent condensation buildup.

25. Galvanized steel one-piece roof.

Windows and Doors

26, Large aluminum-framed windows with
screens and optional storm windows.

27. Egress windows for emergency exit
from every sleeping room.

Mechanical Service Systems

28. Electrical, plumbing, heating, and
construction conform to or exceed the
Federal Manufactured Home
Construction and Safety Standards.
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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 con-
crete 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 sup-
port; 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:

B Buoyancy, particularly during rapidly rising floodwaters

B Lateral movement, particularly when exposed to moving floodwaters that extend above the
home’s steel beams
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B Pier collapse, particularly when homes
are exposed to wind and moving
floodwaters simultaneously

B 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 as-
semblies together is the most common type
of foundation system (Figure 2-6). Piers sup-
port 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 desig-
nated 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 an-
chors, aspecific 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 double- I
section manufactured ]
home on a pier ] ] T

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 manu-
factured 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 ar-
eas of concentrated loads.

Perimeter walls can be constructed with typical build-

ing materials (e.g., castin-place concrete, masonry, L1

or preservative-treated wood); footings are generally —_— _hmrs":ﬁrt;f
cast-in-place concrete. Attaching the floor joists to 1 Block Wall
the foundation wall provides resistance to horizontal —

and uplift forces. N

Some considerations in using this system include the
following: Figure 2-7. Perimeter wall foundation under a

manufactured home.
B The system must be precisely measured and

constructed before the home is delivered to the
site.

B 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 foun-
dation 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 ca-
pable 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 Re-
search Alliance [MHRA]) has evaluated proprietary and non-proprietary foundation systems
for manufactured homes. Their publication, Guide to Foundation and Support Systems for Manu-
Jactured 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 foun-
dation systems developed for use in SFHAs.
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Proprietary Foundation System Checklist

B |dentify type of natural hazards for the manufactured home site. Follow the steps in Chapter
9 of this guide.

B |dentify natural hazards design loads for the manufactured home. Follow the steps in Chapter
9.

B 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.

B 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 sys-
tems 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 foun-
dation 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. Un-
derground 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 oc-
cur 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 connec-
tions than a design wind event (Figure 2-8). Therefore, some flexibility must be provided in the
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utility lines to accommodate for any potential movements. Utility attachments to the manufac-
tured 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.
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Propane and fuel oil tanks used to supply energy for heating or other services should be an-
chored 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 pro-
vided 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 compo-
nents 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 attach-
ments 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 pro-
posed construction (IRC 2006 AE 504.1).

Carports, decks, porches, and awnings should only be built as stand-alone units. Additional-
ly, 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 place-
ment 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 sig-
nificantly 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 Presi-
dent 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 communi-
ty 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 elevat-
ed 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 restric-
tive 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 ldentifying 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 pro-
ducing 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 re-
sources 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 ba-
sis that it provides a higher level of protection while not imposing overly stringent requirements
or the burden of excessive costs on property owners. The I-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 per-
cent (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 delin-
eated 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.
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When producing a new FIS and FIRMs or updating existing ones, FEMA typically uses a combi-
nation 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 dis-
played 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; how-
ever, 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 haz-
ard information for flooding sources that affect developed or developing areas are based on
detailed studies whenever possible; approximate study methods generally are used for undevel-
oped or sparsely developed areas.

When a new or updated detailed FIS is performed, the following information is usually gener-