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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.