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PREFACE

In August of 1991 Hurricane Bob inflicted extensive flood damage along the coastlines of Rhode Island
and southern Massachusetts, contributing to the destruction of or substantial damage to 7S to 90 percent
of the homes on barrier beaches. Later in October of the same year a nor'easter battered the Atlantic
coastline with unexpectedly destructive flooding. Widespread flooding occUlTed in Texas when rivers
overflowed their banks from heavy rains brought on by the "El Nino" warming in Pacific waters, a
phenomenon which recurs every three to five years.

These three events in a single year underscore that construction of buildings to reduce hazards in flood
prone regions of the United States is an essential part of the national strategy to minimize the impact of
natural disasters. Commercial, industrial and residential structures that have been constructed to
adequately resist flood hazards according to technical guidelines and standards of the National Flood
Insurance Program (NFIP) have fared best in floods.

The Federal Emergency Management Agency (FEMA). which prepares and distributes the NFIP technical
guidelines_and standards for reduction of flood hazards, has recognized that flood hazard reduction
standards can be more widely implemented in flood-prone communities by their incorporation into the
model building codes and standards which are adopted by the states and enforced on a regular basis by
local building departments.

This study represents a major step toward eliminating the incompatibilities between the NFIP technical
guidelines and standards and the model codes and standards. The report's recommendations provide a
basis for coordinating NAP documents with model codes and standards. In addition the report represents
a starting point for the preparation of standard design guidelines, and eventually, a consensus standard for
flood-resistant construction which can be referenced in the model building codes.

The National Institute of Building Sciences appreciates the oppottunity to assist the Federal Emergency
Management Agency in improving the levels of compatability between the NFIP guidelines and technical
standards and the model building codes and standards. The Institute wishes to thank the members of the
Flood Standards Project Committee for their insights and efforts in developing this document, especially
G. Day Ding, the project committee chairman and Earl Flanagan, the vice-chairman. The Institute also
wishes to commend the efforts of the subcontractors, the Building Officials and Code Administrators,
International (BOCA), the Southern Building Code Congress International (SBCCI), the International·
Conference of Building Officials (ICBO), the National Fire Protection Association (NFPA), and the
National Conference of States on Building Codes and Standards (NCSBCS), which contributed to report
drafts for the project committee's review. The project committee members and subcontractors are listed
in the appendix of the report.

The Institute accepts the recommendations of the Rood Standards Project Committee and approves their
dissemination to the Federal Emergency Management Agency for implementation and to the public.

Q~{t
Robert C. Gibson. P.E.
Chairman of the Board
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ABSTRACT

This study evaluates the compatibility of flood loss reduction standards of the National Flood Insurance
Program (NFIP) with the construction standards for seismic. fire. and wind hazards that now appear in
nationally recognized model building codes and standards and identifies those that are in conflict.
Changes to the NFIP standards and technical guidelines and code change language for model codes and
standards are recommended to resolve identified incompatibilities.

Keywords: codes. floods, guidelines, regulations, standards

Vll



•

.e

•

•

·e

•

•

•

••
•

INTRODUcnON

The purpose of this study is to evaluate the compatibility of flood loss reduction standards of the Nationa!
Flood Insurance Program (NFIP) with the construction standards for earthquake, fire, and wind hazards
that now appear in the nation's model building codes and standards, and identify any that are in potentia!
conflict and recommend possible solutions.

This study was performed by a project committee of volunteers from the public and private sectors of the
building community, operating in accordance with NIBS' consensus procedures. The final report was
prepared according to NIBS guidelines for preparing reports. During the course of the project the
committee oversaw the preparation of comparisons between the NFIP flood resistant design standards in
44 CFR 59 and 60, and sixteen related technical guidance documents and twenty-three model code and
standard documents. Based on these comparisons incompatibilities were identified and recommendations
written to address those incompatibilities. The project committee was supported in its work by five model
codes and standards organizations: the Building Officials and Code Administrators, International (BOCA),
the Southern Building Code Congress International (SBCCI), the International Conference of Building
Officials (ICBO), the National Fire Protection Association (NFPA), and the National Conference of States
on Building Codes and Standards (NCSBCS). A list of project participants is provided in Appendix 1 of
the report.

Chapter I of this report provides background on the NFIP flood program, and the FEMA documents and
the model codes and standards utilized in the study. A description of previous and future FEMA efforts
for promoting compatibility between the FEMA documents and the model codes and standards is also
provided.

Chapter 2 lists 23 model code/standards and 22 FEMAINFIP publications reviewed for this study.
Although this chapter lists 22 NAP documents, one of the technical guidance documents (FEMA-15) and
two of the technical bulletins (86-1 and 90-1) were not used in the comparisons for reasons cited in
Appendix 1. Interpretative correspondence was reviewed only to clarify aspects of NFIP documents in
the project. The model codes and standards are organized under six major code group headings: the
BOCA National Codes, the Standard Codes, the Uniform Codes, the NFPA Standards, the Manufactured
Housing Codes and Standards, and the CABO 1 & 2 Family Dwelling Code.

In Chapter 3 of the report is an overview summary of the major issues underlying incompatibilities
identified in the evaluation of FEMA documents and the model codes and standards. TIlis evaluation
consists of comparisons of Federal Emergency Management Agency (FEMA) documents with the BOCA
National codes, the Standard codes, the Uniform codes, the NFPA standards, the manufactured housing
codes and standards, and the CABO 1 & 2 Family Dwelling Code. These comparisons are found in
Appendices A through F of this report. Issues in the chapter are categorized by the code groups described
above. For each comparison issues concerning the model codes and standards are listed first followed by
issues for the FEMA documents.

Chapter 4 contains the recommendations for changes to NFIP standards and technical guidelines. The
chapter is organized into six sections, 4A through 4F, by the same major groups of model codes and
standards found in Chapters 2 and 3. Recommendations in each section are organized by the model codes
and standards as listed in Chapter 2 under each major code heading. The name of the particular code or
standard on which each recommendation is based (even if the issue in the recommendation is not directly

1



addressed in the document), is found on the right-hand side of the page above the text describing the
recommendation. The corresponding NFIP documents which were compared with the model code or
standard in the development of the recommendation are listed on the left-hand side of the page. Below
each recommendation is a reference to the page and paragraph in the comparisons found in Appendices
A through F.

Chapter 5 contains code change language for resolving incompatibilities between the NFIP standards and
technical guidelines and the model codes and standards. Like Chapter 4, this chapter is also organized
into six sections, 5A through SF, by the same groups of major model codes and standards found in
Chapters 2 and 3. Recommendations in each section, however, are organized by the NFlP documents as
listed in Chapter 2. The name of the particular NFIP document on which each code language change is
based, is found on the left-hand column on the page above the text describing the code change. Passages
in the model code or s~dardwhich are affected by the code change are listed in the center column. The
analysis supporting the code change is in the right-hand column. Each code change entry, including the
referenced documents, the analysis and code change text has been taken verbatim from the comparisons
in Appendices A through F.

Appendix I lists the project comminee members and consultants who participated in the study. Appendix
2 is a glossary of acronyms found throughout the report.

Appendix 3 is a general description of each FEMA and NFIP publication as they relate to the overall
codes and standards development process. The considerable data in the publications concerning the NFIP
program, site considerations, classification of flood zones and other areas have not been included in the
summaries. Instead, only the material utilized in the comparisons is briefly cited in the NFIP document
summaries.

Appendix 4 is a general description of the content of each model code/standard publication.

Appendix A contains the comparison between the family of BOCA Codes and the NFIP standards and
technical guidelines.

Appendix B contains the comparison between the family of Standard Codes and the NFIP standards and
technical guidelines.

Appendix C contains the comparison between the family of Uniform Codes and the NFIP standards and
technical guidelines.

Appendix D contains the comparison between the NFPA standards and the NFIP standards and technical
guidelines.

Appendix E contains the comparison between the manufactured housing codes and standards and the NFlP
standards and technical guidelines.

Appendix F contains the comparison between the CABO I & 2 Family Dwelling Code and the NFlP
standards and technical guidelines.

2
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CHAPTER 1

BACKGROUND

NFIP Standards and Technical Guidelines

The National Rood Insurance Program (NFIP) was created by Congress in 1968 to provide federally
backed flood insurance coverage since it was generally unavailable from private insurance companies.
The NFIP was also intended to reduce future flood losses by ensuring that new development is adequately
protected from flood damages. The NFIP is based on a mutual agreement with communities that have
been identified as flood-prone. The Federal Emergency Management Agency (FEMA), which is the
agency charged with administering the program, makes flood insurance available throughout a community
provided that the community adopts and enforces adequate floodplain management regulations that meet
the minimum requirements of the NFIP. lbis is accomplished through a local floodplain management
ordinance which must either meet or exceed the minimum NFIP criteria. 1bese minimum criteria are
located in 44 CFR 60.3 and 60.6, and they establish design performance standards for buildings located
in Special Rood Hazard Areas that specify how a structure should be constructed in order to reduce or
eliminate the potential for flood damage.

To assist in the application of these requirements by the building community, which includes building
code officials, local building officials, engineers, architects, builders, developers, and the general public.
FEMA has developed technical guidance manuals and informational materials for public distribution.
These materials contain guidelines that specify the use of certain techniques and materials for design and
construction which will meet the intent of the NFIP general performance criteria for flood damage resistant
construction. 1bese publications report what is considered to be standard practice for flood resistant
design and construction techniques.

The NFIP technical guidance documents have been wrinen within the previous fifteen years either inhouse
or under FEMA contract with various architects, engineers, and private organizations. As a result. the
NFIP documents vary in approach and level of technical detail. For example, it appears that the Coastal
Construction Manual which emphasizes wood superstructure was written from an architect's point of view.
FIoodproofing Non-Residential Structures which emphasizes foundation systems appears to have been
wrinen from the vantage point of an engineer. In terms of technical detail different levels of information
are related for the same construction types. For example, some publications give rules of thumb while
others offer structural tables. Finally, referencing between documents tends to be broad in scope and
duplicates information. Chapter 2 lists 22 NFIP documents reviewed in the study, however, three were
not used in the comparisons for reasons cited in Chapter 3.

Model Codes and Standards

The model codes and standards have been developed by consensus over a period of years under the
auspices of the organizations (i.e. CABO, BOCA, SBCCI, ICBO, NFPA and ANSI) which promulgate the
written documents.

The three national model codes are: BOCA National Building Code, which is a product of the Building
Officials and Code Administrators (BOCA), and is generally adopted by eastern and mid-western States;
Standard Building Code, which is a product of the Southern Building Code Congress International
(SBCCI), and is generally adopted by southern States, and; Uniform Building Code, which is a product
of the International Council of Building Officials (ICBO), and is generally adopted by western States.
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In addition, there is a fourth model building code known as the CABO (Council of American Building
Officials) One and Two Family Dwelling Code. This model code is used in various parts of the country
for residential structures.

The National Fire Protection Association (NFPA) Life Safety Code is adopted in many areas of the
country. The NFPA National Electrical Code is a national standard referenced by each of the three model
codes.

These documents follow standardized formats for content and references, and within the families of codes
(Le. National, Standard and Uniform) the documents reference one another without duplicating
information. For example, information on mechanical systems is found in exclusively the Standard
Mechanical Code. 1be Standard Building Code only addresses construction which comes in contact with
mechanical systems.

The manufactured housing codes and standards have their origins in a Federal program. The HUD
Handbook 4930.3 and the Manufactured Housing Construction Safety Standards (MHCSS), are
promulgated by the Department of Housing and Urban Development. The third, the Manufactured
Housing Installation Manual (MHIM), written by the Manufactured Housing Institute (MHI), is designed
to reference 4930.3 and the MHCSS. These documents contrast in origin with model building codes and
NFPA documents which are promulgated by consensus based organizations. Such organizations are pan
of the Board for the Coordination of the Model Codes (BCMC) process which has coordinated each of
these codes in many areas in the last ten years.

The other documents in the manufactured housing code comparison, ANSI A225.1, Appendix C of the
CABO I & 2 Family Dwelling Code, and NFPA 501A, are either part of the families of the model codes
or in the ANSI standard's case is referenced by the model codes. A list of the model codes and standards
referenced in this study is found in Chapter 2.

NFIP Standards and the Model Codes

FEMA has undenaken a multi-year effon to incorporate the NAP flood damage resistant design standards
into the nation's model building codes, which are then adopted by either States or local communities.

lbis effon involved the extraction of specific building criteria from the NAP floodplain management
requirements (44 CFR Parts 59 and 60) and revising the language into a code format. lbis language was
then submitted to the model building code groups as a proposed code change. 1be code change process
consists of a recommendation for approval or disapproval by a code change panel at an annual code
change hearing, followed by a vote by eligible model code members at an annual conference. FEMA' s
approach to this process has involved either working directly with the code organization or closely
coordinating with State and local officials to submit the code change proposals.

As of this date, two model building code groups have accepted and published extensive sections of the
NAP floodplain management regulations that pertain to building standards. A third has recently accepted
flood related language.

4
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The BOCA National Building Code has already adopted the majority of the NAP building regulations into
the main body of its Building Code, as well as in the BOCA Mechanical, Plumbing and Fire Prevention
Codes. TIle Building Code language is presently located under Section 2101.6. The title of Article 21
is Exterior Walls with Section 2101 entitled Performance Requirements, Exterior Walls. There are several
administrative and land use sections of the NFIP regulations that are not covered by the BOCA Code.
Because this language is located in the main body of the Building Code, it is unlikely that they can all
be included.

The Standard Building Code (SBCCI) is the only model building code that has adopted all of the NFIP
regulations. This is the result of a series of code changes submitted in 1986 and 1988. TIlis language
is located in a separate standard, the Standard For Floodplain Management (1989 Edition), and is
referenced in the Standard Building Code under Section 1209. The Standard for Floodplain Management
has been reviewed by FEMA Regions IV and VI and they have accepted it as a satisfactory alternative
to their model ordinances. This is possible because this language is located in a separate Standard,
although as a separate, it must be purchased and adopted independently.

The Uniform Building Code (ICBO) recently added flood resistant design standards in an appendix
chapter. The language is similar to that of the BOCA Code in that it only covers the construction related
requirements of the NAP. TIle code language was submitted by the ICBO's High WindlHurricane
Committee, and was based on a 1988 code proposal that was submitted by the State of California,
Depanment of Water Resources and FEMA.

The purpose for FEMA involvement with the model building codes is that with the NFIP design
requirements in the building codes, they have become more accessible, more credible, and easier to use
and enforce by the building community. TIle same kind of involvement has not yet occurred with the
organizations promulgating the NFPA standards and the manufactured housing codes and standards.

Future Directions

The nation's floodplains continue to be the site of significant amounts of new construction as well as the
rehabilitation of existing buildings. In order for the NFIP to accomplish its goal of reducing the nation' s
flood losses, FEMA must encourage building practices that minimize flood damage to buildings located
in flood-prone areas. At the same time, FEMA must ensure that there will not be any negative impact
from these flood resistant design standards on the model building codes and the standards that they use
to protect structures from other types of natural and man-made hazards.

Future efforts by FEMA to work with the model code groups is evolving. FEMA will continue to work
with individual model code groups to place as much of the NAP floodplain management standards as
possible into the model building codes. A possible future initiative is the development of a consensus
standard through a nationally recognized standards organization. The advantages to this action are that
a national consensus standard is more credible and the same code language would then exist nationwide.
FEMA has proposed that the American Society of Civil Engineers form a Flood Damage Resistant Design
Standards Committee. One of the purposes of the committee will be the development of design standard
guidelines for flood resistant construction through a consensus process. TIlis will be an initial step leading
to the development of consensus standards. FEMA also intends to interact with the Department of
Housing and Urban Development to coordinate HUD documents with flood resistant standards and
technical guidelines.

5
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The FEMA and NAP flood resistant design standards and technical guidelines listed in this report include:
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1.

2.
3.
4.

5.
6.
7.
8.
9.
10.

11.

National Flood Insurance Program Regulations for Floodplain Management and Flood
Hazard Identification
(44 CFR 59.1, 60.3 and 60.6)
Coastal Construction Manual (FEMA-55)
Elevated Residential Structures (FEMA-54)
Retrofitting Flood Prone Residential Structures

(FEMA-114)
Floodproofing Non-Residential Structures (FEMA-I02)
Manufactured Home Installation in Flood Hazard Areas (FEMA-85)
Alluvial Fans: Hazards and Management (FEMA-165)
Design Guidelines for Flood Damage Reduction (FEMA-15)
Manual for the Construction of Residential Basements in Non-Coastal Flood Environs
Technical Standards Bulletins:

Wet Floodproofing, No. 85-1
Foundation Wall Openings, No. 85-2
Breakaway Walls, No. 85-3
Hurricane Damage Patterns: A Focus on Pile

Foundations, No. 86-1
Wind Design Standards and the NAP, No. 88-1
Flood Resistant Materials, No. 88-2
Free of Obstruction Requirement in Coastal High

Hazard Areas, No. 88-3
Protection of Elevator Equipment in Flood Hazard

Areas, No. 88-4
NAP Pile or Column Requirement in Coastal High

Hazard Areas, No. 90-1
NAP Requirements for Below Grade Parking Garages in

Flood Hazard Areas, No. 90-2
Non-Residential Floodproofing Certification

Requirements of the National Flood Insurance
Program, No. 90-3

Installation of Manufactured Homes in Special Flood
Hazard Areas, No. 90-4

Interpretative correspondence.
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Model codes and standards which contain provisions for seismic, fire, and wind hazards include:

National Codes (BOCA):

1. 1990 BOCA National Building Code
2. 1990 BOCA National Fife Prevention Code
3. 1990 BOCA National Mechanical Code
4. 1990 BOCA National Plumbing Code
5. 1990 BOCA Propeny Maintenance Code

Standard Codes (SBCCO:

6. 1991 Standard Building Code
7. 1989 Standard for Flood Plain Management
8. 1991 Standard Mechanical Code
9. 1991 Standard Gas Code
10. 1991 Standard Plumbing Code

Uniform Codes (ICBO):

11. 1991 Uniform Building Code
12. 1991 Uniform Mechanical Code
13. 1991 Uniform Plumbing Code

NFPA Standards:

14. NFPA 101 - 1991 Life Safety Code
15. NFPA 70 - 1990 National Electrical Code
16. NFPA 54 - 1988 National Fuel Gas Code
17. NFPA 58 - 1989 Standard for the Storage and Handling of Liquified Petroleum Gases

Manufactured Housing Codes and Standards:

18. ANSI A225.1-87, Manufactured Home Installations
19. HUD Manufactured Home Construction and Safety

Standards, Part 3280 with interpretative
bulletins

20. Permanent Foundations Guide for Manufactured
Housing, 4930.3

21. Model Manufactured Home Installation Manual
22. NFPA 501A - 1987 Standard for Firesafety Criteria

for Manufacture Home Installations, Sites
and Communities

CABO 1 & 2 Family Dwelling Code:

23. 1989 CABO One and Two Family Dwelling Code with 199Q'1991 amendments

8
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CHAPTER 3

SUMMARY OF ISSUES

An Overview of Issues

From a survey of the comparisons of NFIP standards and technical guidelines with the seismic, wind and
fIre safety provisions in the model codes and standards, it is apparent that issues leading to
recommendations for changes to each of the model codes and standards vary with each code, while issues
for the NFIP documents cluster into several recognizable themes.

In the comparison between the FEMA documents and the BOCA National Building Code, BOCA raised
issues for its code that concern the means and methods of construction. Issues identified by SBCCI for
the Standard Building Code reflect concerns with mechanical, electrical and plumbing systems. As with
BOCA's comparison, issues identified for the Uniform Building Code center around construction means
and methods. Both comparisons address corrosion of masonry, design of anchors, and design loads for
breakaway walls. The NFPA comparison raised no issues in regard to amending its own codes. The
comparison with manufactured housing codes and standards identified issues similar to the model code
issues including the need to reference NFIP documents. utility protection, provisions for floodwalls and
anchorage design criteria. lbe CABO I & 2 Family Dwelling comparison raised issues regarding the
equalization of hydrostatic forces, and corrosion protection.

For FEMA documents the list of issues raised is considerably longer and displays ten themes which three
or more code comparisons identifIed. Although each comparison presents these issues in different ways
and suggests varying courses of action, the topic for each can be stated uniformly as follows:

1.

• 2.

3.

4.•
5.

6.

•
7.

8.

• -
•

Requiring a geotechnical report for any structural element bearing on soil including piers
and piles

Coordinating wind loads and wind maps and
referencing AS~ 7-88

Accounting for snow loads in design

Accounting for seismic loads in design

Supplying appropriate design values for various types of construction including wood
construction, roof to wall connections, and floor beams to pile connections

Alternate means of construction, for example, types of shear walls, or wood post for
pilings

DefIning anchorage requirements

Application of wood preservatives. use of naturally durable wood and referencing ASTM
standards

9



9. Load requirements for breakaway walls.

10. Occupancy in basements below the BFE

In addition to these ten, there are numerous other issues concerning the FEMA documents identified in
at least two of the comparisons. This does not necessarily mean they are less imponant than the ten issues
identified in three or more comparisons. For example:

o Protection of electrical utilities was cited by both NFPA standards and the Standard
Building Code comparisons.

o Use of registered professionals for design was cited in the BOCA National Building Code
and the Uniform Building Code comparisons.

o Several common issues were defined by the Standard Building Code and CABO 1 & 2
Family Dwelling Code comparisons including:

Requirements for nailing and splicing

Stud length

Wind criteria for wall sheathing

Additional moment in piles produced by knee braces

Wind loads for windows and shutters

A third category includes the issues addressed by only one code group. For example, the comparison of
manufactured housing codes and standards addresses FEMA's use of ground anchors. Other such issues
are listed separately for each of the code comparisons below.

National Codes (BOCA)

As stated in the background chapter, the BOCA National Building Code has already adopted the majority
of the NFIP building regulations into the main body of its Building Code as well as in the ~OCA

Mechanical. Plumbing and Fire Prevention Codes. Consequently, the comparison between the National
Building Code and the NFlP standards and technical guidelines has resulted in a "check-off' list of final
items to be reconciled.

For the BOCA National Building Code this list includes:

Design loads for breakaway walls
Use of fill
Corrosion protection for concrete and masonry
Scour around piles
Use of exterior plywood in subflooring
Flood water loads
Uplift and lateral forces for anchorage

10
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Perfonnance of interior wall fInishes
Elevator equipment above the BFE

For the FEMA documents this list includes:

Requiring a geotechnical repon for piers
Imponance factor in wind forces
Corrosion protection for concrete and masonry
Use of registered professionals for tall structures
Application of wood preservatives
Wood posts
Roof design tables for sheathing and ponding
Design values for roof to wall connections
Footing design
Snow and wind loads
Reference standards for wood foundations
Including live loads in buoyancy considerations
Impact loads
Structural calculations for reinforced concrete slabs
Occupancy in basements below the BFE

In the above list of issues identified for FEMA documents, corrosion protection for concrete and masonry
was the only issue unique to this comparison.

Standard Codes (SBCCn

According to the background chapter, the Standard Building Code is the only model building code that
has adopted all of the NAP regulations. However, for its own code, SBCCI recognized outstanding issues
related to mechanical, electrical and plumbing systems. For FEMA documents the comparison produced
the longest list of suggested changes in relation to the other comparisons. Like the BOCA comparison.
many of the suggested recommendations deal with construction means and methods.

Issues related to the Standard Building Code include:

Referencing FEMA documents for elevation of mechanical equipment and utilities
Referencing the Standard for Aoodplain Management for mechanical and gas equipment.
tank, utilities, and elevator equipment installations
Uplift of storage tanks
Sump and ejector pumps where gravity drainage is available
Air valves below the BFE
Referencing the Standard for Aoodplain Management for plumbing, sewer and storm drain
bacldlow valves and potable water protection

Issues related to the FEMA documents are:

Twelve foot spacing of concrete piers
Alternate means of construction for shear walls
Anchorage requirements
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Nailing and splicing requirements
Use of naturally durable wood
Snow and seismic loads
Velocity pressures for tall structures
Referencing ASTM standards for wood preservation
Referencing ACI standards for masonry and concrete
Soils investigations for design of piles
Stud length
Wind criteria for wall sheathing
Additional moment in piles produced by knee braces
Wind loads for windows and shutters
Reference ASCE 7-88 for wind loads
Toe-nailing
Considerations for design of wood construction
Particle board for sheathing
Exposed ductwork
Referencing codes for exhaust installation clearances
Referencing codes for utility clearances
Acquiring building permits
Deletion of rule of thumb for floor beams
Clarifying design requirements for footings
Addressing wave impact on utilities
Providing parameters for substantial improvement of a structure
Occupancy in basements below the BFE

Issues related to both sets of documents are:

Manufactured housing in floodways and coastal high hazard areas
Consistency of criteria for residential and non- residential buildings

The issues related to both sets of documents are unique to this comparison. In the above list of issues
identified for FEMA documents, toe-nailing and providing parameters for substantial improvement of a
structure were the only issues unique to this comparison.

Unifonn Codes (ICBO)

As stated in the background chapter, the Uniform Building Code recently added flood resistant design
standards in an appendix chapter. TIle language is similar to that of the BOCA Code in that it only covers
the construction related requirements of the NAP. Despite the similarity of the UBC appendix to the
flood provisions in BOCA, the UBC comparison raises a number of different issues. In addition, the UBC
comparison identifies seven thematic issues which appear repeatedly in its recommendations for changes
to FEMA documents. The first relates to issues identified by BOCA, the second and third relate to issues
identified by BOCA, SBCCI and other comparisons. The next three issues are unique to this comparison.
The last issue on referencing local codes was echoed by SBCCI, but for different building components.
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ICBO's thematic issues are:

o For any structural element bearing on soil, the design should be based on a geotechnical repon
prepared by a soils engineer.

•

••
•

o

o

For the design of any type of structure, or structural member a registered architect or engineer
should be utilized.

Where the FEMA documents specify a certain type of construction, other means of construction
should be allowed as long as technical criteria for flood hazard reduction is satisfied.

o FEMA documents should emphasize that examples of design calculations are only examples.

• o Specific manufacturers products should not be specified in FEMA documents.

•

.-
•

•

•

••
•

o Standards referenced in the FEMA documents should represent the latest edition.

o FEMA should reference local codes where applicable.

In addition the comparison raises singular issues for the both the UBC and the FEMA documents. For
the UBC these issues are:

The flood zones where UBC allows elevated structures
Use of a national standard to define a manufactured home
Leakage through windows
Corrosion of masonry and metals
Protection of openings above the BFE
Wind design velocities for anchors
Design considerations for floodwalls
Water penetration criteria for sealants
Higher design loads for breakaway walls

For FEMA documents these issues are:

Protection of wood
Use of only piles in coastal high hazard zones
Use of wood shear walls
Consideration of lateral loads for all structures
Design tables based on materials, not connections
Loading criteria for fasteners of breakaway walls
Definition of grade should conform to UBC
Water penetration criteria for sealants
Occupancy in basements below the BFE

In regard to breakaway walls, the comparison identifies some significant conflicts between the UBC and
the FEMA documents in regard to use of space below the BFE. According to ICBO, the FEMA
documents should not allow parking without breakaway wall, and allow temporary storage. lhis and the
following issues for FEMA documents are unique to the ICBO comparison:
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Definition of grade should conform to UBC
Water penetration criteria for sealants

NFPA Standards

The NFPA comparison represents possibly the fIrst evaluation of documents written for protection from
flood hazards in relation to those written for protection from fire hazards. Because of the focused nature
for the NFPA standards, the number of issues identified in the comparison are less broad in scope than
the comparisons involving model building codes. Issues identified for FEMA documents center around
protection of electrical systems, anchoring and maintenance of tanks, fire ratings for breakaway walls and
water tight doors and maintenance of interior finishes for different occupancies as defmed by the code.
No issues were identified for the NFPA documents.

For electrical systems, issues are as follows:

Suitability for corrosive environments
Secure fastening of service mounting
Sealing of underground installations against flooding
Locating switches and circuit breakers for accessibility
Drainage for electrical systems installed below the BFE
Grounded and labeled power outlets for pumps and motors

Manufactured Housing Codes and Standards

Like the NFPA standards, manufactured housing codes and standards have probably not been compared
with documents written for protection from flood hazards. Despite the origin of manufactured housing
codes and standards described in the background chapter, many of the results of this comparison are
similar to the comparisons for the National, Standard, CABO 1 & 2 Family Dwelling, Uniform and NFPA
codes.

For 4930.3, the MHCSS and the MHIM, issues identified in the comparison regarding manufactured
housing codes and standards are as follows:

Addition of complete flood design criteria
Addition of provisions for floodwalls
Utility protection
Addition of option for floating structure
Referencing FEMA documents where necessary

For FEMA documents issues are:

Clarifying limits of clay soil use
Language on removable chassis
Alternate forms of construction
Load requirements for breakaway walls
Anchoring requirements
Use of ground anchors
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•

••
•

•

•

••
•

•

•

••
•

Referencing ANSI 58.1
Design stresses due to lateral movement

For both manufactured housing and FEMA documents, issues to reconcile are:

Coordination of wind criteria
Definition of forces for anchorage
Load requirements for open foundations

For ANSI A225.1, Appendix C of the CABO 1 & 2 Family Dwelling Code, and NFPA 501 A the issues
identified in the comparison for these codes are as follows.

Flood design criteria for extended wall foundations
Design requirements for anchorage
Referencing FEMA documents

For FEMA documents issues are:

Designing piers per manufacturer's recommendations
Provision for different concrete pier sizes
Designing anchors per manufacturer's recommendations

For both manufactured housing related model codes and standards and FEMA documents, issues ro
reconcile are:

Coordination of wind criteria
Correction of pier footings for scouring
Design loads
Anchoring requirements
Referencing ANSI 58.1

In the above list of issues identified for FEMA documents, the following issues were unique to this
comparison:

Clarifying limits of clay soil use
Language on removable chassis

CABO 1 & 2 Family Dwelling Code

lltis comparison identified two issues related to the CABO I & 2 Family Dwelling Code. For FEMA
documents, the list of issues is similar in length and content to the Standard Building Code comparison.

The issue related to the CABO I & 2 Family Dwelling Code is:

equalization of hydrostatic forces
corrosion protection
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Issues related to the FEMA documents are:

Expansion of the definition of manufactured housing of include dimensional parameters
Snow and seismic loads
Reference ASCE 7-88 for wind loads
Alternate means of construction for shear walls
Anchorage requirements
Nailing and splicing requirements
Deletion of rule of thumb for cantilevers
Use of naturally durable wood
Velocity pressures for tall structures
Referencing ASTM standards for wood preservation
Referencing ACI standards for masonry and concrete
Soils investigations for design of piles
Stud length
Wind criteria for wall sheathing
Additional moment in piles produced by knee braces
Wind loads for windows and shutters
Lateral support for grade beams
Design considerations for truss bracing
Shear walls for pile foundations
Design considerations for floor beams and piles
Particle board for sheathing
Updating wind maps
Site preparation requirements
vapor barrier requirements

In the above list of issues identified for FEMA documents. the following issues were unique to this
comparison:

Expansion of the definition of manufactured housing of include dimensional parameters
Lateral support for grade beams
Shear walls for pile foundations
Site preparation requirements
vapor barrier requirements
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•

.-
•

•

•

••
•

•

•

• •
•

CHAPTER 4

RECOMMENDED CHANGES TO FEMA DOCUMENTS

17



Recommended Changes to FEMA Documents Based on the BOCA National Codes

FEMA should provide direction to the model codes concerning the need to include the subclassification
of flood zones (AI-30, AH, etc.) and B, C, X and 0 zones versus the current zones (A and V) found
in the model codes. Upon resolution, changes to NFIP regulations and code changes to BOCA could
be considered.

FEMA should conduct the necessary research to support the 10-20 psf design loading for breakaway
walls. A system designed in this load range may breakaway under a design wind condition. Upon
resolution of this issue, it would then be appropriate to prepare a code change which reflects the results
of the research as design criteria to be induded in NFIP regulations and BOCA.

See Appendix, pages A-I: item 4; A-6: item 2, A-26: item 2; A-27: item 1.

FEMA may wish to clarify that break-away walls are allowed in A-zones provided the opening criteria
is met. This would also be a viable option under the alternative approval provisions of BOCA.

The term "substantial improvement" used in FEMA is based on 50% of market value while BOCA's
reconstruction or restoration provisions are a function of 50% of replacement cost. FEMA to evaluate
whether the criteria to determine compliance should be based on "market value" or "replacement cost".

•

••
•

•

•

••
•

1.

2.

3.

4.

5.

NFIP 44 CFR 59.1 (Elevated buildings)
NFIP 44 CFR 60.3 (c)(2), (c)(3), (e)(4), (e)(5), (e)(6»

See Appendix, pages A-2: item 4; A-5: items 2, 3; A-6: items 1,23.

NFIP 44 CFR 59.1 (Breakaway wall)
NFIP 44 CFR 60.3 ((e)(5»
FEMA-55 (4.3.5.1,4.3.5.2)

NFIP 44 CFR 60.3 «(e)(5»
FEMA-55 (4.3.5.1)

See Appendix, pages A-6: item 2; A-26: item 2.

NFIP 44 CFR 59.1 (Substantial improvement)

See Appendix, page A-4: item 6.

FEMA-54 (Piers)
FEMA-55 (4.3.1.1, Appendix D)

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

•
FEMA should require soil testing and a geotechnical report prior to the placement of foundations to
ensure sufficient load bearing capacity of the soil.

See Appendix, pages A-lO: item 1; A-I8: item 2; A-34: item 2.

6. FEMA-54 (Pier foundation connections)
FEMA-114 (3.13)

BOCA National Building Code

•

••
•

Anchor bolt embedment differ slightly between BOCA and FEMA. If viewed as a conflict, FEMA
would need to conduct an evaluation of the relevant standards to determine if a "correct" embedment
can be ascertained.

See Appendix, pages A-IO: item 3; A-48: item 3.

4A-l



7. FEMA-SS (4~1) BOCA National Building Code

8.

It i5 J'C"CDDmcndcd that FEMA revise its imponance factor for wind from Lll to LOS for all buildings
othcc Cba CHC1'tiaJ fac:ilitics and assembly buildiDa with less than 300 occupant&. This will bring the
importaDcc factors into c:orre1ation with ANSI ASS.l/ASCE 7-82 which is referenced by BOCA.

Sec AppcDdix, page A-14: item 2-

FEMA-54 (Building materials) BOCA National Building Code
FEMA-SS (4.1.2, 4.2.2, 4.2.3.1, 4.2.3.2, 4.2.3.3, 4.3.2.4) BOCA National FU'e PreventioD Code

It is recommended that FEMA include a S,CDCral provision to address moisturc protection. Suggested
1aDguage is: Construction materials, including connections, shall be resistant to watcr damage such that
conditioN of c:orro&iou, deterioration, or decay will not occur.

Sec ~dix. pages A-ll: item 2; A-12: itcm 1; A-14: item 3; A-17: items 2, 3, 4, 5; A-20: itcm 4:
A-80: 1lCID L .

9. FEMA-SS (4.L4) BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

10.

lL

12.

Registration laws for cnginccrs and architects vary from stale to statc and FEMA should acknowledge
these laws.

Sec Appendix. page A-15: item 3.

FEMA-SS (4.L4)

The requirements for professional registration (V-zoncs) require correlation with the NFIP regulations.

Sec AppcDdix, page A-15: item 3.

FEMA-SS (4.2.1.3)

~members arc aitical to the structural integrity of a building but so arc joists and other
cJemCJl1S. It is Dot clear whf FEMA on?' requires c:crtain structural elcmcnts to be

preservative treated.. FEMA should revise its' criteria to include a requiremcnt for pressure preservative
trcalmcnt for all strue:tural members subject to flooding

Sec AppcDdix, page A-16: item 4.

FEMA-54 (Building materials)
FEMA-55 (4.2.L4, 5.2)
FEMA-102 (Chapter mPart C)

FEMA should rcfcreDCC the appropriatc standards for the pressure~ treatment of wood.
These include AWPA Cl-88, 0-89 and C9-8S for abcwe grade construction andAWPA <:3-89, C4-89,
AWPB MPl-88. MP2-88, and MP4-88 for timber piles. PrcscrYatiYcs should conform to AWPA Pl-89,
P2-89, PS-89, P8-89, and P9-87. Wood used in foundations should conform to AWPB-FDN-88.

Sec ApreMix, pIFI A-ll: item 2; A-12: item 1; A-17: item 1; A-31: item 3; A-43: item 1.

13. FEMA-5S (43.1.3) BOCA National Building Code
MCRB (IILA.1)

It seems ow:rly rcst:rictn'e to preclude the use of a building material. If adequatcly~cd, wood posts
(FEMA-SS) or UlU'CiDforced masonry (MCRB) should be considered ac:cc~. It IS recommended
that FEMA relax their recommendation of material types in favor of a deagned systcm of material of
the designrr's choice when such materials can be shown to be suitable for their intended use.

Sec Appendix. pages A-l9: item 2; A-54: item L
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FEMA should include desian tables for the muimum span of roof sbeathil as well as ponding
prOYisioal for the design of flat and low-slope roofs. Alternatively, FEMA cool reference the model
codes for' roof sheathing design tables.

Sec Appendix, page A-22: item L

•

~.

14.

15.

FEMA-SS (43.2.8)

FEMA-55 (433.4)

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code.16.

FEMA &bould revise their provisions to include a prohibition of shear or other walls which are part of
the structural frame below the BFE in V-zones.

Sec Appendix, page A-24: item 2.

FEMA-55 (43.4.1)
FEMA-8S (Oapter IV Part A)

It is recommended that FEMA reference the wind and snow design values of ANSI AS8.1/ASCE 7-82.

FEMA should reference the design standard for wood, namely, NFoPA ND5-l986 with 1987 revisions
and 1988 Supplement - Design Values for Wood Construction.

Sec Appendix, page A-2S: item 3.

FEMA should determine the appropriate performance aiteria for storm shutters and stipulate when and
what type are required. This could then be considered by BOCA.

Sec Appendix, page A-29: item L

•

••

17.

18.

Sec Appendix, pages A-24: item 4; A-39: item 2.

FEMA-55 (4.3.4.4)

FEMA-55 (4.3.7.2)

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

BOCA National Building Code

•

•

•

•••
•

19.

20.

21.

FEMA-55 (4.3.7.4)

FEMA should stipulate the locations which require flashing

Sec Appendix, page A-29: item 3.

FEMA-S4 (Building Materials and Wood, Steel,
Concrete and Masonry)
FEMA-55 (5.2, 5.3)
MCRB (IILA3. In.A.4, m.B.7.b)

FEMA should reference the applicable standards for plain and reinforced conaete design, AO 318-89
and AC 318.l-89, respec:tiYely. Conaete materials and admixtures should conform to ASTM 060-86,
ASI'M C6JB.88, and ASI'M <::989-89. Ready-mix conaete should conform to ASTM C94-89b or ASTM
C68S-89b.

Sec Appendix, pages A-ll: item 2; A-12: item 1, A-31: items 3, 4: A-54: items 3, 4; A-57: item 4.

FEMA-8S (Olaptcr ill-Fill)
FEMA·102 (Chapter ill Part B)

FEMA-8S and -102 require coordination with the NFIP regulations relative to the use of structural fill
in V-zones. NFIP regulations do not permit fill in V-zones.

See Appendix, pages A-37: item 1; A42: item 3.
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22. FEMA-8S (Chapter m-E1cvatcd foundations) BOCA National Buildiug Code

Pier bciIbll'Cllrictions differ slightly between BOCA and FEMA. If viewed as a conflict, FEMA would
need to c:onetnd an evaluation of the relevant standards to determine if a "correct" pier height can be
a.sccrtaiDccl.

Sec Appcadix, page A-31: item 2

23. FEMA-8S (Cbapter IV D) BOCA National Building Code

It is not dear how the recommendations found in FEMA would be implemented relative to providing
a meaDS of evacuation and/or rescue during a Oood eYCDt. In all likelihood, compliance with these
recommendations would preclude a strue:ture from bciDg built in an area prone to flooding. FEMA to
evaluate.

Sec Appendix, page A-41: item L

24. FEMA-102 (Maintenance) BOCA National Building Code

FEMA should evaluate how the provisions in FEMA-I02 correlate with the NFIP requirements relative
to 'substantial improvements'.

BOCA National Building Code25.

Sec Appendix, page A-44: item L

FEMA-102 (Appendix D Part B)
MCRB (lU.C.4.., V.B.l, LB.4)

F'EMA should provide data for determining floodwater depth and veloc:ity for usc in hydrostatic and
hydrodynamic load c;a1ndarions. This would include the conditions of Oood water velocity, erosion,
scdimem, depth and watershed hydrology. If DO such data emu, a research effort should be undertaken
to establish such data as the basis to dcYClop specific hydrodynamic design loads for incorporation into
ASCE7.

Sec Appcudix. pages A-46: item 3;A~ item 3;A~ item 4; A~: item 5.

26. FEMA-1l4 (3.5) BOCA National Building Code

FEMA-1l4 requires a revision to clarify when openings to equalize t100dwaten are required (A-zones)
versus breakaway waDs (V-zones)

Sec Appcadix, page A-48: item L

BOCA National Building CodeFEMA-1l4 (6.5)
F'EMA-54 (Building materials)
MCRB (IILA.1, DLA.2)

FEMA UoaId refereace the current masonry standard for unreinforced and reinforced masonry, AC
530/ASCf!. 5-88. Masonry mortar should conform to ASTM C27O-88a.

Sec Appcadix, pages A-I1: item 2; A-12: item 1, A-49: item 3; A-54: items 1, 2

28. MCRB (IU.A.6) BOCA National Building Code

Tl.

FEMA should review the referenced standard for wood foundations (NFoPA TR7-87) to determine
applicability to flooded conditions.

See Appendix, page A-55: item 1.
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The FEMA MCRB Manual discusses the design and construc:tion of residential basement walls
5Ubjcc:ted to hydrostatic and hydrodynamic loads (i.e., below the BFE). Under BOCA, residential
bascmeDtI usable for human occupancy are required to be above the BFE. The BOCA codes does not
permit the water-resistant design option for residential structures with Doors usable for human
oc:cupancy below the BFE-this option is acceptable for all uses except residential FEMA NFlP 44 CFR
60.3 (c)(2) also requires "residential struc:turCL.(including basements) elevated to or above the base
flood level" - unless a variance is granted in aa:ordance with NFlP 44 CFR 60.6. Therefore, FEMA
should clarify the use of the MCRB with respect to residential basements.

See Appendix, page A-56: item 3.

FEMA should review the calculations relative to the inclusion of live load in buoyancy considerations.

FEMA presents an oversimplified view that a 6 inch thick reinforced slab is adequate (rebar size and
placement not dcscribed). FEMA should either provide a series of prescriptive design solutions for a
broad range of conditions or simply require structural calculations in accordance with the current edition
of ACI 318-89. .

The basis for FEMA's assertion that loads other than impact and debris will not "appreciably alter the
designs recommended" requires substantiation. Additionally, the FEMA MCRB Manual takes the
position that debris is not considered but other documents such as FEMA-S4 (pages 69-70) and F'EMA
55 (Section 4.1.3) require this type of loading to be evaluated. FEMA needs to clarify the effect this
bas on the use of the manual.

•

.-
•

•

•

.-
•

29•

30.

3L

32.

33.

MCRB (IILB.4)

MCRB (ID.C.3)

See Appendix, page A·59: item 4:

MCRB (Ill.c.5)

See Appendix, page A-60: item 4.

MCRB (V.A.2.h)

Sec Appendix, pageA~ item 2.

FEMA Tcdmical Bulletin 85-3 (Design Considerations)

BOCA National Building Code

BOCA National Building Code

BOCA National Building COOe

BOCA National Building Code

BOCA National Building Code

•

•

••
•

The 8th sentence under "Masonry waDs" in 85-3 is probably incorrect for most conditions. This sentence
states "Once the pins fail, the wall wiD cant:ile\'Cr with the reinforcing bars at the bottom of the wall,
providing additional resistlnce to failure until the wall's capacity is reached." What is more likely, is that
a load sufficient to cause the failure, in shear, at coDllUting pins at the top of the wall, can be expected
to rauJt in an immediate failure, in bending, at the bottom. We therefore recommend this statement
be deJctecl or modified.

Sec Aw-"ix, page A-72: item 3.
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BOCA Natiooal Building Code34. FEMA Tc:danicaJ Bulletin 88-2 (Flood Resistant Materials)
FEMA-SS (43.2.4)

FEMA IIIouId coadue:t the aca:ssary research to indicate in 88-2 which of the materials referenced by
Sedioa 2101.6.6 of the BOCA Natiooal Building Code will withstand dircd and pro1oDgcd comet with
Oood waten without sustaining significant damage. The criteria by which significant damage is aca:sscd
is cspcciaIly importaDl to est.blish Such information caD then provide a tedlDical basis for proposed
ch.nges to the model codes which will establish a regulatory basis for approving flood damage resjstant
material.

Sec AppeDdix, pages A-20: item 4; A-74: item 1.

4A-6



Recommended Olanges to FEMA Documents Based on the SBCCI Standard Codes

•

•• 1. FEMA 54 (posts, Post Embedment,
Post Anchorage)

FEMA 55 (43.1.3 Posts Wood)
FEMA 102 (ill. C. 2 Posts)

STANDARD BUILDING CODE

•
FEMA 54, FEMA 102, and FEMA 55 should combine post foundations and pile foundations into one section with
more prescriptive requirements.

See Appendix, page B4, items 1-3
See Appendix, page B-12, item 3
See Appendix, page B-29, item 3

FEMA 54 should address the use of shear walls and floor diaphragms as a method of bracing but should permit
the building designer to choose the method.

•

•

2.

3.

FEMA 54 (Shear Walls and Floor Diaphragms)

See Appendix, page B-5, item 4

FEMA 54 (Pier Foundation Connection)

STANDARD BUILDING CODE

STANDARD BUILDING CODE

FEMA 54 should provide wind load values or forces for which the anchorage is adequate.

FEMA 54 and FEMA 55 should provide better nailing and splice location requirements.••
•

4.

5.

See Appendix, page B-5, item 5

FEMA 54 (Floor Beams)
FEMA 55 (4.2.1.2 Main Supporting Members)

See Appendix, page B-6, item 1
See Appendix, page B-lO, item 4

FEMA 54 (cantilevers)

STANDARD BUILDING CODE

STANDARD BUILDING CODE

FEMA 54 should delete the "rule of thumb" or add better guidance for the design of the cantilever.

•

•

••
•

6.

See Appendix, page B-6, item 2

FEMA 54 (Wood)

FEMA 54 should include "naturnlly durable wood."

See Appendix, page B-7, item 3

48-1
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7. FEMA 54 (performance Criteria)
FEMA 55 (5.1 General Design Considerations)
FEMA 55 (G-7. Foundation Standards)
FEMA 55 (G.B. Anchoring Standards)
FEMA 114 (3.14 Technical Design Criteria Open Foundations)
FEMA 114 (Appendix C - Forces)
No. 85·2 (Flood Forces)
No. 85-3 (II Wind and Water Forces)
No. 88-1

STANDARD BUll.DING CODE

FEMA 54, FEMA 55, FEMAI14.No.85-2.No. 85-3, and No. 88-1 should address snow and seismic loads. The
use of the phrases "unacceptable risks", "unacceptable health hazards", and "unaCCeptable magnitude" are too
subjective. FEMA114.No. 85-3, and No. 88-1 should update the wind speed maps to the latest editions and
address snow and seismic loads. SDC should address hydrostatic, hydrodynamic, and buoyancy forces in floodplain
areas.

See Appendix, page B-8, item 2
See Appendix, page B-17, item 4
See Appendix, page B-21, item 5
See Appendix, page B-22, item 3
See Appendix, page B-33, item 4
See Appendix, page B·35, item 4
See Appendix, page B-48, item 1
See Appendix, page B49, item 1
See Appendix, page B·50, item 1

8. FEMA 55 (4.1.1 Wind)
FEMA 55 (G-6. Determination of Loading Forces)
FEMA 55 (G-14. Reference Documents)
FEMA 85 (Design of Elevated Foundations)
FEMA 114 (Appendix C - Forces) ,
No. 85·3 (II Wind and Water Forces)
No. 88·1

STANDARD BUILDING CODE

FEMA 55, No. 85-3, and No. 88-1 should update reference to ASCE 7-1988. FEMA 85 and
HUD 's MHCSS should update the wind and snow loads to ASCE 7-88. FEMA 85, No. 85-3, and No. 88-1 should
address seismic loads. FEMA 114 should update the wind speed maps to the latest editions and address snow and
seismic loads. SBC should address hydrostatic, hydrodynamic, and buoyancy forces in floodplain areas.

See Appendix, page B-9, item 1
See Appendix, page 21, item 4
See Appendix, page 25, item 3
See Appendix, page 27, item 1
See Appendix, page 35, item 4
See Appendix, page 49, item 1
See AppeDdix, page 50, item 1

9. FEMA 5S (4.1.4 Effects of Forces
on Higher and Larger Structures)

STANDARD BUILDING CODE

FEMA 55 should provide velocity pressures (psf) for varied wind speeds and building height.

See Appendix, page B-lO, item 1
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FEMA 55 sbould provide additional information such as ASTM standard preservative treatment and allowable
stresses of timber piles.

•

••
to. FEMA 55 (4.2.1.1 Pilings Wood) STANDARD BUILDING CODE

See Appendix, page B-lO, item 3

11. FEMA 55 (4.2.1.4 Wood Preservatives) STANDARD BUILDING CODE

• FEMA 55 should list some of the AWPA standards.

See Appendix, page B-ll, item 1

12. FEMA 55 (4.2.2 Masonry Materials and Concrete) STANDARD BUILDING CODE

FEMA 55 should add references to ACI 318 and ACI/ASCE 530.• See Appendix, page B-ll, item 2

13. FEMA 55 (4.3.1.2 Piles) STANDARD BUILDING CODE

•
FEMA 55 should emphasize that type of pile, pile depth, and method of installation should be based on the soils
investigation.

See Appendix, page B-12, item 2

FEMA 55 should clarify that the reinforcing, footing size, and grade beam size should be based on the design forces.••
•

14.

15.

16.

FEMA 55 (4.3.1.4 Piers)

See Appendix, page B-12, item 4

FEMA 55 (4.3.2.2 Beams)

FEMA 55 should provide nailing requirements for built-up members.

See Appendix, page B-13, item 1

FEMA 55 (4.3.2.3 Joists and Rafters)

STANDARD BUILDING CODE

STANDARD BUILDING CODE

STANDARD BUILDING CODE

•
FEMA 55 should delete the reference to rafters or add information on rafters.

See Appendix, page B-13, item 2

17. FEMA 55 (4.3.2.4 SUbflooring) STANDARD BUILDING CODE

•

••
•

The prOYisioos are compatible. FEMA 55 should provide some recommended nail spacing and spans.

See Appendix, page B-13, item 3
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18. FEMA 55 (43.2.5 Studs) STANDARD BUILDING CODE

FEMA 55 should address sizing of studs including number of stories which the stud supports or limits for the use
of 2x4 studs.

See Appendix, page B-13, item 4

19. FEMA 55 (4.3.2.6 Wall Sheathing) STANDARD BUILDING CODE

FEMA 55 should provide additional information addressing the wind speed in addition to height above grade.

see Appendix, page B·14, item 1

20. FEMA 55 (43.2.7 Wall Bracing) STANDARD BUILDING CODE

FEMA 55 should combine 4.3.2.6 Wall Sheathing and 4.3.2.7 Wall Bracing into one section and address the design
requirements for the wall bracing method chosen.

See Appendix, page B-14, item 2

21. FEMA 55 (4.3.3.1 Knee Braces) STANDARD BUILDING CODE

FEMA 55 should emphasize that the wood foundation piles should be designed for the additional moment
introduced into tbe pile from the knee brace. .

See Appendix, page B-14, item 5

22. FEMA 55 (4.3.3.2 Grade Beams) STANDARD BUILDING CODE

FEMA 55 should emphasize the need to design the grade beams to assure that they are actually providing lateral
suppon of piles.

See Appendix, page B·15, item 1

23.

24.

25.

FEMA 55 (4.3.33 Truss Bracing)

FEMA 55 should emphasize the need to design the bracing members.

see Appendix, page B·15, item 2

FEMA 55 (433.4 Shear Walls)

FEMA 55 should address wood shear walls for wood pile foundations.

See Appendix, page B-15, item 3

FEMA 55 (4.3.4.4 Floor Beam to Pile, Post, or Pier)

STANDARD BUILDING CODE

STANDARD BUILDING CODE

STANDARD BUILDING CODE

FEMA 55 should provide some design values or wind speeds for which the connections are appropriate.

See Appendix, page B·15, item 5
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FEMA 55 should address the design of the windows and shutters for the wind load pressures

FEMA 55 should emphasize the need to have a roof covering designed to withstand the uplift from the wind. SEC
sbould emphasize that the roof covering should be designed to 1205.

The minimum slab thickness in FEMA 55 should be changed to 3 112 inches and delete the requirement for welded
wire fabric.

Since market value is a variable based on location, economy, etc., FEMA should require compliance for all
improvements since noncompliance of any part of the structure makes the entire structure out of compliance.

FEMA 55 should emphasize tbat pile spacing and embedment shoL.lld be based on the foundation investigation.
FEMA 55 should reduce tbe minimum compressive strength of the concrete for reinforced concrete piles to 4000
psi, since 4000 psi has been a building code requirements since 1980.

•

.-
•

•

•

.-
•

26.

27.

28.

29.

30.

31.

FEMA 55 (43.7.1 Window Selection
FEMA 55 (4.3.7.2 Operable Shutters)

See Appendix, page B-16, item 4
See Appendix, page B-16, item 5

FEMA 55 (4.3.7.4 Roofing Materials)

See Appendix, page B-17, item 2

FEMA 55 (5.3 Slabs an Grade)

See Appendix, page B-18, item 2

FEMA 55 (G-3. Scope)

See Appendix, page B-21, item 1

FEMA 55 (G-7.1 Pile Foundation Design)

See Appendix, page B-22, item 1

FEMA 55 (G-8.1 Connector and Fasteners)

STANDARD BUILDING CODE

STANDARD BUILDING CODE

STANDARD BUILDING CODE

STANDARD BUILDING CODE

STANDARD BUILDING CODE

STANDARD BUILDING CODE

•
FEMA 55 should not prohibit toe nailing if the connection is adequate for the calculated loads. SBC should address
corrosion protection of metal connectors.

See Appendix, page B-22, item 4

•

• •
•

32. FEMA SS (G-8.2 Beam to Pile Connections)
FEMA SS (G-8.5 Ceiling Joist Rafter)

FEMA 5S should permit tbe designer to design the connection.

See Appendix, page B-23, item 1
See Appendix, page B-23, item 4
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33. FEMA 55 (G-8.3 Floor to Deck Connections)
FEMA 55 (G-8.4 Exterior Wall Connections)

STANDARD BUILDING CODE

FEMA 55 should permit the designer the leeway to meet performance requirements.

See Appendix, page B-23, item 2
See Appendix. page B-23. item 3

34. FEMA 55 (G-9. Roof Sheathing) STANDARD BUILDING CODE

FEMA 55 should permit particleboard roof sheathing provided it is of the appropriate strength.
\

See Appendix, page B-24, item 1

35. FEMA 55 (G-13. Certification Requirements) STANDARD BUILDING CODE

FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind load, height above grade,
etc.).

See Appendix, page B-25, item 2

36.

37.

FEMA 85 (Anchoring)

FEMA 85 should address minimum number of ties and anchors.

See Appendix, page B-26, item 4

FEMA 102 (ilI.C.3 Piles)

STANDARD BUILDING CODE

STANDARD BUILDING CODE

FEMA 102 should emphasize that the length and maximum design load is based on the foundation investigation
and report.

See Appendix, page B-29, item 4

38. FEMA 102 (Table ilI-l Minimum
Requirements for Reinforced Piers)

STANDARD BUILDING CODE

FEMA 102 should clarify the soil bearing capacity was used for the minimum footing size and the design loads used
for the minimum pier size.

See Appendix, page B-30. item 2

39.

40.

MCRE (mAl Reinforced and Grouted Block)

MCRE should reference ANSI A41.2 and ACI/ASCE 530.

See Appendix, page B-37. item 2

MCRB (ill.A.4 Reinforced Concrete)

MCRB should reference ACI 318.

See Appendix, Page B-37, item 4
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•

.-
•

•

•

41.

42.

43.

MCRB (ill.B.9 Anchorage)

MCRB should be changed to comply with current model codes.

See Appendix, Page B-40, item 5

MCRB (m.C.5 Debris, Wind, Impact, Snow, Ice, and
Other Live Loads)

MCRB should include wind, snow, and seismic loads.

See Appendix, Page B-42, item 5

MCRB (Ch. V Basements for Floods)
MCRB (A2 Designs, Methods, and Tables)
MCRB (A2.a Building Model, Dimensions, and Loading)
MCRB (A2.b Structural Analysis Model) (Wall)
MCRB (A2.c Structural Plain Concrete)
MCRB (A2.d Reinforced Concrete)
MCRB (A2.e Plain Masonry Block)
MCRE (A2.f Reinforced Masonry Block)
MCRB (A2.g Flood Waters Above Grade)
MCRB (A2.h Slab Thick:ness) (Based on Bending)
MCRB (A2.i Structural Slab Design) (Ultimate Strength Design)

STANDARD BUILDING CODE

STANDARD BUILDING CODE

STANDARD BUILDING CODE

MCRE should not reference a single model code. MCRB should reference only national consensus documents.

I

•

•

• 44.

45.

See Appendix, Page B-42, item 13

FEMA 54 (Insulation)

Change FEMA 54 to address insul3tion of exposed ductwork.

See Appendix, page B-59, item 3

FEMA 102 (Ch. IV Other Floodproofing
Measures)

STANDARD MECHANICAL CODE

STANDARD MECHANICAL CODE

•

(1) Revise SMC to reference the Standard for Floodplain Management (2)) Revise FEMA 102 to reference the
locally adopted model code for installation clearances.

See Appendix, page B-62, item 2

46. FEMA 102 (Appendix D "Floodproofing
Performance Criteria")

STANDARD MECHANICAL CODE

•

•

•
•

(1) Revise FEMA 102 to reference the local model codes for access and clearance. (2) Revise SMC to reference
Standard for Floodplain Management.

See Appendix, page B-62, item 4
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47. FEMA 114 (Ch. 9 Protection of Utilities,
9.4 Permanent Protection Measures)

STANDARD MECHANICAL CODE

(1) Change FEMA to reference locally adopted model codes for clearances to combustible materials and minimum
access (2) change the SMC to reference the Standard for Aoodplain Management.

See Appendix, page B~, item 2

48. FEMA 114 (Ch. 9 Protection of Utilities,
9.5 Utility Relocation to Existing Space)

STANDARD MECHANICAL CODE

Section 9.5 of FEMA 114 should be revised to reference minimum clearances for heat producing appliances
according to local model codes.

See Appendix, page B~, item 3

49. FEMA 114 (Ch. 9 Protection of Utilities,
9.6 Utility Relocations to New Space)

STANDARD MECHANICAL CODE

Section 9.5 of FEMA 114 should be revised to encourage obtaining a building permit for new
construction/alterations. it should also reference model codes for minimum clearance to combustibles and access
to equipment.

See Appendix, page B~, item 4

50. FEMA 54 (Mechanical Equipment) STANDARD GAS CODE

(1) Revise FEMA to caution that fuel·fired equipment must be installed to local codes (2) Revise SGC to
reference the Standard for Aoodplain Management.

See Appendix, page B·79, item 3

51. FEMA 55 (Ch. 4 • Structure Design, Section 4.3.6 Utilities)
FEMA 55 (Appendix G "Sample Coastal Construction Code" 12 Utilities)
FEMA 102 (Ch. IV Other Aoodproofing Measures)
FEMA 102 (Appendix D "Aoodproofing Performance Criteria)

STANDARD GAS CODE

(1) For elevation· revise the SGC to reference the Standard for Aoodplain Management. (2) For fuel supply·
revise FEMA 55 AND 102 to reference model codes for installation.

See Appendix, page B~I, item 1
See Appendix, page B~I, item 3
See Appendix, page B~3, item 2
See Appendix, page B~, item 4

52 FEMA 114 (Ch.9 Protection of Utilities,
9.6 Utility Relocation to Existing Space)

STANDARD GAS CODE

FEMA 114 should be revised to reference readers to local model codes for other safety considerations.

See Appendix, page B~5, item 4
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•

••
53. No. 9Q..3 (Section D-2)

Revise No. 90-3 to reference the local model code for venting and combustion air.

See Appendix, page B·97, item 1

STANDARD GAS CODE

In order to avoid confusion, NFIP and SFM should list the zone designation (A, AO, AH, VO, M, etc.) along with
the word description (floodway, coastal high hazard)•

•

54.

55.

NFlP (60.3(b)(8) Manufactured
Home Installation)

See Appendix, page B-120, item 3

FEMA 54 (Posts, Post Embedment,
Post Anchorage)

FEMA 55 (4.3.1.3 Posts)

STANDARD FOR FLOODPlAIN MANAGEMENT

STANDARD FOR FLOODPlAIN MANAGEMENT

FEMA 54 and FEMA 55 should combine post foundations and pile foundations into one section.

• 56.

See Appendix, page B-l23, item 1
See Appendix, page B-129, item 2

FEMA 54 (Floor Beams, Cantilevers) STANDARD FOR FLOODPlAIN MANAGEMENT

••
•

•

•

••
•

57.

FEMA 54 should delete the "rule of thumb".

See Appendix, page B·l23, item 4

FEMA 54 (Performance Criteria) STANDARD FOR FLOODPlAIN MANAGEMENT
FEMA 55 (4.1.1 Wind)
FEMA 55 (5.1 General Design Considerations)
FEMA 55 (5.6 Exterior Wall Systems)
FEMA 114 (3.14 Technical Design Criteria Open Foundations)
FEMA 114 (Appendix C - Forces)
No. 85-3 (II Wind and Water Forces)
No. 88-1

FEMA 54, FEMA 55, FEMA114.No. 85-3 and 88-1 should include performance criteria for snow and seismic
loads. The use of the phrases "unacceptable risks", "unacceptable health hazards", and "unacceptable magnitude"
are too subjective. FEMAl14shouldupdatethewindspeedmapstothelatestedition.FEMA55.No. 85-3 and
No. 88-1 should update reference to ASCE 7-88. Section B01.1 of the Standard for Floodplain Management should
reference Chapter 12 instead of only 1205 (Wind) to include 1204 (Snow) and 1206 (Seismic).

See Appendix, page B.l25, item 1
See Appendix, page B·l26, item 2
See Appendix, page B-132, item 2
See Appendix, page B-133, item 2
See Appendix, page B.143, item 4
See Appendix, page B·145, item 3
See Appendix, page B·156, item 1
See Appendix, page B-157, item 1
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58. FEMA 55 (4.1.4 Effects of Forces on
Higher and Larger Structures)

STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 should provide velocity pressures (psf) for varied wind speeds and building height.

See Appendix, page B-127, item 1

59. FEMA 55 (4.2.1.2 Main Supporting
Members, Beams, Wood)

STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 should provide more specific parameters for which the stated nailing is appropriate.

See Appendix, page B-127, item 4

60. FEMA 55 ( 4.3.1.2 Piles) STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 should emphasize that the type of pile, pile depth, and method of installation should be based on the
soils investigation.

See Appendix, page B-129, item 1

61. FEMA 55 (4.3.1.4 Piers) STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 should clarify that the reinforcing, footing size, and grade beam should be based on the design forces.

See Appendix, page B-129, item 3

62.

63.

FEMA 55 (4.3.2.3 Joists and Rafters)

FEMA 55 should delete the reference to rafters.

See Appendix, page B-130, item 1

FEMA 55 (4.3.2.6 Wall Sheathing,
4.3.2.7 Wall Bracing)

STANDARD FOR FLOODPLAIN MANAGEMENT

STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 should combine wall sheathing and wall bracing into one section and address the design requirements
for the wall bracing method chosen.

See Appendix, page B-130, item 4

64. FEMA 55 (4.3.2.8 Roof Details,
4.3.3 Foundation Bracing, 4.3.4 Connections)

STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 5S should provide some design values or wind speeds for which the connections and details are appropriate.

See AppcDdix, page B·13O, item 5

65. FEMA 55 (4.3.6 Utilities) STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 should address the potential damage from high winds in coastal areas.

See Appendix, page B-131, item 2

43-10



•

.- 66. FEMA 55 (G-6 Determination of
Loading Forces)

FEMA 55 (G-14 Reference Documents)
FEMA 85 (Ch. IV Design of
Elevated Foundations)

FEMA 114 (Appendix C - Forces)
No. 85-3 (II Wind and Water Forces)
No. 88-1

STANDARD FOR FLOODPLAIN MANAGEMENT

•

•

FEMA 55, FE}..!A 85, HUD's MHCSS, No. 85-3 should update its reference to ASCE 7-88. FE}..fA 114 should
update the wind speed maps to the latest edition and address snow and seismic loads. Section B01.1 of the Standard
for floodplain Management should reference Chapter 12 instead of only 1205 (Wind) to include 1204 (Snow) and
1206 (Seismic).

See Appendix, page B-l36, item 2
See Appendix, page B-l38, item 1
See Appendix, page B.l40, item 1
See Appendix, page B-145, item 3
See Appendix, page B-156, item 1
See Appendix, page B·157, item 1

FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind load, height above grade,
etc.)

•

••

67.

68.

FEMA 55 (G-13 Certification
of Requirements)

See Appendix, page B-137, item 5

MCRB (III.C.5 Debris, Wind Impact, Snow,
Ice and Other Live Loads)

MCRB should include wind, snow, and seismic loads.

STANDARD FOR FLOODPLAIN MANAGEMENT

STANDARD FOR FLOODPLAIN MANAGEMENT

•

•

•

• •
•

69.

See Appendix, Page B-149, item 1

MCRB (Chapter V Basements in floods) STANDARD FOR FLOODPLAIN MANAGEMENT
MCRB (A Structural Design/Analysis)
MCRB (A2 Designs, Methods, and Tables)
MCRB (A2.a Building Model, Dime.;~ions, and Loading)
MCRB (A2.b Structural Analysis Model) (Wall)
MCRB (A2.c Structural Plain Concrete)
MCRB (A2.d Reinforced Concrete)
MCRB (A2.e Plain Masonry Block)
MCRB (A2.f Reinforced Masonry Block)
MCRB (A2.g flood Waters Above Grade)
MCRB (A2.b Slab Thickness) (Based on Bending)
MCRB (A2.i Structural Slab Design) (Ultimate Strength Design)

MCRB should not reference a single model code. MCRB should reference only national consensus documents.

See Appendix, Page B-149, item 2
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Recommended Changes to FEMA Documents Based on the ICBO Unifonn Codes

•

•• 1. CFR 60.6
(c)(2)(i) (Flood-proof Walls)

Uniform Building Code

•

Either the U.B.C. should provide provisions for residential basements or CFR 60.6 should not allow such
basements.

See Appendix, page C-8. item 2.

•
2. FEMA-55

4. 1.1 (Wind)

Uniform Building Code

•

FEMA-55 should reference the latest edition of the Minimum Design Loads for Buildings and other structures
published by the American Society of Civil Engineers (ASCE 7-88. formerly ANSI 58.1).

See Appendix, page C-lO. item 1.

••
•

•

•

3. FEMA-55

4.1.2 (Corrosion Protection)

FEMA-55 should address roofing details and those of other exterior assemblies.

See Appendix. page C-lO. item 2.

4. FEMA-55

4.2.1.3 (Other Wood Members)

FEMA-55 should require protection of all members that are exposed to these conditions.

See Appendix. page C-12, item 2.

5. FEMA-55

4.2.1.4 (Preservatives)

Uniform Building Code

Uniform Building Code

Uniform Building Code

••
•

FEMA-55 should recommend that the wood preservatives meet approved national and local standards.

See Appendix. page C-12. item 3.
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6. FEMA-55

4.3.1 (Foundations)

Uniform Building Code

FEMA-55 should recommend the use of only piles or columns in Coastal High Hazard Zones.

See Appendix, page C-12, item 4.

7. FEMA-55

4.3.1.1 (Soil Conditions)

Uniform Building Code

FEMA-55 should recommend the use of a licensed engineer for the classification of the soil or provide a
reference to a document that does require such certification.

See Appendix, page C-14, item 1.

8. FEMA-55

4.3.1.2 (Piles)

Uniform Building Code

FEMA-55 should recommend that the sizing of the piles is done by a licensed engineer or architect or provide a
reference to a document that does require such certification.

See Appendix, page C-14. item 2.

9. FEMA-55

4.3.1.3 (Wood Posts)

Uniform Building Code

FEMA-55 should allow the use of wood posts in A zones provided the foundation system is designed by a
licensed engineer or architect.

See Appendix, page C-14, item 3.

10. FEMA-55

4.3.1.4 (Masonry Piers)

Uniform Building Code

FEMA-55 should recommend that a licensed engineer or architect design the pier foundation or provide a
reference to a document that does require such certification.

See Appendix, page C-14, item 4.
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•

.- 11. FEMA-55

4.3.2.1 (Framing)
4.3.2.2 (Floor Beams)

Uniform Building Code

•

FEMA-55 should recommend that the design of this type of framing system be done by a licensed engineer or
architect. since these areas may also be subject to other lateral forces or provide a reference to a document that
does require such certification.

See Appendix, page C-14, item 1.

•
12. FEMA-55

4.3.3 (Foundation Bracing)

Uniform Building Code

•

FEMA-55 should recommend that a licensed engineer or architect design these braces and the rest of the
foundation system or provide a reference to a document that does require such certification.

See Appendix, page C-17, item 1.

.-
•

13. FEMA-55

4.3.3.2 (Grade Beams)

FEMA-55 should recognize other methods of foundation restraint.

See Appendix, page C-17. item 3.

14. FEMA-55

4.3.3.4 (Shear Walls)

Uniform Building Code

Uniform Building Code

•

•

• -
•

FEMA-55 should address the use of wood shear walls as an acceptable method of resisting wind and water
loads.

See Appendix, page C-I8, item 1.
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15. FEMA-55

4.3.6 (Utilities)

Uniform Building Code

FEMA-55 should also include the protection of utilities in the· A· flood hazard zone as they subject to similar
conditions found in the Coastal High Hazard zone.

See Appendix. page C-20. item 4.

16. FEMA-55

5.5 (Elevated Floors)

Uniform Building Code

FEMA-55 should discuss composite floor systems as these are prevalent in high-rise construction.

See Appendix, page C-22, item 3.

17. FEMA-55

Figure No. A-I (Number of Piles)

Uniform Building Code

FEMA-55 should recommend that a licensed engineer or architect design the piling system rather than provide
specific design criteria for all situations or provide a reference to a document that does require such
certification. Also. FEMA-55 should consider the soil conditions at the site when making design
recommendations.

See Appendix. page C-23, item 2.

18. FEMA-55

Table No. A-7 (Bolt Capacity of Floor Beam Connections)

Uniform Building Code

FEMA-55 should base their design tables on the materials used in the connection as well as the type of
connection.

See Appendix, page C-25. item 2.
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FEMA-55 should recognize the use of other forms of bracing as well as requiring the use of a licensed engineer
or architect in the design of such a system.

•

.-
•

•

•

19. FEMA-55

B.l (Knee Bracing)

See Appendix, page C-27, item 2.

20. FEMA-55

B.2.1.2 (Thread Bar Diagonals)
B.2.2 (Struts)

FEMA-55 should not recommend specific manufacturers.

See Appendix, pages C-28, items 2 and 3.

21. FEMA-55

Uniform Building Code

Uniform Building Code

Uniform Building Code

.-
0.3 - Procedure A-3 (Minimum Embedment of Piles)

FEMA-55 should recommend that a soils engineer be consulted and a soils report be undertaken for each
specific site as the soil conditions vary from site to site .

See Appendix, pages C-230, item 1.

• 22. FEMA-55

Appendix G.4 (Definitions)

Uniform Building Code

•
FEMA-55 should develop language that correlates the definition of "grade" with the U.B.C. Such as replacing
the term "adjoining" with a specific distance from the building at which point the measurement is taken.

See Appendix, page C-33, item 1.

•
23. FEMA-55

Appendix G.6.2 (Wind Loads)

Uniform Building Code

• -
•

FEMA-55 should include the latest edition of ANSI Standard A 58.1 which is now ASCE 7-88.

See Appendix, page C-34, item 2.
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24. FEMA-55

Appendix G. 7.1 (Pile Foundation Design)

Uniform Building Code

FEMA-55 should include a provision for soil investigations to determine the site soil conditions.

See Appendix, page C-34. item 4.

25. FEMA-55

Appendix G.8.3 (Floor and Deck Connections)

FEMA-55 should consider other structurally adequate materials.

See Appendix, page C-36, item 2.

26. FEMA-55

Appendix G.II (Use of Space Below the Lowest Elevated Floor)

Uniform Building Code

Uniform Building Code

FEMA·55 should not allow enclosed space for vehicular parking unless it is provided by breakaway walls and
should recognize that portable or temporary storage of items can be located there.

See Appendix, page C-38, item 1.

27. FEMA-54

Post Embedment

Uniform Building Code

FEMA-54 should recommend the use of a soils investigation report by a licensed soil engineer in the design of
the foundation system.

See Appendix. page C-43, item 4.

28. FEMA-54

Building Materials

Uniform Building Code

FEMA-54 should Dot recommend specific manufacturers or industrial groups for the protection of building
materials.

See Appendix, page C-43, item 4.
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, I

•

.-
•

29. FEMA-54

Wood

FEMA-54 should not recommend specific manufacturers.

See Appendix. page CM. item 1.

30. FEMA-114

3.14 (Open Foundations)

Uniform Building Code

Uniform Building Code

•
FEMA-114 should discuss the use of a soils engineer and soils report in determining the embedment length of
piles and the soil-bearing pressure in flood-prone areas.

See Appendix. page C-47. item 1.

• 31. FEMA-1l4 Uniform Building Code

.-
6.5 (Technical Design Criteria)

FEMA-114 should recognize the authority of the local building codes. rather than recommend the use of
standards which may not be recognized by the jurisdiction.

See Appendix. page C-48. item I.

•
32. Bulletin No. 85-1

1. Definition

Uniform Building Code

•

•

• -
•

FEMA Bulletin No. 85-1 should state that this method of floodproofing is only acceptable for the retrofitting of
existing buildings.

See Appendix. page C-78. item 1.
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Add a qualification in utility services:
"Electrical condui~ and cables are to be suitable for an expected wet environment and the corrosive

environment preserned by salt water and spay in coastal areas."

Add a 9CI1tence 10 read:
"ElCC1ric equipment shall be securely fastened to the surface on which it is mounted. Wooden plugs driven

into holes in masonry, concrete, plaster, <r similar materials shall not be used. Underground electric supply conduits
or cables should not be fastened to walls, <r structures iJUendcd 10 tRakaway under flood conditions. NFPA 70. The
National Electric Code should be consulted for full installation requiremen~."

•

.-
•

I.

•

.-

Recommended Changes to FEMA Docwnent
Based on NFPA Srandards

1. FEMA 44 (S9.1 (c»

Delele:
"400 square feet or less when measured at the largest horizoncal projection."

See Appendix, plge 0-6, par 1.

2. FEMA S4 (Utility Service, Pages 92,93)

See Appendix, psge 0-6, par 2.

3. FEMA S4 (S~ce Mounting, Pages 92,93)

See Appendix, psge 0-6. par 3.

4. FEMA S4 (Raceways, Pages 92,93)

NFPA 70

NFPA 70

NFPA 70

NFPA 70

•

•

Add the following:
"Electrical conduits supplying the SIlUCture when installed underground should be sealed. The sealant

should be ins&alled at a location in the system 10 arranged as to prevent entrance of water due 10 flood conditions.
Underground electrical cond~ or cables sbould be protected against damage from flooding <r scouring by burying to

a depth that will provide proo:ction under expected flood conditions. NFPA 70, The National Electric Code in
Section 2~8, 230-32, and 300-S contain specific design guidelines."

See Appendix, psge 0-6, par 4.

5. FEMA S4 (Electrical service location, Pages 92,93) NFPA 70

•

• -
•

Add the foDowiDg:
"AD IWidIes and cin:uit breakers shall be located so that they can be operated from a readily accessible

place. They sbould be loc8Itd so that the cemc:r of the operating handle is not more than 6 1/2 feet above the floor
or platfoons. Wbcre necessary, a platfmn may be inslallcd to provide accessibility where devices are localed above
the floodplain."

See Appendix, psge D-7, par 1.
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6. FEMA 55 (4.36,per 5, sentence 2) NFPA 70

"Sioce the enclosure or raceway for the electric utilities is subject to physical damage, it should be installed
in rigid meIa1 cooduit. intermediate metal conduit. <r schedule 80 rigid nonmetallic conduit..

See Appendix, page 0..7, par 2.

7. FEMA 55 (5-1.3.1) NFPA 70

Add the following:
.. Fue b8rrier requilemenrs for prupMy or life proccction may require the maintenance of fire buriers to

grade...

See Appendix, page 0..11, par 2.

8. FEMA 85 (Chapter IV, Page 69, Utility Service) NFPA 70

Add the following:
"Electric equipment shall be securely fasacned to the surface on which it is mounted. Wooden plugs driven

into holes in masonry, concreae, plaster, or similar materials shall not be used. Underground electric supply conduits
or cables should not be fastened to walls. or suuetures intended to bI'eak-away under flood conditions. Electrical
supply conduits and cables sboukl be suitable f<r the environment they are likely to be exposed."

See Appendix, page 0..7, par 3.

9. FEMA 85 (Chapter IV, Page 69, Utility Service) NFPA 70

Add the following:
.. Where electrical conduits supplying the structure are inslaUed undeI'ground. the conduit should be sealed.

The sealant should be installed at a location in the system so arranged as to prevent entrance of water due to flood
conditions. Underground decaical conduits or cable should be pro&ected against damage by burying them to a depth
which would minimize their sbifbng under flood conditions. Means should be provided to prolCCt eleclrical supply
conduits emerging from underground to the boaom of the SUUCIUre from floating debris during flood conditions. All
switches and circuit breakas sbould be locared so they can be operated from a readily accessible place. They should
be 10caUld so that the cen&er of the operating handle is not more tban 6 1fl feet above the floor or plalfonns. Where
necessary, a pWform may be installed to provide accessibility wbe'l'e devices are locared above the flood plain...

See Appendix, page 0..8, par 1.

10. FEMA 85-1 ( n ProctJctioo Goels) NFPA 58

Revise 10 reM:
"lP~ <r liquid lI'IDSfer sbould be pezfmned in accordance wiIb NFPA 58, Slalldard for the Storage and

Handling of Liquified Peuoleum Gases."

See Appendix, page 0..5, par 1.
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Revise adding:
"Where eleclrica1 supply lines cannot be elevated above flood level, they should be installed to arrange for

draining away from panelboards, controllers, switches, or other electtical equipment in accordance with NFPA 70,
sections 11~1 and 11~17...

Add the following:
.. Interior finishes may have fue resistance requirements which must be met undel' other codes separale from

wa1eZ' resislance requirements. ..

Add the following:
"The fm:e to open dcxn under means of egress requirements should be maintained for exit doors. Latching

requirements f<r exterior dcxn may include the use of fue exit hardware in educational or assembly occupancies."

Add the following:
"Where electrical supply lines cannot be elev8led above the Design Flood Level, they must be installed to

arrange for draining away from paneIboards, conuoUers, switches. <r othez electrical equipment..

•

.-
•

•

•

.-
•

•

11. FEMA 85-1 (IV A.9, par 2)

See Appendix. page 0-8. par 2.

12. FEMA 85-1 (Prot.ection of InteriorF~)

See Appendix. page 0-13. par 1.

13. FEMA 85-3

Refer to FEMA 55 utility requirements as they relate to breakaway walls.

See Appendix. page 0-10. par 3.

14. FEMA 102 (page II. par 2)

See Appendix. page 0-12, par 1.

15. FEMA 102 (Chapter IV O. Wet Floodproofing Techniques, par 4, sentence 2)

See Appendix, page 0-8, par 3.

16. FEMA 102 (General)

NFPA 70

NFPA 101

NFPA 70

NFPA 101

NFPA 70

Nfl>A (General)

Expand the definjrim of Building Code to include the refezm;ing of other SlaDdards and codes to properly include
NFPA Codes lad S&8Ddards.

• See Appendix. page 0.12, par 2.

17. FEMA 114 (8.7. par 3. sentence 3) NFPA 70

•-
•

Revise to read:
"The powrz recepcacle oudet and associated equipment sOOuJd be of the grounding type and be labeled and

listed by a recognized testing 1aboraIory."

See Appendix. page 0-9. par 1.
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18. FEMA 114 (9.3)

Revise the secDoo to reference NFPA 70B, Electrical Equipment Maintenance.

See Appendix. pile 0-9, par 2.

19. FEMA 114 (9.4)

NFPA 70B

NFPA 70

Add the following:
"Where electric setVice conductors are located within flood level range. most type setVices can be installed to

nWie the electrical SCI'Vice above flood level range."

See Appendix. page 0-9. par 3.

20. FEMA 114 (01apter 9)

Add refc:rmces to NFPA 54. Natiooal Fuel Gas Code.

See Appendix. page 0-2. par 1.

21. FEMA 114 (9.4)

NFPA54

NFPA 58

Add references to NFPA SS. Standard for the Storage and Handling of Liquefied Pettolewn Gases.

See Appendix. page 0-4. par 2.

22. FEMA 165 NFPA 58

Add references to NFPA SS, Standard for the Storage and Handling of Liquefied Pettolewn Gases.

See Appendix. page 0-4. par 3.
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•

••
•

1.

2.

NAP Rqulations

Add a definition for "modular housing."

See Appendix, pages &1, item 1, and &3, item 1.

NFIP Regulations

Change §6O.3(b)(8) as follows:

Manufactured Home Constl'\lCtion
& Safety StandanU

HUD Handbook 4930.3

Manufactured Home Construction
& Safety Standards

• ... Acceptable methods of anchoring for resistance to flood fol'CC$ include the use of bolts, cables and ties to adequately
designed foundations.

See Appendix, page &1, item 1.

In §6O.3(a)(3), add to the end of (iv) ... this provision is not applicable to manufactured housing.•
3. NFIP Regulations Manufactured Home Constl'\lCtion

& Safety Standards

See Appendix, page &2, item 1.

Note that in the opinion of NCSBCS. FEMA as should be replaced with a new document. a more prescriptM. and thus
more site-enforceable standard. The performance recommendations of FEMA as are too vague to enable jurisdictions to
perform the kind of service expected. The recommendations that follow are in the spirit of the contractual agreement.•• 4. FEMA as Manufactured Home Construction

& Safety Standards
Manufactured Housing Institute

Model Installation Manual

•
Change the first paragraph at the top of page 4 to read:

Manufactured homes hllY'C been designed for placement on permanent foundations. Care must be taken to assure the safe
transfer of all loads (gravity, wind, and flood), 50 U to not distreu; the stl'\lCture.

See Appendix, pages &22, item 1. and &36, item 1.

•
s. FEMA as Manufactured Home Construction

& Safety Standards

•

••
•

On page 15, add a sentence to the first HydrodyDamic forca paragraph: "... downstream side. The illustration below
shOM tbe fol'CC$ acting on a home installed with the floor below the Basic Aood Line. In order to comply with the NFIP.
homes mlllt be installed above the flood line. The foundations and anchorage must be installed to resist damage."

See AppeDdix, page &23, item 1.
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6. FEMA 85 Manufactured Home CoDlttUction
ok Safety Standanh

On pap 22, chanae the caption for FiiUre 3.11 to include the Ilatement: "Dry Ilacked blo<:b commonly approved by
Maoufac:tured Hoo.ina Producen are not acceptable under the NFIP."

See Appendix, paee. E-23, item 4; E-2S, item 3; E-26, item I; and E-27, itema 1-6.

7. FEMA 85 Manufactured Home CoDlttUction
&: Safety Standard.

Manufactured Hoo.ina lnatitute
Model lnatallation Manual

Further reaearchlawdy ia recommended to cleunniDe the capacity of ancbon uDder aaturated aoil conditiona. In FEMA
85, on paee 30, add a aelllence to the end of the parapph that end. at the top of the rilht column: "If teat data or
certified capacity chana are not available for aaturated aoil, the JroUnd ancbon mould not be uaed."

See Appendix, paee. E-24, item I; E-2S, item 5; E-31, item 4; E-38, item 2; and E-39, item 6.

8. FEMA 85 Manufactured Home Conatruction
&: Safety Standard.

Manufactured Hou.ina lnatitute
Model lnatallation Manual

On pap 52, FiiUre 4.32,citanle the orientltion of the JroUnd anchor to mow it conial with the cable and add the
followilll to the caption:

Ground ancbon mu. be iDl&alled a. telted. Ground ancbor tella are uaually for ancbon applied in the aame axi... the
cable. If teat data or certified capacity charta are not available for applicatioDi in aaturated aoil, the eround anchon mould
not be uaed.

See Appendix, paee. E-26, item I, and E.040, item I.

9. FEMA 85 Manufactured Home Conatruction
&: Safety Standard.

Further ItUdy i. recommended on the IUUCtural procedure. that are recommended in Appendix D. It appean that hieher
mal'Jina of aafety a,ainat overtumina and alidina may be appropriate.

See Appendix, paee. E-28, item 4, and E-29, item 2.

10. FEMA 85 Manufactured Home Conatruction
&: Safety Standard.

HUD Handbook 4930.3

Further atudy i. recommended to collect "te~f-«be..rt te. reaulta for JroUnd ancbor applicatioDi in vanoo. type. of
aoil., aaturated, and unaaturated, U well u the effecta of varyilll the AIJIle of pull and UK of concrete collan. The reaulta
of that effort mould be uaed to update Appendix E.

See Appeadix, pap. E-29, item 1; E-31, item 4; and E·33, item 2.

II. FEMA 15

On pap 5, add the followilll to the aecood from the la. pan,npb:

The deaien method. and procedure. for flood dama,e abatement are CODlAincd in thi. manual.

HUD Handbook 4930.3

On pa,e 6, either eliminate the Type 2 Sylt.em from FiiUre 1.13 or explain that thi••ylt.em i. uDl&able and i. not allowed.

See Appendix, pa,e E-30, item 2.
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•

.- 12. FEMA 85

Chaa8e IDe first parapph, aecond column, pa,e 18 to read al followl:

HUD Handbook 4930.3

BeeaUK it is hi,hly unlikely that maximum wind forcel and maximum flood loadl ""ill occur limultaneoully on one
atlUclUR, deaiJII.I abould be pRpared aepar.tely for the two loadl (wind and flood). The moat critical deli,n il that which
abould be uaed.

• 13.

Sec Appendix, pa,e E-31, item I.

FEMA 85

Add a new parapph beneath FiJUre 4.2 in column 2:

HUD Handbook 4930.3

•
FEMA recommendl that foundationa delipd to reliat combinationa of ""ind and flood loadl be deliJnCd to reliat the
wind loadl in ASC£-7.

See Appendix, pa,eI E-31, item 6,Ind E-32, itema 2 and 4.

14. FEMA 85

Add a parairllph beneath the chart in column 2 of pa,e 45:

HUD Handbook 4930.3

•
The chart above ""II developed baaed upon teat relUllI for ,round Inchora in dry lOil. FEMA recommendl that JrDUnd
anchora not be uaed for floodm, conditiona unleu data for anchon in llturated lOil il preaented to the buildirll official to

abow life womn,loadl of the anchon that exceed 22001.

In Appendix E, charlie Table E.l and add a footnote to Table E.l, pa,e 99; place an allerilk next to each Water Height
Difference > 6"10 that the headline readl:

.-
IS.

See Appendix, pa,e E-32, item 3.

FEMA 85 Manufactured Home Conatruction
& Safety Standardl

HUD Handbook 4930.3

•
1 234569- 12- 42- 48-

- Aoor-to-frame ICR"" anchora,e exceedl the wind uplift rcquiRmenll of the Federal ManufaclUred Houling CODllruction
and Safety Standardl. Additional ICRWI aR ocedcd. Uac a ICRW deli,n force cquivalenl to the Tv for the actual delign
minul Tv for 6· DiffeRnce in Water HeiJbt. Example: 24 Wide Home, 4r Water HeiJbt DiffeRnce, uac 2380.81
124.41-22561.

See Appendix, palel E-29, item I, and E-33, item 2.

•
16. FEMA 85

On PIJC 22, add a 1aIt aclllcnce to the parairllph above FiJUR 3.10:

CABO OTFDC, Appendix C

•

••
•

£xc...: The rcquiRmem for 30· burial can be ""aived in thoac lituationa ""heR ICOUrirll il not expected. Place
footiDla at a depth of lr,or the froIt line, whichever il deeper.

Sec AppeDdix, pale £-34, item 3.
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Recommended Changes to FEMA Documents Based on the CABO One and Two Family Dwelling Code

•

.-
•

•

1.

2.

44 CFR 59.1 (Definitions)

NFIP should expand definition of manufactured home to include dimensional parameters.

See Appendix, page F-l, item 1

44 CFR 60.3 (e) (4) Pilings,
FEMA 54 (Performance Criteria)
FEMA 55 (4.2.1.1 Pilings, Wood)
FEMA 55 (G~ Anchoring Standards)
FEMA 114 (Appendix C • Forces)
No. 85-2 (Hood Forces)
No. 85-3 (II. Wind and Water Forces)

CABO 01FDC

CABO 01FDC

NFlP, FEMA 54, FEMA 55, FEMAl14.No. 85-2, and No. 85-3 should address snow and seismic loads. FEMA
55 should not prohibit toe nailing if the connection is adequate for the calculated loads. FEMA 114 should update
the wind speed maps to the latest editions. No. 85-3 should update reference to ASCE 7-88.

•

-- 3.

See Appendix, page F-2, item 4
See Appendix, page F~, item 1
See Appendix, page F·1D, item 3
See Appendix, page F-21, item 3
See Appendix, page F-28, item 5
See Appendix, page F41, item 1
See Appendix, page F42, item 1

FEMA 54 (Shear Walls and Hoor Diaphragm) CABO 01FDC

•

FEMA 54 should address the use of shear walls and floor diaphragms as a method of bracing but should permit
the building designer to choose the method.

See Appendix, page F-5, item 2

•

4.

5.

FEMA 54 (Hoor Beams)

FEMA 54 should provide better nailing and splice location requirements.

See Appendix, page F.5, item 4

FEMA 54 (CanWevers)

CABO 01FDC

CABO 01FDC

•

•

•

FEMA 54 should delete the "rule of thumb" or add better guidance for the design of the cantilever.

See Appeodix, page F.5, item 5
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6.

7.

FEMA 54 (Wood)

FEMA 54 should include "decay resistant wood."

See Appendix, page F-7, item 1

FEMA 55 (4.1.1 Wind)
FEMA 55 (G-14 Reference Documents)
FEMA 114 (Appendix C - Forces)
No. 85-3 (II. Wind and Water Forces)
No. 88-1

CABO OTFDC

CABO OTFDC

FEMA 55, No. 85-3, and No. 88-1 should update its reference and confirm that the wind load provisions are
consistent with ASCE 7-88. The 1992 OTFDC does reference ASCE 7-88.
FEMA 114 should update the wind speed maps to the latest editions.

See Appendix, page F-9, item 2
See Appendix, page F-23, item 1
See Appendix, page F-2B, item 5
See Appendix, page F42, item 1
See Appendix, page F43, item 1

8.

9.

FEMA 55 (4.1.4 Effects of Forces on Higher and Larger Structures)

FEMA 55 should provide velocity pressures (psf) for varied wind speeds and building height.

See Appendix, page F-10, item 1

FEMA 55 (4.2.1.2 Main Supporting Members Wood, Beams)

CABO OTFDC

CABO OTFDC

FEMA 55 should provide more specific nailing :lnd splice details. OTFDC should provide more specific splice
details.

See Appendix, page F-10, item 4

10.

11.

FEMA 55 (4.2.1.4 Wood Preservative)

FEMA 55 should list some of the AWPA standards.

See Appendix, page F-ll, item 1

FEMA 55 (4.2.2 Masonry Materials and Concrete)

FEMA 55 sbould add reference to ACI 318.

See Appendix, page F-ll, item 2
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FEMA SS should emphasize that type of pile, pile depth, and method of installation should be based on the soil's
investigation.

FEMA 55 should clarify that the reinforcing, footing size, and grade beam size should be based on the design forces.

The provisions are compatible. FEMA 55 should provide some recommended nail spacing and spans. FEMA 55
should permit the use of particleboard subfloors.

•

.-
•

•

•

••

12.

13.

14.

15.

16.

17.

FEMA 55 (43.1.2 Piles)

See Appendix, page F-12, item 3

FEMA 55 (4.3.1.4 Piers)

See Appendix, page F-12, item 5

FEMA 55 (43.2.2 Beams)

FEMA 55 should provide nailing requirements for built-up members.

See Appendix, page F-13, item 2

FEMA 55 (4.3.2.3 Joists and Rafters)

FEMA 55 should delete the reference to rafters.

See Appendix, page F-13, item 3

FEMA 55 (4.3.2.4 Subflooring)

See Appendix, page F-13, item 4

FEMA 55 (4.3.25 Studs)

CABO OTFDC

CABO OTITIC

CABO OTITIC

CABO OTITIC

CABO OTITIC

CABO OTITIC

•
FEMA 55 should :.ddress the length of the stud in addition to the number of stories which the stud supports.

See Appendix, page F·14, item 1

18. FEMA 55 (4.3.2.6 Wall Sheathing) CABO OTITIC

•

•

••
•

FEMA 55 should provide additional information addressing the wind speed in addition to height above grade.

See Appendix, page F-14, item 2
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19. FEMA 55 (4.3.27 Wall Bracing) CABO OTFDC

FEMA SS sbould combine 4.3.26 Wall Sheathing and 4.3.2.7 Wall Bracing into one section and address the design
requirements for the wall bracing method chosen.

See Appendix, page F·14, item 3

20. FEMA 55 (4.3.3.4 Knee Bracing) CABO OTFDC

FEMA 55 should emphasize that the wood foundation piles should be designed for the additional moment
introduced into the pile from the knee brace.

See Appendix, page F·15, item 1

21. FEMA 55 (4.3.3.2 Grade Beams) CABO OTFDC

FEMA 55 should emphasize the need to design the grade beams to assure that they are actually providing lateral
support of the piles.

See Appendix, page F.15, item 2

22.

23.

24.

FEMA 55 (4.3.3.3 Truss Bracing)

FEMA 55 should emphasize the need to design the bracing members.

See Appendix, page F·15, item 3

FEMA 55 (4.3.3.4 Shear Walls)

FEMA 55 should address wood shear walls for wood pile foundation.

See Appendix, page F·15, item 4

FEMA 55 (4.3.4.4 Floor Beam to Pile, Post, or Pier)

CABO OTFDC

CABO OTFDC

CABO OTFDC

FEMA 55 should provide some design values or wind speeds for which the connections are appropriate.

See Appendix, page F-16, item 1

25. FEMA 55 (4.3.7 Wind and Storm Protection of Interior)
FEMA 55 (4.3.7.1 Window Selection)

CABO OTFDC

"

FEMA 55 should reference the window standards and require the windows to be designed for the wind pressures.

See Appendix, page F-16, item 4
See AppcDdix, page F-17, item 1
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FEMA 55 should emphasize the need to have the roof covering to withstand the uplift from the wind.

•

•

.- 26.

27.

FEMA 55 (4.3.7.4 Roof Materials)

See Appendix, page F-17, item 4

FEMA 55 (G·3 Scope)

CABO OTFDC

CABO OTFDC

•
Since market value is a variable based on location, economy, etc., FEMA 55 should require compliance for all
improvements since noncompliance of any part of the structure makes the entire structure out of compliance.

See Appendix, page F-20, item 1

28. FEMA 55 (G-6 Determination of Loading Forces) CABO OTFDC

•
FEMA 55 should update its reference to ASCE 7-88. FEMA 55 should also address snow and seismic loads. The
1992 OTFDC does reference ASCE 7-88.

See Appendix, page F·20, item 4

FEMA 55 should permit particleboard roof sheathing provided it is of the appropriate strength and does not
deteriorate in the moist coastal environment. .

FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind load, height above grade,
etc.

•

••
•

•

•

•

•

29.

30.

31.

32.

FEMA 55 (G-9 Roof Sheathing)

See Appendix, page F-21, item 4

FEMA 55 (G-13 Certification Requirements)

See Appendix, page F-n, item 4

MCRB (IlIA1 Unreinforced Block)
MCRB (IlIA2 Reinforced and Grouted Block)

MCRB should reference BlA and ACIIASCE 530.

See Appendix, page F-30, item 1
See Appendix, page F-30, item 2

MCRB (IIIA4 Reinforced Concrete)

MCRB should reference ACI 318.

See AppcDdi%, page F·30, item 4
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33. MCRB (m.B.1 Basement Slab) CABO OTFDC

MCRB should provide site preparation requirements, rr.inimum compressive strength, and vapor barrier
requirements.

See Appendix, page F-32, item 1

34.

35.

36.

MCRB (Ill.B.9 Anchorage)

The MCRB should be changed to comply with current model codes.

See Appendix, page F·34, item 1

MCRB (m.C.5 Debris, Wind, Impact, Snow, Ice, and Other Live Loads)

MCRB should include wind, snow, and seismic loads.

See Appendix, page F·35, item 5

MCRB (VA Structural Design/Analysis)
MCRB (VA2 Designs, Methods, and Tables)
MCRB (VA2.a Building Model, Dimensions, and Loading)
MCRB (VA2.b Structural Analysis Model (Wall))
MCRB (VA2.c Structural Plain Concrete)
MCRB (VA2.d Reinforced Concrete)
MCRB (VA2.e Plain Masonry mock)
MCRE (VA2.f Reinforced Masonry Block)
MCRB (VA2.g Flocx1 Waters Above Grade)
MCRB (VA2.h Slab Thicicness (Based on Bending))
MCRB (VA2.i Structural Slab Design (Ultimate Strength Design))

CABO OTFDC

CABO OTFDC

CABO OTFDC

MCRB should not reference a single model code. MCRB should reference only national consensus documents.

See Appendix, page F·36, item 1
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•

•

•
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•

•

•

•

•
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•

.- Recommended Changes to the BOCA National Building Code

Analysis

Recommendation: Provide exception to BOCA Section 1109.4 to address breakaway walls. See also
recommendation to 44 eFR 6O.3(e)(5).

I

II.
I

•

NFIP 44 CFR 59.1
Technical Bulletin
85-3

1109.4
1112.0
2101.6.4.2

Both FEMA and BOCA require the wall to be capable
of breaking away without effecting the structural
integrity of the structure. FEMA requires break-away
walls to resist wind loads but fail in response to
combined wind and hydrodynamic loading. BOCA
requires all structures to resist such loads except for
coastal high-hazard zones where break-away walls are
permitted. FEMA references ANSI A58.1, 1982 for
wind loads. BOCA references ASCE 7, 1982, the same
document by another name.

Exception: Walls designed to break away or collapse as permitted in Section 2101.6.4.2.

Suggested Code Change:

1109.4 Hydrodynamic loads:

For buildings located in flood-hazard zones (A Zones) or high-hazard zones (V Zones), all structural components
located below the base flood elevation shall be designed to resist hydrodynamic forces resulting from velocity
waters during flooding to the base flood elevation.

Analysis

FEMA's provisions (Zone V) do not permit the use of
flll for structural support. BOCA does not include this
limitation. Also, the FEMA requirements include
subclassifications of zones (i.e. VI, YE, etc) while
BOCA addresses the zones as Zone V.

2101.6.4.3NFIP 44 CFR 60.3

•

•

--
Recommendation: It would be appropriate to propose a revision to BOCA to include this prohibition. See also
44 CFR 59.1 - Elevated buildings.

•
Suggested Code Change:

2101.6.4.3 Foundations:

•

•

All buildings or structures erected in high-hazard zones shall be supported on pilings or columns and shall be
adequately anchored to such pilings or columns. The piling shall have adequate soil penetration to resist the
combined wave and wind loads (lateral and uplift) to which such piles are likely to be subjected during a flood
to the base flood elevation. Pile embedment shall include consideration of decreased resistance capacity caused
by scour of soil strata surrounding the piling. Pile system design and installation shall also be made in
accordance with provisions of Section 1213.0 and 1214.0. Mat or raft foundations which support columns shall
not be permitted where soil investigations required in accordance with Section 1202.1 indicate that soil material
under the mat or raft is subject to scour or erosion from wave-velocity flow conditions. The use of fill for
structural support shall be prohibited.

• SA-l

•



.aM4

FEMA-54, SS
Technical Bulletin
85-1
Technical Bulletin
88-2

.JlliK

1802.3
1801.4

1502.6
1.503.1
l503.3.2.
1506.6.3

1401.11
1402.6

1701.1
1702.1
1703.2.6
1104.1.1
1'702.S.3
(Supp)
Appel C

BOCA states that steel shall be protected for exterior
use with a shop or field coal to prevent corrosion.
BOCA and FEMA require structural steel work and
formed steel members to be corrosion protected but
BOCA docs not specifically address connectors. FEMA
recommends the use of hot-dipped galvanizing for
structural steel and the use of stainless steel FEMA
recommends regular inspection and maintenance of
metal parts. No regular inspection parameters are
stipulated in BOCA. FEMA recommends that the use
of djs.sjmiJar metals be avoided due to potential for
rapid corrosion.

BOCA requires that admimlrcs, if used, shall follow
requirements of ACI 318, ASTM C260, ASTM C618
and ASTM C989 depending on the type used. FEMA
does not include requirements for the use of admixtures.

BOCA cites that conaele shall be proportioned to
provide the average compressive strength as presaibed
by ACI 318, not less than 2SOO psi FEMA does not
include the standard. FEMA acknowledges the effects
of conaete ezposcd to salt laden air but does not
provide aiteria. BOCA prescribes minimum conaele
properties (w/c, fc) for conaele ezposcd to sea water.
BOCA and FEMA require inaeased conaele cover to
reinforcement but neither stipulates the inaease.

FEMA acknowledges the effects of salt laden air on
mortar but docs not provide types of mortar which are
aca:ptablc. BOCA also does not presaibe specific
masonry mortar types for masonry exposed to salt laden
air. BOCA requires that mortar is to comply with
ASTM C270.

BOCA requires that pressure treated wood shall
CODform with standards AWPA Cl. C2 and C9. BOCA
refcrcnca NFoPA NOS which requires galvanized sheet
for metal plate connector joints (8.10.3). BOCA requires
plvanizcd steel CODDCCtions when the frame is more
than one story in height and the studs are not
continuous from the sill to the roof. FEMA requires all
connedions to be corrosion resistant FEMA states that
wood shall be treated to resist fungus, insects, baderia,
and rot and the treatment must be designed to keep
water out. FEMA and BOCA's preservative treated
wood fastener requirements similar.
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2103.3.10

2102.5 .

2101.6.6
2101.633

1901.1

ApllnAs

FEMA recommends either 1x4 or 1m boards laid
diagonally over joists or enerior type plywood following
the guidelines of APA "Plywood Construction Guide".
BOCA includes floor sheathing tables. FEMA stipulates
an enerior glue while BOCA requires enerior,
waterproof type plywood in all enerior uses, but allows
either interior type, moisture-resistant type, or enerior
type in interior applications. BOCA does not stipulate
glue between layers for plywood. FEMA stipulates
annular ring nails or deformed shank nails while
BOCA's recommended fastening schedule (Appendix C)
permits common nails.

Flashing requirements similar.

BOCA requires that CIlerior walls of alternative
materials be weather-resistant but does not mention
corrosion resistance.

BOCA includes a general performance regulation which
requires "All buildings... shall be constructed with
materials resistant to flood damage_." BOCA makes no
aplicit provision to evaluate finishes intended to be
periodically submerged. FEMA requires finishes to
withstand immersion for 160 hours without damage.

FEMA recommends a 0.7 mil anodizing finish and/or
vinyl finish for aluminum elements such as doors,
windows, gutters and flasbjn~ BOCA references AA
SAS30 and AA-ASM3S for aluminum used for structural
purposes. No similar requirements.

•

•

•

••
•

Recommendation: Both codes acknowledge the effects salt laden air and moisture ha"C OD building components.
FEMA and BOCA require corrosion resistant fasteners for pressure treated wood but neither provide definitive
aiteria for masonry or cona-ete. It is recommended that FEMA include a general provision to address moisture
protection and BOCA revise it5 c:urrcn1 ten. Suggested language is: Construction materials, including
connections, shall be resistant to water damage such that conditions of corrosion, deterioration or decay will not
occur.

Additionally, FEMA should consider referencing the applicable standards for wood preservatives, CODa-etc and
masonry. Also, BOCA should include performance related ten to address FEMA requirements for finishes.

Suggested Code ChaDge:

2101.6.6 Constnldioa materials, methods, and practices:

All buil~or stru.c:turcs erected OIl flood-hazard zones (A zones) or in high-hazard zones (V Zones) shall be
constructed with materials resistant to flood damage and be constructed by methods and practices that minimiu:
flood damage. Construction materials, includiDi connections. shall be resistant to water damage such that
COnditions of corrosion. deterioration or decay will not occur .....s,....... ~. "s·"SII& sf S.MislI& ~ig,

~~ ~4.4, 1~i4, l~lil; 17G*3, 17G*lid ..8 17G*Ii,Ii. Interior wall finishes and trim subject to direct
contact with flood waters shall be 1)f a type able to withstand inundatiop for a minimum of 160 hours without
damaae·
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FEMA-55

.m!K

1219.0
1218.0

1213.0
1214.0
210L6.4.3

1215.0
1219.0

An,'""
FEMA recommends minimum timber pile sizes and
cites the advantages of square vs. round piles. FEMA
recommends cona-ete piles when higher capacity or
longer lengths are needed. BOCA docs no stipulate
minimum timber pile sizes but rather relies on a design.
BOCA specifies a minimum lateral dimension for
precast CODa-etc piles of 10". BOCA relies on a
designed system to support the loads. .

FEMA cites the effects pile embedment has on the
structural capacity of the pile. FEMA provides
recommended pile penetrations. BOCA docs not
stipulate minimum pile embedments, but rather relies on
a design. BOCA requires pile embedment to consider
scouring in high hazard zones (V Zone) only.

FEMA provides details of typical methods to install
piles. BOCA docs not prescribe the installation details
for piles with the exception of cast-in-place cona-ete
piles.

Recommendation: FEMA requires scour around piles to be evaluated for all pile in.uanations while BOCA
specifically cites scour for V Zones. It is recommended that BOCA include ten for A Zones similar to that for
V Zones relative to scour.

Suggested Code Change:

2101.6.3.2 Anchorage:

The structural system of all buildings or structures shall be designed, coDDected,and anchored to resist flotation,
collapse, or permanent lateral movement due to structural loads and stresses from flooding equal to the base
flood elevation and shall be designed in accordance with Sections 1109.3 and 1109.4. Foundation desijm shall
include consideration of decreased structural capacity and stability caused by scour of soil strata surrounding the
foundation system.
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Recommendation: BOCA should revise the provisions of Section 1703.2.11 to reference the design as being
capable of resisting both uplift and lateral forces due to flooding (and wind). See also FEMA-54-Pier foundation
connections.

I

•

••
•

•

FEMA-114 2101.6.3.2
2101.6.4.3
1703.2.11

Ao,mb

Anchor bolts of a liT diameter with a maximum
spacing of 4 feet and an embedment depth of l8" are
required by FEMA. BOCA's embedment depths are 8"
(cona-ete) and 1S (grouted masonry). The total
reaction force due to hydrostatic, hydrodynamic andlor
impact loads must be transferred through anchor bolts
into the supporting system. FEMA permits expansion
anchors as a equivalent means of anchorage. BOCA
includes performance criteria which requires the anchors
to resist floatation, collapse or lateral movement.
However. BOCA's anchorage provision for wood
specifies that the anchorage must resist wind uplift and
the maximum spacing is 8 feeL

•

••
•

•

•

••
•

Suggested Code Change:

('92 Supp) 1703.2.11 Foundation anchorage:

Wall sill plates, minimum of 2-inch by 4-inch members., shall be sized and anchored to foundation walls or piers
and at intermediate intervals as required to resist wind uplift. WaD sill plates located below the base flood
elevation in accordance with Section 2101.6 §bal! be §izcd and anchored in accordance with Section 1109,4.
Foundation anchorage shall be by the use of anchor bolts or other approved anchoring method. Anchor bolts
shall be a minimum diameter of 1/2 inch. The bolts shall be embedded in foundations to a depth of not less
than 8 inches (203 mm) of poured-in-place cona-ete, and not less than 15 inches (381 mm) in grouted unit
masonry. There shall be a minimum of two anchor bolts per section of plate and anchor bolts shall be placed
12 inches (305 mm) from the end of each section of plate with intermediate bolts spaces a maximum of 4 feet
(1219 mm) on center.

Exception: All buildings or structures located in seismic map areas having a peak velocity-related acceleration
(Ay) equal to or less than 0,05 in accordance with Section 1113.1 and buildings of Use Group R-3 located in
seismic map areas having a peak velocity-related acceleration (Ay) less than 0.15 and agricultural storage
buildings which are intended only for incidental human occupancy are permitted to have maximum intermediate
bolt spacing of 8 feet (2438 mm).
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Technical BuJletiD
88-4

.lINK

2101.6.5

AgeMAs

FEMA recommends that elevator equipment be located
above the BFE or be water-resistant Further, elevators
should be interlocked to ensure that the cab
automatically stays abmoe Oood water. BOCA requires
all mec:hanic:al/electrical equipment to be placed aboyc
the BFE or protected to prevent water entering the
equipment or system during floods up to the BFE.

Recommendation: Add a subsection to BOCA 2606.2 "Emergency operation of elevator" to require elevators
to automatically moyc to a predctermiDcd level aboyc the BFE in the event of flooding

Suggested Code~:

('92 Supp) 2606.2.4 Ac:tiyatiop in the event of flnn4ipK=

In areas prone to flnn4inv an wzroved float nitch Sh,P be interlocked with the coptrol circuit 59 that the
elevator cab automatically rises to the first level above the base flood elevatiop.

Technical Bulletin9G
4

120.4
620.3.1
2101.6
2101.6.3.2
2101.6.4.3
2101.6.5
2101.6.7
2101.6.9

Apeln"

FEMA requires manufactured (mobile) homes to be
placed so that the lowest floor is either aboyc the BFE,
or placed on 36· piers (above grade), or in an e'risting
park. FEMA dcsaibes various foundation/anchorage
methods and speaks to soil bcariDg capacity and proper
embedmCDl of piles to resist scour. FEMA requires
that any encroachments into a floodway be certified that
such enaoachment would not raise the BFE. Such
prOYisioas which presaibc acx:cptable land use are
outside the scope of the BOCA Code. BOCA requires
manufactured housing to be designed and built to resist
the same flood forces as site built, which does .JlS2l
provide for 36· piers and/or placement below the NFE
for residential occupancies.

Recommendation: To aeatc separate and confliding perfOl'lDaDCC requiremcntl for factory-built structures
simply because they arc not construc:ted on-site is contrary to BOCA's code devdopment history and resulting
policy on this matter. Therefore DO recommendation is made to carry FEMA's separate treatment of
manufactured housing into BOCA code ten. Recommendation is made howcYCr. to revise BOCA Code Section
620.3.1 to refer to fiood forces and/or reference Section 2101.6.7 of the BOCA Code.

Suggested Code Change:

620.3.1 Anc:honae ad ric-down:

EYCry parking IpKC for mobile units shall be provided with devices for anchoring the unit to preYCnt oycrturning
or uplift. The OWDCI' of the parking space shall anchor or cause to be anchored aD mobile units located on the
parking space. Where concrete platforms are proWled for the parking of mobile units., anchorage shall be
provided by eyelets embedded in the conaete with adequate anchor plates or hoob, or other suitable means.
The anchorage shall be adequate to withstand forces and uplift as required in Article 11 for buildings and
structures. based upon the size and weight of the units, and elrnted as regyired by Sectiop 2101.6.7 for Onn4
prope areas.
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.- Recommended Changes to the SBCCI Standard Codes

Standard Building Code

•

NFIP

6O.3(b)(8) Manufactured Home
Installations

SHC

H105.3 NFTP requires manufactured homes to be installed to
resist flotation, collapse, and lateral movement to
minimize flood damage in addition to anchoring
requirements for wind. SBC requires only anchorage for
wind.

•

•

.-
•

•

•

••
•

Recommendation: None since SBC does not address flotation as a force. Appendix H should reference the SBCCI
Standard for Aoodplain Management.

Suggested Code Change [or addition]:

H105.3.6 Floodp!ain For manufactured homes located within the regulatory floodplain, refer to the SBCCI Standard for

Aoodplain Management.
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FEMA55

4.2.3.2 Steel(page 4-11)

snc

Chapter 15

Analys~

FEMA 55 addresses the problem of corrosion of
unprote:ted steel shapes and anchoring devices (nails,
bolts, etc.) and the need for regular inspection,
maintenance, and replacement of corroded metal parts.
SBC requires the design of steel construction to comply
with the appropriate standards. SBC does not address
corrosion in coastal environments.

Recommendation: SBC should address corrosion protection in coastal areas.

Suggested Code Change [or addition]:

1502 PROTECTION FROM CORROSION

Structural steel exposed directlv to the weather or subject to salt corrosion in coastal areas shall be hot-dipped galvanized after
fabrication.

(Renumber existing 1502 through 1511)
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.- FEMA55

4.3.7.4 Roofing Materials (Page 4-54)

SBC

1205.1
3202

FEMA.55 emphasizes the need to use self-sealing,
heavyweight shingles to avoid the possible loss of roofing
material in high winds. SBC requires all parts of the
building to be designed to \\'ithstand the appropriate wind
loads.

•

•

•

e_
•

•

•

••
•

Recommendation: FEMA 55 should emphasize the need to have a roof covering designed to withstand the uplift
from the wind. SBC should emphasize that the roof covering should be designed to 1205.

Suggested Code Change [or addition]:

3202.1.1 Roof coverings shall be designed to withstand the minimum design loads in Chapter 12.

(Renumber existing 3202.1.1 and 3202.1.2)
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FEMAI02

Appendix D Floodproofing
Performance Criteria

Appendix D.B Design Loads
(Pages 182-186)

SHC

Chapter 12

AnaJysis

FEMA 102 lists the type of loads which the floodproofed
structure may be sUbjected. SEC requires the structure
to be of sufficient strength to support the loads and
forces encountered.

Recommeruiarwn: None since both FEMA 102 and SBC require the structure to be designed for the loads and forces .
encountered. SBC should address hydrostatic, hydrodynamic, and buoyance forces in floodplain areas.

FEMA 114

6.2 Considerations (Floodwalls)
(Pages 111-114)

SHe

1201.1

Analysis

FEMA 114 addresses the use of floodwalls to protect
structures from flooding and emphasizes that tremendous
forces are created by high water levels and velocities.
SEC does not address floodwalls but does require
structures to be designed for the loads and forces
encountered.

Recommeruiarion: SBC should address hydrostatic, hydrodynamic and buoyance forces in floodplain areas.

FEMA 114

Appendix C - Forces
(Pages 197-207)

SBC

Chapter 12 FEMA 114 addresses hydrostatic loads, hydrodynamic
loads, impact loads, and wind loads. FEMA 114 also
provides definitions, application and methodology for
design. SEC requires design for all forces encountered
but does not provide methodology. Section 900.4 of the
SBCCI Standard for Floodplain Management addresses
hydrostatic and hydrodynamic loads.

Recommeruiarion: FEMA 114 should update the wind speed maps to the latest editions and address snow and seismic
loads. SBC should address hydrostatic, hydrodynamic, and buoyancy forces in floodplain areas.

Suggested Code Change [or addition]:

1209 FLOODPlAIN

1209.1 Geocral
For construction kxated within the regulatory floodplain, refer to the SaCCI Standard for F100dplain Management.

1209.2 Structural Safety
In addition to the minimum design loads of this chapter, provisions shall be made for hvdrostatic, hvdrodynamic, and
buoyancy forces.
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Recommendation: SBC should address corrosion.

.-
•

FEMA55

4.1.2 Salt Air, Moisture, and
Wind-Driven Rain
(Pages 4-7, 4-8)

SBC

1703 FEMA 55 provides general discussion of the hazards of
salt air, moisture, and wind-<1riven rain on wood, bolts,
nails, and connectors. SBC requires wood sUbject to
damage from decay and termites to be naturally durable
or pressure treated. Chapter 17 of the SBC is for light
frame conventional construction having light loads and
located in noncoastal areas.

SHC

1201.1G-8.1 Connector and Fasteners
(Page G-5)

FEMA55 Analysis

Both FEMA 55 and SBC require the connectors to

support the loads and forces encountered. FEMA 55
does not permit toe nailing. FEMA 55 requires metal
connectors and fasteners to have corrosion protection.

Recommendarion: FEMA 55 should not prohibit toe nailing if the connection is adequate for the calculated loads.
SBC should address corrosion protection of metal connectors.

•

•

G-8
G-8.1
G-8.2
G-83
G-8.4
G-8.5

e_
FEMA55

Anchoring Standards
Connector and Fasteners
Beam to Pile Connections
Floor to Deck Connections
Exterior Wall Connections
Ceiling Joist/Rafter
Connections

G-8.6 Projecting Members
(Pages G-5, G-6)

SFM

601.1
801.1
801.3

Both FEMA 55 and SFM all components to be securely
fastened and adequately interconnected to resist the loads
anticipated during flooding. FEMA 55 requires corrosion
protection for connectors in exposed locations. SFM
does not address corrosion protection.

e Recommendation: SFM should address corrosion protection of metal connectors.

Suggested Code Change [or addition]:

•
1705.4 Floodplain Areas
Metal plates, connectors, screws, bolts, and nails exposed directly to the weather or subject to salt corrosion in coastal areas
shall be stainless steel or hot-<1ipped galvanized, after the fastener or connector is fabricated.

•

•- 58-5

•



Standard Mechanical Code

AnalysisSMC

302
303

60.6 - Variances and Exceptions
6O.6(c)(2)(i) flood-Proof Wall

NF1P requires the basement area, together with utilities
and sanitary facilities below the floodproofed design level,
to be watertight with walls that are impermeable to the
passage of water without human intervention. The SMC
allows underflow installation but does not specify
minimum elevations for equipment. This is addressed in
602.1.2,602.5, and Chapter 9 of the SBCCI Standard for
floodplain Management.

Recommendation: The SMC should be revised to reference the SBCCI Standard for floodplain Management.

AnalysisSMC

302
303

Mechanical Equipment
(Page 93, Paragraph 2)

FEMA54

FEMA 54 requires all mechanical equipment to be
elevated above expected flood waters, with indoor
components preferably installed in attics. The SMC
allows attic installation but does not specify minimum
elevations for equipment.

Recommendation: These sections of the SMC should be revised to reference the SBCCI Standard for Floodplain
Management.

SMC

Ch.3
607
607.3.1.5
302
303

Chapter 4 - Structural Design
Section 43.6 Utilities

(Pages 4-50 to 4-52)

FEMA55

FEMA 55 requires all mechanical equipment to be
elevated above BFE, and fuel piping be on the leeward
side of :olumnslpiers or enclosed in shaft. The SMC
allows attic installation of equipment, but does not specify
minimum elevations for equipment. The SMC requires
fuel piping to be supported and protected from physical
damage.

Recommendation: (1) For equipment location - the SMC should be revised to reference the SBCCI Standard for
floodplain Management (2) for fuel pipe protection - None both address the issue only in different directions. FEMA
- prescriptive SMC - performance.
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.- FEMA55

Appendix G "Sample Coastal
Construction Code"
12. Utilities

(Page G-8)

SMC

302
303

FEMA 55 requires all mechanical equipment to be
elevated above expected flood waters. The SMC allows
such installations, but does not specify minimum
equipment elevations.

•
Recommendation: The SMC should be revised to reference the SBCCI Standard for Floodplain Management.

•

FEMAI02

Ch. IV Other Floodproofing
Measures
C. Utilities
(Pages 99.105)

SMC

302
303

FEMA 102 requires mechanical equipment to be
elevated above BFE or "floodproofed". Floodproofing
entails a watertight enclosure, with all penetrations into
the building pressure sealed. The SMC allows such
installations, with proper access and clearance to
combustibles.

308

•
FEMA 102 requires mechanical exhaust fans discharging
below the BFE to be protected by flood shields. The
SMC requires exhaust to discharge outdoors at a point
where it "will not cause a nuisance" or 10 ft. above a
public walkway.

Recommendation: (1) Revise SMC to reference the SBCCI Standard for Floodplain Management (2) Revise FEMA
102 to reference the locally adopted model code for installation clearances.

•

FEMA 102 SMC

Appendix D "Floodproofing 302
Performance Criteria" 303
Part C "Performance Criteria"
Criteria #6 Heating Air-Conditioning
& Ventilation
(A) Location
(Page 192)

FEMA 102 requires that all mechanical equipment be
installed above BFE, or be enclosed in water-tight rooms.
The SMC allows elevated or enclosed installation but
requires access and clearance to combustibles.

•

•

•-
•

RecommendaJion: (1) Revise FEMA 102 to reference the local model codes for access and clearance. (2) Revise
SMC to reference the SBCCI Standard for Floodplain Management.
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Analysis

FEMA 102 requires that fuel systems below the BFE be
equipped with automatic shutoff valves activated by rising
water. The SMC would not require or prOhibit such
valves.

FEMA 102 SMC

Appendix D "Floodproofing 607
Performance Criteria"
Part C "Performance Criteria"

. Criteria #6 Heating Air-Conditioning
& Ventilation
(B) Heating and Air Conditioning
(Page 192) 306.2 FEMA 102 requires all heating equipment be vented to a

level above BFE. SMC requires vent/chimney
termination 3 ft. above roof and 2 ft. higher than any
portion of the roof within 10 ft.

Recommendation: Revise SMC to reference the SBCCI Standard for F100dplain Management.

FEMAI02

Appendix D "F100dproofing
Performance Criteria"
Part C "Performance Criteria"
Criteria #6 Heating
Air-Conditioning & Ventilation
(C) Ventilation
(Page 193)

SMC

307
308
Ch.5

Analysis

FEMA 102 requires all ductwork located below BFE to
slope to drainage openings. The SMC does not require
conditioned air ducts to slope for drainage.

Ch. 5 FEMA 102 requires all ductwork located below BFE to
be anchored against floodwaters. The SMC requires
adequme support per SMACNA, or ASHRAE.

510 FEMA 102 requires all penetrations of the building
envelope by air ductwork to have a closure assembly.
The SMC requires fire dampers at certain firewalls.

RecommendaJion: The SMC should be revised to reference the SBCCI Standard F100dplain Management.

FEMA 102 SMC

Appendix D "F100dproofing 607
Performance Criteria"
Part C "Performance Criteria"
Criteria #6 Heating Air-Conditioning
& Ventilation
(D) Fuel Tanks and Unes
(Page 193)

Analysis

FEMA 102 requires that fuel tanks and lines to be
located above BFE or anchored and protected from
floodwater velocity/surge with a factor of safety of 1.5.
The SMC allows installation of fuel storage tanks either
inside or outside buildings but does not address uplift
forces. The SMC states that the piping shall be
protected from physical damage.

Recommendarion: The SMC should reference t<:nk location, uplift forces, and the SBCCI Standard for F100dplain
Management.
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Ch.3Ch. 9 Protection of Utilities
9.4 Permanent Protective Measures
(Pages 160.163)

FEMA 114 requires utility connections to be above flood
level shielding for basement appliances, elevated
installation for exterior appliances, suspension for
underfloor equipment, and anchoring for fuel storage
tanks. The SMC allows these types of installations but
requires minimum clearances to combustibles and access
which is ignored by FEMA 114.

Recommendation: (1) Change FEMA to reference locally adopted model codes for clearances to combustible
materials and minimum access (2) changes the SMC to reference the SBCCI Standard for Floodplain Management.

FEMA 114

•

.-

Analysis

607

FEMA 114

Ch. 9 Protection of Utilities
9.8 Storage Tank Anchorage
(Page 1(6)

FEMA 114 requires anchorage of fuel storage tanks.
The SMC allows installation of fuel storage tanks inside
or outside structures, but does not specifically address
uplift forces.

Recommendation: Revise the SMC to reference the SBCCI Standard for Floodplain Management and add a section
of fuel tank anchorage.•

•

e_ No. 85-1

IV. Guidelines for implementation
AI0 HVAC
(Page 11)

302
303

Analysis

No. 85·1 requires that mechanical equipment either be
elevatee or enclosed for protection. The SMC allows
enclosed installations, but does not specify minimum
elevations for equipment.

•
Recommendation: The SMC should be revised to reference the SBCCI Standard for Floodplain Management.

•

•

•- 5B-9
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Analysis

Cll.3Recommendation #1
(Page 3)

No. 88-4 requires location of elevator equipment above
base flood elevation. The SMC allows such installation
but does not specify minimum equipment elevations.

RecofM'lendation: Revise the SMC to reference the SBCCI Standard for Floodplain Management.

Suggested Code Change [or addition]:

301.4 Equipment Installed in Flocxlplain Areas
All mechanical equipment and related accessories installed in the regulatorv flocxlplain shall be installed to satisfy this code
and the SBCCI Standard for Flocxlplain Management.

Suggested Code Change [or addition]:

607.4 Fuel Tanks
Fuel storage tanks installed in the regulatory flocxlplain shall be installed above the base flocxl elevation or anchored and
protected from uplift and forces due to velocity/surge pressure with a 1.5 or greater factor of safety. Fuel storage tanles and
fuel supply lines shall be installed to satisfy the SBCCI Standard for Floodplain Management.
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Standard Gas Cotk

sac

Chapter 460.6 - Variances and Exceptions
6O.6(c)(2)(i) Flood-Proof Walls

NFIP requires the basement area, together with utilities
and sanitary facilities below the floodproofed design level,
to be watertight with walls that are impermeable to the
passage of water without human intervention. The SGC
defers to the SMC for access and clearance, but does
specify minimum combustion air and venting criteria.
Utility location and floodproofing are addressed in
602.1.2,602.5, and Chapter 9 of the SBCCI Standard for
Floodplain Management.

Recol71J7UndaJion: The SGC should be revised to reference the SBCCI Standard for Floodplain Management.

•

•

.-

FEMA54

•
Figure 4.48 Protective Utility
Shaft

(Page 92)

Ch.3
308

FEMA 54 requires gas piping serving an elevated
structure to be installed on the leeward side of
post/columns or enclosed in a protective shaft. The SGC
requires piping to be supported and allows a shaft
enclosure.

Recol71J7Undation: The SGC should be revised to reference the SBCCI Standard for Floodplain Management.e_
FEMA54 Analysis

e

Mechanical Equipment
(Page 93, Paragraph 2)

Ch.4
402.4

FEMA 54 requires an gas-fired mechanical equipment to

be elevated above expected flood waters with indoor
components preferably installed in attic. The SGC defers
to the SMC for access and clearance, but does specify
minimum combustion air and venting criteria. Ductwork
is covered in the SMC.

•
Recommendation: (1) Revise FEMA to caution that fuel-fired equipment must be installed to local codes (2) Revise
SGC to reference the SBCCI Standard for Floodplain Management.

FEMA55 Analysis

•
Chapter 4 • Structural Design
Section 4.3.6 Utilities
(Pages 4-50 to 4-52)

Ch. 3, 308
Ch. 4, 402.4

FEMA 55 requires all gas-fired equipment to be elevated
above expected flood water and gas piping to be installed
on the leeward side of posts/columns or enclosed in
shafts. The SGC defers to the SMC for access
requirements, but does specify minimum combustion air
and venting. The SGC requires piping to be supported
and would allow the shaft.

•
Recol71J7Undation: (1) For elevation revise the SGC to reference the SBCCI Standard for Floodplain Management (2)
For fuel supply. revise FEMA to reference model codes for installation.

- 5B-11
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FEMA55

Appendix G
"Sample Coastal Construction Code"
12 Utilities
(Page G-8)

Ch.4 FEMA 55 requires all gas-fueled mechanical equipment
to be elevated above flood waters. The SGC allows
elevated installations but also requires minimum
combustion air and venting criteria.

Recommendation: (1) Revise SGC to reference the SBCCI Standard for Floodplain Management. (2) Revise FEMA
55 to reference local model codes for installation.

FEMA102

Chapter IV Other Floodproofing
Measures
C. Utilities
(Pages 99-105)

402
611

FEMA 102 gas-fired mechanical equipment to be
elevated above "BFE" or "floodproofed." Floodproofing
entails a watertight enclosures for equIpment with all
penetrations of the building envelope pressure sealed.
The SGC allows equipment enclosure with proper access.
Adequate combustion air and proper venting.

611 VEMA 102 requires exterior gas natural draft vents
below BFE to be protected by flood shields. The SGC
allows very limited exterior venting.

Recommendation: (1) Revise the SGC to reference the SBCCI Standard for Floodplain Management (2) Revise
FEMA 102 to reference the locally adopted model code for installation criteria.

FEMAt02 Analy!;is

FEMA 102 requires that all gas-fired mechanical
equipment be installed above BFE, or be enclosed in
water-tight rooms. The SGC allows elevated or enclosed
installation, but specifies minimum combustion air and
venting.

Ch.4
402.4

Appendix D "Floodproofing
Performance Criteria

Part C "Performance Criteria"
Criteria #6 Heating
Air-Conditioning and
Ventilation
(A) Location
(Page 192)

Recommendation: (1) Revise SGC to reference the SBCCI Standard for Floodplain Management. (2) Revise FEMA
to reference locally adopted model codes for installation requirements.
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•

FEMA 102 requires that gas delivery systems installed
below DFE be equipped with automatic shutoff valves,
activated by rising water. The SGC would not require or
prOhibit such valves. .

Ch.4
Ch.5
Ch. 6

6083

Appendix D "Floodproofing
Performance Criteria
Part C "Performance Criteria"

Criteria #6 Heating
Air·Conditioning & Ventilation
(B) Heating and Air Conditioning
(Page 192)

FEMA102

FEMA 102 requires all gas heating equipment be vented
to a level above BFE. The SGC requires natural draft
gas vents to terminate at least 2 fl. above roof and 2 fl.
above any portion of the roof within 10 ft.

Recommendation: Revise SGC to reference the SBCCI Standard for Floodplain Management.

•

.-

•

•

FEMAI02

Appendix D "F100dproofing
Performance Criteria

Part C 'Performance Criteria"
Criteria #6 Heating
Air-Conditioning & Ventilation
(D) Fuel Tanks and Lines
(Page 193)

sac

Ch.3
Ch. 9

FEMA 102 requires fuel storage tanks and lines to be
located above BFE or anchored and protected against
floodwaters by a factor of safety of 1.5. The SGC does
not address uplift forces on storage tanks.

e_ Recommendarion: (1) Revise SGC to reference the SBCCI Standard for Floodplain Management; and address
buoyancy forces on storage tanks.

FEMA 114

e

Ch. 9 Protection of Utilities
9.4 Permanent Protective Measures
(Pages 160-163)

Ch.4
Ch.5

Section 904 of FEMA 114 requires utility connections to
be above flood level, shielding for basement appliances,
elevated exterior appliances, suspension for underfloor
equipment and anchoring of fuel storage tanks. The
SGC allows such installation but requires adequate
combustion air and venting.

•
Recommendarion: Revise SGC to reference the Standard for Floodplain Management.

•

•-
•
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No. 8:S-1

IV. Guidelines tor Implementation
A.lO HVAC
(page 11)

Ch.4
Ch.5

Analysis

No. 85-1 requires gas-fired mechanical equipment to be
elevated or enclosed tor protection. The SGC aUows
enclosed installation but requires combustion air and
clearances to combustible construction.

-

RecorrrmendaJion: The sac should be revised to reference the Standard for Floodplain Management.

Suggested Code C1uJn~ [or addition]:

301.1 Fuel Supply in Floodplain Areas
All fuel-fired equipment installed in regulatory floodplain shall be installed to satisfy this Code and the SBCCI Standard for
Floodplain Management.

Suggested Code CluJngt [or addition]:

401.1 Installations of Fuel-fired Equipment in the Floodplain
All fuel-fired equipment installed in regUlatory lloodplain shall be installed to satisfy this Code and the SBCCI Standard for
Floodplain Management.
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•• F'EMA 114

Ch. 9 Protection of Utilities
9.8 Storage Tank Anchorage

(Page 166)

Ch.3 Section 9.8 of FEMA 114 requires anchorage of fuel
storage tanks. The Sgc does not address uplift on LPG
tanks.

•

•

•

••
•

•

•

••
•

Recommendation: Revise SGC to address uplift on LPG storage tanks.

Suggested Code Change [or addition]:

903.3 Fuel Tanlcs
Fuel storage tanks installed in the regulatory floodplain shall be installed above the base flood elevation or anchored and
protected from uplift and forces due to velocitylsurge pressure with a 1.5 or greater factor of safety. Fuel storage tanks and
fuel supply lines shall be installed to satisfy the SHCCr Standard for Floodplain Manal!ement.
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Standard Plumbing Code

SPC

301.12
1204.1

NFIP

60.6 - Variances and Exceptions
6O.6(c)(2)(i) Floodproof Walls

NFIP requires the basement area, together with utilities
and sanitary facilities below the floodproofed design level,
to be watenight with walls that are impermeable to the
passage of water without human intervention. The SPC
prohibits deleterious discharge of sewage or other waste
and requires the water distribution s)"st'::m to be
protected against bacldlow. This is addressed in 602.1.2,
602.6,602.7, and Chapter 9 of the SBCCI Standard for
Floodplain Management.

Reco~ndation: The SPC should be revised to reference the SBCCI Standard for Floodplain Management.

AnalysisSPC

407

FEMA54

Figure 4.48 Protective Utility
Shaft
(Page 92)

FEMA 54 requires water and DWV piping serving an
elevated structure to be attached to the leeward side of
posts/columns or enclosed in a protective shaft. The SPC
requires piping to be protected from physical damage.

Reco~ndation: The SPC should be revised to reference the SBCCI for Floodplain Management.

FEMA54 Analysis

Appendix E
301.12

Septic Tanles
(Page 93, Paragraph 3)

FEMA 54 requires that septic tanles be floodproofed to
stop floating and potential discharge of effluent. The
SPC requires proper installation and prohibits deleterious
discharge.

Reco~ndation: None since both approach the problem from different directions. FEMA - prescrip,ive SPC 
performance. The SPC should be revised to reference the SBCCI Standard for Floodplain Management.

FEMA55

Chapter 4 • Structural Design
section 43.6 Utilities
(Pages 4-50 to 4-52)

SPC

407

Analysis

FEMA 55 requires water and DWV piping serving
elevated structures to be attached to the leeward side of
posts/columns or enclosed in a protective shaft. The SPC
requires piping be protected from physical damage.

Reco~ndaJion: The SPC should be revised to reference the SBCCI Standard for Floodplain Management.
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30LlO
808
Ch.13

Appendix G
"Sample Coastal Construction Code"
12 Utilities
(Page G-8)

FEMA 55 requires sanitary sewer and storm drainage
systems with openings below the BFE to have bacldlow
valves where the lines pass through the building envelope.
The SPC requires a backwater valve only wbere a
drainage system may be subject to a bacldlow sewage.

Recommendation: Revise the SPC to reference the SBCCI Standard for Floodplain Management and include specific
criteria for the isolation of these lines.

FEMA55

•

.-
FEMAI02 Analysis

Recommendation: (1) Revise SPC to reference the SBCCI Standard for Floodplain Management. (2) Revise SPC to
allow sumps and ejectors for flood areas even where gravity drainage is available.

•

•

e_

Chapter IV Other Floodproofing
Measures
C. Utilities
(Pages 99 - 105)

1302
1308

FEMA 102 requires that backwater valves be installed on
the building sewer at a point where the piping is strong
enough to resist the flood induced pressures. A
backwater valve is usually a swing-<:heck valve. As an
alternate, all gravity sewer openings below the BFE may
be routed to a sump. tben pumped above BFE to the
lowest entrance to the sewer (Figure IV - 8). FEMA
also requires wells to be equipped with a watertight
casing that extends from one f1. above grade to 25 ft.
below grade to minimize contamination. The SPC would
allow the backwater valve, but would prOhibit the sump
in situations where gravity sewer is available. (1308.1)
The SPC does not address well construction.

FEMAI02 Analysis

e

•

Appendix 0 "Floodproofing
Performance Criteria"

Criteria #7 "Plumbing Systems"
(8) Sanitary Sewer Systems
(Page 193)

30LlO FEMA 102 requires on-site sewage disposal systems to
be designed to minimize floodwater effects. Sanitary
sewer systems which must remain in operation during a
flooding event should be desi;ned with a sealed holding
tank sized at 150% of anticipated demand. All vents
should extend above BFE. The SPC will allow. in limited
instances, air admittance valves in lieu of venting
termination above roof.

Recommendation: Revise SPC to reference the SBCCI Standard for Floodplain Management and to prohibit air
admittance valves below BF£.

e FEMAI02

•-
Appendix 0 "Floodproofing
Performance Criteria"

Part C "Performance Criteria"
Criteria #7 "Plumbing Systems"
(C) Water Supply Systems
(Page 193)

1204 FEMA 102 requires that potable water supply systems be
protected from contamination during flooding. The SPC
requires protection of potable water.

5B-17
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Recorrrmendation: The SPC should reference the SBCCI Standard for Floodplain Management.

FEMAI02

Appendix D "Floodprooting
Performance Criteria"

Part C "Performance Criteria"
Criteria ;;7 "Plumbing Systems"
(D) Bacldlow Prevention
(Page 193)

SPC
30LlO
Ch.13 FEMA 102 requires backwater valves on storm drain,

sewage and potable water supply lines installed at wells or
building exits. The SPC allows such valves but only
requires them for sewage backflow.

Recorrrmendation: Revise the SPC to reference the SBCCI for Floodplain Management.

Analysis

The majority of the MCRB does not address plumbing.
However. III.B.8 does address plumbing materials, sewer
systems. and potable water supply systems. MCRB
requires gate valves on the sanitary sewer outlets from
the house. and the potable water supply system to be
designed in such a manner to prevent contamination
from flood waters. The SPC prohibits deleterious
discharge of sewage or other waste and requires the
water distribution system to be protected against
backflow. This is addressed in 602.6 and 602.7 of the
SBCCI Standard for Floodplain Management.

SPC

30Ll2
1204.1

MCRB

Chapter ill Basement
Construction

(Pages 13-75)
Chapter V Basements in Floods
(page 88-126)
Chapter vn Appendix A-Soils
Data

(Pages 164, 166)
Chapter VIII Builder's Guide
(pages 198,206,209,211-262)
Hydraulic/Hydrologic Manual
(Pages 7-10)

Recorrrmendation: The SPC should be revised to reference the SBCCI Standard for Floodplain Management.
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.-
•

No. 85-1

All Plumbing and Water
(Not in Scope)
(Page 12)

Ch. 12
1204

301.10

No. 85-1 Section A 11 requires that interruptible water
supply sources be protected from contamination by a
checle valve. The SPC does require bacldlow prevention.
No. 85-1 requires a sealed holding tanle for those disposal
systems required to remain in operation during a flooding
event. Sewage systems should have a manual valve or a
bac!cwater valve at building penetration. The SPC
requires a bacldlow valve for sewage reversal only.

Reco~ndaJion: (1) Revise SPC to reference the SBCCr Standard for F100dplain Management; (2) Revise SPC to add
a principle for flood plain areas.

•

•

No. 90-3

Section D-2
(pages 1-6)

SPC

N/A No. 90-3 requires utilities to be (1) above design flood or
(2) completely enclosed by the building's watertight walls
or (3) be completely watertight. The SPC would not
prohibit such installation. but only regulates size of space
for setting fIXtures.

.-
•

•

•

•-
•

Reco~ndaJion: Revise SPC to reference the SBCCr Standard for F100dplain Management.

Suggested Code Change [or addition]:

301.23 Principle No. 23
All plumbing SYStems in the regulatory floodplain shall be installed to satisfy this Code and the SHCCr Standard for F100dplain
Mana2ement.

Suggested Code Change [or addition]:

1308.1 Building Drains Below Sewer
Building drains which cannot be discharged to the sewer by gravity flow shall be discharged into a tightly covered and vented
sump from which the liquid shall be lifted and discharged into the building gravity drainage system by automatic pumping
equipment or by any equally efficient method approved by the Plumbing Official.

EXCEPTION: In the regulatory floodplain where gravity drainage sewers are below the base flood elevation, a
sump and ejector SYStem satisfying this section and the SBCCr Standard for Floodplain Management may be used.

Suggested Code Change [or addition]:

1403.2.3 In regulatay floodplain, all vent terminals shall be above the base flood elevation or protected in accordance with
the SHCCI Standard for Floodplain Management.

Suggested Code Change [or addition]:

EI01.4 All septic tanles installed in the regulatory floodplain shall be in conformance with both this Code and the SBCCr
Standard for F100dplain Management.
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FEMA54

Septic Tanks
(Page 93, Paragraph 3)

SPC

501.2
6(J2.7

Analysis

FEMA 54 requires septic tanks to be
flood proofed to prevent the tank
from rising out of the ground.
FEMA 54 and SFM requires the
tank to be designed to minimize or
eliminate discharge of effluent into
the floodwaters.

Rtcotnn1endatiDn: SFM should address buoyancy forces on tanks.

Su~sttd Codt Chan~ [or addition]:

6027'Sanitary Sewage Systems
New and replacement sanitary sewage systems shall be designed to resist flotation and to minimize or eliminate infiltration
of flood waters into the system and discharges from the system into flood waters.
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FEMA55

G-8
G-8.1
G-8.2
G-8.3
G-8.4
G-85

•

.-
•

Standard for Floodplain Manag~m~nt

Anchoring Standards
Connector and Fasteners
Beam to Pile Connections
Floor to Deck Connections
Exterior Wall Connections
Ceiling JoistlRafter
Connections

G-8.6 Projecting Members
(Pages G-5, G~)

SFM

60Ll
BOLl
B01.3

Both FEMA 55 and SFM all components to be securely
fastened and adequately interconnected to resist the loads
anticipated during flooding. FEMA 55 requires corrosion
protection for connectors in exposed locations. SFM
does not address corrosion protection.

•

•

.-
•

•

•

•

•

Recommendation: SFM should address corrosion protection of metal connectors.

Suggested Code Change [or addition]:

1705.4 F100dplain Areas
Metal plates, connectors, screws, bolts, and nails exposed directly to the weather or SUbject to salt corrosion in coastal areas
shall be stainless steel or hot-dipped galvanized, after the fastener or connector is fabricated.
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FEMA 114

N/A9.8 Storage Tank Storage
(Page 166)

FEMA 114 addresses the need for proper anchorage of
tanks to prevent their flotation from the buoyancy forces.
SFM does not address anchorage of storage tanks.

Recommendation: SFM should address anchorage of storage tanks.

Suggested Code CJuJnge [or addition]:

602.8 Storage Tanks
Storage tanks shall be properly anchored to prevent movement and discharl!es from the tank into flood waters.
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Recommendation: No. 88·1 should update reference to ASCE 7-88 and address snow and seismic loads. Section
BOLl of tbe Standard for Floodplain Management should reference Chapter 12 instead of only 1205 (Wind) to
include 1204 (Snow) and 1206 (Seismic).

•

.-
•

No. 88-1

Pages 1-5 BOLl Both No. 88-1 and SFM address wind loads. No. 88-1
contains a reference to ANSI A58.1-1982. SFM
references 1205 of the Standard Building Code which
contains basic wind speed map, velocity pressure, and
coefficients in addition to referencing ASCE 7-88.

•

•

.-
•

•

•

••
•

Sugges/td Code Change [or addition]:

BOLl Anchoring
All new construction and substantial improvements within an area identified as a coastal high hazard area shall be elevated
on pilings or columns in accordance with 800.2, and securely anchored to resist flotation, collapse and permanent lateral
movement due to the effects of wind, snow, seismic, and water loading values shall be that which equals or exceeds the 100
year recurrence intervaL The minimum design "qRII1 IQOlll1iRg "011.11:' loads shall be that specified in ~e~tiQR l:lQ~ Chapter 12
of the Standard Building Code.
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Recommended Changes to ICBO Documents

•

.- FEMA-55

4.2.2
Masonry

Chapters 23 and 26
Appendix Chapter
23. Division IV.

FEMA-55 has a brief paragraph on the use of masonry and concrete in
corrosiv~ ~nvironments. The V.B.C. has sp~cific design requirements for
concret~ on corrosive environm~nts but docs not address masonry in
similar situations.

•

•

Recommendation:

Suggested Code Change:

The V .B.C. should discuss the usc of masonry in corrosive environments.

Section 2393 (e), first sentence. Revise as follows: When buildings or strucrures . . components!!!B
the protection of all exposed elements from corrosion. Balance to remain unchanged.

Also: Section 2394 (e), first sentence. Revise as follows: When buildings or strucrures .... and
cOlUlCction components to comply with the requirements of Section 2394 (d) and showing the
protection of all clements from the effects of corrosion. Balance of paragraph to remain
unchanged.

See suggested code change for 4.2.2.

The U.B.C. should address the protection of all materials exposed to corrosive environments in Appendix
Chapter 23 .

•

.-
•

•

•

• •

FEMA-55

4.2.3.1
Aluminum

Recommendation:

Suggested Code Change:

Chapter 28
Appendix Chapter
23.

FEMA-55 discuss.:s the protection of aluminum trim. windows. etc. in
corrosive environments. The V .B.C. docs not address the us.: of these
types of aluminum products in corrosive situations.

•
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FEMA-55

4.2.3.2
SLCel

Chapter 27
Sec. 2510.

FEMA-55 discusses the protection of exposed steel in corrosive
environmenu; and recommends regular inspection and maintenance of ume.
The U.B.C. does IIOl diacu.. the protection of steel membe~.

RecommeodatioD:

Suggested Code CbaDge:

FEMA-55

See recommendation for Section 4.2.3.1.

See suggested code change for 4.2.2.

4.3.7-
4.3.7.1
4.3.7.2
4.3.7.3
4.3.7.4
ProLCction of the
Interior

Sec. 1708
Sec. 2516
Sec. 3201
Sec. 3205
Sec. 4205
Appendix Chapter
23. Division IV.

FEMA-55 diacullCs the protection of the interior of a structure from wind
and water action. The U.B.C. requires that openings below the base flood
elevation (BFE) be protecLCd and that exterior assemblies provide a
weather-resistive barrier.

RecommeodatioD:

Suuested Code Cbange:

FEMA-55

The U.B.C. should address the protection of openings above the BFE from wind and water action.

Section 2396. Add Subsection (g). (8) Protection of Openings. Openings subject to wind driven rain and
wave action shall be watertight to protect the interior from water damage.

Appendix G.8
Anchoring Standards

Appendix Chapter
23. Division IV
Appendix ChapLC~

24 and 25.

FEMA-55 requires that the entire structural system be tied together to
prevent flotation collapse or a permanent lateral movement due to a base
flood event concurrent with the one-hundred-year design wind velocity.
The U.B.C. requires that the structural system of a building or structure
shall be tied together to resist the flotation. collapse. or permanent lateral
movement due to loads to flooding equal to the base flood elevation.
Another provision requires that the structure be designed and tied together
to resill basic wind speeds from 80 to 110 miles per hour.

RecommeodatioD:

Suggested Code CbaDge:

FEMA-55

The U.B.C. should conaider onc-hundred-year design wind velocities concurrently with the base floor
elevation forces.

Section 2396 (b). Revise tint sentence as follows: • .. and hydrostatic loads and one-hundred-vear
design wind !peeds.•

AppendixG.IO
Protection of
Openings

None. FEMA-55 n:quires that exterior openings be designed and detailed to
withstand high wind speeds and recommends additional protection such II

stonn shutte~. The Unifonn Building Code has no such provision.

RecommeodatioD:

Suuested Code Cbange:

The Unifonn Building Code should address the protection of exterior openings from wind and water action
that are above the base flood elevation.

See suggested code change for 4.3.7.
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•

.- FEMA-SS

Appendix G.II.2
Cenification of
Breakaway Walls

Appendix Chapter
23. Diviaion rv.

FEMA-55 allows the use of breakaway walla desirned for ireater loads
than twenty pounds per square foot if desiined by a licensed architect or
engineer. The Uniform Buildini Code doea not allow the use of
breakaway walls that are desiined above twenty pounds per square foot.

•
Recommendation:

Suggested Code Change:

The Uniform Building Code should recognize that the design of breakaway walls with a higher loads
considered may be appropriate under cenain circumstances.

Section 2396 (0. Add a s.:ntence as follows: Higher breakawav wall loads mav be used when approved bv
the building official.

•
FEMA-54

Steel Chapter 1
Chapter 27
Appendix Chapter
23. Division rv.

FEMA-S4 discusses the protection of steel structural membcn that are
exposed to a corrosive environment. The U.B.C. does no! have a specific
requirement for the protection of steel. Rather. it requires that a structure
be maintained in a safe condition which also has been interpreted as being
prolected from corrosive environments.

• Recommendation: The U.B.C. should address the protection Qf steel structural elements specifically in Appendix Chapter 23.
Division rv.

See suggested code change for 4.2.2.

••
Suggested Code Change:

FEMA·114

6.2
Aood Wall
Considerations

None. FEMA-114 discusses the use of flood walls in the protection of residential
structures. the U.B.C. requires that such buildings are elevated above the
base flood elevation and has no provisions for such retrofitting of exist;ni
residential structures.

•

•

Recommendation:

Suggested Code ChanU:

The U.B.C. should develop some provisions for the retrofitting of existing buildings or at least refer to
approved national sIandards.

Section 2396. Add Subsection (h) as follows: (hl Existing Buildings. Existing buildings may be
floodproofed using flood walls. wet floodproofing or other approved methods when approved by the
building official.

•

••
•

annatrong\spec-pro\fema4oc .cda
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.- Rec:ommeDded ChaDges to NFPA StaDdarcls
NATIONAL ELECTRICAL CODE (NFPA 70)

Recomm.eNiQliofl: Revile FEMA-54 to cllrify that electric equipment shall be securely futened to the surface on which it is
mounlCld. Wooden plugs driven into holes in masonry. concrete, pluler. or similar nweriah shall not be UJed. Underground
electric supply conduits or cables should not be futened to walls. or struewres intended to break-away under flood conditions.

•

FEMA-H

Service Mounting
P. 92
P. 93

NFPA 70

110-13

Ap·'YS"

Secure mounting of utilities and mechanical equipment Ire addressed
in FEMA-S.l. NFPA 70 requires electric equipment to be lecurely
futened to the lUJ'face on which it u mounlCld.

•

•

.-
•

•

•

••
•

Suglested Code revlaloD:
NFPA 70 (110-13(&). 3OO-S(d».
Add the followinl aentenee: Buildinaa deaigned with breakaway walllahall have electric servic:ea secured to the aidea of intaior
piles or within flood proof enclosures aa.cbed to iJuerior poles.

50-1



•

.- 1989 CABO 011'DC.~ C

CABO App. C

Reconunendation: CABO Appendix C mould be reviled to include • referenc:e to the NAP for manuf.ctured home illllall.tion in
flood hlZlrd .rea•.•
§60.3 CABO App. C doc. DOt conuin .ny apeciaJ provi.iolll for the

illltlllltion of manuf.ctured home. in flood hlZlrd .rea•.

Suggeated Code Chanae [or .ddition]: Add to Appendix C Section C-lOI - Scope, lall t, lall IelllCoce: Refer to N.tiollli Hood
Insurance Program for install.tiona in flood hlZlrd .re••.

Recommendation: Clarific.tion i. needed for the CABO table. to ltlle that dcaiJDI IUbject to flood load. require apecial
cOllIideration for IUcb load. th.t have DOt been .ccommodated in the IIbulaled de.iJDI.

•

•

.-

FEMA 114

3.5 Extended foundation waU.

CABO App. C

C-503.2 Appendix C itaelf doe. not cover foundation waU.; however Section C
503.2 refeta to other provi.iolll in CABO by ltatina that retaini~ waU.
uaed •• pemllllCDl perimeler eocloalre mull conform to the code
provi.iolll for foundation w.U.. Section R-304, Foundation W.II.,
preacribe. apecific deaiJDI for malOnry, coocrele .nd ltane foundation
w.lla. [Refereoce T.ble. R-304.3.,3b.] NolIC of the preacribed de.iilll
in the CABO Table••re uaable to reaill hydroltltic, hydrodylllmic, or
imp.ct load. apecified in FEMA 114. Hydraulic venti~ of the
foundatiolll••• provided in FEMA 114, i. DOt apecified in CABO.

R-304.5 in CABO preacribe••11 wood foundation w.1I de.i,llI. The
COmp.riIODI DOled .bove .re applic.ble .

•

SUlieated Code Chanae [or .ddition]: Add. lenlenc:e to the end of tR-304.4:

R-304.4 Desipa requind: ...•ccepted enaillCeri~ practice.. Note th.t de.i!l!!! IUbject to flood load. reQuire !peci.1 consideration.
Hood load. h.ve not been .ccommodated in the de.i!l!!! in T.ble. R-304.3••nd R-304.3b.

•

FEMA 114

3.13 Technical de.i,"
crilen. - Anchora,e
of aupentnacture to

foundation

CABO ADD' C

C-605 CABO C-605 require. that 'wood floor IUpport .ylleml m.1I be fixed to

perimeter foundatioDi in .ccordanl:e with thi. code.· CABO FiiUre R
303 apecifie. the aocbora,e of.ilI plale' to concrele foundatioDi u.i",
'1.1 ·Obolta, 6' o.c. maximum. CABO T.ble R-402.3. apecifie. joiltl
ICCUred to .ilIa uainI 3-8d nail., toe nailed. No provi.ion i. made to

reaill bydroltltic lift-off of the floor.

•

••
•

Recommendation: Claritkation i. needed in CABO C-605 that .dditiollli aochora,e may be needed to re.ill hydroltltic lift in f100d
prone .reas. Referca:e to FEMA 85 may IUffice.

SUlielled Code ChInle [or .ddition]: In §C-605,.dd • lentence that follow. the ICCOnd IeDlence in the ICCOnd p.ra,raph:

... re.ia the wind load ltaled in tbi. code. Note that .dditiollli anchorage i. needed to re.ill buoy.ncy due to flooding in thOle

.re.. where .pplic.ble.
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FEldA 114

3.14 TeduJicaJ dea,n
criteria - OpeD
fouodatioaa

CABO App. C

C-602, C-603,
C604,C-60S

CABO C-602 (Pier COlllUUction) lpCCificaUy exclude. lateral wiDd aDd
canhquake loada from conaideration in the applicatioD of the pien
specified in thi. code. Note that the typical manufactured houaina
foundation .ylUm UK' dia.onaJ tic. that are leCurcd to .round ancbon
for lateral load reaiaunce. CABO C-603 (Hei,ht of Pien) apecifie.
cOlllUUction detail. for three bei,nt ranae. of pier application. Each of
theae deaiiJII i. to be uaed with the ano::bon and tie. specified in
Sectiona C-604 IJId C-60S relpCCtively. The reliability of ,round ancbon
in flooded aoil. baa II()( beeD demonarated. It would be prudent at thia
time to lpCCificaUy dilillow their UK in the flood plaina.

Recommeodation: Clarification i. needed in CABO to caution that the JfOUDd ano::bor ayllCm lpCCified ia ,enerally II()( rated for
f100dina or for biJb open foundational

Suuelt.ed Code Chanae [or addition]: At the end of 1C-604.l,add: The UK of ground anchon i. permjaecl in the floodpl.in only
when aubllantiating data are provided that IIti.fy the authority having jurisdiction.

FEMA 8S

P•. 22 Pien

CABO App. C

C-602 a) FEMA 8S requirea the bottom of the pier footina to extend a
minimum of 30 in. below Jrlde. CABO only require. the footina' to
extend a minimum of 12 in. below ftnilbed Jrlde. Both require the
footina to extend below the froa lioc.

b) FEMA 8S requirea built-up pien to be laid with type M or S mortar.
In addition to type. M or S, CABO pennita Type N mortar. No
incompatibilitiea.

Recommendationa: Since the 30 inch requiremelll would be exceaave for pien located in area. wbere ac:ourina i. II()( a problem, cwo
aeparate requiremenu in FEMA 8S IJId CABO fOl" miniIIaIm pier depth. Ibould be made depcndiq aD the flow conditiona likely to be
encouDlCred.

Suuelt.ed Code Chanae [or addition]: In §C-602, add to the Ia. aelllence ... wind, flood preuure, ac:ourilli, or eanhquake forcel.

FEMA 8S

P,.S3 Po.. and Pile.

CABO App. C

CABO ,eocrally coven time-tclt.ed colllUUction methoda. It doe. II()(

cover aeldom-uaed .yllCDU IUC:b a. p<*a 01" pile collltrUction methoda.
The requiremclll8 are compatible a. lana a. it ia unde~ that CABO
Appendix C ia II()( applicable to flood load•.

Recommendation: Cbanae CABO Appendix C to clarify that it doe. II()( conaider flood loada.

Suuelt.ed Code Cbanae [or additioa]: III 1C-602. add to !be la. aelllence ... wind, flood preuure, ac:ourilli, or canhqualte force•.
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Pemuz1lDll FollNi4Jions Guide
BUD Bandbooi.: 49JO.J

FEMA 114

3.S Extended foundation Walll

HUD 4930.3

102-2.C
Standardl

201-2.8

402

HUD 4930.3 referencel FEMA 8S for manufactured homel on elevated
foundationa.

HUD 4930.3providel that bomel built on elevated foundationl mUll
comply with rcquiremenu of the NAP and lD refer lD FEMA 8S for
Manufactured Home lna&aUation in Flood-Hazard Areal.

Chapter 4 in HUD 4930.3makel no provilion for the application of
hydrostatic, hydrodynamic, or impact loada.

•
Recommendation: Since provilion il made for coastal wind forcel in Section 402.3 of HUD 4930.3,it il adviuble lD include in HUD
4930.3either complete deli,n proviliona for floodilli, or a ootice that additional lateral, hydroatatic, bydrodynamic, and impact load I

need lD be included for foundation walll aubjected lD floodilli.

Suueatcd Challie [or addition): (a) Challie §201-2.B.2lD rad: "Homea built on elevated foundationa in communitiel that are pan
of the National Flood Inaurance Prorram (NFIP) mUll comply wi!h !he NAP.'

(b) Challie §402-3.BlD add item 13: If the site il in a floodplain, hydrostatic, hydrodylllmic, and i!!J!act loadl mUll be considered.
Refer lD FEMA 8S for guidance.

Recommendation: On the flood map in HUD 4930.3,it il neceaury lD include a notice lD delirn for lateral, hydroltatic,
hydrodylllrnic, and impact loadl for foundation waUa aubjected lD floodinr. Reference lD FEMA 8S wiJIauffice.

•

.-
FEMA 114

3.12 Technical delirn
criteria - Extended
waU foundationa

HUD 4930.3

App. HI2

App. HI

The Wind Speed Map, H-12, in HUD 4930.3correapondl with the SO
year mean recurrence map in FiJUre C-Sb of FEMA 114.

The Flood Map, H-I, in HUD 4930.3doel not provide any proviliona
for hydrostatic, hydrodylllmic, static loadl.

•
Suueatcd Challie [or addition]: Reviac the Flood Map on Pa,e H-I lD include the foUowinr:

~ .L Conault with local Building or Planning Office to detennine whether home il in the floodplain.
L See FEMA 8S for recommended hydrostatic, hydrodYlllmic. and i!!J!act load I to be applied lD foundation waUs subject to

~

•
FEMA 114

3.13 Technical deli,n criteria 
Anchora,e of aupcnuucture
lD foundation

HUD 4930.3

App. B The deai,na in HUD 4930.3are apparently lD relill wind and ,ravity
loadl only. No provilion hal been made for buoyancy. The loadl ,iven
for vertical uplift in Table B-2 of HUD 4930.3would be ample for
approximately 1.7' water depth above the top of the foundation.

•

••
•

Recommendation: Iaclude a ootice in Appendix B, Table BI of HUD 4930.3that additional anchora,e may be required in aral
aubject lD floodm, in order to relill hydroatatic, hydrodylllmic, and impact loadl.

Suueatcd Cha. lot' addition]: Provide a note at the end of the fint pararraph in Appendix B:

Note: Additiollli anchoraKe may be l'C9uired lD relill hydrostatic. hydrodylllmic, and impact loadl in aral aubject to flooding. Refer
lD FEMA 8S.
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fEMA 114

3.14 Technical daip criteria
Open fouodalioal

HUD 4930.3

203 HUD 4930.2 idenlifiea ·unatable clay.· ••• pouible c.uae for
foundation inatability. ""hile the FEMA 114 f.vora clay lOil. for their
re.ill.lnce to scourillJ. Theae provi.ioDi .re inl:omp.tible.

Recommendation: Further reaearch/awdy i. recommended to reconcile the Iimill for foundationl in c1.y lOil. Thi. awdy abould be
undenaken in. coll.bontive effort by HUD. FEMA, UId the manuf.ctured hou.illJ indul!ry.

FEMA 114

6.2 ConaidentioDi

HUD 4930.3

301-1 The proviaion in HUD 4930.3. ·provide lhe be••v.ilable routillJ of Nn
off ....ter to auure that build"". or ocher imponaDl f.cilitie. wiu not be
eDdallJered by the p.th of. lMjor emerJenr;y flood NlH)ff which would
occur if the aite IlOnn dniDa,e ia exceeded, • doe. DOt provide notice
that thia miJbt require the UK of flood ...alla. FEMA 114 diacuaae. the
f.ct that flood wall deaiJ11 i. dependent upon lhe type of floodillJ
expected.

Recommendation: In HUD 4930.3,Section 301-1. include. ll.ltement that adequate flood waUl provide one way to accomplilil lhe
reroutillJ of nllH)ff water.

SuuellCd Chanae [or addition]: Add a aenteDCe to lhe end of 1301-1:

One way to accomplilil rerouting of Nn~ff water in retrofitting i. to uae flood ""all•. Refer to EEMA 114 for example•.

Note: Flood wall. are not acceptable for new inatallatioDi.

FEMA 114

9.4 PerlMnent proc.ective meaaure.

HUD 4930.3

Chapter 7 There i. no provi.ion in HUD 4930.3 for flood proc.ection of utilitie•.
The ovenll empha.i. of this publication i. on .NCtuni aapecll. The
lCopc of Chapter 7 (Final Check) i. limited to foundation de.i,n.

Recommendation: In HUD 4930.3,refer to FEMA 85 for home ilUtallatioDi in flood-prone area. in order to provide protection of
utilitie•.

SuuellCd ChallJe [or addition]: Add a Section 7004:

709-4 Flood Protedioa or UtiIitiss

For home. aubject to flooding, verify that provi.iona have been made in the de.ign to protect utilitie.. Refer to FEMA 85 for

~

FEMA 85

PI. 48 Pien

HUD 4930.3

App. A FEMA 85 prelCribe. de.i'Di for piera. and cautiODI that. due to the
likelihood of lCourilll, pier .yuma Iilould DOt be uaed in area. where
Ooodilll velocity i••nticipated. Appendix A of HUD 4930.3
reconunenda F~ndation Type C2 [reinforced malOnry or concrete piera]
for hip wind and indicatea that eJllinecrini de.il'l i. not required.
While the Flood-Prone Site. exclu.iona provided in Section 201-2 miJbt
be aufficienl for lOme dc.ipn, it aecma pNdent that it be repeated in
the Appendice•.

Recommendation: The de.iJ11 .ppendice. in HUD 4930.31ilould repeat the reference. to the FEMA documenll and c.ution that the
de.ilDl preaented have DOt taken flood conditioDi into account.

SUUellCd Challle [or addition]: Add a aenteDCe to Panl"Ph B. Pare A-I: Note that none of the charted de.ignl take. flood load.
into account. Refer to FEMA 85 for de.ign load. and procedure•.
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MarwfDJ:lIUYd Housing II'LSli1Ule
Motklll'LSUJIUJIiOft MtINI4l [MHI-MIM]

FEMA 85

pg. 17 Wind hazard.

MHI-MIM

4.4.2
5.4
5.4.1
5.4.2

FEMA 85 .nd MHI-MIM .re not incomp.tible; FEMA 85 reiterate. the
lime lateral .nd uplift deaign wind preuurea II the MHCSS. The
requiremenu of MHI-MIM are b.aed on the deaign wind loada in the
MHCSS.

P1eaae note, bowever, that Section 5.4 in MHI-MIM atatea that, •... the
inauIler ahould aecure the home agaiolt the wind unless the local
jlUisdiclion pennilS otherwise.' (emphaaia added)

•

•

It appean that FEMA 85 requirea the ancboring of homea agaiolt wind
load. under all circurnltancea.

Recommendation: It ia not intended that a participant in the NFIP (i.e., local jurisdiction) would DOt require that a home not be
anchored agaimt wind loada. However, the compatibility of the documenll would be enhanced by a revi.ion to MHI Section 5.4to
atate that anchoRlle of the unit allainlt wind forcea ia alwaya required.

Suggeated Change [or addition]: Change Paragraph 5." ADclaoriq lnstnactiOGS. After blocking and leveling, the inauIler ahould
aecure the bome to reain the wind forcea required in thia manual or higher wind forcea if required by the authority having jurisdiction.

MHI-MIM

4.5 The MHI-MIM providea a lilt of important reference docurnenll. The
Manual for the Construction of Reaidential Baaemenu in Non-Coasul
Flood Environa i. not included in the lilt.

•

Recommendation: Change the "Lilt of ImpoJUnt Documenu" in MHI-MIM to include Manual for the Construction of Residential
Baaernentl in Non-Coaatal Flood Environa.

Suggeated Code Change [or addition]: Add to the "Lilt of Important Documenll" in MHI-MIM the following: Manual for the
Construction of Residential Basemenll in Non-Coaatal Flood Environa.

ANSI A225.J-J987
ManufDJ:lUred Home II'LSUJIUJIiol'LS [A225.J]

FEMA 85

•
pg.33 Dc.ign of elevated

foundatioDl
AppeDdixB
8-4.1

FEMA 85 and A225.1 uae the roof live loada and wind loada from the
HUD MHCSS. A225.1 atatea that areaa where recurrent winda up to 90
milea per hour (25 pat) are experienced ahould uae aimilarly deaigned
manufaclUred homea.

•

••
•

Recommendation: ANSI A22S.1 ahould defiDe the ap«ific areaa where wind load. of higber magnilUde than the 25 p.f limit are
needed.

Suggeated Standard ChaDp [or addition): Change Paragraph 8-4.1 n.e WIIId Zoae Map, Ialt aenlence II follow.: Consult the
authority having jurj!dj§tjop. Note that an enlarged aupplernenllry map of the Gulf .nd Atlantic Coaatal areaa ha. been supplied in
order to more reliably determine the high wind zone•. Provide auch a map.
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FEMA 85

pp 47-48 Vertical IUppOtt memben Appendix B FEMA 85 providca dcaim chana for dead load, live load, snow load, and
wind load calculations. The chana uae mow and wind load. from the
HUD MHCSS. [Home. manufactured .ince 1976 under the HUD
Standard. are thelnlelve. cenified to thoae load.) A215.l uae. the lime
live, lnow, and wind load. a. FEMA 85.

-

Recommendation: Reviae ANSI A215.1.Appendix B, to iDl:orporate ASCE-7 IIlOwand wind loadl.

SUJiellCd SlaDdard Chanie [or addition): Add a Parapph:

8-4.3 flood Loads;

Refer to FEMA 85 for flood loading. The load. in theae Table. do not include load. attributable to floodina.

EEMA 85

Pi. 48 Pien AppendixC FEMA 85 preacribel delip for picn, and cautions Wt, due to the
likelihood of acourina, pier .yllctna lllouid not be uaed in area. where
f100dilll velocity i. anticipated. Appendix C of A215.1 provide. de.iiDi
for pier foundations and iaaucl 110 <:autiODI concemina acourini. (Note

that overall A215.1 il not for homel ailed in flood- prone areal.)

Recommendation: Appendix C of A215 .ll11ould reference the FEMA documellb and caution that the delip preaented have not
taken flood conditioDi into accouat.

SUJiellCd SlaDdard Chanie [or additioa): Add a paraJT8Ph after the introductory parapph to Appendix C, ICCOnd column:

Refer to FEMA 85 for flood deli!l!!! and dcaign methodl. Theae deligns do not include loadl attributable !O flooding.

ManufaclUnd Rome Con.strWCticm
and Safety Slandards (MRCSS)

FEMA 114

3.12 Technical delim
criteria - E.x1ended wall
foundations

§3280.305(c) Section 3.12 of FEMA 114 refen to Appendix C for delign loadl, which
in tum refen to the three model buildilli codel for determination of
wind IoadilJi characterilli<:l. The wind deliin data preaented in
Appendix C ia not nec:euarily ia agreemeat with the wind de.ign criteria
in 132&O.305(c)of the MHCSS. While t32&O.30S(c)(2)(ii) a1atel that
HUD mayeatablilll more ItI'illlenl requiremellb in areal with 115 mph
aod JrcIter recorded wind velocity, HUD hal not been known to

eatablilh lIIOre Itrlnaent requircmenll thaa thOle lpe':ified in
t3280.305(c)[15 plf lateral. IS plf uplift).

Recommendatioa: JIuItIIec rcacarchlllUdy ia recommended to determine: a) if the wind deaim criteria in MHCSS il adequate for
areal of high wiad wIoc:iIy; aodlor b) if ItJ'onICr rccommcndatioDi a,aiDll aitina IUch homca in flood prone area. are in order. Thi.
llUdy lllouid be IIDIIedabD by HUD aod the IlllllUfacCllrcd housm, induatry.
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Recommendation: FEMA relelrch on the effecll of hydroatatic preuure on manuf.ctured hOmel h.. relUlted in the requirernent 1.0

elev.te .bove BFE. If HUD and the manuf.ctured houaillJ induauy were 1.0 emb.rk on • prorram to act conatruction lland.rd. for
horne••ited in flood prone .rca••• method of certific.tion lirnilar 1.0 the wind zone map .nd label uacd in the preaclll MHCSS need.
to be deviacd to provide notice on the borne. that idelllifie. the flood iIIlcRiity for which the borne i. conatructed.

•

••
•

•

•

FEMA 114

3.13 Technical deaip
criteria - ADcborqe of
IUpentnlctu~ to foundation

FEMA 114

C.4 Wind load.

13280.305(c)

§3280.305(c)(I)
.nd (2)

Section 3.13 of FEMA 114 coven the imponance of the floor di.phrarm
in maintainillJ the liability of lhc foundation ....II••nd C.utiOIU 'a.inJt
u.iIlJ connectiona that pull out if the undenide of the floor i. IUbjected
1.0 up....rd hydroltatic force.. Hydrollatic force••re not covered in the
HUD MHCSS. Ho...ever. Zone U (hurric.ne) horne....hen de.iaDed in
.ccordance with 13280.305(c).re conoccted 1.0 the ItUI frame - ch...i.
ao II 1.0 IUllain 15 p.f uplift. (C.ution. thi. i. not IUfficient for
hydrollatic preuure. in excelS of J.....ter column.)

MHCSS specific. th.t the wind delilfD forcel for home I delilrfWt.ed for
Zone I. non-hurric.ne. thall be 15 p.f Iat.eral .nd 9 plf uplift••nd the
...ind delian forcel for Zone U. hurric.ne. thall be 25 p.f lateral .nd 15
p.f uplift. In FEMA 114. wind zone••re delineated in wind velocitie.
(mph) .ccortlillJ 1.0 the ANSI AS8.! map for So-ycar recurrence. When
.pplyitllthe formulal from ANSI AS8.I.the relUltina wind preuure. in
hiih wind zone. may exceed the MHCSS minimum preuurel.

••
•

•

•

••
•

13280.30S(c)(2)(ii) llate. that HUD may ellablish more ItrillJelll
rcqui~rnellll than thoac apccified in 13280.305(c)for Ircal ...ith 125
mph .nd arcater ...ind velocitiel.

Recommendation: Further relelrchlllUdy il recommended 1.0 determine: .) if the ...ind delian criteria in MHCSS i. Idequ.te for
.rca. of hip wind velocity; and/or b) if ItrotllCr recommendatioRi 'a.iolt .itillJ IUch hornel in flood prone .rca••re in order. Thi.
IlUdy should be undertaken by HUD .nd the manuf.ctured houlillJ induttry.

5E-7



•
Recommended Changes to the One and Two Family Dwelling Code

OTFDC

R-311

NFlP

603(c)(5) Flood Openings NFIP requires fully enclosed areas below the lowest floor,
other than basements, to be provided with flood openings
to equalize hydrostatic flood forces. OTFDC does not
address floodplain management; however, it does require
openings for crawl space ventilation.

Recornrnendation: OTFDC should address openings for floodwater and equalize hydrostatic forces.•

••
Suggested Code Change [or addition]:

•
R-3115 Floodplain: All elevated buildings that include fully enclosed areas formed by foundation and other exterior walls
below the base flood elevation shall be designed to allow for the entry and exit of floodwaters to automaticallv equalize
hydrostatic flood forces on exterior walls. Designs for meeting this requirement must either be certified by a professional
engineer or meet the following minimum criteria: a minimum of two openings having a total net area of no less than 1 souare
inch for every square foot of enclosed area subject to floodinl! shall be provided. The bottom of all openings shall be no
higher than 1 ft above grade. Openings mav be equipped with screens, louvers. valves or other coverings or devices provided
they permit the automatic flow of floodwaters in both directions.

•

••
•

•

•

•• SF-I

•



FEMASS

4.1.2 Salt Air Moisture and
Wind·Driven Rain
(Pages 4-7, ~)

OTFDC

R-309
R404.14.1

Analysis

FEMA provides general discussion of the hazards of salt
air, moisture, and wind~riven rain on wood, nails, and
connectors. OTFDC requires wood sUbject to decay
damage to be naturally durable or pressure treated but
does not address nails or connectors. OTFDC does
address corrosion protection of joint reinforcement,
anchor ties, and wire fabric for use in masonry wall
construction.

Recommendation: OTFDC should address corrosion protection.

FEMASS

4.2.3.2 Steel
(Page 4·11)

OTFDC

R-403
R~5

R-705.1

Analysis

FEMA 55 addresses the problem of corrosion of
unprotected steel shapes and anchoring devices (nails,
bolts, etc.) and the need for regular inspection.
maintenance, and replacement of corroded metal parts.
OTFDC requires the steel to comply with the
appropriate standards. OTFDC does not address
corrosion in coastal environment.

Recommendation: OTFDC should address corrosion protection.

Suggested Code Change [or addition]:

R~ Comt:rucIioo: Exterior walls of wood-frame construction shall be in accordance with Figure Nos. R-4023a and R
402.3b. Components of exterior walls shall be fastened in accordance with Table No. R-402.3a. Walls of wood frame
construction shall be designed and constructed in accordance with the NFoPA "National Design Specification for Wood
Construction," listed in Section S-26.402-

Exterior walls shall be effectively braced with let-in bracing, plywood in accordance with Table No. R-402.3b, particleboard
in accordance with Table No. R-402.3c or other approved materials.

Exterior walls subject to wind pressures greater than 30 pounds per square foot, as established in Table No. R-20l.2, shall
be designed in accordance with accepted engineering practice.

Metal plates, connectors, screws, bolts, and nails exposed directly to the weather or subject to salt corrosion in coastal
areas shall be stainless steel or hot~ipPCd galvanized, after the fastener or connector is fabricated.

Suggested Code ChDngt [or addition]:

SEcnON R-60S - METAL

Steel and aluminum structural elements shall be constructed of materials and designed in accordance with the AISC
"Specification for the Design, Fabrication and Erection of Structural Steel for Buildings" and AASAS30, respectively, listed
in Section S·26.605. Steel elements may be hot·rolled or cold·formed structural steel. Members shall be straight and free
of any defects which would affect their performance.

Structural steel exposed directly to the weather or subject to salt corrosion in coastal areas shall be hot~ipped galvanized
after fabrication.
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Suggested Code Change [or addition]:

R-705.1 Steel cJemc:ots: Steel structural elements in roof<eiling construction may be either hot-rolled structural steel shapes
or members cold formed to shape from steel strip or plate or a fabricated combination thereof. Members shall be straight
and free of any defects which would significantly affect their structural performance. Steel structural members in roof~eiling

construction shall be designed in accordance with the AlSC "Specifi~tion for the Design, Fabrication and Erection of
Structural Steel for Buildings" listed in Section 5-26.705.

Structural steel exposed directly to the weather or SUbject to salt corrosion in coastal areas shall be hot-dipped ealvanized
after fabrication.
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APPENDIX 1

PROJECT PARTICIPANTS

Project Committee

Chairman: G. Day Ding, California Polytechnic Institute
Vice-Chairman: Earl L. Flanagan, Housing & Urban Designs
Secretary: Brad Douglas, National Forest Products Association

Paul Armstrong, International Conference of Building Officials
Earl R. Bell, USDA Farmers Home Administration
Francis W. Biehl, Biehl Engineering, Inc.
Peter L. Bolzer, South Dakota Fire Marshal's Office
Richard Dixon, Florida Dept of Community Affairs
William W. Dunlop, Code Consultant
W. Robert Frost, State Fire Marshal's Office
Hugh Jay Gershon, Hugh Jay Gershon, Architect. AlA
Henry L. Green, State of Michigan
Martin Jay Hanna, III, P.E., Hanna Fire Engineering Corp.
Paul K. Heilstedt, P.E., Building Officials & Code Administrators Intl
Dorsey D. Jacobs, West Virginia University
Jerry W. Jones, Louisiana State Fire Marshall
John H. Jones, CBO, CPCA, Code Consultant
Timothy A. Keptner, Pennsylvania Dept of Community Affairs
Alvin Kleinbeck, State of Minnesota
Richard P. Kuchnicki, Council of American Building Officials
W. Max Lucas, University of Kansas
Lance L. Luke, Lance L. Luke & Associates, Inc.
Francis A. Mancini, National Committee on Property Insurance
Joseph J. Messersmith, Jr., Portland Cement Association
John 1. Mulady, United Services Automobile Assoc.
James K. Murphy, P.E., Dewberry & Davis
Spencer M. Rogers, Jr., Sea Grant Marine Advisory Service
Jon S. Traw, International Conference of Building Officials
Frank Walter, P.E., Manufactured Housing Institute
Leonard G. Wehrman, National Foundation of Manufactured Home Owners
Joel P. Zingeser, AlA, Building Technology, Inc.
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Subcontractors

Paul Armstrong, International Conference of Building Officials
John Battles. Southern Building Code Congress International
Gregory Cahanin, National Fire Protection Association
Tom Frost, Building Officials and Code Administrators International, Inc.
Billy Manning. Southern Building Code Congress International
Kate McQueen, National Conference of States on Building Codes & Standards

NIBS Project Staff

Philip Schneider, AlA, Director of Technical Programs
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AA

ACI

AISC

ANSI

ASCE

ASHRAE

ASTM

AWPA

BCMC

BFE

BOCA

CABO

CFR

FEMA

HUD

HVAC

ICBO

LP

LPG

MCRB

MHCSS

APPENDIX 2

ACRONYMS

Aluminum Association

American Concrete Institute

American Institute of Steel Construction

American National Standards Institute

American Society of Civil Engineers

American Society of Heating, Refrigerating and Air-Conditioning Engineers

American Society for Testing and Materials

American Wood-Preservers' Association

Board for the Coordination of the Model Codes

Base flood elevation

Building Officials and Code Administrators International

Council of American Building Officials

Code of Federal Regulations

Federal Emergency Management Agency

Department of Housing and Urban Development

Heating, ventilating and air-conditioning

International Conference of Building Officials

Liquified petroleum

Liquified petroleum gas(es)

Manual for the Construction of Residential Basements in Non-Coastal Environs

Manufactured Housing Construction Safety Standards
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MHI

MHIM

NCSBCS

NFIP

NFPA

NFoPA

01FDC

SBC

SBCCI

SFM

SGC

SMACNA

SMC

SPC

UBC

Manufactured Housing Institute

Manufactured Housing Installation Manual

National Conference of States on Building Codes and Standards

National Flood Insurance Program

National Fire Protection Association

National Forest Products Association

.One and Two Family Dwelling Code

Standard Building Code

Southern Building Code Congress International

Standard for Floodplain Management

Standard Gas Code

Sheet Metal & Air Conditioning Contractors National Association

Standard Mechanical Code

Standard Plumbing Code

Uniform Building Code

24



•

.-
•

•

•

.-
•

•

•

• -

APPENDIX 3

SUMMARIES OF NFIP FLOOD RESISTANT DESIGN STANDARDS
AND TECHNICAL GUIDANCE DOCUMENTS

National Flood Insurance Program Regulations for Floodplain Management and Flood Hazard
Identification (44 CFR 59.1, 60.3 & 60.6)

These three sections of the Federal regulations that govern the NFIP contain general flood resistant
design standards (60.3), flood resistant design standards for basements (60.6), and associated
definitions (59.1). These are the regulations that a community must adopt and enforce in order to
participate in the NFIP.

Coastal Construction Manual (FEMA-5S)

This document is applicable to new residential structures, principally detached single-family, attached
single family (townhouses), low-rise (three story or less) multi family houses and similar sized non
residential structures in coastal areas of the United States. The manual is based on evaluation of
existing beach houses, current construction practices along U.S. coastlines and various building codes
applicable to construction. The document primarily addresses design of wood-frame structures for
flood and wind resistance, and is meant to serve as a parallel to model building codes. The
information presented is based upon values of forces and properties of materials taken from standard
engineering references and conventional building codes. Generally, conservative approaches and
values have been used to provide conformance with most applicable national building codes. A
limited range of sizes and configurations for single-family residences has been assumed for purposes
of establishing design criteria and tables. A sample building code is provided for local jurisdictions
that wish to develop a coastal construction code to supplement their governing building code.

Elevated Residential Structures (FEMA-54)

This manual is limited to the special design issues confronted in elevated construction. Readers are
assumed to have knowledge of conventional residential construction practice. The techniques
described for the design and construction of elevated residential structures is based on accepted
building practices. Generally, a conservative approach has been taken to ensure compliance with
building codes most widely used in the United States. This document also contains a set of
performance criteria applicable to all structural materials and construction methods used in flood
hazard areas. Traditional or conventional solutions, as well as innovative techniques, are acceptable so
long as the performance requirements and criteria are satisfied.
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Retrofitting Flood-Prone Residential Structures (FEMA-114)

TIlls manual describes the application of permanent retrofitting measures panicularly elevation.
floodwalls and closures that can be implemented in a residential structure to reduce flood damage.
Elevation techniques described in the manual are not addressed in the model codes and standards.
however. the altered structure is treated by the codes as a new structure.

Floodproofing Non-Residential Structures (FEMA-I02)

TIlls document illustrates a broad range of floodproofing techniques that can be used to reduce flood
damage to existing or proposed non-residential (industrial. commercial and institutional) structures in
riverine flooding and flooding in no-wave velocity coastal areas. These structures range from wood
frame to multi-story concrete and steel structures. Much of the information regarding design criteria.
the properties of materials. the values of flood water design forces. and other considerations have been
adopted from standard engineering references. building codes, and other documents. TIlls manual is
intended to serve as a general technical guide on the selection of alternative floodproofing techniques.
Actual design and construction should involve the services of a registered professional engineer.
architect or experienced contractor. An appendix provides floodproofing performance criteria for the
design and evaluation of floodproofing measures.

Manufactured Home Installation in Flood Hazard Areas (FEMA-8S)

1b.i.s document primarily addresses techniques for elevating manufactured homes above anticipated
flood levels. Chapter I states that siting and installation requirements for manufactured homes are
generally a state or local regulatory responsibility and are not within the scope of the Manufactured
Housing Construction Safety Standards (MHCSS).. However, the MHCSS require the installation
procedures be incorporated in the owner's manual supplied with each new manufactured home.
Installation procedures in both the owner's manual and ANSI A225.1-82 are not considered adequate
in cases where flood forces are anticipated. (1bis statement needs to be tested for ANSI A225.1-87.)

Alluvial Fans: Hazards and Management (FEMA-l65)

TIlls document contains very general guidelines for building in flood-prone areas on alluvial fans
which are found in arid western regions. With the exception of provisions for window and door
locations, these guidelines are covered in greater detail in the other FEMA publications.

Design Guidelines for Flood Damage Reduction (FEMA-lS)

1b.i.s document describes an overview of the flood regulatory program and site considerations. As it
does not address design and construction, it will not utilized as a source of technical guidelines for this
project.

Manual for the Construction of Residential Basements in Non-Coastal Flood Environs

1b.i.s manual provides practical guidance and specific design options to assist in meeting the
requirements of the NAP for floodproofed residential basements. It is intended also as a tool for those
called upon to certify that floodproofed residential basements meet the standards of the program. The
manual presents two basic systems for waterproofing residential basements. One system envisions the
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use of conventional wall and slab surface treatments along with a total drain, sump, and pump
operation to keep water away from basement walls. The other system envisions the use of a more
water-tight wall and slab surface treatment without a sump or pump. A "builder's guide" is also
included for use by contractors.

Technical Standards Bulletin: Wet Floodproofing, No. 85-1

lllis document provides basic information concerning the application of wet floodproofing (intentional
internal flooding) techniques to new and existing non-residential construction. Sections of the bulletin
also address operational procedures to reduce vulnerability to damage. Guidance presented is the
result of a review of state of the art and actual field experience with such techniques.

Technical Standards Bulletin: Foundation Wall Openings, No. 85-2

lllis document addresses the structural requirements of a building's foundation system that may be
subject to flood forces by placing a number of permanent openings in the foundation wall. The

guidelines are applicable to solid load bearing walls which elevate the building or any type of
enclosure constructed around the foundation.

Technical Standards Bulletin: Breakaway Walls, No. 85-3

lllis document addresses the design of breakaway walls defined as walls which are not part of the
structural support of the building and are intended to collapse under specific lateral loads with causing
damage to the building. Breakaway wall designs are based on the premise of connection failures.
Breakaway walls may be used to enclose spaces below the flood elevation meant for parking of
vehicles, building access and storage.

Technical Standards Bulletin: Hurricane Damage Patterns:
A Focus on Pile Foundations, No. 86-1

lllis document represents an introductory approach to pile design and repeats information more
thoroughly described in other publications. Thus, it will not be utilized for comparisons with codes
and standards documents.

Technical Standards Bulletin: Wind Design
Standards and the NFIP, No. 88-1

lllis document describes the application of ANSI AS8.1 which describes wind loads and speeds. The
document states that all three model building codes have adopted some version of this standard.

Technical Standards Bulletin: Flood Resistant Materials, No. 88-2

lllis document provides data and guidance on what constitutes materials resistant to flood damage and
how they should be used to improve a structure's ability to withstand flooding. The most common use
of this requirement is with regard to construction below a structure's lowest habitable floor which is
required to be elevated above the base flood elevation, and with applications of wet floodproofing.
lllis requirement means that all construction below the lowest floor, which can be used for parking,
building access and limited storage must consist of flood resistant materials in order to withstand
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inundation by flood waters.

Technical Standards Bulletin: Free of Obstruction Requirement
in Coastal High Hazard Areas, No. 88-3

TIlls document provides guidance on the NAP requirement to keep the space below the lowest floor
free of obstruction.

Technical Standards Bulletin: Protection of Elevator Equipment
in Flood Hazard Areas, No. 88-4

TIlls document provides an explanation of elevators, their related equipment, and practical methods of
protecting them from flood damage.

Technical Standards Bulletin: NFIP Pile or Column
Requirement in Coastal High Hazard Areas, No. 90-1

TIlls document represents an introductory approach to pile design and repeats information more
thoroughly described in other publications. Thus, it will not be utilized in for comparisons with codes
and standards documents.

Technical Standards Bulletin: NFIP Requirements for Below Grade
Parking Garages in Flood Hazard Areas, No. 90-2

TIlls document provides technical guidance on the design of below grade parking garages in flood
hazard areas. A below grade parking garage is an enclosed area below a building used for parking.
The floor of the enclosed area is subgrade or below ground on all sides.

Technical Standards Bulletin: Non-Residential F1oodproofing
Certification Requirements of the National Flood Insurance
Program, No. 90-3

TIlls document details the design and construction considerations necessary to comply with the
floodproofing certification requirements of the NAP for non-residential structures. It also describes
operation and maintenance procedures for floodproofing.

Technical Standards Bulletin: Installation of Manufactured
Homes in Special Flood Hazard Areas, No. 90-4

TIlls document provides the application of floodplain management regulations affecting the installation
of manufactured homes and general technical guidance in constructing elevated manufactured home
foundations.
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APPENDIX 4

SUMMARIES OF MODEL CODES AND STANDARDS

BOCA National Building Code (1990)

lbis code controls all matters concerning the construction, alteration, addition, repair, removal,
demolition, use, location, occupancy and maintenance of all buildings and structures. For this study
the code addresses administration and enforcement (Chapter I), height and area (Chapter 5), anchorage
(Chapter 6), insulating materials (Chapter 9), structural considerations (Chapter 11), foundations
(Chapter 12), construction materials (Chapters 14, 15, 17, 18 & 19), exterior walls (Chapter 21), glass
(Chapter 22), and roofs (Chapter 23). Fire safety is covered in primarily in Chapters 5 and 9. Wind
and seismic requirements are covered in Chapter L1.

BOCA National Fire Prevention Code (1990)

lbis code applies to the hazards of fire and explosion arising from the storage, handling or use of
substances, materials or devices and from conditions hazardous to life, propeny, or public welfare in
the use or occupancy of buildings structures and sheds. For this study the code addresses
floodproofing of underground storage tanks (Chapter 28). Seismic considerations are not explicitly
addressed in this chapter.

BOCA National Mechanical Code (1990)

lbis code applies to the design, installation, maintenance, alteration and inspection of mechanical
systems, including, heating, ventilating, cooling, and steam and hot water heating systems, water
heaters, process piping, and other systems. For this study the code addresses plenums and ducts
(Chapters 3 and 5), hazardous and outdoor locations of mechanical equipment (Chapter 4), and
floodproofing of water, gas and other fluid piping (Chapters 7, 8 & 9). Fire, wind and seismic
considerations are not explicitly addressed in these chapters.

BOCA National Plumbing Code (1990)

lbis code applies to the design and installation of plumbing systems, including sanitary and storm
drainage, sanitary facilities, water supplies, and stonn water and sewage disposal in buildings. For this
study this code addresses the floodproofing provisions for piping (Chapter 3), connections (Chapter 5),
drainage piping (Chapter 6), manholes (Chapter 11), and water service (Chapter 15 and 16). Fire,
wind and seismic considerations are not explicitly addressed in these chapters.

BOCA National Property Maintenance Code (1990)

lbis code applies to existing structures, residential and nonresidential, and on all existing premises by
establishing minimum requirements and standards for premises, structures, buildings, equipment, and
facilities for light, ventilation, space, heating, sanitation. protection from the elements, life safety.
safety from fire and other hazards and for safe and sanitary maintenance. For this study the code
addresses the exterior structure (Article 3) and mechanical equipment (Article 6). Fire, wind and
seismic considerations are not explicitly addressed in these chapters.
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Standard Building Code (1991)

TIlls code applies to the construction. alteration. repair. equipment, use. occupancy. location.
maintenance, removal and demolition. of every building or structure or any appurtenances connected
or attached to such buildings or structures. For this study the code addresses parking (Chapter 4),
standby power and accessibility (Chapter 5 and Appendix I), unusable space and open parking
structures (Chapter 6). chutes and tanks (Chapter 7), chimneys, plumbing and plenums (Chapter 8),
egress and exits (Chapter 11), structural requirements (Chapter 12). foundations (Chapter 13), masonry
construction (Chapter 14), wood construction (Chapter 17), one and two family dwellings (Appendix
C). and manufactured homes (Appendix H). Fire safety is covered in primarily in Chapters 6, 7, 8 and
11. Wind. snow and seismic requirements are covered in Chapter 12.

Standard for Floodplain Management (1989)

TIlls code provides criteria to meet the minimum. floodplain construction requirements as required by
the National flood Insurance Program. Fire, wind. snow and seismic considerations are not explicitly
addressed in this document

Standard Mechanical Code (1991)

TIlls code provides minimum requirements for mechanical installations, including alteration, repair.
replacements, equipment. appliances. fixtures. fittings and appunenances. For this study the code
addresses under floor installations (Chapter 3), condenser and compressor units (Chapter 4), duct
systems (Chapter 5), and piping (Chapter 6). Fire, wind. snow and seismic considerations are not
explicitly addressed in these chapters.

Standard Gas Code (1991)

TIlls code provides minimum requirements for installation of gas piping and appliances. For this study
the code addresses meter location and piping (Chapter 3), air for combustion and ventilation (Chapter
4), furnaces (Chapter 5), and butane and propane piping (Chapter 9). Although fire safety
requirements are not explicitly stated. one of the purposes of the gas code is to prevent fires.
particularly explosions. Wind, snow and seismic considerations are not explicitly addressed in these
chapters.

Standard Plumbing Code (1991)

lbis code provides minimum requirements for plumbing installations, including alteration, repair,
replacements, equipment, appliances, fixtures, fittings and appunenances. For this study the code
addresses protection of pipes and sewage systems (Chapter 4 and Appendix E), traps and cleanouts
(Chapter 7), hangers and supports (Chapter 10), water supply (Chapter 12), drainage systems (Chapter
13), and storm drains (Chapter 15). Fire. wind. snow and seismic considerations are not explicitly
addressed in these chapters.
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Unifonn Building Code (1991)

This code regulates and controls the design, construction, installation, quality of materials, use and
occupancy, location. and maintenance of all buildings and structures. For this study, the code
addresses defInitions (Chapter 4), general requirements for all occupancies (Chapter 5), general design
requirements of construction materials (Chapter 23), specific requirements for materials (Chapters 24
through 28), foundations (Chapter 29), accessibility (Chapter 31), exits (Chapter 33), wall and ceiling
coverings (Chapter 47), and excavations and grading (Chapter 70). FIfe safety is primarily addressed
in Chapters 5, 31 and 33, while wind and seismic requirements are addressed in Chapter 23 and its
appendices.

Unifonn Mechanical Code (1991)

This code regulates and controls the design, construction. installation, quality of materials, location.
operation and maintenance or use of heating, ventilating, cooling, refrigeration systems, incinerators and
other miscellaneous heat producing appliances. For this study, the code addresses heating, ventilating and
cooling equipment in general (Chapter 5), and refrigeration equipment (Chapter 15). Fire, wind and
seismic considerations are not explicitly addressed in these chapters.

Unifonn Plumbing Code (1991)

This code applies to the erection, installation, alteration, repair, relocation, replacement, addition to. and
use of maintenance of plumbing systems. For this study the code addresses drainage systems described in
Chapter 4. Fire, wind and seismic considerations are not explicitly addressed in this chapter.

NFPA 101 • 1991 Life Safety Code

This code establishes the minimum requirements that will provide a reasonable degree of safety from fires
in buildings. For this study the code addresses means of egress (Chapter 5), construction and
compartmentalization and special hazards (Chapter 6), elevators and chutes (Chapter 7), special structures
and high-rise buildings (Chapter 30), and operation and maintenance (Chapter 31). Applicable code
provisions for each new occupancy listed in the document (Chapters 8 through 29) are also part of the
study. Wind and seismic considerations are not explicitly addressed in these chapters.

NFPA 70· 1990 National Electrical Code

This code addresses the practical safeguarding of persons and property from hazards arising from the use
of electricity. The code covers installations of electric conductors and equipment within or on buildings
and manufactured homes. For this study the code addresses electrical service (Chapter 2), wiring
(Chapter 3), lighting. motors, and transformers (Chapter 4), and emergency systems (Chapter 7). Fire,
wind and seismic standards are not explicitly referenced, however, one of the purposes of the electrical
code is the prevention of electrical fires. .

NFPA 54 • 1988 National Fuel Gas Code

For this study, this code offers general criteria for the installation of gas piping (Part 3) and gas
equipment (part 6). Although fire safety requirements are not explicitly stated, one of the purposes of the
gas code is to prevent fires, particularly explosions. No specific wind or seismic standards are addressed.
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NFPA S8 - 1989 Standard for the Storage and Handling of Liquified Petroleum Gases

This standard applies to liquified petroleum gas(es) also known as "LP-gas" and "LPG." The gases are
composed predominately of propane, propylene, butane and butylene by themselves or as mixtures. For
this study the standard applies to the design and construction (Chapter 2), installation (Chapter 3) and
operation (Chapters 2 and 3) of all LP-gas systems excluding natural gas processing plants. frozen ground
containers, utility gas plants, chemical plants, and LP-gas used with oxygen of covered by other
standards. Chapter 7 addresses buildings or structures housing LP-gas distribution facilities. Fire safety
requirements are listed for cenain kinds of operations and for the structures described in Chapter 7. No
specific wind or seismic standards are addressed

ANSI A22S.1-1987 Manufactured Home Installations

This standard covers the installation of manufactured homes on site and references fire safety
requirements for the installation of manufactured homes. For this study, all chapters and selected
appendices will be utilized. Chapter 1 describes the scope and intent of the document; Chapter 2
describes installation standards. Chapters 3 and 4 reference installation of plumbing systems and
mechanical equipment, respectively. In Chapter 7, NFPA SOIA is referenced for fire safety
requirements. and in Chapter 6, NFPA 70 is referenced for electrical systems. A wind zone map in
Appendix B provides horizontal and uplift loads to be used in determining anchoring requirements.
No seismic standards are referenced.

Manufactured Home Construction and Safety Standards, Part 3280

This standard covers all equipment and installations in the design, construction, fire safety. plumbing,
heat producing and electrical systems of manufactured homes. For this study sections have been
referenced on materials (304), struetural design (305), windows (403), egress windows (404), heating,
cooling and fuel burning systems (pan H), and electrical systems (Pan I). Interpretative bulletins are
also part of the study. Fife safety requirements addressing egress are found in section 404. Sections
305 and 306 provide standards for anchoring and windstorm protection. Subsection 305 provides the
same wind zone map found in ANSI A225.1-1987. No seismic standards are referenced.

Pennanent Foundations Guide for Manufactured Housing, 4930.3

This handbook provides guidelines on the design of foundations for manufactured homes. For this
study sections have been referenced on flood-prone sites (Chapter 2), fill (Chapter 3), design loads
(Chapter 4), and foundation design (Chapters 5 and 6). Appendices describes foundation design in
more detail. Chapter 4 addresses wind and seismic considerations.

Model Manufactured Home Installation Manual

This manual contains detailed installation instructions, including specifications and procedures for
erection and hookup of a manufactured home. For this study chapters have been referenced on
foundations (Chapter 4), anchoring (Chapter 5), comfon cooling systems (Chapter 7) connections for
water supply, drainage systems, gas supply, and electrical systems (Chapter 8), and oil tank
installations (Chapter 8). Chapters 4 and 5 also provides guidelines for windstorm and flood
protection.
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NFPA SOlA • 1987 Standard for Firesafety Criteria for Manufacture Home Installations, Sites
and Communities

This standard covers frresafety requirements for the installation of manufactured homes and
manufactured homesites including accessory buildings, structures and communities. For this study
sections have been referenced on gas supply connections and oil tank installations (Chapter 2), and life
and firesafety (Chapter 4). In Chapter 3, NFPA 70 is referenced for electrical systems. No seismic
standards are referenced.

CABO One and Two Family Dwelling Code (1989) with
1990/1991 Amendments

The provisions of this code apply to the construction, prefabrication, alteration, repair, use, occupancy
and maintenance of detached one- or two-family dwellings and one-family townhouses not more than
three stories in height and their accessory structures. For this study the code addresses building
planning (Chapter 2), foundations (Chapter 3), wall construction (Chapter 4), exterior wall coverings
(Chapter 5), floor framing (Chapter 6), masonry chimneys (Chapter 9), mechanical systems (Chapters
11 through 17 & 19), and plumbing systems (Chapters 20, 22, 24 & 25). Seismic requirements are
covered in Appendix A; wind requirements in Appendix B. Manufactured housing is addressed in
Appendix C. Fire safety requirements are implicit in all chapters.
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.- BOCA. NATIONAL BUll..DING CODE COMPARISON

NFIP Rel'Ilatitp for floodplain M,naGment and
flood Huard Idsttjfjcation (44 CFR 59,L 603 & 6O,fj)

•
44 CFR 59,1

Appurtenant Structure

BOCA Code

201.0

Apam

FEMA definition relates to incidental structures while BOCA
uses the term relative to systems used to support equipment.
Although not literally compatible, this term should not cause
conflicts relative to the code requirements.

• Recommendation: None

44 CfR j9,1 BOCA Code Analysis

Base flood 2101.6.1 Both FEMA and BOCA. describe the base flood as being a flood
with a one percent chance of being exre.eded..

•
Recommendation: None

44 CFR 59,1 BOCA Code Ao,m

•- Basement 201.0 FEMA indiates basements to be entirely below grade while
2101.63.1 BOCA's definition would amsider a portion below grade as

I c:onstitutiDg a basemenL However, both documents include
rcquircmcnu for UDOCCUpied spaces below the BFE which is the
key consideration. See analysis of 44 CFR 60.3 (c)(2) and (c)(3)
for comparison of requirements.

•
Recommendation: None

44 CFR S9,1 BOCA Code "Dim

• Brcabway wall 1109." Both FEMA and BOCA require the wall to be capable of
2101.6....2 .brcakiDg away without effc:ctiDg the strue:tural integrity of the

strue:ture.

•

•-
•

Recommendation: ProYide c:xccption to BOCA Scc:tion 1109." to address breakaway walls. See also
recommendation to 44 CFR 60.3 (e)(S),

&-1



44 CfR 59,1

BuildiDg-See structure

Recommendation: None

44 CFR 59,1

Critical feature

Recommendation: None

44 CFR 59.1

Development

Recommendation; None

Elevated buildiDgs

BOCA Code

2OLO

BOCA Code

None

BOCA Code

None

BOCA Code

2101.6.3.1
210L6.3.3
21OL6.4.1

FEMA definition distiDguishes between flood plain requirements
and insw'anc:e coverage and also indicates the building is "wa1lcd".
BOCA's definition of "uildiDg" does not IIUUldate a wall while
BOCA's definition of structure is something~ is built or
constructed". Given the application of these terms in their
respective documents there are DO conflieu relative to BOCA
and FEMA requirements.

FEMA identifies this term as a key consideration in the flood
protection system while BOCA containS no definition. BOCA
does not differentiate between key components and non-key
componenu but ratbcr defines the required system performance.

ApalyW

FEMA definition indicates a IIUUl made change. BOCA dor 'It
defiDe the tenD as it is DOt rc1evaD1 to the application to ..Je
code.

Ap.1yW

FEMA matains prcscriptivc rcquiremenu and attribwes which
arc used to evaluate whether a buildiDg is considered an elevated
buiJdiDg. For purposes of FEMA, an elevated buildiDg is one in
wbich the 800r elevatioo is aboYe the ground level or the
perimeter walls have sufficient openinp to allow flood water in
or the walls arc breakaway. BOCA does DOt iDclude a definition
but rather mat.ins prescriptive rcquiremCDlS for structures in A
and V ZODCS wbich mirror the definition in FEMA. Also, the
FEMA definitioa iDcludes subc:lassific:atioDs of zones (te, At.
AE, etc.) and zones sud1 as B, C, X, and D while BOCA
requirements only identify A aDd V zones.

Recommendation: FEMA should prOYide direction to the model codes concerning the need to include thesubclassification of flood zones versus the current zones found in the model codes.



Recommendation: None

44 CFR 59,1 BOCA Code Ap'.

F100d plain or 2101.6 See "flood"
flood prone areas

Recommendatioa: None

•

•

•

•

••
•

•

•

••
•

44 CFR 59.1

Ezisting constnICtioa

Recommendation: None

44 CFR 59,1

Existing structures -
See existing amstruc:tion

Recommendation: None

44 CFR 59.1

Flood

BOCA Code

103.0

BOCA Code

103.0

BOCA Code

2101.6

FEMA definition is used to determine rates and is a function of
a start of construction date relative to· FIRM or 1/1/1975.
BOCA would consider any structure existing on the date of
adoption of the BOCA code as lID existing structure.

See "existing construc:tion"

Apam

FEMA provides a definition which addresses the idiosyncracies
of wa1cr O\'CI' normally dry land including mud slides and
sub6idcnce. BOCA's provisions do DOt define the term flood and
solely rely on the Flood Insurance Rate Map to determine the
applic:ability of the flood provisions. BOCA does not address
mud slides or subsidence. The utility of this definition relative
to enforcing code requirements is DOt apparent. Reliance on the
map is the key consideration.
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44 CFR 52,1

I...oWC5l Floor

Recommendation' None

44 CPR 52,1

Manufae:tured home

Recommendation: None

44 CPR 52,1

100-year flood -
see base flood

Recommendation: None

44 CFR 52,1

Storm cellar

Recommendation: None

44 CPR 52,1

Structure

Recommendation' None

44 CFR 59,1

Substantial improvement

BOCA Code

2101.63,1
2101.6.3.3
2101.6.4.1

BOCA Code

201.0

BOCA Code

2101.6.1

BOCA Code

None

BOCA Code

201.0

BOCA Code

21Ol.6.9

Analysis

This term as defined in FEMA rc1atcs to the term "elevatec
building", also defined in FEMA This term references a
basement which has been previously identified in this
comparison, The criteria which identifies how a space can be
used and not be considered the Ii;Jwest floor is similar to BOCA
with the key consideration being whether the space is used for
human occupancy.

Apam

FEMA's definition is consistent with BOCA's definition c.
"mobile uzUt-.

AplllyW

See~flood"

The term is not defined in BOCA smce there a. 00

requirements for this type of usc.

Ap,m

See"b~.

APlm

FEMA uses this term to idcDtify when the construction equals or
cm:eds SO% of the market valuc. BOCA doc6 not define this
term siDcc the requirements in BOCA are stated in 2101.6.9 and
also require the entire structure to be upgraded if the
rccoastruetion or restoration cxceW SO% of replacement c:ast.

Recommendation: FEMA to evaluate whelhcr the aitcria to determine compliance should be based on "market
valuc" or "replacement cost".
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Recommendation: None. FEMA has indicated that these instaJlatioDS are not prohibited in either zone as aresult of a 1986 rule change.

Recommendation: See 44 CFR 59.1- Elevated buildings.

(c)(3) Elevation for non- 2101.6.3.1
residential structures 2101.6.3.4

103.3
2101.6.2
2101.63
2101.6.4
2101.6.6

•

.-
•

•

••
•

44 CFR 603

(b)(8) Manufactured
home instaDatim

44 CFR 60.3

(c)(2) Elevation for
residential structures

44 CFR 60.3

BOCA Code

2101.6.7

BOCA Code

2101.63.1
103.3
2101.6.9 .
2101.6.2
2101.6.3
2101.6.4
2101.6.6

BOCA Code

FEMA requires manufactured homes in Zone A to be installed
to minimize damage by elevating and anchoring the structure.
BOCA's requirements do not distinguish between manufactured
homes versus site built and would also require the home to be
located above the BFE. Also B.DCA would permit these in
either Zone A or V.

ApalyW .

FEMA's prOYisiODS (Zone A) require the lowest floor (including
basement) to be above the BFE. This is consistent with BOCA.Additionally, this iCCtioD c:itc5 "wbq.nriaJ improvemClUS" which
arc defined based on a C06l consideration for determining
applicability. BOCA invokes the SO percent replacement cost to
require the entire strue:ture to comply with the current prOYisiODS.
Also, the FEMA requirements include subclassifications of zones
(i.e. AI. AE, etc.) while BOCA addresses these zones as Zone
A

FEMA', prOYisions (Zone A) require the lowest floor (including
basement) to be either above the BFE or the space designed to
be watertight. This is consistent with BOCA. However, FEMA
cites ·snbFtanti.J imprOYClDents· • see discussion for FEMA
(c)(2). Also, the fEMA requirements include swdassi6cations
of zones (i.e. AI. AE, etc., while BOCA addresses the zones as
Zone A

Recommendation: See 44 CFR 59.1 • E1cYaled buildings.

•

•

••
•

44 CFR 60.3

(c)(S) Flood
Openings

Recommendation: None

BOCA Code

2101.63.3

An,1yW

FEMA', provisions (Zone A) arc requirements for enclosed
spaces below the BFE and are mnsistent with BOCA. However,
FEMA cites ·substantial improY'Cments" - see discussion for
FEMA (c)(2).
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44 CFR 603

(e)(4) PiliDp

BOCA Code

2W1.6.4.1
2W1.6.11.3
2W1.6.6
2W1.6.2
2W1.63

Apam

FEMA's provisions (Zone V) require the lowest horizontal
structural member to be aboYc the BFE with the foundation
system of piles and columns to be designed to withstand the
loads. This is consistent with BOCA. However, FEMA cites
'substantial coastrw::tion. - see discussion for FEMA (c)(2).
Also, the FEMA requirements include subda.ssifications of zonC'"
(i.e.. VI. VE, etc.) while BOCA addresses the zones and Zone
V. Both FEMA and BOCA require a design by a registered
professional.

Recommendation: See 44 CFR 59.1 - Elevated buildings.

44 CFR 603

(e)(S) Breakaway walls

BOCA Code

2101.6.4.1
2101.6.4.2
2101.6.11.3

FEMA', provisions (Zone V) requinl the lowest horizontal
st:rue:tural member to be aboYc the BFE with the space below
free of obstructions or constructed of breakaway construction or
open lattice. This is consistent with BOCA with the exception
that FEMA provides a design safe loading resistance of 10-20
psf. BOCA docs not provide this criteria. Additionally, FEMA
cites ·suhstantial improvemcnts' - see discussion for FEMA
(c)(2). Also, the FEMA requirements include subclassifications
of ZODCS (LC.. VI. VE, etc.) wbilc BOCA addresses the zones asZDac V. Both FEMA aDd BOCA require a design by a
n:gistcrcd dcsign professional

Recommendation· FEMA should coaduct the necessary n:scarch to support the ~20 pi! design loading forbreakaway walls. A system designed in this load range may breakaway under a design wind condition. UponrcsolutioD of this issue, it would then be appropriate to prepare a code c:haDge which reflcc:ts the results of theresearch as dcsigD aiteria to be included in BOCA. See also 44 CFR 59.1- E1evaled blljJdinp and FEMA-55Section 43.5.1.

44 CFR 603

(e)(6) Fill

BOCA Code

2101.6.43 FEMA's provisioDs (ZoDe V) do DOt permit the usc of 611 forItnICt1Iral support. BOCA docs DOt iDclude this limitation. Also,the FEMA requirements include subclassifications of zones (Le.
VI. VE, etc) while BOCA addresses the zones as Zone V.

Recommend.tina· It would be appropziatc to propose a revision to BOCA to iDclude this prohibition. See also44 CFR 59.1 • EIefttccl buildinp



•

.- 44 CFR 60.6 BOCA Code Apaly:sis

(c)(2)(i) Flood- 107.2 FEMA provides criteria for local commUD1tJeS to evaluate
proof waDs 107.4 relative to granting requests for variance:5 of J'C$jdential buildings

21OL6.3 in Zouc A Included in this section is requirements for
2101.6.3.1 basements below the BFE to be flood proofed with wa1ertigh1
210L6.3.2 waDs designed to resist flood waters. BOCA. requires residential
210L6.3.3 basements to be located above the BFE. The only exceptions

being Nsements not used for human ocalpancy. The BOCA

• codes, however, provide for evaluating alternative methods and
materials to that required by the code but do not provide
presaiptiYe aiteria. Any alternatM: approval must be shown to
comply with the intent of the code and approved by the local
code official.

Recommendation= None• 44 CFR 606 BOCA Code Apalysis

(c)(2)(ii) Basement 103.3 FEMA's variance aitcria requires the top floor of the residential
top floor clevation 107.2 basement in Zoac A to be no lower than 5 feet below thc BFE.

107.4 See analysis to 44 CPR 60.6 (c)(2)(i).

• 210L6.3
210L6.3.1
210L6.3.2
210L6.3.3

Recommcndation= None

Ie. 44 CFR 60.6 BOCA Codc ApaJvW

(c)(2)(iii) Fill 103.3 FEMA's variance aitcria requires the SWTOundiDg grade to be
107.2 filled around the residential basement to above thc BFE in Zone
107.4 A See analysis to 44 CFR 60.6 (c)(2)(i).
210L6.3
210L6.3.1• 2101.6.3.2
210L6.3.3

Recoauncndarion'Nonc

•

-
•

•
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44 CfR 60.6

(t)(2)(rv) Usc 01.
registered pmfrsimal

44 CFR 60.6

(c)(2)(v) BuildiDg iDspectioD

BOCA Code

1033
107.2
107.4
21Ol.6.3
2101.6.3.1
21Ol.6.3.2
21Ol.6.3.3
21OL6.l1.3

BOCA Code

109.0
110.0

An,Mjs

FEMA's variance aileria requires a registcrcd professional
engineer or arcbi1ccl to design the structure (Zone A). BOCA
requires a registcrcd profeaion,l oaly forV·~ See analysis
to 44 CPR 60.6 (c)(2)(i).

FEMA aDd BOCA both require inspections to asccrtail.
compliaDc:c with the permit although BOCA's requirement is
applicable to an types of c.oostruetioD projects.
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Elevated Residrmti,J Strue:twes CFEMA-54)

•

.-
•

•

•

e_
•

•

e

e

-
•

FEMA-54

P.68 Posts

Recommendation: None

FEMA-54

Pgs. 69-70
Post Embedment

Recommendation: None

FEMA-54

P. 75 Piers

Recommendation; None

BOCA Code

1207.2

BOCA Code

1207.1
1205.1

BOCA Code

l2120
2101.6.43

FEMA requires concrete collars or bearing pad. BOCA requires
the poles to be treated in accor~ce with AWPA C2 or C4.
The wood foundation system shall be designed in accordance
with NFoPA TR7 and all lumber in accordance with AWPB
FDN.

Analysis

BOCA and FEMA both require the depth of the embedment to
be bc10w the frost line. FEMA states that specialloadiDg such
• the force& from flooding, and debris wbich is carried in a flood
be taken into account when designing

F'EMA cites presaiptiYe aiteria for embedment of the posts and
for subsequent backfill. BOCA cites design aiteria.

ApalyW

FEMA requires that the piers resist the effects from horizontal
and uplift loads due to wind and water as docs BOCA. Concrete
and brick piers shall be used when c1rntiDg 1-1/2 to 6' off the
ground. BOCA requires that plain CODa-etc piers be constructed
in accordance with ACI 318. IT stccl shells are used, the
thickDcs& sha1l be a minimum of 1/4- thick. BOCA also stales
clcwatering spccific:ations.



FEMA-54

P. 77 Piers

BOCA Code

1205.0
1203.0

FEMA stales that footings shall be poured in place or rest on
the soil if the proper soil conditions a:ist. The footing size is a
function of the soil bearing load capacity. BOCA uses design
conditions for analysis of placemcnt and size. In addition BOCA
requires that soils testiDg be dOne prior to the addiliOt! of afooting.

Recommendation: FEMA should require a geoteclmic:al report to ensure sufficicnt load bearing capacity of thesoil.

FEMA-54

P. 79 Shear W81ls
and Floor Diaphragms

Recommendation: None

BOCA Codc

1109.4

ApalyW

FEMA requires that shear walls be used in parallel to brace
against low-medium vclociIy flooding. Boor diaphragms should
be aligned to resist horizontal forces. Flood areas should include
additional bracing for wind and rain conditions. FEMA also
cites design guide -x>esign and Construction Manual for
Residential Buildings in Coastal High Hazard Areas". BOCA
requires that all bni1dinp in flood hazard zones be dcsigned to
resist the hydrodynamic forces which occur in the area.

fEMA-54 BOCA Code
Pp. 84 and 8S 1703.2.U
Pier Foundation amncctions

ApalyW

FEMA aDows the piers to be attached to the floor by metal
straps and bolts and offers diagrams describing the uses of piers.
FEMA prescribes cmbedmcDl of lr for concrete piers and 16
for IDUODI')' piers. BOCA designates 8" embedment for concrete
piers and 15" fOl' awoary. The BOCA code also prescribes 2
anchor bolts be placed &om the CDd. FEMA and BOCA require
cmbedmcnt which differs slightly.

Recommendation: This is a minor confIjc:t, which if nca::ssary. would require FEMA to conduct an evaluationof the re1cvaDt standards to dctcrmiDc if a -correct" embedment can be asccrtaiDcd.

FEMA-54

P.88
Concrete and Wood
FlooringSystc:IIII

Recommendation: None

BOCA Code

1103.2.4.1

Ap,1yW

FEMA requires that aD members be tied and secured. Ends of
beams shall rest or bend DOt less than 4 inches or be supported
by metal sbrrup5 01' baDgers. BOCA requires that metal
connector ItrapI shall be used for every other joist and wall ~ds
shall be anchored.
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FEMA-54

P.92
Related Design
Considerations

Recommendation: None

FEMA-54

P.93
Building
Materials

BOCA Code

2202.1
2101.6.8
210L63.4

BOCA Code

1701.1
1703.26
1702.5.2.3
(Supp.)
1702.63
180L4
18023
15033.2
1.506.63
2106.6.6

FEMA requires glas.s windows to be protected from wind and
changes in pressure. FEMA stales that utilities should also be
protected or elevated and sanitary systems should be designed to
alleviate discharge due to flooding. BOCA does not require
glass protection but relies on properly designed glass for the
specified loads. BOCA also acknowledges utility
protection/elevation and the need for properly designed sewage
systems. See also Analysis of BOCA National Mechanical Code.

FEMA identifies that preservative treatment is required for
wood, steel requires corrosion protection, admilIures are
Rquircd for CODa-ete to improve freeze-thaw and strengtlL
FEMA docs not provide specific recommendations to achieve the
desired results but rather includes names and addresses of
lWOOations to be contacted for guidance. See BOCA analysis to
FEMA-54 Wood, Steel, Cona-ete and Masonry and FEMA-55
Sections 4.L2 and 4.2L4.

••
•

•

•

••
•

Recommendation: See FEMA-54 Wood, Steel, Cone-ete, and Masonry and FEMA-SS Sections 4.1.2 and 4.21.4.
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FEMA-54

Pgs. 94 aDd 9S
Wood, Steel, CoDcrctc and
Masonry

Admaturcs

BOCA Cpde

18023
1702.6

1503.1

140L11

BOCA requires that pressure treated wood shall conform with
standards AWPA C1, C2 and C9 and AWPB-fDN.Preservatives to conform to AWPA PI, P2, PS, P8 and P9.
Section 18023 stales that steel~ be protected for aterior usewith a shop or field coal to prevcm corTosion.

FEMA stales that steel shall be protected for aterior use wiUla shop or field coal to prcvea1 corrosion.

BOCA requires that aclmmurcs, if used, shall follow
requirements of AC 318, ASTM C260, ASTM C6lB and ASTM
C989 depending on the type used. FEMA docs not include
requirements for the use of admiuurcs.

BOCA cites that conaete sball be proportioned to provide the
average compressive strength as prcsaibed by ACI 318, not less
than 2SOO psi. FEMA docs not include the standard.

Mortar shall comply with the requirements of ASTM C270.

FEMA stales that wood shall be treated to resist fungus, insects,
bacteria aDd rot. In addirioD the trcabDent must be designed to
keep water out. Steel should be painted aDd bolts should be
ga1vaDizcd. Concrete and masonry units should have surface
trcabDents aDd should also include additives.

Recommendation; Sec FEMA-55 Section 4.1.2 Also, FEMA should CODSider referencing the applicablestandards for wood preservatives, concrete, and masonry.

FEMA-54

Pgs. 95 and 96
Insulation

Rcannmendation; None

BOCA Code Ap'm

BOCA states that when msu1,ticm is installed specific flame
spread ratiDgs and smoke developed ratiDgs arc required to be
adhered to. A vapor retarder shall be installed on the warm sideof the buildiDg having a pcrfOl1lWlCC not evcMing 1. FEMA
requires iNul'rioa czpoICd to Oood conditioN to be
impermeable and able to withstand submersion.

FEMA-54

Pgs. 11~11S

BOCA Code

1109.4

Ap'w

Hydrodyaamic loads in Zoacs A aDd V shall be incorporated
into the desip of these buiJdinp aDd structure&. FEMA defi!tcdall the Oood zoacs in rc1arion to 100 year floor. Hydrodynamic
and bydrOltaric loads arc dcaaibcd without the use of equations.

Recommendation: None
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fEMA-54

Pgs. 125 and 135
Performance
Criteria

Recommendation: None

BOCA Code

1102.1
11093
1109.4

BOCA relics Upon the design calodations for all components of
the structures. FEMA defined design loads., soil loads citing that
each case should be dealt with individually and specifically
approved.l2I the code official.
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Coastal Construction Manual CFEMA.55)

FEMA-55 BOCA Code ApalyW

4.1 Environmental
forces

2101.6.1
1109.4

No differences

Rewmmendation: None

ApaMjsBOCA Code

11120

fEMA-55

4.1.1 Wmd Both FEMA and BOCA follow ANSI ASS.l-1982. FEMA-55
requires an importance factor of 1.11 for all structures while
BOCA's factor reflcc:ts ANSI ASS.l and requires a 1.05 factor forDOD-e5scntial facilities (Le., offices, residential) and buildings or
assembly with less than 300 people.

Rewmmendation: The provisions are compatible for certain types of buildings such as assemblY buildings and essentialfacilities (hospitals, fire station, etc.) It is rewmmended that FEMA-SS revise its importance factor to correlate with ANSIASS.l-1.OS for all buildings other than essential facilities and assembly buildings with less than 300 occupants..

fEMA-55 BOCA Code

4.1.2 Salt air, moisture and 1801.4
wind-drivcn rain lS)23

BOCA and FEMA require strue:tural steel work and fonned steel
members to be corrosion protected but BOCA does not
specifically address CODDed:ors.

1701.1
1703.2.6
1704.1.1

BOCA references NFoPA NOS which requires galvanizec ..:et
for metal plate connector joints (8.10.3). BOCA requiresgalvaDizcd steel connections when the frame is more than one
story in bcigbt and the studs ue not continuous from the sill to
the roof. FEMA requires all connections to be corrosion
resistant

1102..S.23
(Supp)

2103.3.10

1402.6

PrcservatiYc treated wood fastener requirements similar.

Flashing requirements similar.

FEMA acbowIcdgcs the effects of salt laden air on mortar but
does not provide types of mortar which are acceptable. BOCA
also does not prescribe specific masonry mortar types for
masoary ezposed to salt laden air.

BOCA requires that ezr:erior walls of alternative materials be
weatbcr-resi,.ct.nt but does not mention corrosion resistance.
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FEMA-55

4.1.2 (cont.)

BOCA Code

1503.3.2
1506.6.3

2101.6.6

AnalyW

FEMA acknowledges the effects of conaete exposed to salt
laden air but does not proWie aiteria. BOCA presaibes
minimum CODa-ete properties (w/c, Pc) for CODaete exposed to
sea water. BOCA and FEMA reguire increased cona-ete cover
to reinforcement but neither stipulates the increase.

BOCA includes a general performance regulation which requires
•All buildings _. shall be constructed with materials resistaJu to
flood damage~:.

•
Recommendation: Both codes acknowledge the effects salt laden air and moisture have on building components. FEMAand BOCA require corrosion resistant fasteners for pressure treated wood but neither provide definitive aiteria formasonry or cona-etc. !tis recommended that FEMA include a general provision to address moisture protection andBOCA revise its current text. Suggested language is: Construction materia1&, including connections, shall be resistantto water damage such that conditions of corrosion, deterioration 01" dc<:ay will not oa:ur.

FEMA-SS BOCA Code AnalyW;

•
4.1.3 Water, waves & 1109.4

debris
FEMA and BOCA require the structures to resist the imposed
loads. BOCA does DOl include design considerations for a 300
lb. object (debris) impacting the structure which is included in
FEMA

Recommendation: None. After consultation with FEMA, it was determined that a revision to the BOCA code wouldbe premature given the provision has yet to be incorporated iDlo NFIP.e_
•

•

FEMA-55

4.1.4 Effects of forces on
higher & larger
structures

BOCA Code

1109.4
1112.0
108.1
2101.6.11.3

FEMA indicates applicability to residential structures up to 22
feet above grade. BOCA requirements would be applicable to
aD building types which are properly designed to withstand the
water and wind forc:cs. FEMA recommends the use of aqualified architect or engineer for design (with no mention of
zone) while BOCA relics on state statutes and regulations to
determine if a registered architect or engineer is required to do
the dcsigD. BOCA docs, however, require an engineer's or
architect's design for the foundation design and breakawaycado&1IRI for bujlcJjngs in high hazard zone. (Zone V).

•

•-
•

Recommendation: Registration laws for engineers and archilec:ts vary from state to state and FEMA should acknowledgethese laM. Additionally, the requirements for professional registration (V-zones) should be coordinated between NFIPand F£MA-55•
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fEMA-55 BOCA Code Analysis

4.2 None FEMA acknowledges the bcDcfits/drawbac:ks of diffcrenI
amstruetion materials. BOCA does not provide:
recommendations as to the appropriate type of material to be
~

Recommendation: None

fEMA-55

4.2.1 Wood

4.2.L1 PiliDg

Recommendation: None

FEMA-SS

4.2.1.2 Main supportiDg
members (beams)

Recommendation: None

fEMA-ss
4.2.1.3 Other wood

CODStrUction
members

BOCA Code

1213.0
1214.0
1219.0
2lO1.6.4,S

BOCA Code

170L1
1702.6
2106.6.6

BPCACocie

2106.6

Anpm

No differences

ApAm

FEMA provides limited direction for the design of strue:turaI
beams. BOCA references NFoPA NDS for the design of wood
structures with structural design required to meet the design
loads.

Appm

FEMA does not require floor joists, studs, plates, etc., to be
~ treated. BOCA requires all construction materials
for structures in flood hazard zoncs to be resistant to water
dam•.

Recommendation: MaiD supportiDg members are cri1:K:al to the structural integrity of a building but so are joists andother structural clemCDlS. It is DOt dear why FEMA only requires certain structural clements to be~ treated.FEMA should revise its' c:ritcria to indude a requircmcDt few pressure~ trcabDcDt for all structural memberssubject to floocting



Recommendation: FEMA should consider referencing the appropriate standards.

Recommendation: See FEMA Section 4.1.2.

Recommendation: See FEMA Section 4.1.2

Recommendation: See FEMA SectioD 4.1.2.

•

••
•

•

•

••
•

•

FEMA-55

4.2.L4 Wood preac::rvatives

FEMA-55

4.2.2 Masonry materials
and cona-ete

FEMA-55

4.2.3 Metals

4.2.3.1 Aluminum

FEMA-55

4.23.2 Steel

f'EMA-55

4.2.3.3 Diuimjlar
metals

BOCA Code

2106.6.6
1702.63
1219.2

BOCA Code

1402.6
15033.2
1.506.6.3

BOCA Code

19OL1

BOCA Code

1801.4
l802.3
1702.S.2.3
(Supp)

BOCA Code

None

ApatyW .

FEMA requires wood to be prcs.5me preservative treated but
does not provide aiteria. BOCA requires pressure preservative
treatment in accordance with AWPA C2 and C9 for above grade
construction and AWPA C3, and AWPB MPl.. MP2, MP4 for
timber piles. .

See comments to FEMA Section 4.1.2

ApalyW

FEMA recommends a 0.7 mil. anodizing finish and/or vinyl
finish for aluminum elements such as doors, windows, gutters
and flashings BOCA references AA-SAS30 and AA-ASM35 for
aluminum used for structural purposes. No similar requirements.

ApalyW

FEMA recommends the use of hot-dippcd galvanizi.ng for
structural steel and the use of stainless steeL FEMA
recommends regular inspection and maintenance of metal parts.
BOCA requires hot-dipped galvanized for fasteners used for
prc:scrvatiYc treated wood. BOCA requires steel members to be
painted or provided with an approved corrosion resistant coating.
No n:gu1ar inspection parameters are stipulated in BOCA.

AQAtyW

FEMA recommends that the use of djMjrnjlar metals be avoided
due to the potential for rapid corrosion.

•

••
•

RecommendatioD: This issue is one of providing materials which are not subject to corrosion. See FEMA Section 4.1.2.
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fEMA-55

4.3 Desip
details

4.3.1 Found• tions

RecommCDdati()ll; None

FEMA-55

4.3.1.1 Soil conditious

BOCA Code

1215.0
1217.0
1218.0
1219.0

BOCA Code

12OL1
l202.1
1201.3
l213.1

FEMA cites advaDtagcs of diff~ foUDclation systems aDd
typical design approaches. . BOCA does nO( providt
recommCDdatious for the appropriate type of fOUDdation pile bw
rather provides criteria to be used to design the pile.

Apaiy$

FEMA provides rules of thumb for evaluatiDg soil conditions aDd
c:iles the advantages aDd disadvaDtagcs of one soil type over
anothcr. FEMA includes. design table of pile capacities for 4
different soil types aDd includes common foundation scenariO&.
BOCA requires • fOUDdation analysis to determine the soil
capac:ily for pile foundations. Presumptive bearing values used
for spread footings are provided in BOCA which range from
2,(X».12,(XX) pst for the diffcrcDt soils listed. BOCA relics on I
designed system to determine the structural acceptability of the
building fOUDdation supported by the soil.

Recommendati()ll; FEMA should require a geotechnical report to ensure sufficicnt load beariDg capac:ily of the soil.
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FEMA-55

4.3.1..2 Piles
Pile selc::ctjon

Pile
embedment

Pile
instaJlation

BOCA Code

1219.0
1218.0

1213.0
1214.0
2101.6.4.3

1215.0
1219.0

FEMA recommends minimum timber pile sizes and cites th
advantages of square "So round pib. FEMA recommend
concrete piles when higher capacity or longer lengths are needeC
BOCA docs not stipulate minimum timber pile sizes but rathe
relies on a design. BOCA specifics a minimum lateral dimensiol
for precast cona-etc piles of 10". BOCA relies on a designC'A
system to support the loads.

FEMA cites the effcd.S pile embedment bas on the strue:tur3
capacity of the pile. FEMA provides recommended pili
penetrations. BOCA does not stipulace minimum pile
embedments, but rather relies on a design.. BOCA requires pili
embedment to consider scouring in high hazard zones (V Zone:
only.

FEMA providc5 dctaiJs of typic:al methods to install piles.
BOCA does not prescribe the iItstaJlation details for piles with
the exception of cast-in-place conaete piles.

• Recommendation: FEMA requires scour around piles to be evaluated for all pile instaJlations while BOCA specifically
cites scour for V Zones. It is recommended that BOCA include ten for A Zones similar to that for V Zones relative
to scour.

••
FEMA-55

4.3.1.3 Posts

BOCA Code

None FEMA recommends that wood posts should not be used in V
Zones or A Zones subject to wave/scour. BOCA does not
stipulate that wood posts should not be used but rather relies on
a designed system.

•
Recommendation: It seems overly restrictive to preclude the use of a building material If adequately designed, wood
posts should be considered acceptable. It is recommended thaI FEMA relax their recommendation of material types in
favor of a designed system of material of the designer's choice when such materials can be shown to be suitable for their
intended use.

•

•

••
•

FEMA-55

4.3.1.4 Piers

Recommendatioa: None

FEMA-55

4.32 Fram..iDg

Recommendation: None

BOCA Code

U12.O
12OS.l
1209.0

BOCA Code

None

AglyW

FEMA recommends minimum footing sizes and embedment
depth. BOCA does not presaibe minimum footing sizes, depth,
or reinforcement but rather relies on a designed system.

Ap'lyW

FEMA for information only.
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fEMA-SS

4.3.2.1 FramiDg
methods

Recommendation: None

fEMA-SS

4.3.2.2 Beams

Recommend1rion: None

fEMA-SS

4.3.2.3 Joists
and
rafters

Recommendarioa' None

FEMA-SS

4.3.2.4 SubnooriDg

BOCA Code

None

BOCA Code

None

BOCA Code

1703.2.9.2

BOCA Codes

1702.1
AppcDdUC

Ap'W

FEMA cites the different types of wood framing methods andthe bencfits associated with one system over another. BOCA
does not address the different types of consttuetion (platform vs.
pole) nor does it ac:kDowiedgc ~ bcIIcfits assoc:ia1ed with one
over the other. BOCA relies on a dcsigned system.

Apam

FEMA cites the different types of wood beams (LC. solid, built
up, glulam), preferred orientation (i.e., parallel to now), and
splicc locations. BOCA docs not prescribe any requirements for
the beams but rather relics on a designed system.

FEMA recommends a0&5 bridging for all noor joists located in
the YC10city zone. FEMA and BOCA require bridging on 8
centers. BOCA also requires bridging at the sUPP' i1
adequate laleral support is not provided. For Usc Grout-.<.-2
(LC.. apartments) and R-3 (single family or multiple single
family) dwdlings, bridging is only required when the joist depth
exccc-ds 12" or the me load cu:ceds 40 P'f.

Ap.m

FEMA recommends either b4 or 1J6 boards laid diagonally overjoists or c:Ilcrior type plywood following the guidclines of APA
-Plywood Construction Guide-. BOCA includes noor sheathingtables. FEMA stipulates an exterior glue for plywood while
BOCA requires cxterior, waterproof type plywood in all =crioruses. but aDows either interior type, moisture-resist.nt type, or
c:Ilerior type in interior appliClltions and doc6 not stipulate glue
bctwccD layers for plywood. FEMA stipulates annular ring nails
or defOl"lDCCi shank nails while BOCA', r«mnmeDdcd fastening
scbcduJe (AppcDdU C) permits common nails.

Recommendation: See FEMA-SS Section 4.1.2 and FEMA 88-2.
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FEMA-55

4.3.2.5 Studs

Recommcndation: None

FEMA-SS

4.3.26 Wall Sheathing

Recommcndation: None

FEMA-S5

4.3.2.7 Wall Bracing

Recommcndatioa: NODe

BOCA Codes

1703.2.2
1703.2.3
Table 1702.l.2.5

BOCA Codes

2103.3
1703.2.8
Table 1702.l.2.S

BOCA Codes

1703.2.5

FEMA acknowledges the common usc of 2:1:4 or 216 wood studs
at 16" o.c. and the increased usc of metal studs configured
similarly to wood studs. BOCA docs not presaibc wall material,
but requires that bearing walls be'dcsigned to provide adequate
support for the ma.terials and to provide for transfer of all lateral
loads to the foundation. BOCA permits 24" stud spacing for
bearing walls and 48" stud spacing for non-bearing walls. Other
maximum stud spacings arc given dependcnt On the plywood
sheathjng pancl span rating. Also, a singlc top platc may be used
only if specific requircmcnts are met.

FEMA cites plywood as the typical sheathi.ng matcrial and
presaibcs exterior grade plywood of at least 15/32" or 3/4" thick.
BOCA requires wall sheathing of any approved matcriaL
Plywood sheathing is required to be at least 5/16" thick.
Appendix C Attachmcnt and fastening requircmcnts arc similar.

ApalyW

BOCA and FEMA require wall bracing but neither specifies a
particular method to be used. BOCA permits plywood
sheathin& let-in bracing or any other approved equivalent
whereas FEMA recommcnds plywood.
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FEMA-S5

4.3.28 Roof Dctaik
Roof TnIIICI
Roof CoaItruction

BOCA Codes

1702.1.21

1703.2.10
1703.2.10.1

1110.4

1102.1

Analysis

The BOCA codes gives muimum sp&Il of roof sbcatbipl
allowed. Similar prOYisions are absent from fE.MA.

F'EMA iDdie:atcs typical cxmsidcrabons for roof design. BOCA
requires that rafter spans comply with NFoPA Span Tabl.es fOl
Joists and Rafters and that plate connected roof trusses be
designed in acx:ordanc:e with TPI Design Specifications for Met....
Plate Connected Wood Truss and NFoPA NOS. Trusses mUSl
also be braced. Roof deck sbeatbing must be constructed .of u
approved material

BOCA requires that flat roofs be designed to support tJv
muimum possible deptb of water assuming all means of rooldrainage are blocked while FEMA does not include a similar
requireaienL

F'EMA cites benefits of ODC roof configuration over another.
BOCA docs not acknowledge the benefits of one roo'
c:on6guration (gable, hip, etc.) over another, but rather relies on
the roof c:on6guration to be dcsigned to the appropriate loading
conditions (Le.. wiDd, snow, and poDding). BOCA provides
spcc:i6c design provisions for roof overhangs.

Recommendation: FEMA should considcr including design tables for roof sheatbing and also ponding provisions. ..beroof design. Altemativcly, FEMA could reference the model codes for roof sheathing design tables.
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FEMA-SS

4.3.3 Foundation Bracing

Recommendation: None

FEMA-55

4.3.3.1 Knee Braces

Recommendation: None

FEMA-55

433.2 Grade Beams

Recommendation: None

BOCA Codes

1213.4
1213.6

BOCA Codcs

1213.4
1213.6

BOCA Codes

1213.4
1213.6
2101.6.3.2
2101.6.4.3

BOCA requires that all piles be designed such that lateral
stability is provided in all directions. BOCA does not require
bracing for the length of pile above grade (regardless of the
height) but rather stipulates that·the pile is to be designed as a
column to withstand the vertical (compression or uplift) "and
lateral (water/wind) loads. Bracing (knee braces, trusses., shear
walls) would be considered as a design option but is not I
mandated. FEMA recommends bracing the piles but does not
guarantee that this measure alone will make the structure storm
resistant
1109.4 BOCA requires that buiJdin~ located in flood-hazard and
high hazard zones be designed to resist all hydrodynamic forces.
2101.6.4.3 BOCA requires that all buildings located in high
hazard zones be supported on pilings or columns and be
adequately anchored to such.

FEMA recommends that piles be braced. BOCA requires
bracing of all piles but docs DOt specify a particular method.

AD'm

FEMA recommends the usc ofgrade beams. BOCA permits but
docs DOt require the use of grade beams.
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FEMA-55

4.3.3.3 Truss BraciDg

RermnmcndatioD: None

FEMA-SS

4.3.3.4 Shear WaDs

BOCA Codes

1213.4
1213.6

BOCA Codes

2101.6.3.3
2101.6.4.2

ADam

FEMA prcsaibcs the use of truss brac:iDg systems when th,
structure is elevated about 10' or more above grade. BOO
requires sufliciellt brac:iDg but does not specify a particula
method. .

Apa.

FEMA acknowledges the use of shear walls. BOCA does n~

allow walls which structurally support the building to be locale(
below the base Oood elevation in high hazard zones.

Recommendation: FEMA should revise their provisions to include the prohibition of shear walls and other walls whic'
uc part of the structural frame below the BFE in V-ZODCS.

FEMA-55

4.3.4 CollDections

Recommendation: None

fEMA-55

4.3.4.1 Roof to Wall

BOCA Codes

2101.6.3.2
110LI
1102.1

BOCA Codes

1112.2
1112.3
11OL1
2101.6.3.2

Apa.

No signi6aD t difference.

Ap.1yW

Appendix C BOCA requires that all structural members and
cxmncctioas be of sufficient size or capacity to meet or exceed
the forces CICrtCd upon them. ANSI ASS.l (ASCE 1) is ucd as
a rcfcreuc:ed staDdard. BOCA docs DOt include provisions for
positiYe c:cxmc:ctioa from the ridge IiDc through interior ShU'
walls to the foundltioa FEMA dctcruUncs the wind uplift force
from its own tables aDd Italc6 that toe-nailing a10DC may DOt
provide a sufficient connection.

Recommendatiml: It is recommCDdcd that FEMA referenc:c the design values of ANSI ASS.I-1982.
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fEMA-55

4.3.4.2. Wall to Floor Joist

Recommendation: None

FEMA-55

4.3.4.3 Floor Joist
to Floor Beam

Recommendation: None

FEMA-55

4.3.4.4 Floor Beam to Pile,
Post, or Pier

BOCA Codes

1l12.2
1112.3
1701.1
2101.6.3.2

BOCA Codes

1112.2
1111.3
1701.1
2101.6.3.2

BOCA Codes

1701.1
2101.6.3.2

BOCA requires c:onncdions of sufficient size and strength be
provided. FEMA prescribes that plywood sheathing be well
anchored from the top plate of the stud wall to the floor joists
and band beams below.

Analysis

Appendix C FEMA recommends the use of either metal or wood
connections to anchor joist to beams. BOCA uses the
pedormance oriented language and requires that all connections
be of sufficien1 size and capacity. The recommended fastening
schedule (Appendix C) acknowledges 3 toe nails as a conneaion,
howeva-, this would be required to be confirmed by design.

FEMA recommends that wood piles be notched no more than
50% of the original bearing area. BOCA relies on a designed
system in accordance with accepted engineering practice and
NFoPA NDS which is the referenced standard for wood
construction. The flood-resistant construction provisions of
Section 2101.6 require the strue:tural system to be anchored but
this design is left to the designer. BOCA, however does include
prcsaiptive requiremCDlS for permitted boring. cutting and
notc:hiDg (1703.2.1), bearing (1703.2.4) and anchorage of sill
plates (1703.2.11). BOCA requires a IS embedment of anchor
bolts into grouted III&5ODlY while FEMA stipulates 16°.

•

•

••
•

Recommendation: FEMA should reference the design standard for wood, namely, NFoPA NDS-l986 with 1987 revisions
and 1988 Supplement - Design Values for Wood Construction.
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FEMA-S5

4.3.5 Breakaway Walls

Recommendation: None

fEMA-SS

4.3.5.1 Breakaway Wall
Designs
SaccniDg
Lattice
Wood Stud WaIls
Metal Stud WaIls
Masonry WaIls

BOCA Codes

2101.6.3.3
n01.6.4.2
n01.6.1l.3

BOCA Codes

2101.6.3.3
2101.6.4.2
107.4

BOCA's requirem.CDlS for cndosures below the base 600d
eleYation are a function of the flood hazard zone (A vs V).
Flood hazard Zone A structures. with enclosed spaces arc DOl
required to have breakawayamstrue:tion but are required to have
a minimum amount of openjn~ such that the spacc is designee
to equalize the hydrostatic forces on the eucrior by allowing tk
CD1l'y and ail of flood walen. Flood hazard Zone V structures
are permitted to have enclosc:d spaces provided the wall~ and
partitions are DOt part of the structural support of the building
and are designed and CODSttUCted to breakaway or collapse.

ApatyW

BOCA requires that DOD-bearing walls below the BFE in flood·
hazard lODes (A Zones) be equipped with sufficient opeDiDgs to
allow for CD1l'y and eDt of fluid waters. FEMA docs Dot
diftcrcntiale bctwccD thc&e type: walls in Type: A and Type: V
Zones. Also, FEMA states (p 4-45) that reinforced masonry
waUs, due to their "loading rcs.istaDcc" crea1eS an unusualc:onditiOll and therefore should be desigDcd by a profcssioaal
eDgineer or arc:hitcct. This may be misleading in that all 'I in
V-ZODCS require a design and Dot just based OD CODStn.-JOD
material.FEMA rcgularioas provide design consideratioDS for
designing breakaway walls. BOCA requires aD eagiDcer or
architect to design the system. (V-zones).

Recommcudation: Sec recommendation to 44 CFR 60.3 (e)(5). Also, FEMA may wish to clarify that break-away wa1lsare allowed in A-zooes provided the opcniDg criteria is met. This would also be a viable OptiOD under the altemateapproval pravisioDs of BOCA.



•

.-
•

FEMA-SS

4.3.5.2 Design CODIidcratious
for Breakaway WaII&
Connections
WorkiDgfU1timateStrcngth of
Fastener
Distrlbution of WaD Loads
Bracing Considerations

BOCA Codes

1109.3
1109.4
11120

2101.6.4.2
210L6.3.3

No difference.

BOCA requires openings in non-structural solid walls below the
BFE for buildings located in flood-hazard (A Zones). FEMA
does not have different recommendations for applications in A
Zones and V-Zones..

•

•

--
•

•

•

••
•

BOCA docs not stipulate the breakaway force design criteria
while FEMA stipulates 20 pst unle.u the wind force exceeds this
value. U the: wind pressme exceeds this value, FEMA requires
the enclosure below the base flood elevation to be designed to
withstand the: wind forces. BOCA does not include provisions
for "wave runup· or recommended foundation configurations.

FEMA expands on the distribution of wind and water loads
below the BFE and recommends design procedures to be
followed. BOCA does not promote one design method OYer
another but requires that all load conditions be evaluated and
designed for by • registered professional engineer or architect.
See also FEMA Sec:tion 4.3.5.

Recommendation: See recommendation for 44 CFR 60.3 (e)(S).
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fEMA-SS

43.6 Utilities

Recommendation: None

FEMA-ss

BOCA Codes

2101.6.5
2101.6.8

BOCA Codes

Ap••

FEMA does DOt allow e1earical distributioo paDcls below the
BFE. BOCA dOC$ allow placement of e1edrical compoDents
below the BFE as 10Dg as they are adequately protected ad the
pnMsioDs of NF"lPA 70 are met. .

BOCA requires HVAC systems be protected from the eotrmc:e
aDd accumulation of water. FEMA presaibcs that duet work tx
sloped aDd have emergency opeDiDgs to allow drainage of
accumulated water.

43.7 W"md - aDd Storm 2202.1'
Protection of Interior

RecommcDdatiOD· None

BOCA requires windows to be desigoed iD ac:cordaoc:e with the
wind loads of ANSI ASB.l-1982 for the loads associated wit
compoDCDlS ad claddiDg. BOCA does Dot require protective
window coveriogs.

FEMA-ss

43.7.1 W"lDdow Se1cdioo

Recommendaboo; None

BOCA Codes

2202.1 FEMA reGOIDIDends that iDdMdual panel widths be lim1' to
three feet and the muimum opc:o waIl area (doors aad win, .is)
be 30%. BOCA docs Dot limit the size of glazed panels as loag
IS they caD withstaDd the wind dcsigo pressures. BOCA only
limits door aDd window perCCDtagr.s due to fire hazards ad Dot
wind coosidcrations.
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•• FEMA-55

43.7.2 Operable Shutters

BOCA Codes

2202.1 FEMA strongly recommends some type of storm protection for
glazed openin~ BOCA does not require this type of window
covering but rather relies on the window to be designed for the
wind load for the location in queStion.

• Recommendation: FEMA should determine the appropriate performance aiteria for the shutters and stipulate whenand what type of shutters are required. This could then be considered by BOCA.

FEMA-55 BOCA Codes

•

•

43.7.3 Gable and Eave Vents 709.1

Recommendation: None

BOCA has minimum size requirements for vents in enclosed roof
space$. FEMA identifies attic ventilation as an important
feature. FEMA also mentions that many standard ventilation
produeu are inadequate for coastal locations with wind-driven
rain.

••
•

•

FEMA-55

43.7.4 Roofing Material

BOCA Codes

2303.0
2304.0
2305.0

2306.0

AnalyWi

Both FEMA and BOCA acknowledge the effects rain may have
on roof systems and require some type of roof covering.
HOWCYer, FEMA docs not provide specific material types.
BOCA requires all roofs to be covered with approved coverings
which will resist wind and rain. In addition to asphalt shingles,
BOCA acknowlcdgcs the use of asbestos cement, clay or cement
tile, metal, slate, wood and wood shakes. BOCA provides
presaiptive installation requirements which address
undcrlaymen1, fasteners, and permitted roof slopes. BOCA
requires installation in accordance with approved manufacturers
installation instruc:tiom.

BOCA requires that flashing be installed at all roof openings,
gutters, intersc:dions of wall and roof and at change in roof slope
or direction. FEMA does not idc:utify specific flashing locations.

•

••
•

Recommendatioa: FEMA should stipulate the locations which require flashing



fEMA-ss BOCA Codes

4.3.8 MaintenlN't: Pro per t y See Analysis of BOCA Natioaal Property Maintenance Code.Maintenance

Recommendation: None

FEMA-55

1702.6.6

l.802.3.2

BOCA Codes

No significant difference.

FEMA recommends that exposed steel be hot-dipped galvanized
BOCA requires exposed steel to be protected from exposure i
not fabricated &om approved corrosion-resistant or~
steel.

FEMA rerommends that the underside of raised building
(bca.m£ and joists) be covered with sheathing BOCA leaves the..
specifia of the design up to the architect/engineer.

5.1 General Design 210L6.3.3
Considerations - 2101.6.4.2
Ground LeYe1
Obstructions

Both FEMA and BOCA do not Permit oc:alpied spaces beloVo
the base flood elevation.

RecommendatiOll' NODe

FEMA-S5 BOCA Codes

5.1 GeDeral Desip 1503.3.5
CoDsidcrations 1506.6.3
-eorrosionProteetion

No significant difference.

Recommendation: Noac
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FEMA-55

5.1 General Design
-Wmd
Considerations

Recommendation: None

FEMA-55

BOCA Codes

1109.3
1109.4
11120

BOCA Codes

Apam

No significant difference.

•

5.2 Foundations - Piles 1213.10
1213.o-122LO

BOCA allows piles of any approved materials. The materials
and installation methods must comply with specific code
requirements.

Recommendation: None

FEMA-55 BOCA Codes

Recommendation: FEMA should consider referencing applicable standards for footing designs.

FEMA-55

•

••
5.2 Foundations - Other 1205.0 - Ul20

Foundations

BOCA Codes

FEMA recommends that -strip- foundations be aligned
perpendicular to the shoreline. BOCA requires footing design
to be in accordance with the appropriate standard (AWPA C2 or
C3, ACI 318) and does not require a specific orientation.

•
5.3 Slabs at Grade 1502.0-1506.0

1509.0
FEMA rec:ognizes a difference between essential (structural) and
non-esscntial (non structural) slab on grade. BOCA permits a
minimum slab thickness of 3 1/2 inches and requires a vapor
barrier under most in.ctallations. BOCA also references ACI 318
conccming the materials, design and installation of cona-ete.

• Recommendation: FEMA should consider referencing ACI 318 for slab on grade design.

FEMA-55 BOCA Codes Apam

5.3 Grade Bcam& 1213.6 No significant difference.

•

••
•

Recommendation: None
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FEMA-55 BOCA Codes Anam
.5.4 Supcntructure 1102.0

1305.0

21OL6.6

FEMA provides a disc:ussion of the basic elements of low-ta-mid
size and high rise COnstrue:tlon (design loads., piles, pile caps
columns., beams, and shear walls). BOCA bas no prescriptive
requirements for the type of construction materials used in 2
str1lClUre. BOCA does nO( indicate a benefit of one materia
0\'Cl' another bat requires that all structures be designed for the
appropriate loading conditions (wind, hydrostatic, hydrodynam:. ,
etc.)

BOCA requires that buildinp in high-flood or high-hazard zones
be constructed of materials resistant to flood damage usiDf
coDStrUdion methods to minimize flood damage.

Recommendation: None

FEMA-55

5.5 Elevated Floors

BOCA Codes

1102.0
1305.0

Ap,am

FEMA cites reinforced cona-etc and precast cona-ete as typical
systems used for floor construction. BOCA does nO( require a
specific method of construction nor the use of specific materials.
BOCA requires that all strue.tural components, connections and
system be designed for the forces c.zcned upon them.

Recommendation: None

FEMA-55 BOCA Codes Apem

5.6 Enerior walls 1102.0
1JOS.o

21OL6.3.3
21Ol.6.4.2

Noac

Sec FEMA-55 Sedion 5.5 commenL

No difference

fEMA requests that all fasteners be determined by the designer
and not left to the discrctiou.of the installer. FEMA
l'C'.mmmends that manufacturer's installation standards and
appropriate safety fac:ton be applied to powder-activated
fasteners used with conaete. BOCA does nO( stipulate
respoasibiIity or standards for these types of fasteners.

RecommendaDaa: Noac
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FEMA-55

5.7 Recommendations
Use of a De&ign
Professioaal

Recommendation: None

FEMA-55

Appendix A - Design Tables

FIgure A-I Number of Piles
Required

Table A·I Downward Loads
perPi1e

Table A-2 Horizontal Wmd
Loads per Pile

Table A-3 Minimum
Embedment Depth of Piles
Table A-4 Maximum
Unbraced Height of Piles
Supporting Breakaway Walls

Table A-4.1 Maximum
Unbraced Height of Piles

Table A-5 Uplift Loads per
Foot of Wall

Table A-6 Uplift Loads per
Pile

Table A-7 Capacity of bolt of
F100r Beam Connections

Table A-8 Conaete Masonry
Unit Piers

Table A-9 Conaete Piers
FJgUI'e A·2 Conaete Pier
Cross Section

FJgUI'e A·3 Grade Beams and
Slabs

Table A-10 FasteDcr
Capacities in Sbc:ar

Table A-11 FutcDer Schedule
for Breakaway Willi

Recommendation.: None

BOCA Codes

108.1
2101.6.11.2
2101.6.113
2101.633

BOCA Codes

1102.0 .
11093
1109.4
2101.63.2
2101.6.43

FEMA recommends an experienced design professional to be
responsible for mid-and high-rise design. BOCA requires aI
design for new construction work, alteration repair, expansion.
addition or modification work involving the practice oj
professional architecture or engineering be prepared b)
registered professional architects·or engineers IS certified by the
stale in which the project is to be located. All p~
specifications and computations must be signed and sealed by the
responsible engineer or architect.

FEMA provides loading and design tables to assist in the design
of coastal construction. Appendices· D and E provide raw
calculations and computer programs from which the values in
AppendiJ: A were derived. BOCA does not contain design and
loading tables by which to design a structure. The performance
language of the code states the minimum design requirements
that must be met by the design professional BOCA references
many standards (ACI 318, ANSI ASS.I. NFoPA NOS, etc.) that
shall be used in the design of a building.

A-33



rEMA-55

Appendix B -BraciDs
B.1 Knee Brac:ias
B.2 Truss BraciDg
B.2.1Diagoaals
B.2.1.1 Lumber Diagonals
B2.1.2 Thrcadbar Diagoaals
B.2.2 Struts
B.3 Grade Beams
Table 8-1 HorizoDtal Water
Loads per pile

Table B-2 Loads of
TraD.n'Ct'IC TnII& Members
Table 8-3 Allowable Loads
for SiDglc 2-by-8 Diagouals

Table B-4 Allowable Loads
foe SiDglc 3-by-8 Diagoaals

BOCA Codes

1102.0
1109.3
1109.4
1213.6
2101.6.3.2
2101.6.4.3

FEMA provides further disrnwoa ofbraciDg options and load.iD{
tables to assist in the design of coastal c:oastruetion. BOCA doe
not prcsc:ribe specific methods or procedures to follow U
designing strue:tural brac:iDg. The performance oriented languagt
of the code requires that all structural members and conneaion
be designed to withstand the forCes exerted upon them. BOO
referenccs national standards (ACI 318, ANSI ASS.I.. NFoP'
NDS etc.) to aid the designer.

Recommendation: NODe

Apam

FEMA compi1c5 a series of basic design equations ana
procedures to follow in the design of coastal c:oastruetion. All
values foODd in Appendix A were derived from these equation!
based oa the assumptions stated. These equations may be use<lfor design in mUquc situaliou wbcrc the general assumptions do
not hold true. BeiDg a pcrformanc:e oriented code, BOO ..~
DOt prescribe spedfic design equatioas and procedures.. Jer,
the code requires that an strudUra1 members and CODDCCtiOD be
designed to withstand the forccs CICrted upon them. BOCA
references many national standards to guide the designer in
measuring the code compliance of structure&.

BOCA Codes

1102.0
1109.3
1109.4
1213.0
2101.6.3.2
2101.6.4.3

FEMA-SS

Appendix D - Design
Equations and Procedures
D.l Procedure A-1:
Downward Loads per Pile

D.2 Procedure A-2:
HorimDtal Wmd Loads per
Pile

D.3 Proc:cdurc A-3:
Minimum embedment Depth

of Piles
D.4 Procedure A~:
Muimum UDbraccd Height
of PiIc:£

DoS Procedure A~.1:
Muimum UDbraccd Heigbl
of Piles
Supporting Breakaway WaIls

D.6 Procedure A-S: Uplift
Loads per Foot of Walls

D.7 Procedure A.fJ- Uplift
Loads per Pile

D.8 Procedure 8-1:
HorimDtal Wiler Loads per

Pile
D.9 Proccdarc 8-2: Loads
Transferred to Poand,tim
TnII& Membcn

Recommendatioll: PEMA should require a geotedmic:al report to ensure sufficient load bearing capacity of the soil.
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fEMA-55

Appendix G - Sample Coastal
Construction Code

2. Purpose

3. Scope

4. Definitions

BOCA Codes

100.0
2101.6

100.2

201.0

FEMA incorporates the di5cussions., insights aud
recommeudations found in Cbap(.ers 1 through 5 into euforceable
code lauguage. This sample code is intended as a base which
local jurisdictions may amend 10 aeate their own coastal
construction code as a supplement to the govemiug building
code.

No difference.

FEMA applies only to new construction, additions to aud
improvements of siugle family, duplex, aud multi·family
resideuri,J structures.

FEMA defines terms relative to flood provisions (i.e. base flOOd,
dead load, etc) which arc compatible with the application in
BOCA. HOW'CVCl', BOCA does not defiue all the terms listed in
FEMA.

••
S. E I e vat ion 2101.6.3.1
Standards 2101.6.3.3

2101.6.4.1
2101.6.4.2

6. Determination of 1100.1
Loading Forces

No differences

BOCA docs not prescribe specific design procedures. BOCA
ideDtifies minimum performance requirements of a structure.

•

•

•

••
•

6.1 Water Loads
6.2 Wmd Loads

7. Foundation
Standards

7.1 Pile Foundation
Design

7.2 CoJpma
FOUDdatjm Design

8. AucboriDg
Standards

RecommeDdation: None

1109.3
1109.4
1112.0

1100.1
2101.6.3
2101.6.4
12OS.o - 1220.0

1100.1
1213.0-1220.0

1212.0

210l.6.3.2

FEMA does DOt allow the use of spread footings aud fill for
IttUetUra1 support purposes.

BOCA docs DOt prescribe a specific: method of pile design.

BOCA docs not prescribe a specific: method of pier design.

No difference
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fEMA-55

8.1 COImcaon aDd
FasteDcrI

8.2 Beam to Pile
CoDDcaOl'l

8.3 Floor aDd Deck
CoDDCClors

8.4 Eztcrior WaIl CmIDeaion

8.S CciliDg JoistjR.after
CoooectioDl

8.6 ProjcdiDg Members

9. Roof SheathiDg

10. ProtcctioD of OpeDiDp

BOCA Codes

Appendix C

None

2303.1
2304.0
2305.0

Apalysis

FEMA does Dot permit toe-aailiDg as a priocipal method of
CODIlCA"tion All metal mnDcaors and fasteners are to begaIvaoizcd.

Refer to FEMA 55 Sec:tioo 43.4.4 aoalysi.s.

Refer to FEMA 55 Sec:tioD 4.3.4.3 and 4.3.2.4 aoalysi.s.

Refer to FEMA 55 Sec:tioo 4.3.2.2 and 4.3.2.6 aoalysi.s.

Refer to FEMA S5 Sec:tioo 4.3.2.8 aoalysi.s.

BOCA does Dot rcstric.t the size of the caves or other overhangs.

FEMA requires roof sheathing 11 least 15.32 inch thick. All
attachiDg devices shall be corrosion resistant material. FEMA
prcscribcs that roof be sloped as stccply as practicable.

Refer to FEMA-55 Sec:tioo 4.3.7.1 and 4.3.7.2.

1L Use of Space Below the 2101.633
Lowest Elevated Floor 2101.6.4.2

ILl Breakaway WaIl Design
StaDdards

11.2 CertificatioD of
Breakaway Walls

12 Utilities

13.CcrtifialtioaRcquircmCDts 1102.2

14. RcfcrCDCC Documents

RccommCDdatioo: Noac

BOCA doca Dot prescribe speci6c dcsigo procedures forbreakaway wa11L

Rcloc:atc to FEMA SS Section 4.3.5, 4.3.5.1 and 4.3.5.2 analysis.

Relocate to FEMA SS Section 4.3.5, 4.3.5.1 and 4.3.5.2 analysis.

Re1oc:ate to FEMA SS Sec:tioo 4.3.6 analysis.

Refer to FEMA 55 Sec:tioD 5.7 analysis.

BOCA refcreoces ANSI AS8.1-l982 as docs FEMA.



Manufac;twed Homes Installation in
flood Huard Areas (fEMA-85l

•
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•

•

•

FEMA-85

Chapter m Elevation
on Fill
(p.19)

BOCA Codes

1201.0
l202.0
121l3.0

210L63.2
210L6.43
210L6.1l.2
2l0L6.ll.3

AnaMis

FEMA has prescriptiYe requireml;l1tS on the use of fill material
to raise the elevation of the manufactured home. HOWCYCr,
Section (e)(6) of 44 CFR 603 prohibits the use of structural fill
in V zones. The requirements address the use of fill under
various floodwater conditions and include site preparation and fill
placement. BOCA requires that the bearing value of soils is
established through testing.

BOCA requires that a registered professional architect or
engineer provide plans and specifications indicating that the
proposed foundation design will adequately resist any loads
caused by flooding which may cause flotation, collapse, or
pcrm&llCDt laIcral movcmCDl of the suuaure, or which will scour
or erode the soil material. FEMA limits the use of fills for
elevating the mannfaetured home to areas where the floodwater
velocity will not exceed 10 feet per second (fps). BOCA does
not address muimUID floodwater velocity.

Recommendation: FEMA-85 and 44 CFR 603 require coordination relative to the use of structural fill.

••
•

FEMA-85

Chapter m Elevated
Foundations
Piers (p.22)

BOCA Codes

1205.1
1212.0

FEMA stales that the use of pier5 is inappropriate in areas
subject to floodwater velocity. FEMA's requirements are
specification oriented. FEMA limits pier height to 10 times least
horizontal dimension; BOCA states maximum of 12 times least
dimension for other than single family structures and light
structures. BOCA would rely on a designed system in
acx:ordance with the referenced standard&.

Recommendation: This is a minor conflict, which, if necessary would require FEMA to conduct an evaluation of the
relevant standards to determine a -correct" maximum pier hcigbL

Recommendation: NODC•

•

•

FEMA-85

Chapter m Posts
(p.23)

BOCA Codes

1207.2
2101.63.2
2101.6.43

Apa1y;si:;

FEMA states some general requirements for the use of wood,
steel, or coaaete posts. BOCA says pole builclings shall be
designed in an apprOYCd manner. The provisions of BOCA are
Dot geared to any specific type of structure but rather structures
in gcocral Poles sball be treated aa:ordiogly to AWPA C2 or
C4 for decay res.istaoce.
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FEMA-8S

Chap(Cr m
BOCA Codes

1213.0
1214.0
1215.0
1216.0
1217.0
1218.0
1219.0
1220.0
1221.0
2101.6.43

AnaMis

F'EMA~ that the use of pi1c5 ii appropriatc in ucas ha~high floodwater vcl0c:itiC5. Details arc Jiv= OIl bow to drive the
pile aDd bow to mc::rease lateral foree resiglDee. BOCA provides
design aDd driYiag rcquircme:Dts ~or different type& of pile$.

FEMA-8S

Chapter m
BOCA Codes

Horizontal llO2.1
laDs (p.26)

FEMA aDd BOCA both require that the loads associated with
the DWlufac:tured homc arc safely transfcrred to the fOundatiOD
system.

Recommendaticm: None

FEMA-85

Chapter m Bracing
E1eYalcd
FOUDdatiom
(p.26)

BOCA Codes

1102.1
1213.4
1213.6

ApnlyW

Both FE.MA aDd BOCA require braciDg to resist latcralloads.

Recommendation' Noac

FEMA-85

Chapter m Perimeter
Endosurc
(p.27)

BOCA Codes

21OL6.33
2101.6.4.2
21OL7.l.1

Apa1yW

FEMA requires that the skirtiDg uoUDd the DWlufac:tured homc
be clesitp'C"4 to yield UDder the forces of 800dwaters aDd Dottrusfcr loads to the fouadatioD, BOCA rcquircl the WIlC.

~-3'
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fEMA-85

Qlaptcr 23 ADcboring
(p.28)

BOCA Codes

620.3.1
1109.3
1109.4
11120
2101.6.3.2
2101.6.7

FEMA apounds on the various methods available to anchor a
Manufactured home so it can resist wind forces. BOCA relies
upon the design and certificatiOn by an architect or engineer
without spec:ifyiDg specific methods.

Recommendation: FEMA should update their wind and snow load maps to the latest currently published by ASCE.

•

•

••
•

•

•

•

Recommendation: NODe

FEMA-85

Chapter IV A FloodForc:es
and Their
Applic:ation

BOCA Codes

1102.0 - 1104.0
1106.0 - 1107.0
11043-1109.4
111LO - 1115.0

AgalyW

FEMA provides overviews of specific engineering calculations
used to determine the hydrostatic and hydrodynamic forces
including impact from debris and scour due to moving
floodwater. Roof live load and wind load maps of the United
States are also included. BOCA relies upon a professional
engineer or architect to design the structure to support all
applicable loads in accordance with acceptable engineering
practice. FEMA provides a roof load and wind ZODe map. The
snow loads indicated in FEMA are higher than BOCA and the
wind load map is also different from BOCA. BOCA's maps are
based on ANSI A58-1 ·1982 (ASCE 7).

•
•
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FEMA-85 BOCA Codes
Chapter IV B Enlp·tjm of 108.1

Elevated Article 11
Fonnd·tiODS

1201.0
l202.O
1203.0

1~1

U120
1406.0

108.1
Ul3.o
1214.0
1801.0

fEMA discussed the application of design loads to manufaeturee
housing found.tiou systems. BOCA~ upon the rc:gislereQ
cngjn=r or arc:hilce:t to design the structure to resist all required
design loads for all structures.

FEMA discusses the bcariDg valuC5 &S5Ociatcs with various 5Oi1s.BOCA ronr.ins similar information.

FEMA spedfics pier dimCDSions and location of rciDforcemCD1
bars for acceptable pier design for various dcsigD considerations
BOCA relics upon a system designed by a registered arc:hi1ce:t or
engineer in accordance with the code and its referenced
standards.

FEMA pnMdc& information JlCCCSsary for the design of pile
fouadations to provide support for manufactured homes., and also
staleS thal a registered professional cngineer should design thepile foundatioD UDder c:ertaiD c:irmmstanc:cs. BOCA~ upon
an enginected design, but also provides details on pile-driYing,
spac::iq. spliciDg. etc.

Recommendation· None. The differences betweea FEMA and BOCA are related to the specificatioa or performancenature FE.MA and BOCA rcspectiYcly.

FEMA-8S

Chapter IV C
Bracing Support and
Connections for Elevated
Foundations

Recommendation: None

BOCA Codes

tm.1
U13.6
1214.1
1214.6

tm.l
1102.1
1109.5
1113.11
1303.1
1101.1

FEMA provides design requirements and formulas for
determining the size and loation of lateral bracing and
horizonlal support beams for posts and piles. BOCA requires
thal an bracing methods be designed by an engineer or arc:hi1ce:t.

FEMA provides design information for all CODDCdiODS. BOCA
rcliea upon an engincncd system using materials which have the
nccuary properties and dimensions to support all loads.



Recommendation: It is not clear how the recommendations found in FEMA would be implemented relative to providing
a means of evacuation and/or rescue during a flood evcnL In aD likelihood, compliance with these recommendations
would preclude a struaure from being built in an area prODe to floodjng

Recommendation: None. It is presumed that the registered engineer or architect will rely upon accepted engineering
practice as does FEMA

Recommendation: None. It is presumed that the registered eusineer or arc:hitcct will rely upon accepted engineering
practice as docs FEMA.

•

.-
•

•

•

••
•

•

•

•

fEMA-85

Qaptcr IV D
Additional Design
Considerations

fEMA-85

AppendixD

fEMA-85

Appendix E

BOCA Codes

BOLl
805.2
2101.6.8

BOCA Codes

108.1
Artic:lc 12

BOCA Codes

108.1
620.3
2101.6.3.2
2101.6.4.3
2101.6.7

Apa1ysis

FEMA indicates that an aa:css and egress path must be provided
to allow evacuation and re&CUC. BOCA's general egress
requirements address maintenance of e:zits, however, BOCA
specifically permits portions of the means of egress to be below
the base flood elevation which wOuld probably render the ail
unusable.

FEMA provides formulas and equations for caloJ!atjng loads for
the dQigD of suuaural members. BO<;A relies upon a design
and supportiDg calculations prepared by a registered professional
engineer or architect, and references nationally recogn.izcd
standards to be used for the design of struaural members made
of specific materials.

Apaly$

FEMA provides design information for determining the
nea:saary anchorage for a manufactured home to resist buoyancy
and drag forces cause by floodiDg. BOCA relies on a design and
supporting calculations prepared by a registered professional
engineer or architect.

•
•
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flpodproo6ng NOD-Residential Struc:twes lFEMA-102)

FEMA-I02

Chapter I
E. Contingent
F1OQdproofiDg
Measures

Recommendation' None

fEMA-I02

Chapter I
F. Types of
Contingent
Measures

Rcannmendalion: None

fEMA-102

Chapter m

floodproofing Design
Permanent and Contingent
Measures
B. Elevation on Fill

BOCA Codes

107.4
~

2101.63.4
2101.6.4.2

BOCA Code

107.4
108.1
2101.633
21OL63.4
2l01.6.1L2

BOCA Codes

12OLO

l202.O
1203.0

1224.0
2101.63.2
2101.63.4
2101.6.43
21OL6.6
2101.6.11.2
2101.6.11.3

FEMA discusses the po5Sibi1ity of ntilizing specific contingent
f1oodproofing meas~ BOQ\ permits the use of such
rontingcnt floodproofing measures as flood shields and wate."'tigbldoors for buildings in A Zones only. .

Ap'Mjc

FEMA addrcs&cs the use of flood shields, watertight doors, and
moveable floodwa11s.. BOCA permits these types of devices to be
used in Flood-Hazard (A-Zones). but not in high-hazard (V
Zones).

ApalyW

FEMA has prescriptive requirements for the use of fill material
to raise the clevalion of the manufactured home. However,
S«tion (e)(6) of 44 CFR 603 prohibits the use of structunIl fill
in V zones. The requirements address the use of fill :r
various fIoodwaler coaditions and include site preparation an.. rill
pllcement BOCA requires the bearing value of soils to be
cstabIisbed through testing.

BOCA requires thIt I registered profcaional architect or
engineer provide plus and specifications indicating that the
propoICd foundltion deaip will adeqUIldy rcaist any loads'
call1ed by flooding wbidl may cause 6otItion, collapse, leakage,« pennlncnt 1Ilcra1 mOV'Clllent of the structure, or which will
scour « erode the soil material. FEMA limits the use of fills for
eJevatiDg the manufactured home to areas where the floodwater
YC10city wiD not em:cd 10 feet per ICCODd (fps). BOCA does
not address maximum floodwater YC1ocity.

Recommendation: FEMA-102 and 44 CFR 603 require c:oordinltion relative to the use of structural fill.



Recommendation: FEMA should include a reference to the appropriate reference standard for pressure preservative
treatment of wood.

.•

.-
•

•

•
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•

•

••
•

FEMA-I02

Chapter ill
c. Elcvatiou
on posu, Pile&, Pica,
or WaDs

FEMA-I02

Piles

Recommendation: None

FEMA-102

Piers and WaIls

Recommendation: None

f'EMA-1Q2

BraciDg

Recommendation: None

BOCA Codes

UD7.2
1406.0
1801.0
2101.6.3.7
2101.6.4.3
210L6.6

BOCA Codes

1213.0
1214.0
1215.0
1216.0
1217.0
1218.0
12l9.o
l22O.o
1221.0
1702.6
l802.3
2101.6.4.3
2101.6.6

BOCA Codes

1205.0
1209.0
12120
2101.6.6

BOCA Codes

1102.1
1213.4
1213.6
2101.6.6

FEMA states some general requirements for the use of wood,
steel, or conaete posts. BOCA says pole buildings shall be
designed in an apprOYCd manner. Poles shall be treated
accordingly to AWPA C2 or C4 for deay resistance.

FEMA stales that the use of piles is appropriate in areas having
high floodwater vc1ocitie&. Details are given on how to drive the
pile aud bow to iDacuc lateral forcc resistancc. BOCA provides
des.igJl and driving requirements for different materials and types
of piJcL BOCA relies upon material standards for pile materia1&.

FEMA provides specifications for the minimum dimensions of
piers. BOCA specifies matcria1 standards and relies on an
engineered design for piers.

FEMA spcc:ifies materials for brac:iDg. BOCA requires bracing
to be part of the enginccred design.



fEMA-I02

Maintenance

BOCA Codes

210l.6.6
2101.6.9

Analysis

FEMA require& that regular maintenance be performed 0

spec:ific materials used for clcvatiDg strue:tures. BOCA state
that after a flood, the structure is permitted to be repaired to ill
origiDal state and must always be inspected to obtain ill
c:crtific:atc of occupancy. "

Recommendation: FEMA should evaluate how the provWoas in FEMA-102 correlate with the NF1P requirement!
rclat:ivc to "subst.nti.! improYClDcnt".

fEMA-102

Chapter m
D. WIlcrprOOf
ConstructioIl

wan Strength

Recommendation: None

fEMA-I02

Floor Strength
and St:ruetural
Stability

Rcrommendation: None

FEMA-I02

CountcractiDg of
Hydrostatic Forces

BOCA Codes

lOB.l

108.1
210L6
Article 14
Article 15

BOCA Codes

108.1
Article 15

BOCA Codes

108.1
122A.2.1
122A3
122A.4
122A.5
Article 15

FEMA provides design aids but requires a design profes.siooal t
acaxnplish the design. BOCA requires design by a registere
profeaionaJ engineer or architect.

FEMA discusses the general principles involved with designiD I
a masoury or c:onaete wall to resist flood loads, but defers to •
registered professional engineer or architect for the actual design,
just IS BOCA docs.

ApalyW,

FEMA stalcs that c:ast-in-pIac:c concrete is the only n .ia
which can adequately resist hydrO&tltic uplift pressures. BOO
rclie& upoa a system designed by a registered professional
enginrn or arc:hitcct.

FEMA aDd BOCA address sut.oil drain.agc IS a method of
reduciIIg hydrostatic uplift prcgure. FEMA also prOYid=
outlines of otber methods such IS the usc of impcnious e:uto~

prcuure relief systems, and anchorage to reduce hydrostatic
uplift pressmu. BOCA speci6es none of the above but relics
upoa a system designr4 by a registered professional engineer OJ

arc:hitcct.
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fEMA-1Q2

Chapter IV C f1oodproofiDg
Utilitic5

Recommendation; None

FEMA-IQ2

BOCA Codes

2101.6.5
210l..6.8

BOCA Codes

ADam

The requircmCD1s of FEMA and BOCA are similar. FEMA
describes prcsaiptiYe approa~ to protecting IltiJjtiCS, and
BOCA rdics upon the design of a professional engineer or
arc:hitcct to ac:hicvc the desired rcsulu.

ADatyW

Appendix B GI06SalY Article 2 BOCA docs DOt contain the terms in Appendix B of FEMA,
with the accption of "bac:kf1ow preYCDlcr" and "structure",
BOCA's definition of "bac:kt1ow preYCDlcr" is similar to FEMA
but FEMA defines "st:rue:ture" as a walled and roofed building
(or tank) and BOCA's definition is "that which is built or
c:onstrw:tcd.•

Recommendation: None

FEMA-1Q2

AppcndUD
FloodproofiDg
Performance
Criteria
B. Design Loads

BOCA Codes

1102.0
11093
1109.4
2101.6.1
2101.63.2
2101.6.43
210l.6.6
2101.6.11

Apem

FEMA dcscribcs in detail the loads on a structure caused by
floodwatc:n. BOCA provides information for determining the
appropriate SDOW, live, wiDd, aDd seismic loads, but docs not
addrca the caJndation of floodwater loads.

Recommendation: FEMA should prOYidc data for determining floodwater depth and YC1oc:ily for usc in hydrostatic andhydrodyDamic load caJndatiODS. If DO such data exists, a research effort should be undertaken to establish such data asthe basis to dcYelop specific hydrodynamic design loads for incorporation into the model codes.
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fEMA-l02

AppendixD
Performance Criteria

Recommendation: None

BOCA Codes

Article 11
2101.63.2
2101.6.43
2101.6.5
2101.6.6
2101.6.8
2101.6.11

An.,
FEMAaddresses load combinations and coastruetion techniques,
as well as designing for the effects of floodwaters. FEMA
requires that amtinUOWi lighting and operation of other
emergency equipment be made .available in some sttue:tures
during and after a flood. FEMA provides specific performance
ai1eria for all building systems, BOCA relies upon a design
prepared by a registered professional engineer or architect.
BOCA stipulates th.a1 the equipment must be above the BFE or
if below, than it must be designed to resist the flood waters and
remain operational Both FEMA and BOCA require the
sanitary sewer system to be designed to prevent sewage from
di5cbargiDg during a flood.



Dgigp Manual for Retrofitting Flood Prgpc Strue::tures CfEMA-ll41

fEMA-114

3.5 E1cvarion 0Dt0 Emndcd
Foundation System

BOCA Codes

1112.3.
1113.4
1109.3
1206.1
2101.6.3.2
2101.6.4.3

FEMA stales that footings and foundations shall be able tewithstand the loading due to flOQding This may necessitate the
existing found.tion to be upgraded. TbC foundation should be
YCIllCd with 1 square inch of openiDg for every square foot (\1
Ooor area of the enclosure. Foundations shall also have ..
rodent barrier, e:uendcd backfill and in some cases, breakaway
walk. FEMA doe5 not differentiate between the A:7ODe
requirements and V -zouc rcquircmems. BOCA states that
foundations shall be designed for all loads impo&ed on the
found·tion Section 1109.3 states that all foundatioDS and
footiDgs subjCClCd to water pressure sball be designed for uniform distributed uplift equal to the full hydrostatic pressure.

Recommendation: FEMA requires a revision to clarify wbcD openings to equalize flood walers are required (A zones)versus breakaway walls (V zones).

FEMA-114 BOCA Codes
3.12 Technical Design Criteria 1109.4
- Extended Wall Foundations 1500.1

Recommendation: None

FEMA requires walls to be e:uendcd to provide the necessary
resistance to flood waters impacting elevated walk. Bonding of
c:ztCDlioDs to czjsting walls rcq~ a clean wall surface which
is free from dirt, debris and 100Ie particles. Hydrostatic and
hydrodyDamic impact and dead loads shall be amsidered.
BOCA ScdioD 1500.1 BOCA refc:renccs the c:oncrcte sta 'd,
AC 318 and 1109.4 requires elevated structures and compok"'ats
to be designed to resist hydrodynamic forces in A or V Zones.

FEMA-114

3.13 Tedmica1 Design Criteria
- Anchorage ofSupcrstrueture
to Foundation

BOCA Codes

2101.6.3.2
2101.6.4.3
1703~11

!tp's

Anchor bolts of a lIT diameter with a muimum spacing of 4
feet and an embedment depth of 18" are required by FEMA.
BOCA', embedment depths lie S- (concrete) and lS" (grouted
masomy). Tbc total reac:tioa force due to hydrostatic,
hydrodyaamic an4/0ll impact loads must be transferred throughancbor bolts into the supporting system. FEMA permits
t:JPInAoa aDdIon u a equivalcal mC&DI of andwrage. BOCA
includes performance criteria which req~ the anchors toreUIt fIoatatioa, coI1apIc or 1alcral movemCDl. HOWCYer,
BOCA', andwrage provisioo for wood specifics that the
andwrage must resist wind uplift and the muimum spacing is
8 feet.

Recommendation: BOCA should revise the proYisioDS of Section 1703~11 to referc:ac:c the design as being capable ofresisting both uplift and lateral forces due to flooding (and wind). Sec also FEMA-54 - Pier Foundation CoDDCCtiODS.
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Recommendation: NODe. Differences between FEMA and BOCA tal are due to prescriptive requirements versus
performance requirements which resul1 in comparable levels of performanc:e.

•

••
•

•

•

e_
•

FEMA-114 BOCA COOes

3.14 Technical DCIip Criteria l2120
- Open Foundatioal 12l3.o

FEMA-114 BOCA COOes

6.1, 6.2, 6.3 120Ll
1203.1
1109.4

Recommendation: None

FEMA-114 BOCA COOCS

6.5 Technical Design Criteria 1109.4
1102.1

Analysis

FEMA dcfiD.cs piers as vertical structural memben with a height
to least-lateral dimension of less than 3. Columns, defined b)
FEMA. have a height to least lateral dimension of 3 or more.
Piles are defined as long sleDder structural members embedded
to support loading. BOCA doeS Dot define the terms and the
height to the thickness ratios prescribed by BOCA for piers arc
used to design the structural element in accordance with the
referenced concrete or masonry standard.

ApaMi:;

FEMA specifics that a floodwall is to be designed based on the
type of flooding apectcd, erosion potential, powble obstructions
and impact on flooding of adjacent property. Accordingly,
closUlCS must be c:onsttue:ted and drainage shall be provided for.
Also, FEMA stales that floodwalls shall have a water COllectiOD
system and the soil should be evaluated for it's ability to support
the loads imposed and seepage. BOCA also requires a soil test
and docs not specifically state floodwalls as an option but relics
OD a designed system to resist the loads.

BuildiDg Code Requiremen15 for Concrete Masonry Structures
&: ACI 531-70 are listed as standards in FEMA. This section
also includes many design considerations for the design of
floodwa&. BOCA relics on the 1988 edition of ACI S30 and
docs not prOYide specifics but rather relies OD a designed system
to witbstlnd the loads.

•
Recommendation: F'EMA should update to the latest referenced standard for masomy. ACI S30/ASCE 5-88.

•

••
•

FEMA-l14

7.1 and 7.2
OOSUlCS

RecommeDdation: None

BOCA COOes

1109.3
1109.4
12Z3.1

FEMA cites that closUlCS (temporary or permanent) are used
for openings such as doors and windows. BOCA Sections
1109.3,1109.4 and 12Z3.1 require buildings to be constructed in
areas wbcrc flooding occurs to resist the hydrostatic and
hydrodynamic loadings but docs not require prcsaiptive
requiremen15 for the openinp
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FEMA-114

73
Low Profilc Pcrmancnt
Cosurcs

Recommendation: None

BOCA Codes

1109.3
1109.4
1223.1
1224.4

FEMA requires that permanent floodwa1ls be buill to protec
various opcninSC in the building. Tbcae f1oodwa11s shall be buil
of brick or COIlc:rcte ud be CODSl:rUClCd t:igbI to the sttucture.
SeaJants may also be required for seepage. BOCA stales thaJ
the walls apo&cd to po65ibl.e hydrostatic pressure condition:
shall be waterproofed with two-ply hot-mopped felts not les
than 6 mil. polyvinyl cbloridc, 40 mil polymer modified asplW.,
6 mil poiycthyleDc or an approYed material. BOCA docs DOl
require clo6ures for the openinp but if provided, the dc&ip 0;
the wall would be based on the bydrostatic and hydrodyD.am.U
forces in accordanc:e with aa:cptcd engineering princip~

FEMA-114 BOCA Codes
7.4 Oosure materials and 1109.3
Construction 1223.1

1109.4
1224.4

Recommendation: None

FEMA-114 BOCA Codes

7'[) Tecbnical De&ign Criteria 1109.3
1223.1
1109.4

Recommendation: None

FEMA requires that the construction of closures for openings
are required to resist the flood pressures incurred. The closure
should be made watertight through the usc of neoprene uc"
rubber. See Section 73 for BOCA analysis.

FEMA stipulates that the c:1oIurc must resist bydrc:..--4ic,
bydrodyDamic and impact loading Formulas for stress and
main Ire provided. In addition the Plywood Design
Specification was c:ilcd as a rcfcrcncc. See Section 73 for
BOCA analysi&.

FEMA-l14

8.1 and 8.2
ScaJ,nk

BOCA Codes

1224.0
1109.4

Apam

F'EMA stiles that based on an iJm:atiptioD from the U.s. Army
CorpL of Enginc:er5, buildinp may tend to float or structural
clements buckle if COIIIttUdCd ofbrick or masonry and the Oood. depth iI 2-3 feet. Impact loads cauaed from debri5 should also
be emPetered in addition to uplift loading. BOCA docs DOtidcDbfy paten';"J problem ICCIWios but rather rclics on a
designr4 system.
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FEMA-114

8.3 SealingT~

Remmmendation: None

FEMA-114

8.40osures

ReaJmmendation: None

FEMA-114

8.5 Design details

Remmmendation: None

FEMA-114

8.7 Technical Design Criteria

Remmmendation: None

FEMA-114

9.1, 9.2, 9.3, 9.•
Protection of UtiIibca

ReaJmmendation: None

BOCA Ovie

1306.1
1ZZ4.o
1109.4

BOCA Codes

1109.3
1109.4
1ZZ4.o

BOCA Codes

11093
1109.4
1ZZ4.o

BOCA Codes

1ZZ4.5.2
1202.0
l222.O
1500.0

BOCA Codes

2101.6.5

FEMA dc&aibcs the propel' COIIIUUCtion for waterproofing brick
faced walls. FEMA also describes the possible uses of
polyurethanes Drainage systems are also dcsaibed. BOCA
docs not prOYidc any sealing techniques but rather~ on a
designed system. .

FEMA states that clOiSW'CS used for retrofitting typically include
a waterproofing gasket in conjunction with a reinforced door
jamb. Shields can also be used for windows. BOCA docs not
provide prc&aiptjve methods for c:oasttuetiDg closures but rather
rclic5 on • designed system.

Analy$

FEMA cites studies of the performance of block walls under
hydrO&tatic pressure and indicates the need for a structural
engineer to design the system. Again BOCA requires all designs
to be done through accepted engineering practice.

Ap.!yW

FEMA stales that existing bascmeDls may require additional
rciDforc:iDg when subjected to the forces of soil and water.
Foundation walls consisting of conacte shall conform to the
requirements of AO 318. Anchorage of the foundation as well
as cIraiD.IF systems should be uaIyzcd by an engineer. BOCA
requires fOUDdalion walls to be designed to resist the imposed
loads aDd also mCI'CDCCS AO 318.

Aplly$

Both BOCA and FEMA discuss precautions required to prcvcn1
d.mlge to utilities such as gas and clcctrical service. Such
tee:hDiqucs include inst.lIation of utility connections above the
flood lc\'Cl Utililics within the buildiDg basement may be
shielded with floodwalls or suspcudcd from platforms.
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fEMA-114 BOCA Codes

9.5 Utility Relocations to 2101.6.5
Existing Space

Recommendation" Nonc

fEMA-114 BOCA Codes

9.6 Utility ReJoc:atious to New 2101.6.5
Space

Recommendation· None

FEMA stales that relocation of the utililics is another optionwhich the homeowDCr may take. This would also be an option
under BOCA but is not stated as such.

ADam

FEMA indicates that utilities may be stored in an elevated room
if there is not an area within the residence which is available.
This would also be an option under BOCA as well but is not
staled as such.

FEMA-114

10.4 Floating Structures

Recommendation: None

fEMA-114

Appendix C
Forces

Recommcndatioao None

BOCA Code

None

BOCA Code

1109.4

FEMA identifies a unique type of 5t:rUctUral approach to
floodproofing - a floating structure. This strue:ture is permitted
to rile and fall with the floodwatcn but is restrained from lateral
mOYClllcnL Utility counec:tions are made with flexible
counections BOCA docs not indicate provisions for this type of
structure but as a performance code, this would be permitted as
apprOYCd by the code official.

ADem

FEMA provides design equations for hydrostatic pressure,
buoyucy. hydrodynamic pressure, etc.., coupled with CDJDples.
BOCA relics OIl a design system in accordanc:e with ac.cepted
cngincc:ring principles
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AlluyiaJ fans: Hannis and Man,mneDl CFEMA-l6S)

Recommendation: BOCA does not currently address floodiDg due to alluvial fans, per se, which oc:c:urs mostly at the base
of mountain fronts in the Western United States (as stated on page 1 of FEMA-l65). Because alluvial fan flooding has
DOt~ showD to bI; a rc:1cVllDl problem in areas govcmcd by BOCA. it is recommended that. DO c:bange be made to
the National Codci.

•

.-
•

•

•

••
•

•

· -

••
•

FEMA-l65

P.lO #6 Wmdowsand
Doors

BOCA Code

2101.6.4
2101.6.42

I
FEMA recommends that windows and doors DOt be used on the
uphiIl side of the structure; but. if they are, they should be
reinforced to strengthen resistance against debris and I
hydrodynamic forces. BOCA does DOt contain specific
requirements for alluvial fan flooding. but this type of flooding is
usually included in high-hazard zones (V Zones). BOCA I
requirel that spacea below the base fiood c1cvation arc not used
for human occupancy and must be constructed to allow the walls
and partitioDs to break away UDder the forcea of wind and water I
loads.

I

I
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Manual for the Construction of Residep,tial Basements in NOR..£geS') Flood Epyirgpments CMCRB)

MCRB

1ll.A.1 UnrcinfOl'CCd
block

BOCA Code

11093
1009.4
1222..0
Article 14

ADaJy:sis

FEMA provides a general desa:iption of umeiDforced masonr
basement walls (8"-10" thick) and also recommends they a.'lly bused for -minimal loadings.- BOCA includes requiremCDls fo
these walls (monar, minimum thickness, etc.), references AL
5JO/ASCE-88, and requires a system designed to resist imposerloads.

Recommendation: FEMA should reference the masonry design standard, AO 530/ASCE-88 and should reconsider it:recommendation that masonry be used 0D1y for -minimal loadings- when the system is properly designed.

MCRB

DLA.2 Reinforced and
grouted block

BOCA Code

11093 .
1109.4
1222..0
Article 14

FEMA provides a general description of reinforced masonrbasement walk. See Analysis to MCRB mAL .

Recommendation: See MCRB Section Ill.A.L

MCRB BOCA Code
IIIJ\3 Unreinforced concrete 11093

1109.4
1m.D
Article 15

FEMA provides a general description of unreinforced conaetl
basement waDs (8"). BOCA includc5 requirements for these walls
(reo admixtw'c5, plac:iDg. etc.). references AO 318.1-" n(
requila a designed system. .

Recommendation: FEMA should reference the plain conaetc design standard, AO 318.1-89.

See Analysis to MCRB IIIJ\3. Additionally. BOCA references
AO 318-89.

MCRB

mA4 Reinforced c:onacte

BOCA Code

11093
1109.4
1m.D
Artidc 15

Recommendation: FEMA sbouId reference the reinforced concrete design standard, AO 318-89.

MCRB

mAS Stonc,c:ribbiDg and
planking

BOCA Code

11093
1109.4
12Z2.2.4

FEMA ackDowIcdgcs the past use of rubble Slone but does notprovide ailcria for use. BOCA requires a designed system.

Recommend·tjm· Noac
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.- MCRB BOCA Code

III.A.6 Treated wood 1109.3
fu~~ 1109A

1207.3

FEMA indicates a lack of data for wood foundations under
flooded c:ooditious. BOCA references NFoPA TR7 for wood
foundation systems.

Reoommendation; FEMA should review the referenced standard NFoPA TR7..g"/ to deicrmine applicability to flooded
conditions.

• MCRB BOCA Code Anatysis

IILA.7 Variations of 1109.3 FEMA summarizes the ditIerenccsfbenefit of partially reinforced
foundations 1109.4 .masonry, ~einforced masonry, plain cona-ete and reinforced

l222.0 CODa-etc. BOCA requires a designed system.
Article 14

• Article 15

Recommendation: None

MCRB BOCA Code Aplty$

III.A.8 Excavation and 1109.5 FEMA provides general guidelines for excavation and backfilling• backfiUipg 1201.1 Both FEMA and BOCA require the fo~dation to be below the
1202.1 fr06t depth and the soil to be capable of supporting the loads.
l2OS.1
1206.1
1206.2-_ Recommendation: None

MCRB BOCA Code Aplty$

mA9 Formwork 1505.0 Both FEMA and BOCA require the formwork to be designed
and constructed to withstand the imposed loads and to prevent
leakage of cement paste.

• Recommendation: None

MCRB BOCA Code Aplty$

m.B.l Basement slab 1109.3 FEMA c:itc5 a 4- c:oocrcte &lab thickuCS5 for basement slabs and
1S09.1 ac:kuowIc:dgcs the use of 3- uul less. FEMA also cites the use

• (but docs not mandate) wire mesh. BOCA requires a 3~· slab
thickucss with DO requirement for mesh but would require the
slab thicbcss to be \'Crificd as adequate if subjected to
hydrostatic pressure&.

Recommendaticm: None

•

••
•
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MCRB BOCA Code

m.B.2 Struc:tural basement 1109.3
slab 1509.1

Recommendation: None

FEMA requires a 6 inch slab with rebar for "undrained systems"
and 4 inch slab with wire mesh for "drained system.s." BOCA
docs not include requirements for a "drained" versus "undrained"
systems but rather relics on a desjgned system to resist

. hydrostatic loads.

MCRB

m.B.3 Footing

Recommendation: None

MCRB

m.B.4 Underdrain system
(sumps and pumps)

BOCA Code

1109.3
1109.4
1206.1
1209.3

BOCA Code

1109.3
1109.4
1224.0

FEMA cites a typical wall footing as 8 by 16 inches and
stipulates a depth below frost. BOCA requires a minimum 6
inches thickness for single family houses with the width based on
the allowable bearing prCS5Ul'C. BOCA's 6 inch minimum would
require the footing thickness to be verified as adequate if
subjected to hydrostatic pressures. BOCA also requires a depth
below frost.

Apalysis

FEMA cites the benefits of a "gravel collector" adjacent to the
bottom of the foudation wall but docs not require drain rile.
FEMA states that rile, if used, should be 4".(i" in diameter with
opc:Il joints or perforated pipe. FEMA requires an adequate
outlet (51IIIlP, sewer, gravity, etc.). BOCA requires a gr i
water table inw:sriprion. If hydr06t.atic pressure will not o..-.a,
BOCA requires "dampproofing" and cites dampproofiDg
materials and the need for a foundation drain. If hydrostatic
pressure cDsts, BOCA requires "waterproofing" and cites
watcrproo6Dg ma1cria1s. It should be noted that in flood prone
areas, BOCA requires the residential basement to be above the
BFE if used for human oc:cupancy and therefore the provisions
for dampproofing and waterproofing arc only intended to abate
the hazards of ground water.

Rccommend1tiou: The FEMA MCRB Manual disc:usIcI the cIcsip and amstructioD of residential basement walls
subjected to hydrostatic and hydrodyDamic loads (Le. below the BFE). The BOCA code docs not permit the water·
resistant design option for residential Ib'DetUrcS with floors usable for human occupancy below the BFE-this option is
acceptable for aIluscs CD:Cpt f'CIidenrill FEMA NFIP 44 CFR 60.3 (c)(2) also requires "residcntjal strueturCL.(mcluding
basements) to be cIcvatcd to 01' abo9c the base flood 1cYcL"-unIcu a variance is granted in accordance with NAP 44
CFR 60.6. Therefore, FEMA should clarify the usc of the MCRB with respect to residential basemcDls used as
occupiable spaa:L

MCRB BOCA Code

m.B.5.. Ground surface 12242
slope-site investigation

Recommendation: None

ApI_

FEMA and BOCA require an evaluation of the ground water
table.



•

•• MGRB BOCA Code

m.B.5.b GradiDa aDd mrfac:c 1224.8
drainage

FEMA requires the grade to be sloped 6 in.c:hcs in 10 feet from
the basement wall and splash blocks (3 feet) to direct rain water
from downspouts. BOCA also requires drainage from the
foundation but docs DOt prescribe the slope or details.

•

•

Recommendation: NODe

MGRB

m.B.6 Seepage quantities

Recommendation: None

BOCA Code

122453 FEMA coDtaiDS a typical flow analysis procedure to size the
sump and pump. BOCA requires the drainage system to
discharge into an approYCd system but docs DOt provide a basis
for the design. See also Analysis of BOCA National Plumbing
Code.

FEMA requires penetrations to be pressure scaled and utility
services (c:xccpt water and sanitary sewer) to enter the bouse
aboYe the BFE. BOCA requires service utilities to be above the
BPE or protected and capable of resisting the imposed loads. See
also Ana1ysis of BOCA National Plumbing Code.

BOCA Code

1224.43
210L65
210L6.8

BQCACode

Article 15

m.B.7.a Penetrations

MGRB

Recommendation: None

MGRB

m.B.7.b Cracks and joints FEMA states problems of concrete aac:king due to shrinkage
and areas of stress conc:cntratioDs. FEMA contains
recommendations to reduce aa~ limiting slump, types of
agreptc, placement, consolidation, air entraining admi:llurcs,
curiDg. reinforcement, and joints (control, isolation and
CODStnICtion). BOCA relics on a reference to ACI 318-89, and
referenced standarck for cemCDl and aggregate (see Analysis to
FEMA-S4, pages 94-95). BOCA prcscribcs f'~ air entraiDmeut
foc freeze thaw oaIy, maiDg requiremeDlS, cunng requirements,
c:ooacte aa:cptancc criteria. cover to reinforcement, etc. BOCA
docIlIOt include requirements for control or isolation joints - this
is left up to the designer.

Recommendation· FEMA should CODSider referencing the applicable standards for concrete.
•

•

•

••

•
"
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MGRB

ULB.7.c WatcrproofiDg

Recommendation· None

MGRB

llLB.8 Plumbing subsystems

Recommend'tion: NODe

.MGRB

llLB.9 Anchorage

BOCA Code

NODe

BOCA Code

2101.6.5
2101.6.8

BOCA Code

1109.3 .
1109.4
2101.6.3.2

Ap.Mjs

See Analysis to Sections llLB.4 and ID.B.6

ADalysjs

F'EMA recommeuds a sump pump size. FEMA and BOCJ..
require plumbing materials to be capable of rcsistiDg the load.~

and require back 60w prcvcution. See ADalysis to BOCA
Natioaal Plumbing Code.

ADalysjs

FEMA provides an eDIIlple for dctcnJ:aining the forces due te
flood waters and requires the structure to resist such forces.
BOCA also requires adequate anchorage bw provides DO

c:DIIlpic.

Recommendation: See MCRB Section V.B.L

MGRB BOCA Code

ID.B.10 Concrete c:oostructiou 1504.0
practices

Recommendation: See MCRB Section llLB.7b

ADalyW

Both FEMA and BOCA provide requiremCDts for placement 01
ccaaetc although FEMA's prOYisioas are more in geoeralterms
while BOCA provides dcfiDiljyc specific requirements.

MGRB

llLB.11 Block CODStrUetiou
practices

BOCA Code

Artide 14 FEMA provides general requirements for masonry construe:tion
while BOCA references AO-S30/ASCE S. Both FEMA and
BOCA require citbc:l type M or type S mortar.

Recommendation: See MCRB Scctioa IILA.L

MCBB

m.C.l.a-Ld Soil loads

Recommend'tiou' None

BOCA Code

1109.3
1109.4
12OL1

FEMA provides guide1ines for soil classification (sand, silt, clay)
to dctermiDc 1Ileral pI'CSSIII'ea and iDdudes a dc:sigD CDDlple.
FEMA also ac:baowJcclps eJ:P8DPYe soils., permeability and
saturatioa of soil but proridcs DO aitcria. BOCA only requires
a soils report to determine the properties of the soil in order for
tbe designer to 'otiripate the conditions of use and design
accordiDgly. -

A-58



Recommendation: FEMA should review the caJadations rdabYc to the indusioIl of live load in buoyancy considerations.

•

••
•

•

•

••
•

•

•

••
•

MCRB

W.c.Le Erosioa

Rcoaaunendatioo·Nonc

MCRB

W.C.U Backfill

Recommendation: NODe

MCRB

In.c.2 Water table

Recommendation: None

MCRB

W.c.3 Superstructure loads
and buoyancy

MCRB

W.C.4.d Flood~

Recommendatioa: Noac

BOCA Code

1224.8

BOCA Code

1109.1
l20Ll
1m"

BOCA Code

Noac

BOCA Code

1102.1
1104.1
1106.0
1107.0
1109.3
1110.0
1111.0

BOCA Code

1109.4

FEMA addresses the use of vegetation and proper drainage to
avoid er05ion. BOCA also requires mC&SUl'C$ to be taken to
prevent soil erosion but does not provide criteria.

FEMA discusses the different types of soil materials - clays.,
cohesionless soils, and cohesive soils as they relate to lateral
earth~ FE.MA prOYides presumptive design equivalent
fluid weights for differen.t soil types. BOCA requires soil testing
and the tell results to be used in the determination of the
appropriate equivalent fluid weight. It should be noted that the
empirical foundation wall requirements in BOCA are based on
a muimum eqWvalcnt fluid weigbl of 30 pd.

FEMA re1atc5 the water table to soil stressc&.

FEMA provides a design CDDlple to calcu1ale the gravity load of
the dwdling on the supporting soil (superstructure and
basement) and compares this load to the force of buoyancy due
to tIac water table. This is used to determine the anchorage
requirements for buoyancy. BOCA does not provide examples
but rather relies on a designed system. Upon cursory review of
the FEMA design CDJDple, it would be considered
1IIIalII&CI'YUi to include live loads (10 pd' first floor) in the
buoyancy calrnJations due to the fact that these loads may not
always be preacnl wbic:h may lead to an UDCOnservativc
aadIonF design.

FEMA and BOCA require flood vdoc:ity waten to be considered
in the design.
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MCRB

m.C.4oe SeAimem

BOCA Code

2101.6.5
2101.6.6

Apalysis

FEMA cites the problems caused to contents and equipment due
to flood water-dcposited sediment. BOCA requires placement 0

mechanical and electrical systems above the BFE or to be
protected. BOCA includes a general requirement for buildings to
be constrw::ted of materials resistant to flood damage. _

Recommendation: None

MCRB

m.C.41 Rate of rise

BOCA Code

1102.1
11093
11009.4
21OL6.3.2

Apaty:sis

FEMA recommends that rate-of-risc information be considered
in the design. BOCA does not specific:ally acknowledge tJili
consideration but this would fall under the general requirement
for a design to resist Bondjng

Recommendation° None

BOCA Code

1102.1
11093
1109.4
2101.63.2

MC&B

m.C.4.g Hydraulic relations FEMA cites design considerations of flood water velocit)'
erosion, sediment, depth, and watershed hydrology. BOCA does
not specifically acknowledge these considerations but this would
fall UDder the general requirements for a design to resist
flooding

Recommendation: FEMA should study the conditions of flood water YClocity, erosion, sediment, depth, and watershed
hydrology in order to provide a comprehcD.sivc set of requiremeDls for inclusion in ASCE 7.

MCRB BOCA Code

m.c.s Debris, wind, impact, Article 11
snow, ice, and other live loads 2101.6

FEMA states that the desjgDs indicated in the manual would not
be effedcd by conditioas of "wind, snow, ice and other live
Ioads-, but debris aDd impact may be severe. The manual does
Dot addrcu debris considerations. BOCA requires all structures
to be evaluated for allloadjng conditions.

Recommendation° The basis for FEMA', assertion that loads other than impact and debris wiD not "appreciably alter the
desigDs recommended" requires sub.tantiation. Additionally, the manual takes the position that debris is not considered
but other documents sud1 as FEMA-S4 (pages 69-70) aDd FEMA-SS (Section 4.1.3) require this type of loading to be
evaluated. FEMA Deeds to clarify the effect this bas on the use of the manual.

MCRB BOCA Code; An,.

V.A.2.a BuilcIiDa model, 12Z3.2
dimensions aDd Icwting

FEMA presents a classic model of equivalent fluid design as
applied to foundation walls. BOCA requires that walls be
desigD'"4 to resist the pressure of the retained material.

Recommendatjono NODe
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•

•• MCRB BOCA Code

V.A.2.b Strue:tIIra1 analysis 1223.2
model

Recommendation· None

FEMA presents a calodation method for calodatiDg the lateral
load capacity of a residential basement wall. BOCA requires
calculations without specifying the method of calculation.

V.A.2.c Structural plain 1m 2 2
CODaete 1223.2

Recommeudation: See MCRB Section Ill.A.1.

Recommendation: See MCRB Section Ill.A.4

•

•

•

••
•

MCRB

Rc:amuneudation: None

MCRB

V A.2.d Reinforced conaete

MCRB

VA.2.e Plain masonry block

MCRB

BOCA Code

BOCA Code

1223.2
1500.1

BOCA Code

1m??

1223.2
1400.2

BOCA Code

FEMA presents tabular values for plain conaete basement walls..
BOCA provides a prescriptive method for sizing basement
foundation walls of plain conaete for unbalanced heights up to
7'..(J' with a muimum equivalent fluid pressure of 30 pc!, beyond
either parameter walls must be designed by structural analys.is.

ApalyW

FEMA presents tabular values for ultimate strength design of
reinforced conaete basement wall&. BOCA requires walls to be
designed to resist the imposed loads. BOCA requires structural
members of reinforced CODaete to be designed in accordance
withAO 318.

FEMA prDYides a calodatiou method and design values drawn
from the 1970 UBC and NCMA TEK 34 respectively. BOCA
presaibes the size of a masoory basement wall with up to 7' of
unbalanced hcigb1 and 30 pc! muimum equivalent fluid pressure.
Beyond those parameters Section 1223.2 requires calculations
based on masonry design stresses in accordance with AO 530.

Apa.

•

•

••
•

V.A21 Reinforced masonry 1223.2
N~ 1400.2

Recommeudalicm: Sec MCRB Section DLA.1.

FEMA provides a calculation method and design values for
reinforced masonry block walls. BOCA requires such walls to be
designed to resist the imposed loads and relies on design stresses
contained ill the referenced staDdard, AO 530.



MCRB BOCA Code

V.A.2.g Flood waters aboYe U09.3
grade 1223.2

Recommendation: None

FEMA contains an analysis of 1alcra1 loads imposed by floo
water above grade 1cvcl in additioo to soil loW. BOCA require
the design to the resist loads, which spec:ific:ally include
hydrostatic loads due to flooding See Analysis to MCRB Sec:tiOI1ll.B.4. .

MCRB

V.A.2.h Slab thickness

BOCA Code

11093
1223.2

ApaMjs

FEMA provides an analysis of the slab thickness necessary tc
resist buoyancy loads. BOCA requires design to resist hydrostatil
loads.

Recommendatioo· FEMA presents an oversimplified view that a 6 inch thick reinforced slab is adequate (rebar size aniplacement not described). FEMA should either provide a series of prcsaiptM design soluti9ns for a br d range 01conditions or simply require structural calmlations in aa::ordanc:e with the CWTeD1 edition of AC 318-89.

MCRB BOCA Code

V.A.2.i Strue:tural slab design 1500.1

Recommendation: See MCRB Section IDA4.

ApaMjs

FEMA provides a derivation of a structural floor slab design to
resist hydrostatic loads. BOCA references AC 318-89 for
structural slab design.

MCRB

V.B.1 Weir bel load

BOCA Code

11093
1224.4

Apam

FEMA usumcs muimum head of S ft. aboYe floor eleva... _..J 011basement waDs. BOCA requires that structural components resistall hydro5tatic loads. See Analysis to MCRB Section m.B.4.
Rcrommendatioo· FEMA should provide a comprehensiYe list of hydrostatic design loads for inclusion in ASCE 7.

MCRB

V.B.2Buoyancy

BOCA Code

11093
l224.4

FEMA discuSICS the S ft. muimum assumed head as a "practic.al
eut-off." BOCA simply requires design to resist anticipated
buoyucy loads for each specific project under consideration. See
Analysis to MCRB Section m.B.4.

Recommendation: Sec MCRB Section V.B.1

MCRB

V.B3 Slab bcnctina

BOCA Code

1109.3
1500.1

FEMA desaibes the usumpboa that the span length of the slab
is limited to ~ the width of the house. BOCA requires a slab
design in aa::ordanc:e with ACI 318-89 to resist imposed loads.

Recommendation: See MCRB Scctioa IDA4.



V.B.5 Water infiltration 1224.4
protection

•

••
•

•

MCRB

V.B.4 WaD loada

MCRB

Recommendation: None

MeR»

BOCA Cask

1l09.3

BOCA Code

BOCA Code

FEMA states that a hydroQ.atic load is assumed to be acting on
walls. BOCA requires walls to be designed to resi.st all
hydrostatic loads. See Analysis to MCRB ~on m.B.4.

FEMA states the need to pre't'CDt water infiltration in basements.
See Analysis to MCRB Section m.B.4.

•

V.B5.a Drained or sump 1224.5
system 1224.6

1224.7

Recommendation: None

F'EMA diac:uSI~ the draiDcd ~ BOCA pTO't'idcs
requirements for subsoil drainage systcDis, foundation drainage,
placement of backfill and site grading. Sec Analysis to MCRB
ScctioD m.B.4.

MCRB BOCA Code Apa1y$

••
V.B.5.b UndraiDcd or barge 1109.3
system 1224.4

Recommendation: None

FEMA describes details of water-tight basement c:onstruction.
BOCA requires proper st:ru.e:tural design, penetration protection,
and use of waterproofing materials. See Analysis to MCRB
Sectioa m.B.4.

MCRB BOCA Code

• VII. Allowable bearing 1201.3
pressures

Recommendation: None

Both FEMA and BOCA provide presumptive soil bearing values.

•

•

••
•

MCRB

vn. Allowable soil pressures
beneath footings

Recommcnd.tjcwr Noac

BOCA Code

120U
1201.3
l202.1

FEMA provides soil pressures as a function of footing design and
SIJI'CIwF. BOCA provides presumptive bearing values or
requires soil testing to detcnniDc the actual bearing values.



MCRB BOCA Olde

VIILA.2.a Soil ad water 1m , ,
loading

Recommendation: None

FEMA provides a table containing the weight of saturated soil
types. BOCA stales where equivalent fluid weight of soils exceeds
30 pet, foundation walls shall be designed by analysis.

MCRB

VIII.A.2.c Waterproofmg
systems

Recommendation: None

MCRB

VIIl.A.2.d Wall design

Recommendation: None

MCRB

VIILA.2.e Slab design

Recommendation: None

MCRB

BOCA Code

1224.4
1224.5
1224.6
1224.7

BOCA Code

11093
1224.4.2

BOCA Code

1224.4.1

BOCA Code

ApalyW

FEMA illustrates drained and undrained systems. BOCAc:ontains provisions for either system. See Analysis to MCRB
Section m.B.4.

Ap'lyW .

FEMA illustrates the design of a reinforced masonry block wall..
BOCA requires basement walls to be designed to resist
hydrostatic loads. See Analysis to MCRB Section ill.B.4.

ApalyW

FEMA illustrates slab design. BOCA requires floors to be
designed and constructed to resist hydrostatic loads.

Ap,lyW

VID.B. Ac:ceptable wall 1m 2 ?
designs

Recommendation: None

MCRB BOCA Code
VIll.B.1 Structural plaiD 1m 2 ?
concrete waD

Recommendarim' Sec MCRB Sectioo 1ll.A3.

FEMA provides -design c:uncs- for various wall types which
aDow the determination of the allowable height of hydrostatic
loading BOCA requires walls to be designed to resist the
pressure of the retained sa1UratCd soil.

ApalyW

·FEMA prOYidcl-dcsign c:uncs- for unreiDforced concrete walls.
BOCA requires walls to be designed to resist imposed loading in
aa:orclance with AC 318.1-89.
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•

.- MCRB BOCA Code

VIll.B.2 RciDfon:cd conaete 1500.1
wall

Recommendation: See MCRB Sec:tion nLA.4.

FEMA provides "design CUJ"Y'CS" for reinforced concrete walls.
BOCA requires design in acoordance with AO 318.

VIILB.3 Unreinforced 1400.3
masonry block wall

Recommendation: See MCRB Section nLA.l

VIll.B.4 Rcinforced masonry 1400.2
block walls

•

•

MCRB

MCRB

BOCA Code

BOCA Code

FEMA provides "design c:u.rvcs" for unreinforced concrete
masonry walls. BOCA refercnc:cs AO 530.

Ap,1yW

FEMA prOYides "design cunoes8 for reinforced concrete masonry
walls. BOCA referenc:cs AO 530. .

Recommendation: See MCRB Section mA.2.

•

••

MCEB

VllLB.5 Buoyancy wall

Recommcndation: None

BOCA Code

1109.3
1224.4.2

Analysis

FEMA provides illustratiYc cumples of walls designed to brace
the basement floor slab against hydrostatic loads. BOCA requires
the slab to be designed to resist such loads, which could include
consideration of the mitigating effects of such supplemental
structural elements. See Analysis MCRB Section m.B.4.

•

MCEB BOCA Code

vm.C. Reinforced concrcte 1224.4.1
slab

Recommendation: None

Ap,m

FEMA prOYides 8design c:unes- for undrained system floor slab&.
BOCA requires design for imposed loads.

•

•

••
•

MCRB

VIn.D.l Control joinls

Recommendation· None

BOCA Codc

1224.4.3

Apam

FEMA provides details of wall and floor control joints. BOCA
requires all joints and penetrations to be water tight. Control
joints (if uy) arc loc:alCd at the discretion of the designer.
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MCRB BOCA Code Apatysjs

VIII.D.2 Sump pump 1224.53
undcrdrain FE.MA provides details of typical underslab drainage SUDljdetails. BOCA requires an approved draiiJ..age system compl)'in..

with the BOCA National Plumbing Code. See Analysis to BOCANational Plumbing Code.

Recommendation: None

MCRB BOCA Code
VIII.D.3.a Waterproofed 11093
undrained slab and wall 1224.4
system

FEMA provides illustrations of design details of undrain~
basement wall and floor systems. BOCA requires waterproofing
and design to resist imposed hydrostatic loads. See Analysis tc
MCRB Section nLB.4.

Recommendation: None

MCRB BOCA Code

VIII.D.3.b Waterproofed 1224.5
drained slab and wall system

FE.MA provides illustrative details of drained slab and wall
systems. BOCA requires dampproofing in conjunction will
sub&oil drain.agc systems. See Analysis to MCRB Section ill.B.4

Recommendation: None

MCRB BOCA Code
vm.D3.c Slab/wall footing 210L63.2
juncture

FEMA provides details of connections between slabs, f Jgand wal1L BOCA requires strw::tural systems to be dCSIgDC(
CODDeded and anchored to resist Ootation, collapse, or laterlU
mOYClDCDt.

Recommendation: None

BOCA Code

1109.4

MCRB
•

HydrauliclHydrol<5icManual

LB.4 Flood Velocity FEMA offers an analytical method for computing velocity loach
OIl ItnICtUJ'CS based OIl a wiDd load analogy. BOCA requir~
deaip to resist hydrodynamic loads.

Rccommendatioa: FEMA slIould develop a table of hydrodyDamic loads for inclusion into ASCE 7.



• !

.- MCRB BOCA Code

HydrauliclHydrgIgcjs;Manu.aJ

•

•

•

.-
•

•

•

• -
•

I.B.5 Sediment

Recommendation: None

2101.6.6
2101.6.5

See ADalysis to MCRB Section m.C.4.e.
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Terbpic:al Standards Bulletin CFEMA 85-1>

FEMA &S-1

1D1cntional
internal flooding

Recommendation: None

FEMA 85-1

Protediongoals

Recommendation: None

FEMA 85-1

Struc:tural features

Recommendation: None

FEMA 85-1

BuildiDg activity
and USC

Recommendation: None

FEMA 85-1

FOUDdatiOQS

Recommendation: Noac

BOCA Code

2101.63.2
2101.633

BOCA Code

2101.633

BOCA Code

2101.63.2
210L633
2101.6.5
2101.6.6

BOCA Code

2101.633

BOCA Code

2101.63.2
1109.4

Apam

BOCA Ii. FEMA both provide for cvaluatioD of pressure by
allowiDg for the entry and ail of.flood walen.

AMm

BOCA provides for the eqnaHzarion of hydrodynamic forces and
protedioo of mechanical and clcc:trical systems and water
resistant materials, as d0C6 FEMA. FEMA also speaks to
protection of CODlCDlS which arc outside the scope of the BOCA
Code&.

Ap'm

In addition to the above, BOCA provides for foundation
anc:bonge to resist flood load&. FEMA considers all the above as
well as rcferenc:iDg specific materials which can be aca:pted
under their ten.

Apam

BOCA limits spaa:s below base flood elevation to uses not
iDwlviDg human occupancy. FEMA says to consider the usc of
such spaces carefully as they arc designed to be flooded.

BOCA requires fOUDdations to be deeigncd to resist
hydrodyDamic and buoyancy forces, as docs FEMA.



•

.- fEMA 85-1 BOCA Code

Cavity wall 1109.4
construetioD 2101.4

2101.6.6

Recommendation: None

• FEMA &5-1 BOCA Code

Solid waD 1109.4
construction 2101.4

2101.6

BOCA requires design to resist hydrodynamic loads. FEMA
requires careful detailing of wall assemblies to mitigate effects of
flooding

Same as above, except FEMA emphasizes surface deterioration
due to freeze-thaw action on porous surfaces.

• Recommendation: None

•
FEMA &5-1

Interior walls

BOCA Code

1109.4
2101.4
2101.6

Same as aboYe

Same as aboYe

BOCA Code

2101.633
2101.6.6

BOCA Code

2101.633
2101.6.6

Recommendation: None

BOCA makes DO ezplicit provision to evaluate finishes intended
to be periodically submerged. FEMA requires finishes to
withstand immersion for 160 houn without damage.

Recommendation: Add pedormance based teu to Section 2101.6.6 to reflect the FEMA requirement.

IDterior wall finishes

FEMA &5-1

FEMA 85-1

Floors
•

••

Rcrommendation: None. 1bc precr.ding I'CCOIIlDlCDdatioa will proWle the needed correlation.

•

•

FEMA &5-1

Ceilings &. Roofs

BOCA Code

2101.63.2
2101.633

FEMA requires water-resistant finishes, relief vents and
anchorage of the roof structure. BOCA docs not provide
speci6caDy for relief venting of air trapped by rising Dood walers,
but geacral provisions of 2101.63.2 require design to resist.ill
strueturalloads and stresses resultiDg from Dooding.

Recommendation: None

••
•



FEMA 8S-1

BuildiDg Em-clopc
PCDCtratioDs

Recommendation: None

FEMA 85-1

E.1cd:rial System

Recommendation: None

FEMA 85-1

HVAC

Recommendation: None

BOCA CgdG

2101.6.3.3
2101.6.6

BOCA Code

2101.6.5
2700.3

BOCA Code

2101.6.5

FEMA requires materials to resist flooding and high bumidi~
Additionally, FE.MA addresses needs for protective saeens 0
impact resistant glazing and YCD1S in multiple glazed windows
BOCA provides general. performance based tat in 2101.6..
which speaks to the OYCrall issue.

Analysis

FEMA essentially desires that the portion of the electrical systen
subject to flooding be designed for same. BOCA references th,
NatioDal Elcctrica1 Code which, in turn, provides cletaik
requirements for "wet Iocations.-

Anam

FEMA requirc& HVAC equipment to be e1evaled above the bas..
flood level as docI BOCA. BOCA also requires the due...insulatioD to be clcvatcd above the base flood elevation. See also
ADaIysis of BOCA Natioual Mecbanical Code.
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IS;hpica1 Standards BoDetin CFEMA &5-2)

•

••
•

•

•

••
•

•

•

• •
•

fEMA &5-2

Flood Forces

Recommendation: None

FEMA &5-2

Openings Design Criteria

Recommendation: None

BOCA Code

1109.3
1109.4
2101.6.3.2
2101.6.3.4

BOCA Code

2106.3.3
107.4

FEMA addresses hydrostatic, hydrodynamic & buoyancy forces,
as does BOCA.

FEMA requires two opening-; with a total area not less than 1
square inch for every square foot of enclosed arca subject to
flooding to equalize pressure as docs BOCA. FEMA and BOCA
would a1s(> permit an apprOYed a.ltenwive design. BOCA also
rcq~ the design to be performed by a registered professional
architect or engineer.
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Teshpjcal StAndards Bulletins CfEMA-&5-31

FEMA 85-3

Wand and Water Forces

BOCA Code

1109.4
1112.0
2101.6.4.2

FEMA references ANSI ASS.!, 1982 for wind loads. BOCA
refCl'CllCCS ASCE 7,1982, the same clocumeD1 by another name
FEMA requires break-away walls to resist wind loads but fail iJ
response to combined wind and hydrodynamic loading. BOCI
requires all struc:tures to resist such loads cxc:ept for c:oastal high_
hazard zones where break-away walls are permitted.

Recommendation· Modify Section 1109.4, "Hydrodynamic loads- to reference Section 2101.6.4.2.

FEMA 85-3

Recommendation: See above

FEMA 85-3

Design Considerations

BOCA Code

1109.4

BOCA Code

1m.1
1109.4
1213.1
1213.4
1213.5
1213.6
1214.6
1400.2
1400.3
140L11
1102.1
1703.2
1802.1
2101.6.4.2
2101.6.4.3

Ap'tym

FEMA provides specific aitcria for evaluating ~eak-away"
walls. BOCA requires sttuetural clements be designed to resisl
hydrodynamic loads cxc:ept in c:oastal high-hazard flood zone:.
where break-away walls are required to resist wind loads but not
wind and wau:r loads acting simultaneously.

Apatym

FEMA addrcac& the materials and connectOl'5 used in break
away wa11& and provides specific details. FEMA also add..- --cs
the effects of -scour" on embedmeD1 depth for piles, use of Jc
beams and orient,tion of floor beams/joists relative to directiOIl
of force from wayc action as well as bracing of piles,
as docs BOCA. BOCA prtMdes for the structural analysis of all
structural elements including break-away walls, but does nOl
provide for specifics of break-away waD action or design., relyina
on professional certification of the adequacy of such designs

RcrommCDdatioa; Sec I'CCOIIlIDCDdatjon for Wand and Water Forces. Additionally, please Dote that the 8th SCDteDce UDder
~ walls- ill 85-3 is probably iDmrrcct for most coaditions This ICDtence stalcs -Once the pins fail, the wall will
caDtilcYer with tile reinforcing ban at the bottom of the wall, providing additioDal resist'nce to failure until the wall',
capacity is re........ • What is more likdy, is that a load sufficient to cause the failure, in shear, at connecting pins at the
top of the wan. CD be c:zpccted to result in an immediate failure, in be::nctin& It the bottom. We therefore recommended
this statement be ddrted or modifjccl
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Technical Standards Bulletin CFEMA 88-11

•

.-
•

•

•

.-
•

•

•

••
•

FEMA 88-1

Wmd design staDdards &
the NFIP

Recommendation: None

BOCA Code

1112.3.1
1113.0
2lOL6.l
210L6.3.l
210L6.4.1
210L6.4.3
210L6.4.2

FEMA rcstrie:ts construction in areas subject to 100 year flood (1
percen.t chance per year). FEMA requires elevation of the lowest
horizontal structural member above base flood elevation in
c:oastallUgh-hazard flood :zonc:s. FEMA requires consideration of
the simultaneous effect of wind and water loads in such areas,
relyiDg on ANSI ASS.!, 1982 to determine wind loads. BOCA is
consistent with these provisions. FEMA does not address the
resistance of strue:tures to seismic loads. BOCA requires seismic
loading appropriate to geographical location to be considered.
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TerhnjcaJ SlaDdards Bulletin CFEMA 88-2)

fEMA 88-2

Flood Residant Materials

BOCA Code

2101.6
2101.6.6

FEMA provides for the reYicw of all permits for CODSttUdion w
a flood mue as well as requirements for flood resi$tanl
CODStrudion, 50 does BOCA. FEMA defines "flood rcsistan'
materiar and provides a preJimiNry list of materials c1assjfied as
to their perc:civcd resistance to the effects of flooding. BOCAaddresses this material evaluation by referencing appliGablc
material staDdards for certain c:oDStruction materiak.

Recommendation: FEMA should conduct the necessary research to indiate in 88-2 which of the materials referencedby Section 2101.6.6 of the BOCA National will "withstand direct and proioagcd contact with flood waters withoutsustainjng significant damage. The aiteria by which significant damage is assessed is especially important to establish.Such information can then provide a technical basis for propolCCi changes to the model c:odc5 which will establish aregulatory basis for requiring flood damage resistant material. Modify 2101.6.6 to add a pedonnance aiterion for floodresistant materials such as referenced under -what Constitutes Flood Damage Resistant Material" in ~2.
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ICj£hgjcaJ Standards Bulletin CFEMA 88-3)

Obstructions attached to but 2101.6.3.1
outside the building perimeter

•

.-
•

•

•

.-

FEMA 88-3

Lower area obsttudioos

Recommendation: None

FEMA 88-3

Obstructions outside the
perimeter of the coa.stal
building

Recommendation: None

FEMA 88-3

BOCA Code

2101.6.4.1
2101.6.4.2
2101.6.4.3
2101.6.11.3

BOCA Code

210L6.4.2
2101.6.4.3

BOCA Code

AgaiyW

FEMA prohibits elements of the structure located below the
BFE except for slabs, pile caps., and bracing and except as
specifically ana1yz.cd and certified" by a professional e~r or
archi1ec1. BOCA is entirely consistent with these provisions.

FEMA discusses the effect of potential obstructions adjacent to
buildings on the hydrodynamic loads which such buildings must
be designed to resist. BOCA simply limits such adjacent
structures to incideDUl storage of portable or mobile items
readily mOYed in the eYeDl of a storm. BOCA requires pilc:s to
be adequately embedded to resist combined water and wind
loads despite scour of soil strata surrounding the piling.

FEMA states that any "c:onstruetion item" such as a swimming
pool, deck, or accessory structure attached to a coastal building
must be above the BFE or constructed with non-supporting
break-away walls. BOCA permits only means of egress, incidental
storage and parking to be localed below the BFE. Attached
structures must either be inci.deDlal storage readily moved in the
event of a storm or constructed of break-away wa.lJs and
partitions.

•

•

•

••
•

Recommendation: None
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Ieebnjc:aJ StaDdards Bulletin CFEMA 88-4)

FEMA 88-4 BOCA Code

Protection of cIeva10r 2101.6.5
equipmCDl in Dood hazard
areas

FEMA recommends that eleva10r equipmCDl be located aheM:
the BFE or be water-resistant Further, elevators should be
interlocked to ensure that the cab-automatically stays above.000
water. BOCA requires all mechanical/electrical equipment'to b
placed above the BFE or protected to prevent water CDleriDg th..
equipmCDl or system during Ooods up to the 8FE.

Remmmeudatiorr Add a subsection to 2606.2 "Emergency operation of elevators" to require elevators to automaticafr
move to a predetermined level above the BFE in the eYCDt of floodjng



Ierbpical Standards Bulletin (90-2>

•

.-
•

•

•

••
•

•

•

••
•

/

FEMA 90-2

NFIP rcquiremcDts for
below grade parkiDg
garages in flood hazard
areas

Recommendation: None

BOCA Code

2101.6.3.4
2101.6.4

Apalysis

FEMA generally does Dot permit below grade garages in flood
hazard areas. Below grade parking is Dot permitted in V -zones.
Similarly, floodproofiog is not permitted in V-ZODes. B~low
grade parking is permitted in A-ZODCS for DOD-residential
buildings provided the building is floodproofed to the BFE.
FEMA permits enclosed parking areas under rcsideDtial and
DOD-residential structurcs elevated 00 piers or piles as long as
endosingwalls are designed as break-away walls. BOCA likewise
docs Dot permit residential uses below the BFE, but specifically
docs provide for garages. BOCA prescribes the options of flood
proofing or break-away walls.
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Tesbpical Standards Bulletin (90-3)

FEMA 9Q-3

NOD-rcsidcDtial flood
proofing c:crtifjcation
rcquircmCDlS of the
National Flood Insurance
Program

Recommendation: None

BOCA Code

11093
1109.4
2101.6.L1
2101.63.1
2101.63.2
2101.63.4
2101.63.5
210l.6.S
21OL6.6
210L6.8
21OL6.11

ApalyW

FEMA requires flood :zones to be dctcrmiDcd by the flood
insurance rate map. FEMA pormils flood proofing of non·
residential uses only. Such strue:tUrc:s must resist hydr05lati~ &DC

hydrodynamic loads which are specified. FEMA require'
protection of utilities (plumbing. mechanical. electrical).
Professional certification is required. BOCA is consistent will:
these requirements.
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Ic;rbpjc:al Standards Bulletin (90-4)

-•

.-
•

•

FEMA 90-4

In.da)Jation of manu
factured homes in special
flood hazard areas

BOCA Code

120.4
6203.1
210L6
2101.63.2
210L6.43
2101.6.5
2101.6.7
2101.6.9

FEMA requires manufactured (mobile) homes to be placed 51

that the lowest floor is either above the BFE., or placed on 36
piers (above grade), or in an existing park.. FEMA~
various foundation/anchorage methods and speaks to soil bearinj
capacity and proper embedment of piles to resist scour. FEW
requires that any enaoachments into a floodway be cenificd tha
such enaoachment would not raise the BFE. Such provision:
which presaibe acceptable land use are outside the scope of the
BOCA Code. BOCA requires manufactured housing to be
designed and buili to resist the same flood forces as site built
which docs.JW( provide for 36" piers and/or placement below the
BFE for residential occupancies..

•

••
•

•

•

••
•

Recommendation: To aeate separate and CODflicting performance requirements for factory-built structures simply because
they arc not constructed on-site is contrary to BOCA's code development history and resulting policy on this maner.
Therefore, DO recommendation is made to c:arry FEMA's separate treatment of manufactured housing into BOCA code
text. Recommendation is made however, to revise BOCA Code Section 6203.1 to refer to flood forces and/or reference
Section 2101.6.7 of the BOCA Code.
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BOCA NATlONAL'FlRE PREVENTION CODE COMPARISON
FEMA-54

P. 93 BuildiDg Materials

BOCA Codes

F-2806.4
F-2806.8

FEMA identifies that corrosion protecti()l! is required for
structures coDStructed of steel. BOCA requires corrosioD
protection and also includes the ,reference standards (STI sliP,
or ULC S603.1-M) for protedion of underground tanks. , .

Recommendation· See BOCA National Bui1din8 Code Comparison recommendation to FEMA-54 - Building materials..

FEMA-102

Appendix D Part (6d)

Recommendation: None

BOCA Codes

FEMA requires fuel tanks to be aboYe the design flood level or
anchored and protected to resist floodwater (buoyancy, velocit)
and impact) forces. The anchorage system must have a safet)factor of 1.5 against flotation. BOCA requires anchorage to
resist hydrodynamic and hydrostatic forces also.

44 CFR S9.~ 60.3 and 60.6, FEMA-SS, 85, 114, 165, Manual for the Construction of Residential Basements in NonCoastal Flood Environments and the Technical Standards Bulletins do not include provisions which require corr' ' ')Dwith the BOCA National Fare Prevention Code
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•• BOCA NATIONAL MECHANICAL CODE COMPARISON

Elevated Resjdcntj,J Structures CFEMA-54)

•

•

FEMA-54

P..93
Utilities and Mechanical
equipment

Recommendation: None

BOCA Code

M-30L1.2
M-30S.4
M-703.1
M-805.6
M-806.2
M-906.4
M-907.2

BOCA provides for flood-proofing of plenums, underground
duets., piping, underground tanks and fuel oil equipment. FEMA
requires HVAC equipment to be elevated above base flood level
as does BOCA. See also analysis to BOCA National Plumbing
Code.

MapufActwed Home InstallatioQ in flood· Huard Areas CF"EMA-85l

•

••
•

FEMA-85

Chapter IV Additional
Design Considerations

Recommendation: None

BOCA Code

M~.1

M-703.1
M-805.6
M-806.2
M-906.4
M-907.2

Both FEMA and BOCA require that mechanical and plumbing
systems be protected from exposure to floodwaters or designed
to resist floodwater forces.

TCiGbnjcal Standards Bulletins CFEMA 85-11

•

•

FEMA-8S-1

HVAC

Recommendation: None

BOCA Code

M-30L1.2
M-30S.4
M-703.1
M-805.6
M-806.2
M-906.4
M-907.2

ADalyW

BOCA provides for ftood-proofiDg of plenum&, underground
duets., pipiDg, underground tanks and fuel oil equipment. FEMA
requires HVAC equipment to be elevated above base flood level
as docs BOCA. BOCA docs not provide for 'pop-out-panels" to
allow prcasures to equalize in duets subject to flooding, requiring
instead prohibition against water entering or accumulating in the
system.

••
•

44 CFR 59.1, 60.3 and 60.6, FEMA-5S, 102, 114, 165 and Manual for the Construction of Residential Basements in Non
Coastal Flood Environments do not include provisions which require correlation with the BOCA National Mechanical
Code
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BOCA NATIONAL PLUMBING CODE COMPARISON

Elevated Rc::sjdqttjaJ Strnc:twg (fEMA-54>

FEMA-54

P.93
Utilities and Mechanical
EquipmCDl

Recommend'tion: NODe

BOCA Code

P-D.6
P-SOO.6
P~

P-ll063
P-1502.3
P-1604.8
P-l604.9
P-160S.1

ApaMis

FEMA states that sanitary~ and on-site waste clliposa
systems should be designed to preYCDl sewage or waste fro_
dischargiDg chuiDg a flood or tank from bec.oming buoyant
BOCA emt,ins gcncra1 performance criteria which mandate
proteetioD for all pipiDg, taDks and equipmCDt.

Manufactured Home IpsaJJgtion in flood Huard Areas Cf'EMA-&S.l

FEMA-85

Chapter IV D
Additional Design
Ca1Sideratiom

Recommendation: NODe

BOCA Code

P-D.6
P-SOO.6
P~

P-1502.3
P-1604.8
P-l604.9
P-l6OS.1

FEMA states that waterproofiDgjoints and connections and using
bac:ldlow prevcaters for an piping beneath the design Oood level
may be auessary, aDd to coasu1t local code&. BOCA req~

that all pipiDg aDd joints be designed to resist hydrostatic ane
hydrodynamic forces. Wells for potable water must have covers
and c:asiDp which are Iocaled 1 foot above the bas . )()..
c1eYatioD or are sealed to rc&i&t flood forces.

flpodproofipi Non-resideptial Struc:twes (fEMA-1Q2)

fEMA-l02

Chapter IV C
FloodproofiDg Utilities

Recommcad,tjm· Nolle

BOCA Code

P-D.6
P-500.6
P~

p.1106.3
P-1502.3
P·1604.8
P·1604.9
P·l6OS.1

Apam

FEMA stiles that walerprOO6DgjoiDu and CODnections and using
badr1Iow prew:aten for all piping beneath the design flood level
may be auessary, aDd· to consult local code&. BOCA requires
that an pipiDg joiDl5 be designed to rcaist hydrostatic and
hydrodyDamic forces. Wells for potable water must have covers
aDd c:asiDp whicl1 are located 1 foot above the base flood
cJevatioa or are scaled to resist flood forces.
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fEMA-I02

Appendix D
Pedormance Criteria

Recommendation: None

BOCA Code

P-308.6
P-SOO.6
P~

P-1106.3
P-l502.3
P-l604.8
P-l604.9
P-160S.1

ApaMis

FEMA states that sanitary sewer and on~si.te waste disposal
systems should be designed to prevent SCWIge or waste from
discharging during a flood. Systems that must remain in
operation during a flood should be provided with a holding tank
to aa:ommodate 150% of the demand. Potable water supplies
should be designed to prevcDI contamination from floodwater.
Bac:kflow prevention should be provided for potable water lines
and storm and sanitary sewer lines. BOCA l'eQuires all piping
and joiDls to be designed to resist hydrostatic and hydrodynamic
flood forc:cs. RequiremeDlS are similar for wells used to provide
potable water.

Manual for the Copstrudion of ResideptiAl Basements in Non-Coas1;al flood Enviropments (MCR8)

•

.-
•

•

•

•-
•

MCEB

m.B.5.b Grading
and Surface Drainage

Recommendation: None

MCEB

m.B.6 Seepage
quantities

Recommendation: None

MCEB

m.B.7a Penetrations

Recommendatima: Noae

BOCA Code

P-80Ll

80CA Code

P-804.2
P-804.3

BOCA Code

P-308.1
P-308.6
P-309.1
P-500.6
P.(,()2.6
P-1502.3

FEMA requires the grade to be sloped 6 inches in 10 feet from
the bascmCDl wall and splash blocks (3 feet) to direct rain water
from dowDspouts. BOCA also requires drainage from the
foundatjon but docs not prescribe the slope or details.

FEMA contains a typical now aDa1ysis procedure to size the
pump and sump. BOCA requires a designed system with input
from the sump pump manufacturer.

FEMA l'eQuircs pcuetratiODS to be pressure sealed and utility
scrW:cs (ezc:ept water and sanitary sewer) to eDIer the house
aboYe the BFE. BOCA requires sleeved peDCtrations with
approved caulking. BOCA requires the piping to be capable of
resisting the imposed loads.
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MCBB

m.B.8 PIUlllbiDa
subsystem5

RecommeudatioD.: NODe

MCBB

VIU.D.2 Sump pump and
UDderdraiu

RecommeDdation: NODe

BOCA Code

P-308.6
P-309.1
P-SOO.6
P~

P-804.2
P-8043
P-1OO3.2
P-1502.3

BOCA Code

P-804.2
P-8043 .

Api.

FEMA requires bac:i:flow nlYca at saaitarY sewer ou:
BOCA requires that all pipiDg and joints be designC'
hydroswic and hydrodynamic forces. BOCA's requir
backwater valves is Dot a functioD-of fiood prone areas
a gcu.cral requircmeut for backwater valves to be iDstaJ
fDturcs arc subject to bac:i:flow from the public SCWl'

Aptym

See MCRB ScdioD nLB.6.

44 CFR 59.1, 603 and 60.6 FEMA-SS, 114, 165 and the Tedmica1 Standards Bulletins do Dot include provisicrequire correlatioD with the BOCA NatioDal PlumbiDg Code.



•• BOCA NATIONAL PROPERTY MAINTENANCE CODE COMPARISON

Coastal Cmstrnaioo Manual (fEMA-55>

•

•

FEMA-55

4.3.8 Maintenance

Recommcndation: None.

BOCA Code

PM-302.0
PM-302.1

, PM-302.3
PM-601.4

Both FEMA and the BOCA National Property Maintenance
Code require structural members to be maintained free of
deterioration, enerior walls and roof to be weatherproof.
chimneys to be in good rcpair, windows to be free of aacks, and
mechanical equipment to be maintained in safc working
condition. BOCA does not require yearly inspections (as does
NFIP) but rather provides the code official with the authorization
to inspea when deemed appropriatc.

floodptoofing Nop-Residential Struqwes "(fEMA-I02)

•
FEMA-I02

floodwall Maintenance

Recommendation: None

BOCA Codc

PM-302.3 Both FEMA and BOCA require that structural members be
maintained to properly resist the design loads.

••
•

•

•

••
•

44 CFR S9.~ 60.3 and 60.6, FEMA-54, &5, 114, 165, Manual for the Construction of Residential Basements in Non
Coastal F100d Environments, and the Technical Standards Bulletins do not include provisions which require correlation
with the BOCA National Property Maintenance Code.
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APPENDIX B

COMPARISON BE1WEEN TIIE SBCCI STANDARD CODES
AND TIIE NFIP STANDARDS AND TECHNICAL GUIDELINES

37



•

••
•

•

TABLE OF CONTENTS

Standard Building Code/NFIP (Regulations for Floodplain Management
~d Flood Hazard Identification) :.......... B-1

Standard Building Code/Elevated Residential Structures (FEMA 54) B-4

Standard Building Code/Coastal Construction Manual (FEMA 55) . . . . . . . . . . . . . . . . . . . . . .. B-9

Standard Building Code/Manufactured Home Installation In Flood
Hazard Areas (FEMA 85) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-26

Standard Building Code/Floodproofing Non-Residential Structures (FEMA 102) . . . . . . . . . . . .. B-29

Standard Building Code/Retrofrtting Flood-Prone Residential Structures (FEMA 114) . . . . . . . .. B-33

Standard Building Code/Manual for the Construction of Residential
Basements in Non-Coastal Environs (MCRB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-37

Standard Building Coderrechnical Standards Bulletin: Foundation
Wall Openings, No. 85-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-48

•

••

Standard Building Code/Alluvial Fans: Hazards and Management (FEMA 165)

Standard Building Coderrechnical Standards Bulletin: Wet Floodproofing No. 85-1

Standard Building Coderrechnical Standards Bulletin: Breakaway Walls, No. 85-3

B-36

B-45

B-49

•

•

•

••
•

Standard BUilding Coderrechnical Standards Bulletin: Wind Design Standards
and the NFIP, No. 88-1 B-50

Standard Building Coderrechnical Standards Bulletin: Flood Resistant Materials,
No. 88-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-51

Standard Building Coderrechnical Standards Bulletin: Free of Obstruction
Requirements in Coastal High Hazard Areas, No. 88-3 B-52

Standard Building CoderrechnicaJ Standards Bulletin: Protection of Elevator
Equipment in Flood Hazard Areas. No. 88-4 B-53

Standard Building Coderrechnical Standards Bulletin: NFIP Requirements for Below
Grade Parking Garages in Flood Hazard Areas, No. 90-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-54

Standard Building Coderrechnical Standards Bulletin: Non-Residential Floodproofing
Certification Requirements of the National Flood Insurance Program, No. 90-3 . . . . . . . . . . . .. B-55

Standard Building Coderrechnical Standards Bulletin: Installatio.n of Manufactured
Homes in Special Flood Hazard Areas, No. 90-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-56

B-i



TABLE OF CONTENT'S CONTlNUED

Standard Mechanical Code/NFIP (Regulations for Floodplain Management and Flood
Hazard Identification) B-57

Standard Mechanical Code/Elevated Residential Structures (FEMA 54) . . . . . . . . . . . . . . . . . .. B-58

Standard Mechanical Code/Coastal Construction Manual (FEMA 55) B-60

Standard Mechanical Code/Manufactured Home Installation In Flood Hazard Areas
(FEMA 85) B-61

Standard Mechanical Code/Floodproofing Non-Residential Structures (FEMA 102) B-62

Standard Mechanical Code/Retrofitting Flood-Prone Residential Structures (FEMA 114) B-64

Standard Mechanical Code/Alluvial Fans: Hazards and Management (FEMA 165) . . . . . . . . . .. B-66

Standard Mechanical Code/Manual for the Construction of Residential
Basements in Non-Coastal Flood Environs (MCRB) B-67

Standard Mechanical Code/Technical Standards Bulletin: Wet Floodproofing No. 85-1 B-68

Standard Mechanical Code/Technical Standards Bulletin: Foundation Wall Openings,
No. 85-2 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-69

Standard Mechanical Code/Technical Standards Bulletin: Breakaway Walls, No. 85-3 B-70

Standard Mechanical Code/Technical Standards Bulletin: Wind Design Standards
and the NFIP, No. 88-1 B-71

Standard Mechanical Code/TechnicaJ Standards Bulletin: Flood Resistant
Materials, No, 88-2 B-72

Standard Mechanical Code/TechnicaJ Standards Bulletin: Free of Obstruction
Requirements in Coastal High Hazard Areas, No. 88-3 B-73

Standard Mechanical Code/Technical Standards Bulletin: Protection of Elevator
Equipment in Flood Hazard Areas, No. 88-4 B-74

Standard Mechanical Code/Technical Standards Bulletin: NFIP Requirements for
Below Grade Parking Garages in Flood Hazard Areas, No. 90-2 B-75

Standard Mechanical Code/Technical Standards Bulletin: Non-Residential Floodproofing
Certification Requirements of the National Flood Insurance Program, No. 90-3 B-76

Standard Mechanical Code/Technical Standards Bulletin: Installation of
Manufactured Homes in Special Flood Hazard Areas, No. 90-4 B-77

B-ii



•

.-
•

•

•

••

TABLE OF CONTENTS CONTINUED

Standard Gas Code/NFIP (Regulations for Floodplain Management and Flood Hazard
Identification) , '.......... B-78

Standard Gas Code/Elevated Residential Structures (FEMA 54) B-79

Standard Gas Code/Coastal Construction Manual (FEMA 55) B-81

Standard Gas Code/Manufactured Home Installation In Flood Hazard Areas (FEMA 85) B-82

Standard Gas Code/Floodproofing Non-Residential Structures (FEMA 102) . . . . . . . . . . . . . . .. B-83

Standard Gas Code/Retrofitting Flood·Prone Residential Structures (FEMA 114) , B-85

Standard Gas Code/Alluvial Fans: Hazards and Management (FEMA 165) B-87

Standard Gas Code/Manual for the Construction of Residential Basements
in Non-Coastal Flood Environs (MCRB) . . . . .. B-88

Standard Gas CodefTechnical Standards Bulletin: Wet Floodproofing No. 85-1 B-89

Standard Gas CodefTechnical Standards Bulletin: Foundation Wall Openings, No. 85-2 B-90

Standard Gas CodefTechnical Standards Bulletin: Breakaway Walls, No. 85-3 B·91

Standard Gas CodefTechnicaJ Standards Bulletin: Wind Design Standards and
the NFIP, No. 88-1 B-92

• Standard Gas CodefTechnical Standards Bulletin: Flood Resistant Materials, No, 88-2 B-93

•

•

••
•

Standard Gas CodefTechnical Standards Bulletin: Free of Obstruction Requirements
in Coastal High Hazard Areas, No. 88-3 B-94

Standard Gas CodefTechnical Standards Bulletin: Protection of Elevator Equipment
in Flood Hazard Areas, No. 88-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-9S

Standard Gas CodefTechnical Standards Bulletin: NFIP Requirements for Below
Grade Parking Garages in Flood Hazard Areas. No. 90-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-96

Standard Gas CodefTechnical Standards Bulletin: Non-Residential Floodproofing
Certification Requirements of the National Flood Insurance Program, No. 90-3 . . . . . . . . . . . .. B-97

Standard Gas CodefTechnical Standards Bulletin: Installation of Manufactured
Homes in Special Flood Hazard Areas, No. 90-4 B-98

B-iii



TABLE OF CONTENTS CONTlNUED

Standard Plumbing Code/NFIP (Regulations for Floodplain Management and Flood
Hazard Identification) B-99

Standard Plumbing Code/Elevated Residential Structures (FEMA 54) B·100

Standard Plumbing Code/Coastal Construction Manual (FEMA 55) . . . . . . . . . . . . . . . . . . . . .. B-1 02

Standard Plumbing Code/Manufactured Home Installation In Flood Hazard Areas (FEMA 85) .. B-103

Standard Plumbing Code/Floodproofing Non-Residential Structures (FEMA 102) . . . . . . . . . . .. B-104

Standard Plumbing Code/Retrofining Flood-Prone Residential Structures (FEMA 114) . . . . . . .. B-106

Standard Plumbing Code/Alluvial Fans: Hazards and Management (FEMA 165) B-108

Standard Plumbing Code/Manual for the Construction of Residential Basements
in Non-Coastal Flood Environs (MCRB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-109

Standard Plumbing Coderrechnical Standards Bulletin: Wet Floodproofing No. 85-1 . . . . . . . .. B-110

Standard Plumbing Coderrechnical Standards Bulletin: Foundation Wall Openings, No. 85-2 .. B-111

Standard Plumbing Coderrechnical Standards Bulletin: Breakaway Walls, No. 85-3 B-112

Standard Plumbing Coderrechnical Standards Bulletin: Wind Design Standards and
the NFIP, No. 88-1 B-113

Standard Plumbing Coderrechnical Standards Bulletin: Flood Resistant Materials,
No, 88-2 B-114

Standard Plumbing CoderrechnicaJ Standards Bulletin: Free of Obstruction
Requirements in Coastal High Hazard Areas, No. 88-3 B-115

Standard Plumbing CoderrechnicaJ Standards Bulletin: Protection of Elevator
Equipment in Flood Hazard Areas, No. 88-4 B-116

Standard Plumbing CoderrechnicaJ Standards Bulletin: NFIP Requirements for
Below Grade Par1dng Garages in Flood Hazard Areas, No. 90-2 B-117

Standard Plumbing CoderrechnicaJ Standards Bulletin: Non-Residential Floodproofing
Certification Requirements of the National Flood Insurance Program, No. 90-3 . . . . . . . . . . . .. B-118

Standard Plumbing Coderrechnical Standards Bulletin: Installation of Manufactured
Homes in Special Flood Hazard Areas, No. 90-4 . . . . . . . . . . . .. B-119

B-iv



•

.-
•

•

•

.-
•

•

•

••
•

TABLE OF CONTENTS CONTINUED

Standard for Floodplain Management/NFIP (Regulations for Floodplain Management
and Flood Hazard Identification) "."., ", ,.,.".... B-120

Standard for Floodplain Management/Elevated Residential Structures (FEMA 54) .: .... ",., B-123

Standard for Floodplain Management/Coastal Construction Manual (FEMA 55) , . .. B-126

Standard for Floodplain Management/Manufactured Home Installation In Flood
Hazard Areas (FEMA 85) , , , , . , . , . , , , , ., B-139

Standard for Floodplain Management/Floodproofing Non-Residential Structures (FEMA 102) . '. B-141

Standard for Floodplain Management/Retrofitting Flood-Prone Residential
Structures (FEMA 114) .....,.............,....,.............................. B-143

Standard for Floodplain Management/Alluvial Fans: Hazards and Management (FEMA 165) B-146

Manual for the Construction of Residential Basements
in Non-Coastal Flood Environs (MCRB) , , , .. , .', , . , , , , .. , , , , B-147

Standard for Floodplain Management/T'echnical Standards Bulletin: Wet
Floodproofing No. 85-1 " B-152

Standard for Floodplain Management/T'echnical Standards Bulletin: Foundation
Wall Openings, No. 85-2 , , , B-155

Standard for Floodplain Management/T'echnical Standards Bulletin: Breakaway
Walls, No. 85-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-156

Standard for Floodplain Management/T'echnical Standards Bulletin: Wind Design
Standards and the NFIP, No. 88-1 B-157

Standard for Floodplain Management/T'echnical Standards Bulletin: Flood
Resistant Materials, No, 88·2 , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B-158

Standard for Floodplain Management/T'echnical Standards Bulletin: Free of
Obstruction Requirements in Coastal High Hazard Areas, No. 88-3 B-159

Standard for Floodplain Management/T'echnical Standards Bulletin: Protection of
Elevator Equipment in Flood Hazard Areas, No. 88-4 , . . . . . . .. B·160

Standard for Floodplain Management/T'echnical Standards Bulletin: NFIP Requirements
for Below Grade Parking Garages in Flood Hazard Areas, No. 90-2 B·161

Standard for Floodplain Management/T'echnical Standards Bulletin: Non-Residential
Floodproofing Certification Requirements of the National Flood Insurance
Program, No. 90-3 , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. B·162

Standard for Floodplain Management/T'echnical Standards Bulletin: Installation of
Manufactured Homes in Special Flood Hazard Areas, No. 90-4 ,.... B-163

B-v



•

.- STANDARD BUILDING CODE (SBC) COMPARISON

NFIP (Regulations for Floodplain Management and Flood Hazard Identification) (44 CFR 59.1! 60.3, and 60.6)

59.1 - Definitions

NFIP contains definitions which only apply to floodplain
management. SBC does not address floodplain management.
This is addressed in the SBCCI Standard for Floodplain
Management.

'209

NRP .

Appurtenant Structure
Base Flood
Breakaway Wall
Critical Feature
Development
Elevated Structure
EXisting Construction
Existing Structures
Flood
Floodplain or Flood-Prone Area
Lowest Floor
Manufactured Home
, OO-year Flood
Storm Cellar
Substantial Improvement

Recommendation: None since NFIP addresses only flood-prone areas.
•

•

•

NFIP

Basement
Building
Structure•••

•

The definitions of "basement" are compatible. The definitions of
"building/structure" are similar but NFIP requires the building to
have walls and a roof while SBC only requires the building to
be used for sheltering its occupancy.

Recommendation: None since NFIP only applies to "enclosed" buildings.

60.3 - Floodplain Management Criteria for Flood-Prone Areas

sac
H105.3

AnII!ysis

NFIP requires manufactured homes to be installed to resist
flotation, collapse, and lateral movement to minimize flood
damage in addition to anchoring requirements for wind. SBC
requires only anchorage for wind.

Recommendation: None linea sac does not address flotation as a force. Appendix H should reference the SBCCI
Standard for Floodplain Management.

NRP

6O.3(b)(8) Manufactured Home
Installations

•

•

•

NRP

6O.3(c)(2) Elevation for Residential
Structures

sac
N/A NFIP requires the lowest floor of residential structures to be

elevated to or above the base flood level in A-zones. SBC
does not address floodplain management. This is addressed in
602. " 604.2, and 800 of the saccI Standard for Floodplain
Management.

Recommendation: None.

• B-'



NRP

6O.3(c)(3) Elevation f()( Non
Residential Structures; Flood-Proof
Walls for Non-Residential Structures

RecOf1Il1IendaJion: None.

NRP

6O.3(c)(5) Flood Openings

RecOf1Il1IendaJion: None.

NFIP

6O.3(e)(4) Pilings

RecOf1Il1IendaJion: None.

NFIP

6O.3(e)(5) Breakaway Walls

Reconunendalion: None.

NRP

6O.3(e)(6) Fill

Reconunendalion: None.

SBC

N/A

SBC

N/A

SBC

N/A

SBC

N/A

NFIP requires the lowest floor of non-residential structures to be
elevated to or above the base flood level or flood-proof the
structure that is below the base flood level. SBC does not
address floodplain management. This is addressed in 602.1
and 604.4 of the SBCCI Standard for Floodplain Management.

Anatvsis
NFIP requires fully enclosed areas below the lowest floor, other
than basements, to be provided with flood openings to equalize
hydrostatic flood forces. SBC does not address floodplain
management. This is addressed in 602.2 of the SBCCI
Standard for Floodplain Management.

NFIP requires structures in V-zones to be elevated to or above
the base flood level and anchored to resist flotation, collapse,
and lateral movement due to the effects of wind and water
loads acting simultaneously. SBC does not address Floodplain
Management. This is addressed in 801.1 and 801.3 of the
SBCCI Standard for Floodplain Management.

AnaJysis

NFIP requires areas below the lowest floor to be free of
obstruction or constructed with nonsupporting breakaway walls,
open wood lattice, or insect screening intended to collapse
under wind and water loads. SBC does not address Floodplain
Management. This is addressed in 801.4 of the SBCCI
Standard for Floodplain Management.

Anatysis

NFIP prohibits the use of fill material to support building within
flood-prone areas. SBC does not address floodplain
management. This is addressed in 801.5 of the SBCCI
Standard for Floodplain Management.
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•

•

•

•

•

60.6 - Variances and exceptions

NAP sac

6O.6(c) (2) (i) Floodproot Walls N/A
6O.6(c)(2)0~ Basement Top of Floor

Elevation
6O.6(c)(2)(ii~ Fill
6O.6(c)(2)(iv) Use of a Registered

Professional
6O.6(c)(2)(v) Building Inspection

Recommendation: None.

NFIP requires the basement area, together with utilities and
sanitary facilities, below the floodprooted design level, to be
watertight with walls that are impermeable to the passage of
water without human intervention. NFIP permits the basement
floor to be up to five feet below the elevation of the base flood.
NFIP permits the area surrounding the structure to be protected
by fill material to or above the elevation of the base flood.
NFIP requires the floodprooting measures to be certified by a
registered professional engineer or architect. NFIP requires the
authority having jurisdiction to verity that the provisions of the
standards are satisfied. SBC does not address floodplain
management. This is addressed in Chapter 4, 600.1, 604.2,
800.2, 801.5, 900.3, and 900.4 of the SBCCI Standard for
Floodplain Management.
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STANDARD BUILDING CODE (SBC) COMPARISON

Elevated Residential Structures (FEMA 54)

SBC

N/A

FEMA54

Posts (Page 68)

AnaIvsis
FEMA 54 addresses the use of wood, concrete. or steel postS
as the foundation to elevate residential structures. General
commentary is made about installation, handling, and lateral
resistance. sse does not address post foundations but does
address pile foundations in 1303 through 1311 and contains
specific requirements for eight types of piles. Pile foundations
are covered on pages 72-75 of FEMA 54.

RecOf1II'Mndation: FEMA 54 should combine post foundations and pile foundations into one section with more
prescriptive requirements.

FEMA 54

Post Embedment (Pages 68-70)

sse
N/A

AnaIvsis
FEMA 54 provides general requirements for hole depth, end
bearing, hole size, and backfilling of posts. sse does not
address post foundations but does address pile foundations in
1303 through 1311 and contains specific requirements for eight
types of piles. Pile foundations are covered on pages 73-75 of
FEMA 54.

RecomJ'7Vndation: FEMA 54 should combine post foundations and pile foundations into one section with more
prescriptive requirements.

SBC

N/A

FEMA 54

Post Anchorage (Page 71) FEMA 54 provides general requirements for anchorage of post
foundations. sse does not address post foundations but does
address pile foundations in 1303 through 1311 and contains
specific requirements for eight types of piles. Pile foundations
are covered on pages 72-75 of FEMA 54.

RecOf1II'Mndation: FEMA 54 should combine post foundations and pile foundations into one section with more
prescriptive requirements.

FEMA 54

Piers (Page 75)

sac
N/A

Anatysis

FEMA 54 describes the suitability of pier foundations and types
of pier foundations which are suitable for the flood areas with
low velocity and minimal erosion. sse does not address
suitability of any type of foundation system.

RecOf1II'Mndation: None.
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SBC

1405.6
1702.2.1

SBC

Chapter 13

FEMA 54

Srick and Concrete Masonry Piers
(Pages 75, 76)

FEMA 54 provides minimum reinforcing, minimum dimensional
requirements, maximum height, spacing, and recommended
shape. FEMA 54 requires the piers to be filled with concrete.
sse bases the height on least dimension and whether the pier
is filled with concrete or not. sse does not require reinforcing.
FEMA permits the maximum spacing to be 8 ft or 12 ft. sse
permits only 8 ft unless an engineering analysis is performed.
Sections 1405.6 and 1702.2.1 of sse is for conventional
construction with light loads and locations in noncoastal areas.

Recon1mLntiatioll.: FEMA 54 and sse are in general agreement, however FEMA 54 provides more detailed requirements.
FEMA 54 should provide reason for 12ft spacing of piers in the direction parallel to the floor joists.

FEMA 54

Concrete Piers (Page T7)

Analysis

FEMA 54 provides a general description and discussion of
poured-in-place concrete piers. FEMA 54 and sse requires
foundations to be based on a structural analysis.

Recon1mLntiation: None since both basically require the foundation to be based on a structural analysis.•

•

•

.-

Analysis

Soth FEMA 54 and sse require the footing sizes to be based
on the properties of the soil.

Analysis

FEMA 54 addresses the use of plywood shear walls and floor
diaphragm to brace piles or post foundations. sse requires
the structure to be of sufficient strength to support the loads
and forces encountered.

FEMA 54 SBC

Pier Footings (Page T7) 1302.4e_
Recorrvnentiation.: None.

FEMA 54 SBC

Shear Walls and Floor Diaphragms 1201

• (Page 79)

Recorrvnentiation.· FEMA 54 should address the use of shear walls and floor diaphragms as a method of bracing bU1
should permit the building designer to choose the method.

e

•

FEMA54

Pier Foundation Connection
(Pages 84, 85)

SBC

1201, 1408.3,
1706.1

Analysis

FEMA 54 addresses anchorage of platform framing
construction to pier foundations. sac requires the structure to
be of sufficient strength to support the loads and forces
encountered. sac addresses continuous wall foundations and
not pier foundation anchorage. Sections 1408.3 and 1706.1 of
the sac is for conventional construction with light loads and
locations in noncoastal areas.

•
Recorrvnentiation: FEMA 54 should provide wind load values or forces for which the anchorage is adequate.

•
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FEMA 54 sac Anatysis

Floor Beams (Page 86, Paragraph 2) 1706.2, 1705.1 FEMA 54 provides a general discussion of built up floor beams,
(nailing, location of splices, and size.) SBC provides more
detail for nailing and location of splices. Chapter 17 of the SBC
is for light frame conventional construction having light loads
and located in noncoastal areas.

ReCCJm11IendaJiofl: FEMA 54 should provide better nailing and splice location requirements.

SBC

1701.2

FEMA54

Cantilevers (Pages 86, 87)

Ana!ysis

FEMA 54 describes a cantilevered beam with general
discussion of why cantilevers are used. FEMA 54 provides a
'rule of thumb' for the length of the cantilever. SBC requires
the design of wood members to conform to good engineering
practice. Chapter 17 of the SBC is for light frame conventional
construction having light loads and located in noncoastal areas.

RecCJm11IendaJion: FEMA 54 should delete the 'rule of thumb' or add better guidance for the design of the cantilever.

FEMA 54

Floor Beam to Floor Joist
Connection

(Page 88)

SBC

1201, 1701.2

Ana!ysis

FEMA 54 requires positive connection between the floor joists
and floor beams with a general discussion of the connection
and connectors. SBC requires the design of the wood
members and their fastenings to conform to good engineering
practice. Chapter 17 of the SBC is for light frame conventional
construction having light loads and located in noncoastal areas.

RecCJm11IendaJion: None.

FEMA54

Figure 4.48, Protective Utility Shaft
(Page 92)

SBC

N/A

Ana!ysis

FEMA 54 requires protection of utility connections. SBC does
not address utilities. This is addressed in 602.5 of the SBCCI
Standard for Floodplain Management.

Recommendation: None.

FEMA54

Mechanical Equipr'l'MWt
(Page 93, Paragraph 2)

sac
N/A

Anatysis

FEMA 54 requires the mechanical equipment to be elevated
above the expected floodwaters. SBC does not address
mechanical equipment. This is addressed in 602.5 of the
SBCCI Standard for Floodplain Management.

Recomnrendatiofl: None.
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.- FEMA54 SBC

Septic Tanks (Page 93, Paragraph 3) N/A

Analysis

FEMA 54 requires septic tanks to be floodprooted to prevent
the tank from rising out 01 the ground as well as to prevent
against discharge 01 effluent. SSC does not address septic
tanks. This is addressed in 602.7 01 the SBCCI Standard for
Floodplain Management.

•
Rtce>ntmendarion: None.

•

FEMA54

Building Materials (Pages 93, 94)

Rtce>ntmendarion: None.

SBC

N/A FEMA 54 requires protection of the building materials which
may be exposed to floodwaters. SBC does not address
exposure to flood waters.

Ana!ysis

Analysis

FEMA 54 addresses the need for galvanization of steel exposed
to the elements to prevent corrosion. SSC requires all
structural members of cold-formed steel to be protected against
corrosion with an acceptable shop coat of paint, enamel, or
other approved protection.

SBC

1703

SBC

1503

FEMA54

Wood (Page 94) FEMA 54 requires wood exposed to the elements to be
preservative treated. SSC requires the wood to be "naturally
durable wood" or "preservative-treated wood."

Rtce>ntmendarion: FEMA 54 should include "naturally durable wood."

FEMA54

I (Pages 94, 95)

Rtce>ntmendarion: None.•

•

••

•
FEMA 54

Concrete and Masonry (Page 95)

SBC

Chapter 14
Chapter 16

FEMA 54 addresses the need to increase the durability of
reinforced concrete and masonry by the use of chemical
additives and coatings. SSC does not address increase of
durability but requires compliance with the appropriate ANSI,
ASTM, ACI, and NCMA standards.

•
Rtce>ntmendarion: None.

•

FEMA54

Insulation (Pages 95, 96)

RtcofTlmendarion: None.

SBC

N/A

Analysis

FEMA 54 addresses the need for insulation on the exposed
floor of an elevated residence. SBC does not address
insulation. This is addressed in the CABO Model Energy Code.
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FEMA54

Glossary (Pages 113-115)

Recorrtrnendarion: None.

ID!9
1209 FEMA 54 contains definitions of terms which are relevant to

floodplain management. SBC references the SBCCI Standard
for Floodplain Management.

FEMA 54 SBC

Performance Criteria (Page 125-135) Chapter 12 FEMA 54 addresses performance criteria used to design
buildings to withstand the design flood (1) without causing
unacceptable risks to its occupants or to adjacent property
owners, (2) without causing unacceptable health hazards to its
occupants, or (3) without sustaining damage of unacceptable
magnitude. SBC requires every building to be of sufficient
strength to support the loads and forces enc,?untered, without
eXCeeding in any of the structural elements, the stresses
prescribed in the Code.

Recorrunendarion: FEMA 54 should include snow and seismic loads. The use of the phrases 'unacceptable risks','unacceptable health hazards', and 'unacceptable magnitude' are too subjective.
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.- STANDARD BUILDING CODE (SSC) COMPARISON

Coastal Construction Manual (FEMA 55)

•
FEMA 55,

4.1 Flood Frequency
(Page 4-1,
Paragraph 4)

SBC

1209 FEMA 55 addresses the wave crest elevation that would be
present during the base (100 year) flood. SBC does not
address floodplain management. SBC references SBCCI
Standard for Floodplain Management.

RecomrrtLndatiol'l: None.

RecomrrtLndatiol'l: FEMA 55 should update reference to ASCE 7-1988.

•

•

••

FEMA55

4.1.1 Wind
(Page 4-1, Paragraph 6 & 7
Page 4-2, Figure 4-1,
Page 4-3, Paragraph 2 & 3,
Page 4-6)

SSC

1205

Analysis

FEMA 55 references the procedures of ANSI A5B.1-1982 for
design wrth particular emphasis placed on elevation of the roof
above grade and high wind pressures at the comers of the
house, at and under roof eaves, and at the peak of the roof.
SBC permits ASCE 7-1988 (formerly ANSI A58.1-1982) to
determine the wind forces but also provides the actual velOCity
pressure (pst), use factors, and coefficients to address the
higher wind pressures at the comers, at and under roof eaves,
and at the peak of the roof.

•
FEMA 55

4.1.2 Salt Air, Moisture, and
Wind-Driven Rain
(Pages 4-7, 4~)

SSC

1703

Analysis

FEMA 55 provides general discussion of the hazards of salt air,
moisture, and wind-driven rain on wood, bolts, nails, and
connectors. SSC requires wood subject to damage from
decay and termites to be naturally durable or pressure treated.
Chapter 17 of the SBC is for light frame conventional
construction having light loads and located in noncoastal areas.

•
RecOf7ImLndatiol'l: SSC should address corrosion.

SBC

12014.1.3 Water, Wav., and Debris
(Page 4~, Paragraph.")

FEMA 55 Analysis

FEMA 55 addresses the impact loads exerted on the piles as
the result in the movement of debris (fences, porches, stairs,
utility poles, etc.) FEMA 55 has provided for the collision of a
300 pound object moving at surface water velocity and
decelerating over a maximum distance of 0.5 ft. SSC requires
the building to be of sufficient strength to support the loads and
forces encountered without exceeding in any of its structural
elements, the stresses prescribed in the Code. SBC also
requires the structural system to be able to sustain local
damage or failure with the overall structure remaining stable.

RecomrrtLndatiol'l: None since both address the issue of damage only from different directions: FEMA - prescriptive, SBC
- performance.••

•
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SBC

1201, 1205

FEMA 55

4.1.4 Effects of Forcee on Higher
and Larger Structur.
(Page 4-9)

Analysis

FEMA 55 discusses the higher wind forces, uplift and
overtuming with respect to the height of the building. SBC
requires bUildings to be of sufficient strength to support the
loads and forces encountered. 1205 of SBC provides velocity
pressures (pst) and coefficients which .ddress the height of the
bUilding above grade.

Recommendmion: FEMA 55 should provide velocity pressures (pst) for varied wind speeds and building height.

FEMA 55

4.2 Construction Materials
(Page 4-9)

SBC

Chapters 13,
15, 16 and 17

FEMA 55 provides a general discussion of the types of
construction materials (wood, steel, concrete) and their use in
the coastal environment. SBC provides requirements for the
use of these materials in any environment. Chapter 17 of the
SBC is for light frame conventional construction having light
loads and located in noncoastal areas.

Recommendmion: None.

SBC

1309

FEMA55

4.2.1.1 Pilings (Wood)
(Pages 4-9, 4-10)

Ana!ysis

FEMA 55 provides general comments on the use of wood
pilings (species and decay resistance). SBC addresses the
ASTM standard, preservative treatment, and allowable stresses
for round timber piles.

Recommendation: FEMA 55 should provide additional information such as ASTM standard preservative treatment and
allowable stresses of timber piles.

FEMA55

4.2.1.2 Main Supporting Members
(Beams, Wood)
(Page 4-10)

SBC

1706.2
Table 1705.1

Ana!ysis

Both FEMA 55 and SBC address the use of built-up beams and
girders. FEMA 55 provides general nailing requirements and
splice location. SBC provides specific nailing requirements and
splice location. Chapter 17 of the SBC is for light frame
conventional construction having light loads and located in
noncoastal areas.

Recommendalion: FEMA 55 should provide more specific nailing and splice details.

FEMA 55

4.2.1.3 Other Wood Construction
Members
(Page 4-10)

SBC

1703.1.1.3

Analysis

FEMA 55 does not require preservative treatment of
miscellaneous wood members but highly recommends it. SBC
requires wood SUbject to decay to be a naturally durable
species resistant or pressure treated.

Recommendmion: None.
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Reco~lUiation: FEMA 55 should list some of the AWPA standards.

.-
•

FEMA 55

4.2.1.4 Wood PreservatiYes
(Page 4-10)

sac
1701.4.6 FEMA 55 requires wood members to be treated to resist insect

infestation, dry rot, decay fungi, and the effects of exposure to
salt air and water and provides general discussions of wood
preservatives. SSC requires wood which is sUbject to decay
and termites to be preservative treated. and provides a list of
AWPA standards.

sac
Chapter 14
Chapter 16

FEMA 55

4.2.2 Masonry Materials and
Concrete
(Page 4-11)

FEMA 55 addresses the general use of masonry and concrete
in the coastal environment. SSC provides reference to ASTM,
ACI, and NCMA standards along with mixing, placing,
formwork, embedded items, details of reinforcing, etc.

Reco~lUiation: FEMA 55 should add references to ACI 318 and ACI/ASCE 530.

•

•

••
•

FEMA 55

4.2.3.1 Aluminum
(Page 4-11)

Rec~lUiarion: None.

FEMA 55

4.2.3.2 Steel
(Page 4-11)

sac
Chapter 28

sac
Chapter 15

FEMA 55 addresses the problem of corrosion of aluminum in
the coastal environment. SSC addresses the use of aluminum
structurally in buildings and references aluminum standards.

Anatvsis
FEMA 55 addresses the problem of corrosion of unprotected
steel shapes and anchoring devices (nails, bans, etc.) and the
need for regular inspection, maintenance, and replacement of
corroded metal parts. SSC requires the design of steel
construction to comply with the appropriate standards. SSC
does not address corrosion in coastal environments.

Rec~lUiarion.· SBC Should address corrosion protection in coastal areas.

•

•

FEMA55

4.2.3.3 Dissimilar .Metals
(Page 4-11)

RecommelUiarion.· None.

sac
N/A FEMA 55 addresses the corrosion which occurs when

dissimilar metals are placed in contact with each other (brass
screws and aluminum frame). SSC does not address dissimilar
metals.

sac
Chapter 134.3.1 Foundations (Design Details)

(Pages 4-11,4·12)

FEMA55 Analysis

FEMA 55 recommends foundation types which are suitable for
supporting elevated structures in coastal high hazard areas.
SBC permits any type of foundation provided it is designed.
This is addressed in 801.1 of the SBCCI Standard for
Floodplain Managemem.

Rec~lUiarion: None since FEMA 55 is 'prescriptive' and SBC is 'performance' oriented.••
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FEMA 55

4.3.1.1 Soil Conditions
(Pages 4-12, 4-13)

SBC Ana!ysis

1302.2, 1302.3 Both FEMA 55 and SBC address the need to determine the
quality of the soil for foundation purposes. FEMA 55 provides
commentary type information also.

RecOfftl1'lendalion: None.

sac
1303, 1304

FEMA 55

4.3.1.2 Piles
(Pages 4-13 to 4-18)

Analysis

FEMA 55 provides general information on types of piles, the
need for sufficient pile embedment, and methods of pile
installation. SBC requires a foundation investigation and report
which will include recommended pile type, driving criteria,
installation procedures, pile load test requirements, durability of
pile materials, and designation of bearing strata.

RecomJ'J1endation: FEMA 55 should emphasize that type of pile, pile depth, and method of installation should be based on
the soils investigation.

FEMA 55

4.3.1.3 Posts f'Nood)
(Page 4-18)

SBC

N/A

Analysis

FEMA 55 explains that wood posts are not recommended in
areas subject to wave forces and/or scour and erosion. SBC
does not address post foundations but does address pile
foundations in 1303-1311.

RecomJ'J1endation: FEMA 55 should combine post foundations and pile into one section with more prescriptive
requirements.

SBC

1201
1405.6

4.3.1.4 Piers
(Pages 4-18 to 4-20)

FEMA55

FEMA 55 addresses the use of piers to elevate structures and
the need for reinforcing and anchorage to the footing in V
zones and coastal A zones. FEMA 55 also provides general
construction guidelines. SBC requires that an appropriate
structural analysis be performed for the piers. SBC provides
maximum height to the least dimension ratio for unreinforced
masonry piers.

Recommendation: FEMA 55 should clarify that the reinforcing, footing size, and grade beam size should be baSed on the
design forces.

FEMA 55

4.3.2.1 Framing Methods
(Pages 4-20, 4-21)

SBC

1701.2.5
1706
1707.4

Analysis

Both FEMA 55 and SBC address platform framing and pole
construction. FEMA 55 addresses pole construction and
provides commentary on the types of construction. Chapter 17
of the SBC is for light frame conventional construction having
light loads and located in noncoastal areas.

Recommendation: None.
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Recol1ll1li!ndarion: FEMA 55 should provide nailing requirements for built-up members.

.-
•

FEMA55

4.3.2.2 Seams
(Pages 4-21, 4-22)

SBC

1706.2
Table 1705.1

Analysis

FEMA 55 addresses the preferable direction cA floor beams to
reduce the impact force 01 the storm water. FEMA 55 and SSC
address built-up beams and solid members. FEMA 55
mentions 'glulam' beams. SSC provides nailing requirements
for the built-up members. Chapter 17 cA the SSC is for light
frame conventional construction having ·light loads and located
in noncoastaJ areas.

Analysissse

1706.3

FEMA55

4.3.2.3 Joists and Rafters
(Page 4-22)

The title of the section in FEMA 55 is joists and rafters but
rafters are not addressed. FEMA 55 describes manufactured
wooden I-beams, recommends cross bridging for all floor joists
located in the V-zone, and describes typical cross bridging
methods. SSC does not address manufactured wooden 1
beams and only requires bridging or blocking if the depth to
thickness ratio exceeds six or the design live load in excess 01
40 pst. Chapter 17 of the SSC is for light frame conventional
construction having light loads and located in noncoastal areas.

Recommendation: FEMA 55 should delete the reference to rafters or add information on rafters.

•

•

Recommendation: The provisions are compatible. FEMA 55 should provide some recommended nail spacing and spans.

••
•

•

FEMA 55

4.3.2.4 Subflooring
(Pages 4-22, 4-23)

SBC

1706.6

Analysis

Both FEMA 55 and SSC permit the use 01 lumber and plywood
subflooring. SSC also permits the use 01 particleboard
subfloors. FEMA 55 recommends the use 01 plywood with
exterior glue and annular ring nails or deformed shank nails.
FEMA 55 recommends nailing and gluing 01 plywood with
tongue-and-groove joints to avoid the need for blocking and to
produce a stronger diaphragm. SSC permits the use of
common, annular, or spiral thread nails with no mention 01
gluing. SSC provides minimum thickness, span 01 subfloor,
and nail spacing. Chapter 17 01 the SSC is for light frame
conventional construction having light loads and located in
noncoastal areas.

sse

1707.1.1
1707.1.2

4.3.2.5 Studs
(Page 4-23)

Analysis

FEMA 55 recognizes that 2x4 wood studs at 16 inches on
center are commonly used and permits 2x6 wood studs and
metal studs. SSC addresses the use 01 wood studS based on
lateral unsupported stud height, spacing 01 studs, and number
of stories. Chapter 17 of the SSC is for light frame
conventional construction having light loads and located in
noncoastal areas.

Recommendation: FEMA 55 should address sizing 01 studs including number of stories which the stud supports or limits
for the use 01 2x4 studs.

FEMA 55

• •

•
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FEMA55

4.3.2.6 Wall Sheathing
(Page 4-23)

sac Analysis

1707.2,1201.1 FEMA 55 provides the minimum thickness and nail spacing for
plywood wall sheathing for two cases 1) structures elevated not
more than 10ft and 2) structures elevated more than 10 11
above grade. SBC lists approved methods Of wall bracing and
requires the structure to be designed for the loads and forces
encountered. Chapter 17 of the SBC is for light frame
conventional construction having light loads and located in
noncoastal areas.

RecomJT1endariol'l: FEMA 55 should provide additional information addressing the wind speed in addition to height above
grade.

FEMA 55

4.3.2.7 Wall Bracing
(Page 4-24)

SBC Ana!ysis

1707.2, 1201.1 Both FEMA 55 and SBC permit the use of let-in diagonal wood
bracing, diagonal boards, and plywood. SBC also permits
particleboard, fiberboard, and gypsum sheathing. SBC also
requires the structure to be designed for the loads and forces
encountered. Chapter 17 of the SBC is for light frame
conventional construction having light loads and located in
noncoastal areas.

Recotnn'lendation: FEMA 55 should combine 4.3.2.6 Wall Sheathing and 4.3.2.7 Wall Bracing into one section and
address the design requirements for the wall bracing method chosen.

FEMA55

4.3.2.8 Roof Details
(Pages 4-24 to 4-27)

SBC

N/A

Ana!ysis

FEMA 55 discusses the use of trusses, gable roofs, hip roofs,
flat roofs, gambrel roofs, roof overhangs and porches and their
performance in high wind conditions. SBC does not provide
details or discuss performance of specific designs.

Reconll7'Jendanon: None.

FEMA55

4.3.3 Foundation Bracing
(Pages 4-27 to 4-29)

sac
1201.1
1303

Ana!ysis

FEMA 55 addresses the need for bracing wood foundation
piles. SBC requires the wood foundation system to be
designed for the loads and forces encountered.

Recomm.mdanon: None.

SBC

1201.1
1303

Ana!ysis

FEMA 55 recommends the use of knee braces for wood
foundation piles even though bracing may not be needed.
SBC requires the wood foundation piles to be designed for the
loads and forces encountered.

Reconll7'Jendation: FEMA 55 should emphasize that the wood foundation piles should be designed for the additional
moment introduced into the pile from the knee brace.

4.3.3.1 Knee Braces
(Page 4-29)

FEMA 55
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SBC

1201.1
1303

FEMA55

4.3.3.2 Grade Beams
(Pages 4-29, 4-30)

Analysis

FEMA 55 emphasiZes the need for lateral support of the piles at
the ground line. sse requires the piles to be designed for the
loads and forces encountered.

R~contJnendarion: FEMA 55 should emphasiZe the need to design the grade beams to assure that they are actually
providing lateral support of piles. .

•

.-
sse

1201.1
1303

4.3.3.3 Truss Sracing
(Pages 4-30, 4-31)

FEMA55

FEMA 55 recommends the use of truss bracing of the piles
when the structure is 10ft or more above grade and the design
wind speed is 100 mph or greater. sse requires the piles to
be designed for the loads and forces encountered.

R~cof7l.l'lUndarion: FEMA 55 should emphasiZe the need to design the bracing members.•
Analysis

FEMA 55 provides commentary type language for connections
but does require the anchorage to be sufficient to withstand the
anticipated forces. FEMA 55 provides commentary type
language for roof to wall, wall to floor joist, and floor jOist to
floor beam connection and requires the connections to be
designed in high wind speed areas. sse requires the structure
to be designed for the loads and forces encountered.

sse

1201.1

sac
1201.1

4.3.3.4 Shear Walls
(Page 4-31)

FEMASS

4.3.4 Connections
4.3.4.1 Roof to Wall
4.3.4.2 Wall to Floor Joists
4.3.4.3 Floor Joist to Floor Beam
(Pages 4-31 to 4-35)

FEMA 55 addresses only reinforced concrete or reinforced
masonry shear walls. sse requires the structure to be
designed for the loads and forces encountered.

Rtcof7l.l'lUndarion: FEMA SS should address wood shear walls for wood pile foundations.

FEMA 55

•

•

••
RtcOf7I.I'IUndarion: None since both FEMA 55 and SBe require sufficient connection.

•

•

FEMA55

4.3.4.4 Floor Beam to Pile, Post,
or Pier
(Pages 4-35 to 440)

SBC

1201.1

Analysis

FEMA 55 provides commentary type language and typical
details for floor beams to pile, post, or pier connections, but
permits other methods provided they are designed. SBe
requires the structure to be for the loads and forces
encountered.

R~cOf7I.I'IUndarion: FEMA SS should provide some design values or wind speedS for which the connections are
appropriate.

•-
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FEMA55

4.3.5 Breakaway Walls
4.3.5.1 Breakaway Wall Designs
4.3.5.2 Design ConstderBtlons
for Breakaway Walls
(Pages.~1 to 4-49)

sac

N/A FEMA 55 permits breakaway walls to enclose the space below
the lowest elevated floor and provides commentary type
language for different types of breakaway walls. FEMA 55
provides breakaway wall designs and details for screening,
lattice, wood stud walls, metal stud wliJls, and masonry walls.
FEMA 55 provides the design process for breakaway walls and
commentary type language for wind forces, water forces,
working/ultimate strength of fasteners, distribution of wall loads,
and bracing considerations for breakaway walls. SBC does not
address breakaway walls. This is addressed in S01.4 of the
SBCCI Standard for Floodplain Management.

Recommendation: None.

FEMA 55

4.3.6 Utilities
(Pages 4·50 to 4-52)

SBC

N/A

AnaJysis

FEMA 55 requires the protection of utilities from the potential
damage from flooding and wave impact. SBC does not
address utilities. This is addressed in 602.5 of the SBCCI
Standard for Floodplain Management.

RecOIfIlrIendalion: None.

FEMA55

4.3.7 Wind and Storm Protection
of Interior

(Page 4-52)

SBC

N/A

AnaJysis

FEMA 55 provides commentary on the need to protect the
buildings from glass breakage in order to prevent water
damage. SBC does not address glass breakage; it requires
the windows to be designed as components and cladding or
be considered an ·opening.·

Reco11JlNndation: None.

FEMAS5

4.3.7.1 Window Selection
(Pages 4-52, 4-53)

SBC

1205

AnaJysis

FEMA addresses the importance of window selection to reduce
water infiltration. SBC requires the windows to be designed as
components and cladding or be considered an ·opening.· SBC
does not address water infiltration.

RecOIfIlrIendation: FEMA 55 should address the design of the windows for the wind load pressures.

sac
12054.3.7.2 Operable Shutters

(Pages 4-53, 4-54)

FEMAS5 Analysis

FEMA 55 addresses the need for shutters to protect against
wave and wind action. SSC requires the windows to be
designed as components and cladding or be considered an
·opening.· SBC does not address the use of shutters.

Reco11JlNndation: FEMA should address the need to design the shutters for the wind load pressures.
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•

FEMA 55

4.3.7.3 Gable and Eave Vents
(Page 4-54)

SBe

1205.1
1708.7

FEMA 55 addresses the vulnerability of vents to wind and wind
driven rain and emphasizes the importance for the careful
selection of attic ventilators in order to assure that they will
withstand the wind loads. SSC requires ventilation of the attic
space based on a ratio of free ventilating area SSC requires
parts of the building to be designed to withstand the
appropriate wind loads. Chapter 17 of the SSC is for light
frame conventional construction having light loads and located
in noncoastal areas.

RecommLndation: None since FEMA 55 and SSC both require the design of the vents to withstand the appropriate wind
loads.

FEMA 55 emphasizes the need for maintenance of all parts of
buildings exposed to the coastal environment because of the
accelerated deterioration. SSC does not address maintenance
but does require repairs or rehabilitation to comply with the
requirements of the SSC for new construction.

ssc
1205.1

SBe

N/A

4.3.7.4 Rooting Materials
(Page 4-54)

Analysis

FEMA 55 emphasizes the need to use self-sealing, heavyweight
shingles to avoid the possible loss of rooting material in high
winds. SSC requires all parts of the building to be designed to
withstand the appropriate wind loads.

RecOff'Imendation: FEMA 55 should emphasize the need to have a roof covering designed to withstand the uplift from the
wind. SBe should emphasize that the root covering should be designed to 1205.

4.3.8 Maintenance
(Pages 4-54, 4-55)

FEMA 55

FEMA55

•

•

.-
•

RecOff'Imendation: None.

SBC

1201.1
1607.6.3

FEMA 55 prohibits enclosure for habitation below BFE mid-rise
and high-rise structures in coastal high hazard areas. SSC
does not address this issue. This is addressed in 602.3 of the
SBCCI Standard for Floodplain Management. FEMA 55 and
SBC require thicker concrete cover over reinforcing steel to
provide added corrosion protection of the reinforcing steel in
corrosive environments or severe exposure conditions. SSC
requires compliance with ACI 318 and the minimum cover in
1607.6. FEMA 55 addresses the need to design for wind and
water forces. SBC requires the structure to be sufficient to
support the loads and forces encountered.

RecommLndation: FEMA 55 should address snow and seismic loads.

FEMA55

5.1 General Design Considerations
(Pages 5-1, 5-2)

•

•

• -
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FEMA55

5.2 Foundations
(Page 5-2)

~

1303 FEMA 55 emphasizes the need for pile foundations that are
embedded deeply to provide a safety margin against scour.
FEMA 55 lists the common types of piles as
precast/prestressed concrete, cast-in-place concrete, steel, and
timber. FEMA 55 shows a typical pile/pile cap/column/grade
beam detail. FEMA 55 permits strip footings and mat
foundations in zones of reduced velocity and wave action.
sac does not address scour. sac requires foundations to be
designed and installed on the basis of a foundation
investigation. sac provides standards for all of the types of
piles listed in FEMA 55.

Recommendation: None.

Analysissac
1303, 1608

FEMA 55

5.3 Slabs at Grade
(Pages 5-3, 54)

FEMA 55 suggests that slabs supported on soil are thin
(minimum of 4 inches thick) with minimal reinforcing in the form
of welded wire fabric and are expected to be lost in the event of
a storm. SSC requires the minimum thickness of 3 112 inches
and does not require welded wire fabric. FEMA 55 also
addresses the use of designed slabs and grade beams to
laterally support the pile foundation system. SSC permits the
engineer to design the foundation system.

Recommendation: The minimum slab thickness in FEMA 55 should be changed to 3 112 inches and delete the
requirement for welded wire fabric.

FEMA55

5.4 Superstructure
(Pages 54 to 5-7)

sac
N/A

AnaJysis

FEMA 55 provides commentary type language and typical
details of the superstructure of a building. This includes
columns, beams, slabs, and shear walls. SSC is a
performance code and not a commentary.

Recommendalion.: None.

FEMA55

5.5 Elevated Floors
(Pages 5-7, 5-6)

SBC

Chapter 16

AnaJysis

FEMA 55 provides commentary type language for elevated
concrete floors. FEMA 55 addresses one-way and two-way
slabs, perimeter beams, and the transfer of lateral forces to the
pile foundation. sac requires structural members of reinforced
concrete to be designed and constructed in accordance with
Chapter 16 and ACI 318.

Recommendalion: None.
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sac
1201.1

FEMA55

5.6 Exterior Wall Systems
(Pages 5-8, 5-9)

FEMA 55 provides commemary type language on .exterior wall
systems of masonry or metal studs and the fastening method
of the walls. FEMA 55 and sse require that the walls be
designed to resist the lateral forces enCOUm8fed.

R~col1ll1it1Uiation: None since both requires the walls to be designed for the lateral forces encountered; however, FEMA
55 should address seismic loads.

•

.-
sac
103.2.35.7 Recommendations

(Page 5-9)

FEMA55

FEMA 55 requires mid-rise and high-rise structures to be
designed by a 'design professional.' sse requires a 'design
professional' to design all structures three stories or more high
and structures 5000 sq ft or more in area.

R~cDml1lL1Uiation: None since both require a design professionaL
•

•

.-
•

•

•

FEMA55

Appendix A Design Tables
Figure A-1 number of piI.. required
Table A-1 downward loada per pile
Table A·2 horizontal wind loads per

pile in 80 mph wind.
Table A-3 minimum embedment

depth of pilei
Table A-4 maximum unbraced

height of pil.. in 80 mph
winds and flood forces

Table A-4.1 maximum unbraced
height of piles supporting
break_ay wall.

Table A·5 uplift loads per foot of
wall in 80 mph wind.

Table A-6 uplift loads per pile in 80
mph wind.

Table A-7 capacity per bolt of floor
beam connections

Table A-8 concrete masonry unit
pier8

Table A-9 concrete pHlr8
Figure A·2 concrete pier croa section
Figure A-3 grade beams and .Iabs
Table A·10 fastener capKiti.. in

.h....
Table A-11 fastener echecIule for

breakaway walla

(Pages A·1 to A-47)

sac
Chapters 12,
13, 14, 15, 16,
and 17

Ana!ysis

FEMA 55 provides design tables. sse is a performance code
and not a specification type code. Chapter 17 of the sse is for
light frame conventional construction having light loads and
located in noncoastal areas.

RecDmI1ILndation: None.

••
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FEMA 55

Appendix B • Bracing
B.1 knM bracing
B.2 truaa bracing
B.2.1 diagonala
B.2.1 .1 lumber diagonala
B.2.12 threadbar diagonala
B.22 struts
B.3 grad. beam.
Table 8-1 horizontal wat.r load. per pile

in 80 mph wind.
Table 8-2 load. of tranaverM tnJu

m.mbe....
Table B-3 allowable load. for .ingl. 2x8

diagonals
Table B-<4 allowable load. for .ingle 3118

diagonala
(Pages B-1 to B-1 5)

~

Chapters 12,
13, 14, 15, 16,
and 17

FEMA provides various recommendations and details for
bracing methods. SSC is a performance code and not a
specification type of code. Chapter 17 of the SSC is for light
frame convemional construction having light lOads and located
in noncoastal areas.

Reco~ndation: None.

FEMA 55 sse

Appendix 0 - Design Equations and N/A
Procedures

D.l Procedure A-1: downward load. per
piI.

D.2 Procedure A·2: horizontal wind load.
per pile

D.3 Proc.dure A-3: minimum embedm.nt
d.pth of pil..

D.4 Proc.dure A~: maximum unbraced
h.ight of pil..

D.S Procedure A~.1: maximum unbraced
h.ight of pile••upporting breakaway
wal~

D.6 Procedure A-5: uplift loads per foot
of wal~

0.7 Procedure A-6: uplift loads per pile
0.8 Procedure 8-1: horizontal water

Ioada per pile
0.9 Procedure 8-2: load. tranlferr.d to

foundation tru.. m.mbe....
(Pages 0-1 to 0-32)

Recommendation: None.

AnaJysis

FEMA 55 contains design equations and procedures which are
needed to evaluate individual designs. SBC is a performance
code with design being based on good engineering practice.

sse

101.2

AnaJysis

FEMA 55 states that the purpose of the Coastal Code is to
provide minimum standards for the design and construction of
residemial structures in Coastal High Hazard Areas and where
wave action can be expected. SBC is declared remedial and is
intended to secure the beneficial interests and purposes of the
Code which are public safety, health and general welfare.

Reco~ndarion: None since the intent of both FEMA 55 and SSC is to provide minimum requirements for structures.

FEMA55

G-2. Purpose
(Page G·1)

S-2O



•

RecommendaJion: Since market value is a variable based on location, economy, etc., FEMA should require compliance
for all improvements since noncompliance of any part of the structure makes the entire structure out of compliance.

.-
•

FEMA 55

G-3. Scope
(page G-2)

SSC

101.3
101.5

AnaJysis

Both FEMA 55 and SBC apply to new construction and
improvements or additions to existing structures. FEMA 55
permits improvements up to 49% of the market value of the
structure without compliance with the Coastal Construction
Code but the SBC requires all improvements to comply with the
Code.

•
FEMA 55

G-4. Definitions
(Pages G-2, G-3)

FEMA 55 contains only definitions which are related to coastal
construction. SSC contains definitions which are applicable to
all types of structures and occupancies in any location. Dead
load, grade, live load, and structure have similar definitions.

RecommLndaJion: None.

SSC

N/AG-5. Elevation Standards.
(Page G-3)

FEMA 55

FEMA 55 prohibits new construction or substantial
improvements from being seaward of an established setback
line and requires it to be elevated above the SFE. SSC does
not prohibit construction in any location. This is addressed in
801.6 of the SSCCI Standard for Floodplain Management.

RecommLndaJion: None since these types of requirements are local specific and should addressed on the local level.

•

.-
1201.1
1205

Both FEMA 55 and SSC require the structure to be of sufficient
strength to support the loads and forces encountered. FEMA
55 references ANSI A58.1-1982 for the wind load provisions.
SBC contains a basic wind speed map, use factors, velocity
pressures, and coefficients for wind design. SBC also permits
wind design based on ASCE 7~.

FEMA 55 should update reference to ASCE 7-88.

FEMA 55

G-6. Determination of Loading
Forces

G-6.1 Water Loads
G-6.2 Wind Loads
(Page G-3)

RecommendaJion:•

•

Recommendation: FEMA 55 should address snow and seismic loads.•

FEMA 55

G-7. Foundation Standards
(Page G-4)

SBC

Chapter 12
Chapter 13

Analysis

Both FEMA 55 and SSC require the foundations to be designed
to support the loads and forces encountered.

•-
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Chapter 12
Chapter 13

Analysis

FEMA 55 requires the pile spacing to pile diameter ratio to not
be less than 8: 1 with a maximum spacing of 12 ft while SSC
requires the minimum center to center spacing of piles to be
not less than twice the average diameter of a round pile nor
less than 1 3/4 times the diagonal dimension of a rectangular
pile. FEMA 55 provides minimum embedment of foundation
piles based on mean sea level and SFE while SSC requires
embedment to be based on a foundation investigation. Soth
FEMA 55 and SSC reqUires the piles to be analyzed as a
column for the unsupported length. FEMA 55 provides
dimensional criteria for round and SQuare wood piles. SSC
references the appropriate ASTM standard. FEMA 55 requires
the minimum compressive strength of the concrete for
reinforced concrete piles to be 5000 psi while SSC reqUires
only 4000 psi. The reinforcement requirements for reinforced
concrete piles are the same for both FEMA 55 and SSC.
FEMA 55 lists three methods of pile installation. FEMA 55
provides commentary type language for methods of bracing
piles to resist the horizontal forces while SSC requires the piles
to be designed for the horjzontal forces Which are encountered.

RecommendaJion: FEMA 55 should emphasjze that pile spacing and embedment should be based on the foundation
investigation. FEMA 55 should reduce the minimum compressive strength of the concrete for reinforced concrete piles to
4000 psi, since 4000 psi has been a building code requirement since 1980.

FEMA55

G-7.1 Pile Foundation DesIgn
(Pages G-4, G-5)

FEMA55

G-7.2 Column Foundation Design
(Page G·5)

sec
1201.1
Chapter 13
1405.6

FEMA 55 requires reinforcing of masonry piers or poured-in
place concrete piers. SBC requires piers to be designed for
the forces encountered.

Recommendation: None.

sec
1201.1

FEMA55

G~. Anchoring Standards
(Page G-5)

Analysis

FEMA 55 reqUires anchOrage to prevent flotation, collapse, or
permanent lateral movement during the base flood concurrent
with the 100 year design wind velocity. SSC requires every
structure to support the loads and forces encountered. SSC
does not address flotation. This is addressed in 601.1 and
801.1 of the SBCCI Standard for Floodplain Management.

Rec~ndalion: FEMA 55 should address snow and seismic loads.

sec
1201.1

FEMA 55

G~.1 Connector and Fasteners
(Page G-5)

AnaIysilI

Soth FEMA 55 and SSC require the connectors to support the
loads and forces encountered. FEMA 55 does not permit toe
nailing. FEMA 55 requires metal connectors and fasteners to
have corrosion protection.

Rec~ndaJion: FEMA 55 should not prohibit toe nailing if the connection is adequate for the calculated loads. SSC

should address corrosion protection of metal connectors.
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•
SBe

1201.1

FEMA 55

G~.2 Beam to Pile Connections
(Pages G-5. G~)

FEMA 55 provides prescriptive requirements for the beam to
pile connection. SSC requires the structure to support the
loads and forces encountered.

Recommendation: FEMA 55 should permit the designer to design the connection.

.-
SBe

1201.1
Chapter 17

FEMA 55

G~.3 Floor to Deck Connections
(Page G~)

FEMA 55 provides prescriptive requirements for the connection
of floor joists to floor beam/girders, cross bridging, subflooring,
and attic flooring. SSC permits connections to be designed
and subflooring to any material permitted by Chapter 17.
Chapter 17 of the SSC is for light frame conventional
construction having light loads and located in noncoastal areas.

Rtco~ndatio1t: FEMA 55 should permit the designer the leeway to meet performance requirements. .

•

•

Rec~ndatiDn: FEMA 55 should permit the designer the leeway to meet performance requirements.

•

.-
FEMA55

G~.4 Exterior Wall Connections
(Page G~)

SBC

1201.1
Chapter 17

FEMA 55 provides prescriptive requirements for the exterior wall
connection. SSC permits the designer to design the exterior
wall connection. Chapter 17 of the SSC is for light frame
conventional construction having light loads and located in
noncoastal areas.

•

FEMA 55

G~.5 ceiling Joist/Rafter
Connections
(Page G~)

SSC

1201.1
1708

AnaJysis

Soth FEMA 55 and SSC requires a continuous tie across the
building and the joist and rafters securely fastened at their
intersection. FEMA 55 requires metal or wood connectors at
alternate ceiling joist/rafter connections to the wall top plate and
blocking in gable roofs. Chapter 17 of the SSC is for light
frame conventional construction having light loads and located
In noncoastal areas.

•
Rec~ndarion: FEMA 55 should permit the designer to design the connection.

•

FEMA 55

G~.6 Projecting Members
(Page G~)

SSC

1201.1

AnaJysis

Soth FEMA 55 and SSC reqUire cantilevers and projecting
members to be designed to support the loads and forces
encountered.

Rec~ndation: None.

••
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FEUA 55

G·9. Root Sheathing
(Pages G~, G-7)

sse

1708 FEMA 55 requires the roof sheathing to be a minimum of 15132
inch thick plywood. SBC also permits particleboard of 318 inch
thickness. FEMA 55 requires corrosion resistant fasteners and
the application of waterproof industrial adhesive to all bearing
surfaces of plywood used in the sheattijng 01 comers, gable
end, or roof overhang. FEMA 55 also providles commentary
type language addressing the roof slopes and construction at
points of discontinuity 01 the roofing surface. Chapter 17 01 the
SBC is for light frame conventional construction having light
loads and located in noncoastal areas.

ReCOff1l1'IeMaMn: FEMA 55 should permit particleboard roof sheathing provided it is 01 the appropriate strength.

FEMA 55

G-10. Protection 01 Openings
(Page G-7)

ReCOf711neMarion: None.

FEMA55

G-11. Use 01 Space Below the
Lowest Elevated Floor
(Page G-7)

ReCOI'1ll1leMarion: None.

FEMA55

G-11.1 Breakaway Wall Design
Standards
(Page Go7)

Recommendation: None.

FEMA 55

G·11.2 certification d B
Walls
(Pages G-7, G~)

RecOf711neMation: None.

sac
1205.1.4
2703.3

SBC

N/A

sac
N/A

SBC

N/A

Analysis

Both FEMA 55 and SBC require exterior openIngs to be
designed to withstand the appropriate wind loads.

Analysis

FEMA 55 prohibits the use 01 the space below the BFE to be
used for any other purpose than parking storage or building
access. SBC does not prohibit the use 01 the space below the
elevated floor. This Is addressed in 602.3 01 the SBCCI
Standard for Floodplain Management.

FEMA 55 provides the design requirements for breakaway
walls. SBC does not address breakaway walls. This is
addressed in 801.4 01 the SBCCI Standard for Floodplain
Management.

Analysis

FEMA 55 permits breakaway walls which are designed with a
wall strength in excess in that permitted in 11.1 provided the
design .profession certifies that the wall will fail under water
loads less than those that would occur during the base flood
and the elevated portion 01 the building will not be subject to
damage due to the effects of wind and water loads acting
simultaneously. SBC does not address breakaway walls. This
is addressed in 801.4 of the SBCCI Standard for Floodplain
Management.
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.- FEMA 55

G·12. Utilities
(Page G-8)

SBC

N/A

Anatysis

FEMA 55 requires the utilities to be elevated above the BFE
and backflow valves for sanitary sewer and storm drainage
systems which have openings below the 8FE. S8C does not
address utilities. This is addressed in 602.5 of the S8CCI
Standard for Floodplain Management.

•
Rtcorrrmendarion: None.

FEMA 55

103.2.3G-13. Certification Requirements
(Page G-8)

FEMA 55 requires new and substantial improvements to be
designed by a registered professional engineer or architect.
S8C requires design by a professional engineer or architect for
all group A, E, and I occupancies, structures three stories or
more high, and structures 5000 sq ft or more in area This is
addressed in 401.3 and 801.7 of the secci Standard for
Floodplain Management.

Rtc~ndaIion: FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind load, height
above grade. etc.).

•

•

Rtcorrrmendarion: FEMA 55 should update reference to ASCE 7-88..-
FEMA 55

G-14. Reference Documents
(Page G-8)

sac
Chapter 3

Analysis

FEMA 55 references ANSI A58. 1-1982, Shore Protection Manual
by the Department of the Army. and the Coastal Construction
Manual by FEMA S8C does not reference any of these
documents.

•

•

•

• •
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STANDARD BUILDING CODE (SSC) COMPARISON

Manufactured Home Installation In Flood Hazard Areas (FEMA 85)

Chapter III Elevation and Anchoring Techniques

FEMA85 sac

Elevation and Anchoring Techniques N/A
(Page 19)

FEMA 85 provides general techniques which are used to
elevate a manufactured home in riverine or coastal flooding
areas. SBC does not provide techniques but does provide
performance requirements for piers. piles, and foundations.
This is addressed in 600, 601, 603, and 604 of the SBCCI
Standard for Floodplain Management.

RecOI1II1'lendarion: None.

FEMA85

Elevation on Fill
(Pages 19-20)

SBe

Chapter 13 FEMA 85 provides commentary and prescriptive type language
on the use of earth fill to elevate a manufactured home. FEMA
85 prohibits the use of fill material in areas SUbject to
floodwaters having a velocity greater than 10 fps and where it
will constrict the flow of floodwaters and cause increased flood
elevations or velocity. SBC requires foundations to be built on
undisturbed or properly compacted fill material. SBC does
address floodplain management. This is addressed in 603.3
and 801.5 of the SBCCI Standard for Floodplain Management.

RecOI1II1'lendation: None.

FEMA85

Elevated Foundations
(Pages 21-28)

sac

Chapter 13
H105

Analysis

FEMA 85 addresses structural techniques, such as piers, posts,
piles and similar structural arrangements, to elevate a
manufactured home above the flood level. FEMA 85 provides
prescriptive requirements for these structural techniques while
SBC provides performance type of requirements. Both FEMA
85 and SBC requires the foundation to be designed for the
anticipated forces. SBC has prescriptive requirements in H105
for piers up to 80 inches in height. SBC has prescriptive
requirements in 1405.6 similar to FEMA 85 for masonry piers.
SBC does not address post foundations.

RecOI1II1'lendation: None.

SBC

1201.1
H105.3

Anchoring
(Pages 29-31)

FEMA85 Analysis

Both FEMA 85 and SBC require tie-down and anchoring
systems to resist the lateral and uplift forces resulting from
wind. FEMA 85 provides commentary type language and
descriptive details. sac contains minimum number of ties and
anchors based on the length of manufactured home.

RecOI1II1'lendalion.: FEMA 85 should address minimum number of ties and anchors.
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Chapter IV Design cj Elevated Foundations

SSC

Chapter 12

FEMA 85

Design of Elevated Foundations
(Page 33)

FEMA 85 presents an overview of flood·induced loads, tables
of calculated forces, governing design equations and specific
technical information which can be used to determine an
appropriate elevated design for a manufactured home with the
manufactured home complying with HUD's Manufactured
Home Construction Safety Standards. The wind loads and
snow loads in FEMA 85 and SSC are very different.

Rtco~ndation: FEMA 85 and HUD's MHCSS should update the wind and snow loads to ASCE 7~. FEMA 85 should
address seismic loads.

•

•

••

•

FEMA85

A. Flood Forces and Their
Application
(Pages 34-45)

SBC

Chapter 12

AnaJysis

FEMA 85 addresses the hydrostatic forces, lateral forces,
buoyancy forces, hydrodynamic forces, impact forces due to
water·borne objects, and scour. SBC does not address "water
forces' but does require every structure to be of sufficient
strength to support the loads and forces encountered.

Rtco~ndation: None.

••
•

FEMA 85

S. Evaluation of Elevated
Foundations
(Pages 45-58)

Rtco~ndation: None.

SSC

Chapter 12

AnaJysis

FEMA 85 provides commentary type language in addition to
actual design tables and details. SBC is a performance code
and does not provide design tables and details. SSC requires
every structure to be of sufficient strength to support the loads
and forces encountered and permits the designer to choose
the technique.

•
FEMA 85

C. Bracing Support and Connections Chapter 12
for Elevated Foundations
(Pages 58-68)

FEMA 85 provides design procedures, tables, and details
needed to design bracing and connections. SBC is a
performance code and requires the structure to be of sufficient
strength to support the loads and forces encountered.

Recommendation: None.

•

••

FEMA 85

D. Additional Design Considerations N/A
(Pages 68-70)

Rtco~ndaJion: None.

AnaJysis

FEMA 85 addresses the setup Uacking), utility service,
mechanical systems, and access/egress during flooding
around the manufactured home. SBC does not address these
issues.

• B-27



FEMA8S m!Q

Appendix D • GaJculallonaJ N/A
Procedures for Elevated Foundation
Design
(Pages 89-97)

RecOff'I11iendation: None.

FEMA 85 contains actual design procedures and formulas
which were used as a basis of the manual. SBC is a
performance code and does not contain engineering analysis
procedures.

FEMA as
Appendix E - Buoyancy and Drag
Forces
(Pages 99-101)

RecOf1InIendaJion: None.

sac
Chapter 12

Anatysis

FEMA 85 addresses the forces from buoyancy and drag
caused by the floodwaters. FEMA 85 contains design tables
for vertical tie forces based on home width and water depth.
SBC does not address flood water forces but does require the
structure to have sufficient strength to support the loads and
forces encountered.
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.- STANDARD BUILDING CODE (SBC) COMPARISON

Floodproofing Non-Residential Structures (FEMA 102)

Chapter I Introduction

•

•

FEMA 102

I.E. Contingent Floodproofing
Measures

I.F.1 Flood Shields
I.F.2 Watertight Doors
I.F.3 Movable Floodwalls
(Pages 8-13)

SSC

N/A

Analysis

FEMA 102 addresses the use of contingent floodprooting
measures that require some type of installation, activation, or
other preparation immediately prior to the occurrence of a
flood. These measures include flood shields, watertight doors,
and moveable floodwalls. SSC does not address
floodproofing. This is addressed in Chapter 9 of the SSCCI
Standard for Floodplain Management.

R~commendation: None.

Chapter III Floodproofing Design Permanent and Contingent Measures

Analysis

FEMA 102 addresses the use of fill material to elevate the
building to protect it from flood damages. FEMA 102 contains
commentary type language on the design and maintenance of
the fill material. SSC does not address floodplain management.
Floodplain management is addressed in the SSCCI Standard
for Floodplain Management.

Analysis

FEMA 102 addresses the elevation of the structure on 'post'
foundations by showing details and design charts. SSC does
not address post foundations but does address pile
foundations.

• FEMA 102 SBC

III.S. Elevation on Fill N/A
(Pages 37-38)

.-
RecommendaJion: None.

FEMA 102 SBC• III.C.2 Posts Chapter 13
(Pages 39~)

• Rtcommendation: FEMA 102 should combine post foundations and pile foundations into one section.

SBC

Chapter 13

FEMA 102

III.C.3 Piles
(Pages 40-44)

Ana!ysis

FEMA 102 provides commentary type language describing the
general length, maximum design load, application, advantages,
disadvantages, typical elevation, and typical cross section.
sac requires pile foundations to be designed and installed on
the basis of a foundation investigation and report.

R~commendation: FEMA 102 should emphasize that the length and maximum design load is based on the foundation
investigation and report.

•

•

-
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FEMA 102

III.C.4 Piers and Walla
(Pages 43-46)

SBC

1405.6

Analysis

Both FEMA 102 and SBC limit the height of filled masonry piers
to a maximum of ten times their smallest dimension. FEMA
102 provides details of a brick pier, reinforced concrete
masonry pier, and reinforced concrete pier, along with
commentary type language. .

ReCOmmLMatum: None.

SBC

1405.6
1411

Table 11I-1 Minimum Requirements
for Reinforced Piers
(Page 46)

FEMA102

FEMA 102 provides the minimum pier size, minimum footing
size, pier spacing, and useful elevation range but does not
contain the reinforcing requirements. SSC references
ACI/ASCE 530 for reinforced masonry.

Rec~Mation: FEMA 102 should clarify the soil bearing capacity was used for the minimum footing size and the
design loads used for the minimum pier size.

FEMA 102

III.C.6 Maintenance
(Page 47)

SBC

N/A FEMA 102 addresses the need to perform maintenance on
posts, piles, piers or wall based on the frequency of the
flooding. SSC does not address maintenance of foundations.

ReCOmmLMation: None.

FEMA 102

111.0 Waterproof Construction
111.0.1 Introduction
111.0.2 Wall Strength
(Pages 48-51)

SBC

N/A

Analysis

FEMA 102 addresses floodproofing of a structure to prevent
floodwaters from reaching its interior. SSC does not address
f100dproofing. This is addressed in 401.2 and Chapter 9 of the
SBCCI Standard for Floodplain Management.

RecOfnIneMation: None.

FEMA 102

111.0.3 Floor Strength and
Structural Stability
111.0.4 Counteracting of
Hydrostatic Forces

(Pages 51-54)

SBC

1312

AnaJysis

FEMA 102 addresses f100dproofing of a structure by the use of
a concrete slab or impervious cutoffs, or subsurface drainage
to resist the hydrostatic uplift pressures. SBC does not
address f100dproofing. This is addressed in 401.2 and Chapter
9 of the SBCCI Standard for Floodplain Management. SSC
addresses waterproofing of enclosed spaces below finished
ground level when hydrostatic pressure conditions exist.

Rec~Mation: None.
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•

.- FEMA 102 sec Analysis

111.0.5 Waterproofing 1312 FEMA 102 addresses techniques of waterproofing concrete and
(Pages 55-58) masonry walls by the use of high-quaJity concrete, sealant

materials, and/or impermeable membranes. SBC addresses
waterproofing by the use of a "waterproofing' material. FEMA
102's waterproofing is to protect the ini.erior from floodwaters
while SBC's waterproofing is to protect the interior from

• groundwater conditions. Floodproofing is addressed in 401.2
and Chapter 9 of the SBCCI Standard for Floodplain
Management.

RecOl'rlnlen.darion: None.

• FEMA 102 sec Ana/ysis

111.0.6 Watertight Cores N/A FEMA 102 addresses the technique of creating a "watertight
(Pages 58-59) core' around expensive items which are locaf8d together in a

small part of the building when it is not feasible to waterproof
the exterior walls, SBC does not address watertight cores.

• Recommendation: None.

FEMA 102 sec Ana/ysis

111.0.7 Closures and Flood Shields N/A FEMA 102 addresses the use of closures and flood shields to
(Pages 60-72) protect against floodwater intrusion into the structure. SBC.- does not address floodproofing.

Recommendation: None.

FEMA 102 sec Ana/ysis

• 1I1.E. FIOOdwalis and Levees Chapter 12 FEMA 102 provides commentary type language on different
III.E.5 FIOOdwaJl Design types of floodwalls (permanent floodwalls, gravity walls,
(Pages 80-85) cantilever walls, and movable walls). sec does not specifically

address floodwaJls but does require every structure to be of
sufficient strength to support the loads and forces encountered.

Recommen.darion: None.•
FEMA 102 sec Ana/ysis

1I1.E.7 FIOOdwaJl Maintenance N/A FEMA 102 addresses the need to annually inspect f100dwalls.
(Page 88) SBC does not address the need for inspection of existing

• structures.

Recommendation: None.

•

•
-

FEMA 102

IV. Other Floodproofing Measures
IV.C. Floodprooting Utilities
(Pages 99-104)

Recommendation: None.

sec
N/A

Analysis

FEMA 102 addresses methods to prevent flood damage to
exterior utilities. SBC does not address utilities or
floodproofing. This is addressed in 602.5 of the SBCCI
Standard for Floodplain Management.
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FEMA 102

Appendix B Glossaty
(Pages 161-166)

FEMA '02 contains definitions addressing floodplain
management. SSC does not address floodplain management.
FlOOdplain management is addressed in the SSCCI Standard
for Floodplain Management.

RecofTllJ'lendation: None.

Analysis

FEMA '02 lists the type of loads which the floodproofed
structure may be sUbjected. SBC requires the structure to be of
sufficient strength to support the loads and forces encountered.

SBC

Chapter '2

FEMA 102

Appendix D Floodproofing
Performance Criteria

Appendix D.S Design Loads
(Pages '82-'86)

RecOfTIIJ'Iendation: None since both FEMA 102 and SSC require the structure to be designed for the loads and forcesencountered. SSC should address hydrostatic, hydrodynamic, and buoyance forces in floodplain areaS.

SBC

N/A

FEMA 102

Appendix D Floodproofing
Performance Criteria

Appendix D.C Performance
Criteria

(Pages '87·'93)

Analysis

FEMA 102 contains performance criteria which represents the
objectives that should be achieved in the design of
floodproofed non·residential structures and service systems.
SSC does not address floodplain management. Floodplain
management is addressed in the SBCCI Standard for
Floodplain Management. SSC is a performance code.

RecOfTIIJ'Iendation: None since both FEMA '02 and SBC address performance.
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•

•• STANDARD BUILDING CODE (SBC) COMPARISON

Retrofitting Flood-Prone Residential Structures (FEMA 114)

•

•

FEMA 114

3.5 Elevation Onto Extended
Foundation Walls
(Pages 4649)

SBC

101.5
Chapter 12
Chapter 13

FEMA 114 addresses the method of elevating the structure by
increasing the foundation wall height. When this is done.
consideration must be taken for the additional load imposed on
the footings and the foundation wall. SSC requires alterations
to comply with the Code. SSC requires the structure to be of
sufficient strength to support the loads and forces encountered.
SSC does not address floodplain management. Floodplain
management is addressed in SSCCI Standard for Floodplain
Management.

R~commt!ndaJi()n: None.

•

••
•

FEMA 114

3.12 Technical Design Criteria
Extended Wall Foundations
(Pages 61-63)

R~commt!ndation: None.

FEMA 114

3.13 Technical Design Criteria
Anchorage of Superstructure to
Foundation
(Pages 63-67)

R~c()mmt!ndation: None.

SSC

1201.1

SBC

1201.1
Chapter 17

Analysis

Soth FEMA 114 and SSC require the foundation system with
the increased foundation wall height to be of sufficient strength
to support the loads and forces encountered.

FEMA 114 provides design details for the anchorage of the
superstructure to the foundation system. SSC is a performance
code and does not provide design details.

•
FEMA 114

3.14 Technical Design Criteria
Open Foundations
(Pages 67-68)

SBC

1201.1
-Chapter 13

AnaJysis

FEMA 114 describes three types of open foundation systems
(piers, columns, or piles) and requires them to be designed for
the.loads encountered. SSC also addresses piers, columns, or
piles and requires them to be designed for the loads and forces
encountered.

•
Recommt!ndation: FEMA 114 should address seismic loads.

SBC

1201.16.2 Considerations (Floodwalls)
(Pages 111-114)

FEMA 114 AnaJysis

FEMA 114 addresses the use of floodwalls to protect structures
from flooding and emphasizes that tremendous forces are
created by high water levels and velocities. SSC does not
address floodwalls but does require structures to be designed
for the loads and forces encountered.

• R~commt!ndaJion: sse should address hydrostatic. hydrodynamic and buoyance forces in floodplain areas.

•
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FEMA 114

6.3 Construction Techniques and
Materials (Floodwalls)
(Pages 115-119)

Rtco1'l1l1lendarion: None.

FEMA 114

6.5 Technical Design Criteria
(F Ioodwalls)
(Pages 121-129)

Recornnrendarion: None.

FEMA 114

7.2 Considerations (Closures)
(Pages 133-134)

Reco1'l1l1lendarion: None.

FEMA 114

7.3 Low Profile Permanent Closures
7.4 Closure Materials and
Construction
7.6 Technical Design Criteria
(Closures)
(Pages 133-142)

Recommendation: None.

FEMA 114

8.2 Considerations (SUIants)
8.3 Sealing Techniques
8.4 Closures (Sealants)
8.5 Design Details (Sealants)
8.7 Technical Design Criteria
(Sealants)
(Pages 145-156)

Rec~ndalion: None.

sac
N/A

SBC

Chapters 12,
13, 14, 15 and
16

SBC

N/A

SBC

N/A

SBC

N/A

Analysis

FEMA 114 addresses techniques and types of materials for the
construction of f100dwalls. SSC does not address fIoodwalls or
floodplain management. Floodplain management is addressed
in the SSCCI Standard for Floodplain ~anagement.

AnaJysis

FEMA 114 contains design criteria for floodwall design which
addresses materials, soils, loads, overtuming resistance, sliding
resistance, and actual foundation dimensions. SBC is a
performance code Which requires structures to be designed to
withstand the loads and forces encountered. SBC provides
reference to material specifications in the materials chapters.

FEMA 114 addresses the use of closures (covering openings
such as doors, windows, driveways, etc.) to act as shields to
keep water away from the residence or entering the residence.
SSC does not address floodplain management. Floodplain
management is addressed in SSCCI Standard for Floodplain
Management.

AnaJysis

FEMA 114 addresses the use of closures (covering openings
such as doors, windows, driveways, etc.) to act as shields to
keep water away from the residence or entering the residence.
SBC does not address floodplain management. Floodplain
management is addressed in SBCCI Standard for Floodplain
Management.

Analysis

FEMA 114 addresses the sealing, making watertight, or dry
floodproofing of the structure to prevent the entry of water
during low level flooding. SBC does not address floodplain
management. Floodplain management is addressed in the
SBCCI Standard for Floodplain Management.
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•

.-
•

FEMA 114

9.4 Permanent Prot8CUve Measures
(Utilities)

9.5 Utility Relocations to
Existing Space

9.6 Utility Relocations to New
Spaces
(Pages 160-165)

SBC

N/A FEMA 1'4 addresses permanent protection of a structure's
utility system. SSC does not address utilities. This is
addressed in 602.4 and 602.5 of the SSCCI Standard for
Floodplain Management.

Recommmdation: None.

•
FEMA 114

9.8 Storage Tank Anchorage
(Page 166)

SSC

N/A FEMA 114 addresses the need for proper anchorage of tanks
to prevent their flotation from the buoyancy forces. sse does
not address buoyancy forces.

Recommendation: None.

FEMA 114 permits "floating structures' as a me1hod of
floodproofing. SSC does not address "floating structures.'

sec
N/A

sec
Chapter 12

FEMA 114

10.4 Floating Structures
(Pages 176-177)

Appendix C - Forces
(Pages 197-207)

FEMA 114

RecOl'nfnendation: None.

Anatysis

FEMA 114 addresses hydrostatic loads, hydrodynamic loads,
impact loads, and wind loads. FEMA 114 also provides
definitions, application and me1hodology for design. SSC
requires design for all forces encountered but does not provide
me1hodology. Section 900.4 of the SSCCI Standard for
Floodplain Management addresses hydrostatic and
hydrodynamic loads.

RecOI'nfnendation: FEMA 114 should update the wind speed maps to the latest editions and address snow and seismic
loads. SSC should address hydrostatic. hydrodynamic, and buoyancy forces in floodplain areas.

•

•

•

.-

•

• -
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STANDARD BUILDING CODE (SBC) COMPARISON

AIILNial Fans: Hazards and Management (FEMA 165)

FEMA 165 sac Analysis

Windows. and Doors
(Page 10)

Recommendarinn: None.

N/A FEMA 165 prohibits openings on the up't!i11 side of the structure
to prevent debris and flood water from entering the building.
SSC does not prohibit the location of openings except for fire
protection requirements. SSC does not address floodplain
management. Floodplain Management is addressed in the
SSCCI Standard for Floodplain Management.
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•

.- STANDARD BUILDING CODE (SBC) COMPARISON

Manual for the Construction of Residential Basements in Non-Coastal Flood Environs (MCRB)

Chapter III Basement Construction

•

•

A. Construction Types - Walls

MCRB

III. A.1 Unreinforced Block
(Page 13)

Recommendation: None.

sac
1302.6.2
1403.6
1404
1405

MCRB provides commentary type language for minimum
thickness, lack of reinforcing, and the lack of resistance to
lateral pressures. SBC provides minimum thickness of
foundation walls based on type of wall construction and depth
of unbalanced till.

sac
1302.6.2
1410
1411

MCRB

III.A.2 Reinforced and Grouted
Block
(Pages 13, 14)

AnaIvsis
MCRB provides commentary and prescriptive type language for
minimum thickness, vertical and horizontal reinforcing, bond
beam, and the capacity to resistant lateral loads. SBC provides
minimum thickness, specification for mortar and grout,
construction requirements for both low-lift and high-lift grouted
construction, etc. SBC requires reinforced masonry to conform
to the provisions of ANSI A41.2 or ACI/ASCE 530.

Recommendation: MCRB should reference ANSI A41.2 and ACI/ASCE 530.

•

--
•

MCRB

III.A.3 Structural Plain Concrete
(Page 14)

sac
1302.6.2
1601.1.2
1603.2

AnaIvsis
MCRB provides commentary and prescriptive type language for
minimum thickness, lack of reinforcing, minimum compressive
strength, and limits on resistance to lateral pressure. SBC
provides minimum thickness of foundation walls based on type
of wall construction and depth of unbalanced till.

Reconrmendation: MCRB should l'8ference ACl 318.

•

•

Recommendation: None.

MCRB

II I.A. 4 Reinforced Concrete
(Pages 14, 1S)

sac
1601.1.1

Anatvsis
MCRB provides commentary and prescriptive type of language
for minimum thickness, reinforcing, and ability to resist lateral
loads. SBC requires structural members of reinforced concrete
to be designed in accordance with ACI 318.

• -
MCRB

III.A.S Cut Stone, Rubble Stone,
and Cribbing and Planking.
(Page 1S)

sac
1402.S
1403.2
1407.5

Anatysis

MCRB provides commentary type language and will not
consider them any further because they are not commonplace.
SBC provides minimal requirements such as minimum
compressive strength, minimum thickness, etc.

Recommendation: None.
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MCRB

1I1.A.6 Treated Wood Foundations
(Page 15)

Recommendalion: None.

MCR8

iliA7 Variations
(Pages 15, 16)

RecommendaJion: None.

MCRB

III.A.8 Excavation and Backfilling
(Pages 16-18)

Recommendation: None.

MCRB

III.A.9 Formwork
(Pages 18, 19)

Recommendalion: None.

B. Other Construction F88Iures.

MCR8

III.B.1 Basement SIIb
(Page 19)

Recommendation: None.

sec

1302.8

sac
N/A

sac
1302.1.1
1302.1.3
1302.1.5
1302.3
1312.<4
1608

sac
1606.1
1606.2.<4

sac
1608

Ar!Ify!II

MCRB explains that sufficient research Is not available on
treated wOOd' foundations under flooded condition,s therefore,
they are not included in the MCRB. SBC requires wOOd
foundations to comply with the provisipns of NFoPA Technical
Report NO.7.

AnattsiI
MCRB provides commentary type language fOf partially
reinforced masonry, unreintorced masonry, reinforced masonry,
structural plain concrete, and reinforced cast-in-place concrete
walls. SBC does not provide commentary language.

Analysis

Both MCRB and SBC require all organic material to be
removed from the foundation excavation, the footings to be
buill on undisturbed or properly compacted soil, the bottom of
the footing to be below the depth of frost penetration,
foundations on expansive soils to be a mat or raft foundation,
and backfill to be placed in lifts and compacted in a manner
which does not damage the waterproofing or foundation wall.

AnattsiI
Both MCR8 and SBC require the forms to be substantial and
sul'flciently i:ght to prevent leakage of mortar, properly braced
to maintain position, and removed in such a manner as not to
damage the concrete.

AnattsiI
MCRB states that basement stabs are typically between 3 and 4
inches thick, with and without steel wire reinfOfcement. SBC
requires a minimum slab thickness of 3 1/2 inches and does
not require wire reinfOfCement.
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•

.-
•

•

•

.-
•

•

•

• -
•

MCRB

III.B.2 Structural Basement Slab
(Pages 19, 20)

Recommendation: None.

MCRB

III.B.3 Footing (Foundation)
(Page 20)

Recommendation: None.

MCR8

III.B.4 Underdrain System-Sumps
and Pumps
(Pages 20-23)

Recommendation: None.

MCRB

III.B.5a Grand Surface Slope 
Site Investigation
(Pages 23, 24)

Recommendation: None.

MCR8

III.B.5b Ground Surface Slope •
Grading and Surface Drainage
(Pages 24, 25)

Recommendation: None.

MCRB

III.B.6 Seepage Quantities
(Pages 25-31)

Recommendation: None.

sac
1601.1.1
1608

sac
1302.1.3
1302.4.2

sac
1312.1
1312.2

sac
N/A

sac
1302.1.6
.302.1.7

sac
N/A

MCRB provides commentary type language on the use of a
structural basement slab to resist water pressures up to 5 feet
above the bottom of the slab for an 'undrained system' and a
conventional slab for a 'drained system.' SBC requires
structural members of reinforced concrete to be designed and
constructed in accordance with ACt 318. SBC requires the
thickness of floor slabs to be a minimum of 3 1/2 inches thick.

Analysis

Both MCRB and SBC require the bottom of the footing to be
below the depth of frost penetration. MCRB provides a "typical'
size of a footing. sec is a performance code and does not
provide any minimum footing size.

Analysis

Both MCRB and SBC require waterproofing where hydrostatic
pressure conditions exist, however MCRB contains
commentary type language. MCRB also addresses the use of
a sump pump in addition to the waterproofing.

Analysis

MCRB provides commentary type language addressing site
investigation of the soil to determine the drainage method
needed to maintain a dry basement.

An8IYsis
Both MCRB and SBC require the finish grade to slope away
from the foundation for drainage. Both MCRB and SBC require
provisions to be made to prevent soil erosion and divert water
tlWf1!f from the foundation.

An8Iysjs

MCRB provides a "flow net analysis' to determine if the
drainage system is feasible. SBC is a performance code and
does not provide sample calculations.
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MCRB sac
III.B.7a PenetratiOnS, Cradta, Joints, 1312.2.4
and "Waterproofing" • UtIIIy
Openings
(Page 31)

AnaIvsis
Both MCRB and SBC require penetrations through walls to be
watertight.

Rtco11U1lendaJion: None.

MCRB sac
III.B.7b Penetrations, Cracks, Joints, N/A
and "Waterproofing" - Techniques
that Lessen Cracking in Concrete
(Pages 31-34)

Analysis

MCRB provides commentary type language addressing crack
control. SBC is a performance code and does nOl provide
commentary.

RtC011U1IendaJion: None.

MCRB

III.B.7c Penetrations, Cracks,
Joints, and "Waterproofing' 
"Waterproofing' Basements
(Pages 34, 35)

sac
1312.1
1312.2

Ana!ysis

Both MCRB and SBC address waterproofing. MCRB
addresses the use of drains. sumps, and pumps. SBC
addresses the use of "waterproofing' on the basement wall.

Rtco11U1lenda/iOft: None.

MCRB

III.B.8 Subsystems (Plumbing)
(Pages 35, 36)

sac
N/A

Analysis

None. The SBC does not address plumbing.

Rtc011U1IendaJion: None.

sac
1Q.3
1706.1

MCRB

III.B.9 Anchorage
(Pages 36,37)

AnIMi!
MCRB provides :alcul<i; :0 determine the anchorage
requirements. MCRB.?: .·es a minimum of 112 inch anchor
bolts spaced a maximum of 8 ft anchored into 2 block courses
or 16 Inches with a minimum of 2 bolts per plate. SBC requires
a minimum of 1/2 inch anchor bolts spaced a maximum of 6 ft
embedded It least ~ncheS In concrete or 8 Inches Into
masonry units.

Rtc011U1IendaJiOft: The MCRB should be changed to comply with current model codes.

MCR8

III.B.10 Some Concrete Construction
Practices
(Pages 37-46)

sec
1602.6
1605
1607

AnIMi!
Both MCRB and SBC contain provisions for handling and
depositing concrete, consolidating concrete, cold weather
considerations, additives olacing reinforcement, etc. However,
MCRB also contains cc;- -:entary type language.

Rtc011U1IendaJiOft: None.
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.- MCR8 sac
III.B.11 Some Block ConItruction Chapter 14
Practices
(pages 47-SO)

Rtcommmdation: None.

• C. Loads

MCR8 sac
III.C.1 Soil 1302.2
III.C.1.a Sand, Silt. Clay 1302.3

• III.C.1.b Expansive Soils
III.C.1.c Permeability
III.C.1.d Saturation
(Pages SO.57)

RtcDml1lendation: None.

•
MCRB sac
III.C.1 Soil 1302.1.6
III.C.1.e Erosion

•

--
•

•

•

•

•

Rtco1'nl1lendaJion: None.

MCR8

III.C.1 Soil
III.C.1.f Backfill Material
Related to Lateral Pressures
(Pages~)

Rtcommendalion... None.

MCR8

III.C.2 Water Table
(Page 63)

RtcommendaJion: None.

MCR8

III.C.3 Superstructure Loads and
Buoyancy

(Pages 63-71)

Recommendalion: None.

sac
1312.4

sac
N/A

sac
N/A

Anatysis

MCRB contains commentary type language addressing wfrys to
improve the waterproofing quality of concrete masonry walls.
SBC contains minimum requirements for all types of masonry
construction.

Anatvsis
MCRB contains commentary type language on soil types,
expansive soils, permeability, and saturation. MCRB contains
sample calculations for nonexpansive and expansive soils.
sec contains provisions tor soils investigation and expansive
soils.

Anatysis

MCRB addresses methods of inhibiting erosion by soil
treatment, seeding, and mulching. sec requires provisions to
be made to prevent soil erosion from root runoff by directing
water away from the foundation.

Anatysis

MCRB provides commentary type language addressing lateral
pressures exerted from backfill material. sec simply requires
the backfill material to be placed in such a manner so as not to
damage the foundation wall.

Analysis

None. The SBC does not address the water table.

Ana!ysis

MCRB contains sample calculations to determine the
superstructure loads imposed by buoyancy. SBC is a
performance code and does not provide sample calculations.
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MCRB

III.C.4.d Flood WIln - Ve60city
(Pages 72, 73)

~

N/A

Anaty!!s

MCRB provides commentary type language addressing
increased structural damage which may resun from the high
velocity of flood waters. SBC does not address flood waters.

Recommendation: None.

MOm

III.C.4.e Flood Waters· sediment
(Pages 73, 74)

sac
N/A

Ana!ysis

MCRB provides commentary type language addressing flood
water deposited sediment. SBC does not address sediment
deposited by flood waters.

Recommendation: None.

~ sac
III.C.4.f Flood Waters - Rate of Rise N/A
(Page 74)

AnI!ttsis
MCRB provides commentary type language addressing the rate
of rise of flood water causing unequal loading on basement
walls which could cause damage to the wall. SBC does not
address rate of rise of flood waters.

Recommendalion: None.

~

III.C.4.g Flood Water - Hydraulic/
Hydrologic Relations
(pages 74, 75)

sac
N/A

AnI!ttsis
MCRB references a separate HydraullclHydroiogic manual
which could be used to evaluate a site (Le. for velocity of flood
waters, erosion, sediment, flood water depth, and watershed
hydrology).

Recommendalion.: None.

sac
Chapler12

AnIIyIiI

MCRB stales that other than debris and impact loads; wind,
snow, and Ice are not considered to alter the designs in the
MCRB. SBC requires every building to be of sufficient strength
to support the loads and forces encountered.

Recommmdlllioft: MCRB should Include wind, snow, and seismic loads.

~

III.C.5 Debris, Wind, Impact, Snow,
Ice, and Other LiVe Loads
(Page 75)
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MCRB contains sample structural calculations. MCRB refers to
the UBC in VA2.e and V.A.2.f. SBC is a performance code
and does not provide sample calculations.

•

••
•

•

•

Chapter V Basements In Floods

MCR8 sac
VA Structural DesignlAnalysis N/A
VA2. Designs, M8thodI, and
Tables
V.A.2.a Building Model, Dimensions,
and Loading
V.A.2.b Structural Analysis Model
(WalQ
V.A.2.c Structural Plain Concrete
VA2.d Reinforced Concrete
VA2.e Plain Masonry Block
V.A.2.f Reinforced Masonry Block
VA2.g Flood Waters Above' Grade
V.A.2.h Slab Thickness (Based on
Bending)

V.A.2.i Structural Slab Design
(Ultimate Strength Design)
(Pages 88-114)

Recommendation: MCRB should not reference a single model code. MCRB should reference only national consensus
documents.

e_
•

V.B. Soil/Water Load Philosophy N/A
V.B.t Weir Level Load
V.B.2 Buoyancy
V.B.3 Slab Bending
V.B.4 Wall Loads
V.B.S Clay vs. Sand or Drain and
Sump vs. SeaJed ·Barge·

V.B.S.a Drained or Sump System
V.B.S.b Undrained or Barge System
(Pages 114·126)

Recommendation: None.

Analysis

MCRB contains commentary type language addressing the
design philosophy of the lateral pressures exened by soil
and/or water loadings. SBC is a performance code and does
not contain commentary type language.

•

•

•

•

VII Appendices

MCRB

Appendix A • Soils 0..
Allowable Bearing~
(Page 164)
Allowable Soil Pr...... Beneath
Footings

(Page 166)

RecCH1ln1endation: None.

sac
N/A

Analysis

MCRB contains allowable bearing pressures for various soil
types. SBC is a performance code. SBC relies on a soils
report to determine the allowable bearing capacity.
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VIII. Builder's Guide

MCRB sse
A. Introduction N/A
A.2.a Soil and Waterlo8dlng on
Wall Cross-Sectlon
(page 198)
A.2.c "Waterproofing" Systems
(page 2(6)
A.2.d Wall Design
(page 209)
A.2.e Slab Design
(page 211)
B. Acceptable Wall Designs
B.1 Structural Plain Concrete
(Unreinforced)

B.2 Reinforced Concrete
B.3 Unreinforced Masonry Block
B.4 Reinforced Masonry Block
B.5 Buoyancy Wall
(Pages 212-239)
C. Acceptable Slab Designs
(Pages 240-246)
D. Acceptable Control Joint Designs,
Underdrain, "Wlterprooftng" and
Seals

0.1 Overview and Control Joints
0.2 Sump, Pump, and Underdraln
(for Drained System)

0.3 "Waterproofing" and 8eaIs
0.3.8 Undrained Slab and Wall
System
0.3.b Drained Slab and Wall System
D.3.c SlablWalVFooting Juncture
(pages 247-262)

Recommendation: None.

Analysis

MCRB contains details and design charts for wall design, slab
design, control joints, sumps, and/or Wlterproofing. SBC is a
performance code and does not contain details or design
charts.

MCRB

Hydraulic:lHydroiogic Manual
I. Introduction
I.B Flood Wllers
I.B.4 Velocity
I.B.5 sediment
(pages 7-9)

Recommmdatim: None.

sac
N1A

AIWvsis
MCRB contains commentary type language addressing
increased structural damage which may result from the high
velocity of floodwaters and floodwater deposited sediment.
SBC does not address floodwaters.
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No.~l ~

I. Definition N/A
(Page 1)

•
Recommendation: None.

• NO.~l sac
II. Protection Goals N/A
(Page 2)

•

••

•

STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: Wet Floodproofing, No. 85-1

Analysis

No. 85-1 provides a definition of wet floodprooting and explains
the juS1ification for this type of floodprooting. SBC does not
address floodproofing. This is addressed in Chapter 9 of the
SBCCI Standard for Floodplain Management.

No. 85-1 explains that wet floodprooting consiS1S of protection
of the S1rueture , protection of interior finishes, protection of
mechanical and electrical syS1ems, protection of major
equipment and maChinery, and protection of contents. SBC
does not address floodproofing. This is addressed in Chapter
9 of the SBCCI Standard for Floodplain Management.

Reco11lJ'nendDtion: None.

Recommendation: None.

•
No. 85-1 sac
III.C Building Activity and Use N/A
(Pages ~)

•
Recommendation: None.

No. 85-1 SBC

• IV.A.1 Foundations N/A
(Page 6)

••

••
•

NO.~l

III.B. Structural Features
(Pages 4-5)

Reco11lJ'nendation: None.

sac
N/A No. 85-1 addresses the SuperS1ructure materials as far as

durability, resiS1ance to the deterioration caused by floodwaters,
and water resiS1ance. SBC does not address floodproofing.
This is addressed in Chapter 9 of the SBCCI Standard for
FlOOdplain Management.

Analysis

No. 85-1 addresses the need to determine the feasibility of wet
floodproofing based on building activity and use. SBC does
not address floodprooting. This is addressed in Chapter 9 of
the SBCCI Standard for Floodplain Management.

Analysis

No. 85-1 emphasizes the importance of the need to inveS1igate
the influence of hydrologic and hydraulic conditions on the
foundation design when wet floodprooting is used. SBC does
not address floodproofing. This is addressed in Chapter 9 of
the SBCCI Standard for Floodplain Management.
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No.~1

IV.A.2 Cavity Wall Construction
(Pages 6-7)

Recommmdation: None.

NO.8S-1

IV.A.3 Solid Wall Construction
(Pages 7-8)

Recommmdalion: None.

NO.8S-1

IV.A.4 Interior Walls
(Page 8)

ReconJl1lendtJtion: None.

NO.8S-1

IVAS Interior Wall Finishes
(Page 8)

Recommmdalion: None.

No.8S-1

IV.A.6 Floors
(pages 8-9)

Recommendation: None.

~

N/A

SBC

N/A

SBC

N/A

sac
N/A

sac
N/A

No. 85-1 addresses the need to drain the cavity space at a rate
approximately equal to the flood rate. sac does not address
f100dproofing. This is addressed in Chapter 9of the saccI
Standard for Floodplain Management.

Anatysis

No. 85-1 addresses the need for the interior and exterior wall
cladding to be relatively impervious to prevent the intrusion of
the floodwaters into the wall. sac does not address
f100dproofing. This is addressed in Chapter 9 of the saccI
Standard for Floodplain Management.

Anatysis

No. 85-1 emphasizes that the criteria for cavity wall and solid
wall construction applies to interior walls. sac does not
address f100dproofing. This is addressed in Chapter 9 of the
saccI Standard for Floodplain Management.

Analysis

No. 85-1 addresses the need for the interior finishes to be able
to withstand inundation for a minimum of 160 hours without
damage, not be SUbject to deterioration from chemicals in the
floodwaters, and capable of being easily cleaned. sac does
not address f100dprooting. This is addressed in Chapter 9 of
the saccI Standard for Floodplain Management.

Anatvsis
No. 85-1 addresses the need for floor systems to be capable of
withstanding the hydrostatic pressure generated by a water
level differential of two feet between the exterior and interior of
the structure. sac does not address fIoodprooting. This is
addressed in Chapter 9 of the saccI Standard for Floodplain
Management.

a~



•

.- No. 85-1 SBC Analysis

IVA7 ceiling and Roots N/A No. 85-1 addresses the need for the ceiling materials to be of a
(Page 9) type to withstand prolonged exposure to moisture and

.humidity. SBC does not address floodproofing. This is
addressed in Chapter 9 of the SBCCI Standard for Floodplain
Management.

Recommendalion: None.

•
No. 85-1 SBe Analysis

IVA8 Building Envelope N/A No. 85-1 addresses the need for building penetrations (doors,
Penetrations louvers, vents, skylights, etc.) to be Capable of resisting

• (Page 10) damage for a minimum of 160 hours of inundation, be
essentially nonporous, and be conducive to easy cleaning.
SBC does not· address floodprOOfing. This is addressed in
Chapter 9 of the SBCCI Standard for Floodplain Management.

RecommendtUion: None.

• No. 8>1 SBe Analysis

IV.A.9 Electrical System N/A No. 85-1 addresses the need to prevent vulnerable electrical
(Pages 10-11) components from coming in contact with the floodwaters. SBC

does not address floodproofing. This is addressed in 602.5
and Chapter 9 of the SBCCI Standard for Floodplain•• Management.

Rtcon'l/1lLndation: None.

No. 85-1 SBe Analysis

• IVA10 HVAe N/A No. 85-1 emphasizes that the key protective measures for
(Pages 11-12) HVAC equipment is elevation and enclosure. SBC does not

address protection of HVAC equipment from floodwaters. This
is addressed in 602.5 and Chapter 9 of the SBCCI Standard for
Floodplain Management.

Rtcommendalion: None.

•

•

•

• B-47



STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: Foundation Wall Openings, No. 85-2

sac
1201.1

No. 85-2

Flood Forces
(Pages 1-3)

AnaJysis

No. 85-2 provides commentary type language on flood forces
(hydrostatic and hydrodynamic pressure) and formulaS to
determine these pressures. SBC requires the structure to be of
sufficient strength to support the loads and forces encountered
(wind, water, seismic, snow).

Recommendation: No. 85-2 should address snow and seismic loads.

No. 85-2

Openings Design Criteria
(Pages 4-6)

sac
1302.6.3 No. 85-2 provides the design criteria to size the openings

needed to allow floodwaters into an enclosure tor the purpose
of equalizing hydrostatic pressures. SBC only addresses crawl
space openings needed for ventilation. This is addressed in
602.2 of the SBCCI Standard for Floodplain Management.

Recommmdalion: None.
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•

•• STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: Breakaway Walls, No. 85-3

RecDm11Iendation: No. 85-3 should update reference to ASCE 7~ and address snow and seismic loads.

•

•

•

••
•

•

•

• •
•

No. 85-3

II. Wind and Water Forces
(Pages 2-3)

No. 85-3

III. Design Approach
(Page 4)

Recof7'lmendation: None.

No. 85-3

IV. Design Considerations
(Pages 4-10)

RecDm11Iendation: None.

~

1201.1
1205

sse
1201.1

sse
N/A

Analysis

No. 85-3 addresses wind and flood water loads. SBC requires
every structure to be of sufficient strength to support the loads
and forces encountered. SBC does not specifically address
flood water forces but does address wind, snow, and seismic
loads. No. 85-3 references the building cOdes or ANSI A58.1
1982 for information on wind loads. SSC references ASCE 7
88 in addition to prOViding a wind load map, velocity pressures
and coefficients.

Analysis

No. 85-3 requires the breakaway wall to be designed to
withstand at least 10 pst but no more than 20 pst. SSC does
not address breakaway walls. SBC requires the structure to be
designed for the loads and forces encountered. Breakaway
walls are addressed in 801.4 of the SSCCI Standard for
Floodplain Management.

AnatvsiS
No. 85-3 provides commentary type language and details for
various types of breakaway walls. SBC does not address
breakaway walls. SBC requires the structure to be designed for
the loads and forces encountered. Breakaway walls are
addressed in 801.4 of the SBCCI Standard for Floodplain
Management.
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STANDARD BUILDING CODE (sec) COMPARISON

Technical Standards Bulletin: Wind Design Standards and the NFIP, No. Sa.1

No. aPr1

Pages 1-5

sac
1201.1
1205

Analysis

Both No. 88-1 and SBC address wind loads. No. 88-1 contains
a reference to ANSI ASS. 1-1982. SBC references ASCE 7~ in
addition to containing a wind speed map, velocity pressure
table, and coefficients for wind load design. SBC requires the
structure to be of sufficient strength to support the loads and
forces encountered.

Recommendation: No. 88-1 should update reference to ASCE 7~ and address snow and seismic loads.
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I•

.- STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: Flood Resistant Materials, No. 88-2

•

•

•

••
•

•

•

••
•

No.~2

Pages 1-7

Recommendation: None.

sac

N/A No. 88-2 provides data and guidance to determine 'materials
resistant to flood damage' and how the material should be
used to improve a structure's ability to withstand flooding. sac
does not address "flood resistant" materials. This is addressed
in 602.4 of the S8CCI Standard for Floodplain Management.
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STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: Free of Obstruction Requirement in Coastal High Hazard Areas, No, 88-3

No. 88-3

Lower Area Obstructions
(Pages 2~)

RecOf1IIfIeMaJion.: None.

No. 88-3

Obstructions Outside the Perimeter
of the Coastal Building
(Pages ~)

RecOf1IIfIendaJion: None.

No. 88-3

Obstructions Attached to But
Outside the Building Perimeter
(Page 6)

RecOf1IIfIeMaJion: None.

SBC

1201.1

SBC

1201.1

SBC

Chapter 1

No. 88-3 prohibits the construction of anything; except
breakaway walls, open wood latticework, or insect screening;
beneath the lowest horizontal structural member in V zones.
SBC does not prohibit construction provided it is of sufficient
strength to support the loads or forces encountered. This is
addressed in 602.3, 800.2 and 801.4 of the SBCCI Standard tor
Floodplain Management.

No. 88-3 requires structures outside the perimeter of the coastal
building to be anchored to resist flotation, COllapse, and lateral
movement due to the combined effects of wind and water
loads. SBC requires structures to be of sufficient strength to
support the loads and forces encountered. SBC does not
address flotation. This is addressed in 801.1 of the saccI
Standard for Floodplain Management.

Ana!ysis

No. 88-3 explains that anything attached to the building is
considered part of the building and has to meet the same
requirements as the building. sac requires every building or
structure to comply with the Code.
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•

.- STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: Protection of Elevator Equipment in Flood Hazard Areas, No. 884

•

•

•

.-
•

•

•

••
•

No. 88-4

Recommendations
(Page 3)

Rec~ndation.: None.

~

N/A No. 88-4 recommends that the elevator-related hydraulic
equipment and elevator-related electrical equipment be located
above the BFE. No. 88-4 recommends that electrical
equipment that cannot be placed above the BFE to be of water
resistam mOdels. No.~ recommends that the elevator cab
automatically stay above flood waters by interlocking the
controls with "float" switches in the elevator shaft. SBC does
not address floodplain management. Floodplain management
is addressed in the SBCCI Standard for Floodplain
Management.
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STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: NFIP Requirements for Below Grade Parking Garages in Flood Hazard Areas,
No. 90-2

No. 90-2

Pages 1~

R«OIfI11lendalion: None.

SBC

N/A

Ana/ysis

No. 90-2 provides a summary of the National Flood Insurance
Program (Regulations for Floodplain Management and Flood
Hazard Identification) requirements for below grade par1<ing
garages in flood hazard areas. SBC does not address
floodplain management. Floodplain Management is addressed
in the SBCCI Standard for Floodplain Management.
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•

.- STANDARD BUILDING CODE (SBC) COMPARISON

Technical Standards Bulletin: Non-Residential Floodproofinq Certification Requirements of the National Flood
Insurance Program, No. 90-3

•

•

•

••
•

•

•

• •
•

No. 90-3

Pages 1~

Recommendation: None.

SBC

N/A No. 90-3 provides a summ8IY of the National Flood Insurance
Program (RegUlations for Floodplain Management and Flood
Hazard Identification) requirements to obtain certification by
flOOdproofing the non·residential structure. No. 90-3 also
provides the forces that the structure would be subjected to
when the structure is SUbjected to the base flood. SBC does
not address floodplain management. Floodplain management
is addressed in the SBCCI Standard for Floodplain
Management.

B-55



STANDARD BUILDING CODE (SSC) COMPARISON

Technical Standards Bulletin: Installation of Manufactured Homes in Special Flood Hazard Areas, No. 9Q.4

No.9O-i

Pages 3-19

RecommendaJion... None.

SBC

Appendix H

Ana!ysis

No. 90-4 provides a summary of the National Flood Insurance
Program (Regulations tor Floodplain Management and Flood
Hazard Identification) requirements which affect the placement
of manufactured homes in flood hazard areas. SBC addresses
manufactured home tiedown requirements based on hurricane
and nonhurricane zones. SBC does not address floodplain
management. Floodplain management is addressed in the
SBCCI Standard to( Floodplain Management.
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•

.- STANDARD MECHANICAL CODE (SMC) COMPARISON

NFIP (Regulations for Floodplain Management and Flood Hazard Identification) (44 CFR 59.1, 60.3, and 60.6)

•
59.1 Definitions
60.3 Floodplain Management
Criteria for Flood·Prone Areas

sue

N/A None. These sections of NFIP do not address mechanical
equipment or its installation.

ReC01'M'leMalion: None.

Ana!ysis

None. NFIP does not address mechanical equipment or its
installation.

sue

N/A

sue

302
303

60.6 - Variances and Exceptions

NAP

6O.6(c)(2)(i) Flood-Proot Wall

Ana!ysis

NFIP requires the basement area, together with utilities and
sanitary facilities below the floodprooted design level, to be
watertight with walls that are impermeable to the passage of
water without human intervention. The SMC allows underfloor
installation but does not specify minimum elevations for
equipment. This is addressed in 602.1.2, 602.5, and Chapter 9
of the SBCCI Standard for Floodplain Management.

ReC01'M'leMa/ion: The SMC should be revised to reference the SBCCI Standard for Floodplain Management.

NAP

6O.6(c)(2)OQ Basement Top of
Floor Elevation
6O.6(c)(2)(iiQ Fill
60.6(c)(2)(iv) Use of a Registered
Professional

6O.6(c)(2)(v) Building Inspection•

••
•

•

ReC01'M'leMaJion.: None.

•

• •
• B-57



STANDARD MECHANICAL. CODE (SMC) COMPARISON

Elevated Residential Structures (FEMA 54)

FEMA54 SMC

Design and Construction Guidelines N/A
posts
post embedment
post anchorage
piers
brick and concrete masonry piers
concrete piers
pier footings
shear walls and floor diaphragms
pier foundation connections
floor beams
cantilevers
floor joist to floor beam connection
(Pages 68-88)

Recommmdation: None.

Ana!ysis

None. These sections of FEMA 54 do not address mechanical _
equipment or its installation.

SMC

607
607.3.1.5

Figure 4.48 Protective Utility Shaft
(Page 92)

FEMA54 Ana!ysis

FEMA 54 requires fuel piping serving an elevated structure to
be on the leeward side of post/columns or enclosed in a
protective shaft. SMC requires piping to be supponed and
protected against physical damage.

RecOf1I1PIendation: None since both address the issue of damage only in different directions. FEMA - prescriptive SMC
performance.

SMC

302
303

FEMA 54

Mechanical Equipment
(Page 93, Paragraph 2)

Ana!ysis

FEMA 54 requires all mechanical equipment to be elevated
above expected flood waters, with indoor components
preferably installed in attics. The SMC allows attic installation
but does not specify minimum elevations for equipment.

RecOf1I1PIendation: These sections of the SMC should be revised to reference the SBCCI Standard for Floodplain
Management.

SMC

Ch. 5
504.2

FEMA54

Mechanical EqulprtWl
(Page 93, Paragraph 2) Continued

Ana!ysis

FEMA 54 requires air ductwOrk to have emergency openings at
lowest elevations and a minimum slope on horizontal duct runs
to allow drainage. The SMC requires that ducts be suitably
protected when placed in locations where they may be subject
to damage.

RecOf1I1PIendation: None since both address the issue of damage only in different directions. FEMA· prescriptive SMC 
performance.
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I•

.- FEMA54

Septic Tanks
(Page 93, Paragraph 3)

SMC

N/A The SMC does not address septiC tanks.

Recomtnendarion: None.

•

•

FEMA54

Building Materials
Wood
Steel
Concrete and Masonry
(Pages 93-95)

Recommmdarion: None.

SMC

N/A

Anatvsis
None. These sections of FEMA 54 do not address mechanical
equipment or its installation.

SMC

506
610

Insulation
(Pages 95, 96)

FEMA54 Analysis

FEMA 54 requires underfloor exposed pipes to be insulated
with impermeable or inexpensively replaced insulation.
Inexpensive insulation is not defined in FEMA. The SMC
requires air duet in nonconditioned areas to be insulated and
piping to be insulated for personal protection and for
condensation control. This is addressed in 602.4 and 602.5 of
the SBCCI Standard for Floodplain Management.

Rec01'71lntndarion: Change FEMA 54 to address insulation of exposed ductwork.••
•

•

FEMA54

Glossary
(Pages 113-115)

RecOfnI1Jendalion.: None.

SMC

N/A

Anatvsis
None. The Glossary section of FEMA 54 does not address
mechanical equipment or installation.

•
FEMA54

Performance Criteria C.2 (1.3)
·Protection Against Unnecessary
Damage·

(Page 134)

607, 607.3.1.5, See previous sections. This is only a recap.
302,303,
Ch. 5, 504.2

RecomtnendariDn: None.

•

••
• B-59



STANDARD MECHANiCAl CODE (SMC) COMPARISON

Coastal Construction Manual (FEMA 55)

SMC

Ch.3
607
607.3.1.5
302
303

FEMA 55

Chapter 4 -Structural Design
Section 4.3.6 Utilities
(Pages 4-50 to 4-52)

Analysis

FEMA 55 requires all mechanical equipment to be elevated
above BFE, and fuel piping be on the leeward side of
columnS/piers or enclosed in shatto The SMC allows attic
installation of equipment. but does not specify minimum
elevations for equipment. The SMC requires fuel piping to be
supported and protected from physical damage.

Recommendation: (1) For equipment location - the SMC should be revised to reference the Standard for Floodplain
Management (2) for fuel pipe protection • None both address the issue only in different directions. FEMA - prescriptive
SMC • performance

FEMA55

Ch. 5 • Larger Structures
(Pages 5-1 to "5-9)
Appendix A - Design Tables
(Pages A-1 to A~7)

Appendix B - Bracing
(Pages B-1 to B-15)
Appencix 0 - Design Equation
and Procedures

(Pages 0-1 to 0-32)

SMC

N/A

Analysis

None. These sections of FEMA 55 do not address mechanical
equipment or its installation.

Recommendation: None.

FEMA55

Appendix G "Sample Coastal
Construction Code"
12. Utilities

(Page G-8)

SUC

302
303

AnaJysis

FEMA 55 requires all mechanical equipment to be elevated
above expected floodwaters. The SMC allows such
installations. but does not specify minimum equipment
elevations.

Recommendation: The SMC should be revised to reference the Standard for Floodplain Management.
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•

.- STANDARD MECHANICAL CODE (SMC) COMPARISON

Manufactured Home Installation in Flood Hazard Areas (FEMA 85)

FEMA 85 SMC Analysis

•

•

•

••
•

•

•

••
•

Chapter III Elevation and
AnChOring Techniques

(Pages 19-31)
Chapter IV Design of Elevated
Foundations

(Pages 33-70)
Appendix D Calculational
Procedure for Elevated
Foundation Design

(Pages 89·97)
Appendix E Buoyancy and Drag
Forces

(Pages 99-101)

Rec~ndQIion.: None.

N/A None. These sections of FEMA do not address mechanical
equipment or its installation.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Floodproofing Non-Residential Structures (FEMA 102)

FEMA 102 SMC Anatysis

Ch. I Introduction
(Pages 8-13)
Ch. III Floodproofing Design
Permanent & Contingent Measures

(Pages 37-n,~)

N/A None. These sections of FEMA 102 do not address
mechanical equipment or its installation.

RecommendtJlion: None.

FEMA 102

Ch. IV Other Floodproofing
Measures
C. Utilities
(Pages 99-105)

SMC

302
303

Anatysis

FEMA 102 requires mechanical equipment to be elevated
above BFE or "floodproofed". Floodproofing entails a watertight
enclosure, with all penetrations into the building pressure
sealed. The SMC allows such installations, with proper access
and clearance to combustibles.

308 FEMA 102 requires mechanical exhaust fans discharging below
the BFE to be protected by flood shields. The SMC requires
exhaust to discharge outdoors at a point where it will not cause
a nuisance or 10 ft above a public Walkway.

Recommenda/ion: (1) Revise SMC to reference the Standard for Floodplain Management (2) Revise FEMA 102 to
reference the locally adopted model code for installation clearances.

FEMA 102

Appendix B ·Glossary"
(pages 161-166)
Appendix D ·Floodproofing
Performance Criteria·
Parts B and D

(pages 182-193)

SMC

N/A

AnaJysis

None. These sections of FEMA 102 do not address
mechanical equipment or Its installation.

Recommendlllion: None.

AnaJysis

FEMA 102 requires that all mechanical equipment be installed
above BFE, or be enclosed in water-tight rooms. The SMC
allows elevated or enclosed installation but requires access and
clearance to combustibles.

SMC

302
303

FEMA 102

Appendix D ·FIoOdprocIflng
Pertormance CriterW'
pan C ·Performance CrbrW
CrIteria #6 Heating
Air-Conditioning & Ventilation
(A) LocatiOn

(page 192)

Recommendation: (1) Revise FEMA 102 to reference the local model codes for access and clearance. (2) Revise SMC to
reference Standard for Floodplain Management
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•

.-
•

FEMA 102

Appendix 0 "FloodprOClftng
Performance Criteria"
Part C "Performance Crtteria"
Criteria #6 Heating, Air
Conditioning and Ventilation
(B) Heating and Air Conditioning

(Page 192)

SMC

607

Analysis

FEMA 102 requires that fuel systems below the BFE be
equipped with automatic shutoff valves activated.by rising
water. The SMC would not require or prohibit such valves.

306.2

•

FEMA 102 requires all heating equipment be vented to a level
above BFE. SMC requires vent/chimney termination 3 ft above
roof and 2 ft higher than any portion of the root within 10ft.

RecommJ!ndaJion: Revise SMC to reference Standard for Floodplain Management.

FEMA 102 requires all ductwork located below BFE to slope to
drainage openings. The SMC does not require conditioned air
ducts to slope.

Ch.5

SMC

307
308
Ch. 5

510

FEMA 102

Appendix 0 "Floodproofing
Performance Criteria"
Part C "Performance Criteria"
Criteria #6 Heating
Air-Conditioning & Ventilation

(c) Ventilation
(Page 193)

FEMA 102 requires all ductwOrk located below BFE to be
anchored against floodwaters. The SMC requires adequate
support per SMACNA.

FEMA 102 requires all penetrations of the building envelope by
air ductwork to have a closure assembly. The SMC reqUires
fire dampers at certain firewalls.

RecOmmJ!ndation: The SMC should be revised to reference Standard Floodplain Management.

•

•

--
Ana!ysis

FEMA 102 requires fuel tanks and lines to be located above
BFE or anchored and protected from floodwater velocity/surge
with a fact of safety of 1.5. The SMC allows installation of fuel
storage tanks either inside or outside buildings but does not
address uplift forces. The SMC states that the piping shall be
protected from physical damage.

SMC

607

FEMA 102

Appendix 0 "Floodprooting
Performance Criteria·
Part C ·Performance Criteria"
Criteria #6 Heating
Air-Conditioning & Ventilation

(0) Fuel Tanks and Unes
(Page 193)

RecOmmJ!ndation: The SMC should reference tank location, uplift forces, and the Standard for Floodplain Management.

•

•

• •
FEMA 102

Appendix 0 "Floodprooting
Performance Criteria
Part C "Performance Criteria"
Criteria #7 ·Plumbing Systems·

(Page 193)

SMC

N/A

AnaIvsis
None. This appendix of FEMA 102 does not address
mechanical equipment on its installation.

RecOmmJ!ndation: None.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Retrofitting Flood-Prone Residential Structures (FEMA 114)

FEMA 114

Ch. 3 Elevation
(Pages ~9, 61-68)
Ch.6 Floodwalls
(Pages 111-129)
Ch. 7 Closures
(pages 133-142)
Ch.8 Sealants
(Pages 145-156)

SMC

N/A None. These sections of FEMA 114 do not address
mechanical equipment or its installation.

RecOf11I1Iendalion: None.

FEMA 114 SMC

Ch. 9 Protection of Utilities Ch. 3
9.4 Permanent Protective Measures
(Pages 160-163)

Ana!ysis

FEMA 114 requires utility connections to be above flood level,
shielding for basement appliances, elevated installation for
exterior appliances, suspension for underfloor equipment, and
anChoring for fuel storage tanks. The SMC allows these types
of installations but requires minimum clearances to
combustibles and access which is ignored by FEMA 114.

Recommmdation: (1) Change FEMA to reference locally adopted model codes for clearances to combustible materials
and minimum access (2) change the SMC to reference the Standard for Floodplain Management.

FEMA 114

Ch. 9 Protection of Utilities
9.5 Utility Relocation to
Existing Space

(Pages 163-164)

SMC

Ch.3

Ana!ysis

FEMA 114 addresses relocation of mechanical equipment from
the basement to upper levels or attics. The SMC allows attic or
closet installation as an option, but specifies minimum
clearances and access.

Recommmdalion: Section 9.5 of FEMA 114 should be revised to reference minimum clearances tor heat producing
appliances according to local model codes.

Ana!ysis

FEMA 114 addresses relocation of mechanical equipment to a
newly constructed space. The SMC allows equipment rooms,
but specifies minimum clearances and access.

SMC

Ch.3

FEMA 114

Ch. 9 Protection of UtIlIties
9.6 Utility Relocatlonlto
New Space

(Pages 164, 165)

RecOf11l1lendation: Section 9.6 of FEMA 114 should be revised to encourage obtaining a building permit for new
construetion/8tterations. It should also reference model codes for minimum clearance to combustibles and access to
equipment.
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•

.- FEMA 114

Ch. 9 Protection of UtlIIties
9.8 Storage Tank Anchorage

(Page 166)

~

607

Ana!ysis

FEMA 114 requires anchorage of fuel storage tanks. The SMC
allows installation of fuel storage tanks inside or outside
structures, bU1 does not SpeCifically address uplift forces.

•
RecOfI1I7IendaJion: Revise the SMC to reference the Standard for FlOOdplain Management and add a section on fuel tank
anchorage.

•

•

--
•

•

•

• -
•

FEMA 114

Chapter 10 Special Situations
(Pages 176, 177)
Appendix C Forces
(Pages 197-207)

Rtco~ndation: None.

SMC

N/A None. These sections of FEMA 114 do not address
mechanical equipment or its installation.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Allwial Fans: Hazards and Management (FEMA 165)

FEMA 165 SMC Anatysis

Windows and Doors
(Page 10)

RecOl'J'llftendaliDn: None.

N/A None. This page of FEMA 165 does not address mechanical
equipment or its installation.

B~



•

•• STANDARD MECHANICAL CODE (SMC) COMPARISON

Manual for the Construction of Residential Basements in Non-Coastal Flood Environs (MCRB)

•

-
•

--
•

•

-
••
•

Chapter /II. Basement Construction N/A
(Pages 13.75)
Chapter V. Basements in Floods
(Pages 88-126)
Chapter V/I Appendix A - Soils Data
(Pages 164, 166)
Chapter VIII Builder's Guide
(Pages 198, 206, 209, 211-262)
Hydraulic/Hydrologic Manual
(Pages 7.10)

RecontnJendalion: None.

Ana!ysis

None. MCRB does not address mechanical equipment or its
installation.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bullettn: Wet Floodproofing, No. 85-1

AnBIysis

None.~ sections of No. 85-1 do not address mechanical
equipment or its installation.

AnBIysis

None. These sections of No. 85-1 do not address mechanical
equipment or its instaJlation.

No. 85-1 sue
Definition N/A
Protection Goals
Considerations for Applicability
(Pages 1~)

Recommmdation.: None.

No. 85-1 sue
IV. Guidelines for Implementation N/A
A.1 Foundations
A.2 CavIty Wall ConstructIon
A.3 Solid Wall Construction
A.4 Interior Walls
A.S Interior Wall Finishes
A.6 Floors
A.7 ceilings and Roofs
A.S Building Envelope Penetrations
A.9 ElectricaJ Systems
(Pages 6-11)

RecOlftlflerrdalion.: None.

No. 85-1 sue
IV. Guidelines for Implementation 302
4.A.10 HVAC 303
(page 11)

AnlW!iI
No. 85-1 requires mechanical equipment to be elevated or
enclosed for protection. The SMC allows enclosed
installations, but does not specify minimum elevations for
equipment.

RecommmdaMn.: The SMC should be r8Yised to reterence the Standard for Floodplain Management.
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• r

.e STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bulletin: Foundation Wall Openings, No. 85-2

•

•

•

·e

•

•

•

• •
•

No.~2

Flood Forces
(Pages 1-3)

Recommendarion: None.

No.as.2

Openings Design Criteria
(Pages 4-6)

Recommendarion.· None.

SMC

N/A

SMC

302
303

None. This section of No. 85-2 does not address mechanical
equipmem or its installation.

Analysis

No. 85-2 gives sizing criteria for foundation wall openings used
to equalize hydrostatic pressures. The SMC addresses crawl
space access opening size onty where mechanical equipment
is installed there. This section of FEMA realty doesn't address
mechanical equipment installation.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bulletin: Breakaway Walls, No. 85-3

No.8S-3

II. Wind and Water Forces
III. Design Approach
IV. Design Considerations
(Pages 2·10)

Recommendation: None.

SMC

N/A None. These sections of No. 85-3 do not address mechanical
equipment or its installation.
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•

•• STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bulletin: Wind Design Standards and the NFIP, No. 88-1

•

•

•

••
•

•

•

••
•

No.~1

Pages 1·5

Rec~ndaJion: None.

SMC

N/A

Analysis

None. These pages of No. 88-1 do not address mechanical
equipment or its installation.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bulletin: Flood Resistant Materials, No. 88-2

No. 88-2

Pages 1-7

RecontlMndalion: None.

SMC

N/A

Analysis

None. These pages of No. 88-2 do not address mechanical
equipment or its installation.
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•

••
STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bulletin: Free of Obstruction Requirement in Coastal High Hazard Areas, No. 88-3

•

•

•

••
•

•

•

••
•

No. 88-3

Lower Area Obstructions
Obstructions Outside the Perimeter
of the Coastal Building
Obstructions Attached to But
Outside the Building Perimeter
(Pages 2-6)

Recommendation: None.

SMC

N/A

Analysis

None. These pages of No. 88-3 do not address mechanical
equipment or its installation.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bulletin: Protection of Elevator Equipment in Flood Hazard Areas. No.~

sue
Ch. 3

No. 88-4

Recommendation #1
Page 3

Anatysis

No.~ reqUires location of elevator equipment above base
flood elevation. The SMC allows such installation but does not
specify minimum equipment elevations.

R~commmdQriolt: Revise the SMC to reference the Standard tor Floodplain Management.
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•

•• STANDARD MECHANICAl CODE (SMC) COMPARISON

Technical Standards Bulletin: NFIP Requirements for Below Grade Parking Garages in Flood Hazard Areas,
No. 90-2

•

•

•

••
•

•

•

••
•

No. 90-2

Pages 1-4

RecDm1'I'Iendalion: None.

SMC

N/A

AnaJysis

None. These pages of No. 90-2 do not address mechanical
equipment or its installation.
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STANDARD MECHANICAL CODE (SMC) COMPARISON

Technical Standards Bulletin: Non-Residential Floodproofinq Certification Requirements of the National Flood
Insurance Program, No. 90-3

SMC

Ch.3

Anatysis

No. 90-3 requires all utilities to be (1) Above BFE or (2)
completely watertight, or (3) completely enclosed by the
building's watertight walls. The SMC allows such instaJlations
but requires clearances and access to equipment.

RecommendQlion: Revise No. 90-3 to reference the local model codes for clearance to combustibles and access to
equipment.

Section 0-2
(Pages 1~)

No. 90-3
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•

•• STANDARD MECHANICAl.. CODE (SMC) COMPARISON

Technical Standards Bulletin: Installation of Manufactured Homes in Special Flood Hazard Areas, No. 904

•

•

•

••
•

•

•

••
•

No. 90-4

Pages 3-19

RecOfrIJ'Mndation: None.

SMC

N/A None. These sections of No. 90-4 do not address mechanical
equipment or its installation.

. B·n



STANDARD GAS CODE (SGC) COMPARISON

NFIP (Regulations for Floodplain Managemem and Flood Hazard Idemifieation) (44 CFR 59.1, 60.3, and 60.6)

NAP

59.1 Definitions
60.3 Floodplain Management
Criteria to Flood-Prone Areas

SGC

N/A

Anattsis
None. These sections of NFIP do not address gas-fired
equipment.

Reconrmendalion: None.

SGC

Chapter 4 NFIP requires the basement area, together with utilities and
sanitary facilities below the floodproofed design level, to be
watertight with walls that are impermeable to the passage of
water without human intervention. The SGC defers to the SMC
for access and clearance, but does specify minimum
combustion air and venting criteria Utility location and
f100dprooting are addressed in 602.1.2, 602.5, and Chapter 9 of
the SBCCI Standard for Floodplain Management.

Reconrmendaliol1: The SGC should be revised to reference the SBCCI Standard for Floodplain Management.

60.6 - Variances and Exceptions

NAP

6O.6(c)(2)(i) Flood-proof Walls

NAP SGC

6O.6(c)(2)OQ Basement Top of Floor N/A
Elevation

6O.6(c)(2)(iiQ Fill
6O.6(c)(2)(iv) Use of a Registered
Professional

6O.6(c)(2)(v) Building Inspection

Anatvsis
None. NFIP does not address gas-fired equipment.

Reconrmendalion: None.
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•

••
STANDARD GAS CODE (SGC) COMPARISON

Elevated Residential Structures (FEMA 54)

•

•

•

FEMA 54

Design and Construction Guidelines N/A
posts
post embedment
post anchorage
piers
brick and concrete masonry piers
concrete piers
pier footings
shear walls and floor diaphragms
pier foundation connections
floor beams
cantilevers
floor joist to floor beam connection
(Pag8S~)

Recommendation: None.

Analysis

None. These sections of FEMA 54 do not address gas-fired
equipment.

SGC

Ch. 3
308

FEMA54

Figure 4.48 Protective Utility
Shaft

(Page 92)

FEMA 54 requires gas piping serving an elevated structure to
be installed on the leeward side of post/columns or enclosed in
a protective shaft. The SGC requires piping to be supported
and allows a shaft enclosure.

Recommendation: The SGC should be revised to reference the Standard for Floodplain Management.
••

SGC

Ch.4
402.4

FEMA 54

Mechanical Equipment
(Page 93, Paragraph 2)

FEMA 54 requires all gas-fired mechanical equipment to be
elevated above expected flood waters with indoor components
preferably installed in attic. The SGC defers to the SMC for
access and clearance, but does specify minimum combustion
air and venting criteria DuctwOrk is covered in the SMC.

Recommendation: (1) Revise FEMA to caution that tuel-fired equipment must be installed to local codes (2) Revise SGC
to reference the Standard for Floodplain Management.

•

•

•
FEMA 54

Septic Tanks
(Page 93, Paragraph 3)

SGC

N/A

AnaJysis

None. The SGC does not address septic tanks.

Recommendalion: None.

• •
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FEMA54

Building Materials
Wood
Steel
Concrete and Masonry
(Pages 93-95)

Recommendation: None.

FEMA54

Insulation
(pages 95, 96)

RecOff'Imendation: None.

FEMA54

Glossary
(Pages 113-1.15)

RecOff'ImendDlion: None.

FEMA54

Performance Criteria C. 2 (1.3)
"Protection Against Unnecessary
Damage"

(Page 134)

RecomJ1'lendDlion: None.

SGC

N/A

SGC

N/A

SGC

N/A

SGC

Ch. 3, 308
Ch.4,402.4

Ana!ysis

None. These sections of FEMA 54 do not address gas-fired
mechanical equipment.

Anatysis

None. The SGC does not address insulation.

Anatysis

None. The Glossary section of FEMA 54 does not address
gas-fired mechanical equipment.

Anatysis

See previous sections on FEMA 54. This is only a summary,
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•

•• STANDARD GAS CODE (SGC) COMPARISON

Coastal Construction Manual (FEMA 55)

SGC

Ch. 3, 308,
Ch. 4, 402.4

Chapter 4 - Structural Design
Section 4.3.6 Utilities

(Pages 4-50 to 4-52)

FEMA55 Anatysis

FEMA 55 requires all gas-fired equipment to be elevated above
expected flood water and gas piping to be installed on the
leeward side of postS/columns or enclosed in shafts. The SGC
defers to the SMC for access requirements. but does specify
minimum combustion air and venting. The SGC requires
piping to be supported and would allow the shatto

Recommendation: (1) For elevation - revise the SGC to reference the Standard for Floodplain Management. (2) For fuel
supply • revise FEMA to reference model codes for installation.•

•

•

••

FEMA55

Ch. 5 Larger Structures
(Pages 5-1 to 5-9)
Appendix A Design Tables
(Pages A·1 to A47)
Appendix B Bracing
(Pages B·1 to B-1S)
Appendix D Design Equations and
Procedures

(Pages D-1 to D-32)

Recommendation: None.

SGC

N/A

Ana!vsis
None. These sections of FEMA 55 do not address gas-fired
mechanical equipment.

•
FEMA55

AppendixG Ch.4
·Sample Coastal Construction Code·
12 Utilities
(Page G-8)

Anatysis

FEMA 55 requires all gas-fueled mechanical equipment to be
elevated above flood waters. The SGC allows elevated
installations but also requires minimum combustion air and
venting criteria

•
Recommendarion: (1) Revise SGC to reference the Standard for Floodplain Management. (2) Revise FEMA 55 to
reference local model codes for installation.

•

••
• B-81



STANDARD GAS CODE (SGC) COMPARISON

Manufactured Home Installation in Flood Hazard Areas (FEMA as)

FEMA85

Chapter III Elevation and
Anchoring Techniques
(Pages 19-31)
Chapter IV Design of Elevated
Foundations

(Pages 33-70)
Appendix D Calculational
Procedure for Elevated
Foundation Design

(Pages 89-97)
Appendix E Buoyancy and Drag
Forces

(Pages 99-101)

ReCOI'Nf'IeMaJion: None.

SOC

N/A

AnaJysis

None. These sections of FEMA 85 do not address gas-fired
mechanical equipment.
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•

•• STANDARD GAS CODE (SGC) COMPARISON

Floodproofing Non-Residential Structures (FEMA 102)

FEMA 102 SOC Analysis

•
Ch. I Introduction
(Pages 8-13)
Ch. 11/ Floodproofing Design
Permanent & Contingent Measures

(Pages 37-72, 80~)

N/A None. These sections of FEMA 102 do not address gas-fired
mechanical equipment.

•
Recommendation: None.

SGC

402
611

611

FEMA 102

Chapter IV Other Floodproofing
Measures

C. Utilities
(Pages 99-1 OS)

Analysis

FEMA 102 requires gas-fired mechanical equipment to be
elevated above '8FE' or "floodproofed.' Floodproofing entails
a watertight enclosure for equipment with all penetrations of the
bUilding envelope pressure sealed. The SGC allows equipment
enclosure with proper access. Adequate combustion air and
proper venting.

FEMA 102 requires exterior gas natural draft vents below 8FE
to be protected by flood shields. The SGC allows very limited
exterior venting.

Recommendation: (1) Revise the SGC to reference the Standard for Floodplain Management. (2) Revise FEMA 102 to
reference the locally adopted model code for installation criteria.••

•

•

•

FEMA 102

Appendix 8 'Glossaty"
(Pages 161-166)
Appendix D 'Floodproofing
Performance Criteria
Parts 8 and D

(Pages 182-192)

Recommendation: None.

SGC

N/A

Analysis

None. These sections of FEMA 102 do not address gas-fuel
appliances.

Analysis

FEMA 102 requires that all gas-fired mechanical equipment be
installed above 8FE. or be enclosed in water-tight rooms. The
SGC allows elevated or enclosed installation, but specifies
minimum combustion air and venting.

SGC

Ch.4
402.4

FEMA 102

Appendix 0 'Floodprootlng
Performance Criteria

Part C 'Performance CrIteria"
Criteria #6 Heating
Air-Conditioning and
Ventilation

(A) Location
(Page 192)

Recornnaendation: (1) Revise SGC to reference Standard of Floodplain Management. (2) Revise FEMA to reference
locally adopted model codes for installation requirements.••

•
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Analysis

FEMA 102 requires that gas delivery systems installed below
BFE be equipped with automatic shutoff valves, activated by
rising water. The SGC would not require or prOhibit such
valves.

608.3

SGC

Ch.4
Ch.5
Ch. 6

FEMA 102

Appendix 0 "FIOOdprOOfing
Performance Criteria"
Part C "Performance CrIteria'

Criteria #6 Heating
Air-Conditioning & Ventilation

(B) Heating and Air Conditioning
(Page 192)

FEMA 102 requires all gas heating equipment be vented to a
level above BFE. The SGC requires natural draft gas vents to
terminate at least 2 ft above roof and 2 ft above any panion of
the roof within 10ft.

Recontmendalion.: Revise SGC to reference Standard of Floodplain Management.

FEMA 102

Appendix 0 "FIOOdprooting
Performance Criteria"

Part C 'Performance Criteria'
Criteria #6 Heating
Air-Conditioning & Ventilation

(C) Ventilation
(Page 193)

SGC

N/A

Analysis

Ventilation ductwOrk is addressed in the SMC.

Recontmenda/ion: None.

AnaJysis

FEMA 102 requires fuel storage tanks and lines to be located
above BFE or anchored and protected against floodwaters by a
factor of safety of 1.5. The SGC does not address uplift forces
on storage tanks.

SGC

Ch. 3
Ch.9

FEMA 102

Appendix 0 "Floodproofing
Performance Criteria"

Part C 'Performance Criteria'
Criteria #6 Heating
Air-Conditioning & Ventilation

(0) Fuel Tanks and Unes
(page 193)

Recontmenda/ion: Revise SGC to reference Standard of Floodplain Management and address buoyancy forces on
storage tanks.

FEMA 102

Appendix 0 "FIOOdproofing
Performance Criteria

Part C 'Performance Criteria'
Criteria #7 'Plumblng SysIems"
(page 193)

Recommenda/io,,: None.

SGC

N/A

AnaJysis

None. The SGC does not address plumbing.
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•

•• STANDARD GAS CODE (SGC) COMPARISON

Retrofitting Flood-Prone Residential Structures (FEMA 114)

•

•

FEMA 114

Ch. 3 Elevation
(Pages ~9, 61-68)
Ch. 6 Floodwalls
(Pages 111-129)
Ch. 7 Closures
(Pages 133-142)
Ch. 8 Sealants
(Pages 145-156)

Recommendation: None.

SGC

N/A None. These sections of FEMA 114 do not address gas·fired
mechanical equipment.

Ana!ysis

Section 9.5 of FEMA 114 addresses relocation of equipment
from the basement to upper levels or attics. The SGC allows
such installation but specifies minimum combustion air, venting
and clearances.

SGC

Ch. 3, 4,
5 and 6

Ch. 9 Protection of Utilities Ch. 4
9.4 Permanent Protective Measures Ch. 5

(Pages 160-163)

FEMA 114

FEMA 114

Ana!ysis

Section 9.4 of FEMA 114 requires utility connections to be
above flood level, shielding for basement appliances, elevated
exterior appliances, suspension for underfloor equipment and
anchoring of fuel storage tanks. The SGC allows such
installation but requires adequate combustion air and venting.

Recornrnendation: Revise SGC to reference the Standard for Floodplain Management.

Ch. 9 Protection of Utilities
9.5 Utility Relocation to Existing
Space

(Pages 163, 164)•

•

••
Recornrnendation: FEMA 114 should be revised to reference readers to local model codes for other safety considerations.

SGC

Ch. 3, 4,
5, and 6

Ch. 9 Protection of Utilities
9.6 Utility Relocation to New Space

(Pages 164, 165)

FEMA 114 Analysis

Section 9.6 of FEMA 114 addresses relocation of gas
equipment to a newly constructed space. The SGC allows
equipment rooms but specifies minimum combustion air,
venting and fuel supply.

Recommendation: Section 9.6 of FEMA 114 should be revised to encourage obtaining of a building permit for new
construction/alter8llonl.

•

•

Analysis

Section 9.8 of FEMA 114 requires anchorage of fuel storage
tanks. The SGC does not address uplift on LPG tanks.

SGC

Ch.3

FEMA 114

Ch. 9 Protection of Utilities
9.8 Storage Tank Anchorage

(Page 166)

Recornrnendation: Revise SGC to address uplift on LPG storage tanks.•
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FEMA 114

Chapter 10 Special SItUllllons
(pages 176, 177)
Appendix C Forces
(Pages 197-207)

Rec~ndarion: None.

SGC

N/A

Ana!vsis
None. These sections of FEMA11 4 do not address gas.fired
mechanical equipment.



•

•• STANDARD GAS CODE (SGC) COMPARISON

Alluvial Fans: Hazards and Management (FEMA 165)

•

•

•

••
•

•

•

•

•

FEMA165

Windows and Doors
(Page 10)

RecOI11l1Jendation: None.

SGC

N/A None. FEMA 165 does not address gas-fired mechanical
equipment.
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STANDARD GAS CODE (SGC) COMPARISON

Manual far the Construction of Residential Basements in Nan-Caastal Flood Envirans (MeRB)

MCRB

Chapter III Basement
Construction

(Pages 13-75)
Chapter V Basements in FloOds
(pages 88-126)
Chapter VII Appendix A-$olls
Data

(pages 164, 166)
Chapter VIII Builder's Guide
(pages 198, 206, 209, 211-262)
HydraulicJHydrologlc Manual
(Pages 7-10)

Recommendation: None.

SGC

N/A

Analysis

None. MCRB does not address gas-fired equipment.



•

•• STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Wet Floodproofing, No. 85-1

•

•

•

••

No. 85-1

Definition
Protection Goals
Considerations for Applicability
(Pages 1-6)

Reconvnendarion: None.

No. 85-1

IV. Guidelines for Implementation
A.1 Foundations
A.2 Cavity Wall Construction
A.3 Solid Wall Construction
A.4 Interior Walls
A.S Interior Wall Finishes
A.6 Floors
A.7 ceilings and Roots
A.a Building Envelope Penetrations
A.9 Electrical Systems
(Pages 6-11)

Recommendation: None.

SGC

N/A

SGC

N/A

None. These sections of No. 85-1 do not address gas·fired
mechanical equipment.

Analysis

None. These sections of No. 85-1 do not address gas-fired
mechanical equipment.

SGC

Ch.4
Ch. S

No. 8>1

IV. Guidelines for Implementation
A.10 HVAC
(Page 11)

No. 85-1 requires gas-fired mechanical equipment to be
elevated or enclosed for protection. The SGC allows enclosed
installation but requires combustion air and clearances to
combustible construction.

Reconvnendation: The SGC should be revised to reference the Standard for Floodplain Management.

•

•

•

•
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STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Foundation Wall Openings, No. 85-2

No.8S-2

Flood Forces
(Pages 1-3)

RecOff1II'lendJJJion: None.

No.8S-2

Openings Design Criteria
(Pages ~)

RecOff1II'lendalion: None.

SMC

N/A

SGC

402.8

Analysis

None. This section of No. 85-2 does not address gas-fired
mechanical equipment.

No. 85-2 provides sizing criteria for foundation wall openings
used to equalize hydrostatic pressures. The SGC addresses
access to appliances, but deters sizes to the SMC. However,
this section of No. 85-2 doesn't address equipment installatiOn.
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• •

•• STANDARD GAS CODE (SGC) COMPARJSON

Technical Standards Bulletin: Breakaway Walls, No. 85-3

•

•

•

••
•

•

•

••
•

No. 85-3

II. Wind and Water Forces
III. Design ApproaCh
IV. Design Considerations
(Pages 2-10)

Rtco1'N'1lendarion: None.

SGC

N/A None. These sections of No. 85-3 do not address gas.fired
mechanical equipment.
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STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Wind Design Standards and the NFIP! No. 88-1

No. 88-1

Pages 1-5

ReCOI'1/IMMalion: None.

SMC

N/A

AnaIvsis
None. These pages of No. 88-1 do not address gas-fired
mechanical equipment.
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•

•• STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Flood Resistant Materials, No. 88-2

•

•

•

••
•

•

•

••
•

No. 83-2

Pages '-7

Rec~ndation: None.

SGC

N/A

Analysis

None. These pages of No. 88-2 do not address gas-fired
mechanical equipment.
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STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Free of Obstruction Requirement in Coastal Hiqh Hazard Areas, No. 88-3

No.8S-3

Lower Area Obstructions
Obstructions Outside the Perimeter
of the Coastal Building
Obstructions Attached to But
Outside the Building Perimeter
(Pages 2-6)

RecOff'JIMndation.· None.

SGC

N/A

Analysis

None. These pages of No. 88-3 do not address gas-fired
mechanical equipment.
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•• STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Protection of Elevator Equipment in Flood Hazard Areas, No. 884

•

•

•

••
•

•

•

••
•

No. 88-4

Recommendations
(Page 3)

Recommendation.: None.

SGC

N/A

Anatysis

None. This page of No. 88-4 does not address gas-fired
mechanical equipment.
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STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: NFIP Reguiremems for Below Grade Parking Garages in Flood Hazard Areas,No.9Q.2

No. 90-2

Pages 1~

Recommendation: None.

SGC

N/A

Anatvsis
None. These pages of No. 90-2 do not address gas-fired
mechanical equipment.
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•• STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Non-Residential Floodproofinq Certification Requirements of the National Flood
Insurance Program, No. 90-3

SGC

Ch.4
Ch.5

section 0-2
(Pages 1~)

Analysis

No. 90-3 requires all utilities to be (1) above design flood or (2)
completely enveloped by watertight building or (3) completely
watertight. The SGC allows such installation but requires
venting and combustion air.

ReCOfJ'ImeMarion: Revise No. 90-3 to reference the local model code for venting and combustion air.

No. 90-3

•

•

•

••
•

•

•

••
• B·97



STANDARD GAS CODE (SGC) COMPARISON

Technical Standards Bulletin: Installation of Manufactured Homes in Special Flood Hazard Areas. No. 90-4

No.9Q..4

Pages 3-19

Recommnuialion.· None.

SGC

N/A

Ana!ysis

None. These pages of No. 904 do not address gas-fired
mechanical equipment.
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•• STANDARD PLUMBING CODE (SPC) COMPARISON

NFIP (Regulations for Floodplain Management and Flood Hazard Identification) (44 CFR 59.1. 60.3. and 60.6)

e

NAP

59.1 Definitions
60.3 Floodplain Management
Criteria to Flood-Prone Areas

SPC

N/A

Ana!ysis

None. NFIP does not address plumbing.

RectJmJnendation: None.

AnaNsis
None. NFIP does not address plumbing.

SPC

301.12
1204.1

60.6 - Variances and exceptions

NAP

6O.6(c)(2)(Q Flood-proof Walls

Anatvsis
NFIP requires the basement area, together with utilities and
sanitary facilities below the floodproofed design level, to be
watertight with walls that are impermeable to the passage of
water without human intervention. The SPC prohibits
deleterious discharge of sewage or other waste and requires
the water distribution system to be protected against backflow.
This is addressed in 602.1.2, 602.6, and 602.7. and Chapter 9
of the SBCCI Standard for Floodplain Management.

Recommendation: The SPC should be revised to reference the SBCCI Standard for Floodplain Management.

ME!e SPC

6O.6(c)(2)(iQ Basement Top of Floor N/A
Elevation

6O.6(c)(2)OiQ Fill
60.6(c)(2)(iv) Use of a Registered
Professional

6O.6(c) (2) (v) Building Inspection•

e_
•

•

Recommendation: None.

e

•

••
• B-99



STANDARD PLUMBING CODE (SPC) COMPARISON

Elevated Residential Structures (fEMA 54)

FEMA54 SPC

Design and Construction Guidelines N/A
postS
post embedment
post anchorage
piers
brick and concrete masonry piers
concrete piers
pier footings
shear walls and floor diaphragms
pier foundation connections
floor beams
cantilevers
floor joist to floor beam connection
(pages SUS)

Recommmdaiion: None.

Analysis

None. These sections of FEMA 54 do not address plumbing.

FEMA54

407 FEMA 54 requires water and DVN piping serving an elevated
structure to be attached to the leeward side of postS/columns
or enclosed in a protective shatto The SPC requires piping to
be protected from physical damage.

The SPC should be revised to reference the Standard for Floodplain Management.

Figure 4.48 Protective Utility
Shaft

(Page 92)

RecOfl1l1fendanOIl:

FEMA 54

Mechanical Equipment
(Page 93, Paragraph 2)

RecOfl1l1fendtllioll: None.

SPC

N/A

Ana!ysis

The SPC does not address mechanical equipment.

~

Appendix E
301.12

FEMA54

Septic Tanks
(Page 93, Paragraph 3)

Anatvsis
FEMA 54 requires that septic tanks be f100dprooted to stop
floating and potential discharge of effluent. The SPC reqUires
proper installation and prohibits deleterious discharge.

RecOfl1l1fendalion: None since both approach the problem from different directions. FEMA - prescriptive SPC·
performance. The SPC should be revised to reference the Standard for Floodplain Management.
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••
•

e

e

e_ .
•

•

•

••
•

FEMA54

Building Materials
Wood
Steel
Concrete and Masonry
(Pages 93-95)

Recommendation.: None.

FEMA54

Insulation
(Pages 95, 96)

Recommendation: None.

FEMA54

Glossary
(Pages 113-115)

Recommendation: None.

FEMA54

Performance Criteria C. 2 (1.3)
"Protection Against Unnecessary
Damage"

(Page 134)

Recommendmion: None.

SPC

N/A

SPC

N/A

SPC

N/A

SPC

407
Appendix E
301.12

None. These sections of FEMA 54 do not address plumbing.

Ana!ysis

The SPC does not address insulation.

Analysis

None. The Glossary section of FEMA 54 does not address
plumbing.

Ana!ysis

See previous sections on FEMA 54. This is only a summary.
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STANDARD PLUMBING CODE (SPC) COMPARISON

Coastal Construction Manual (FEMA 55)

FEMA55

Chapter 4 • Structural Design
Section 4.3.6 Utilities

(Pages 4-SO to 4-52)

407

Recommendarw",:

FEMA 55 requires water and DVN piping serving elevated
structures to be attached to the leeward side or postS/columns
or enclosed in a protective shatto The SPC requires piping be
protected from physical damage.

The SPC should be revised to reference the Standard for Floodplain Management.

FEMA55

Ch. 5 Larger Structures
(Pages 5-1 to 5-9)
Appendix A Design Tables
(Pages A-1 to A~7)

Appendix B Bracing
(Pages B-1 to 8-15)
Appendix 0 Design Equations and
Procedures

(Pages 0-1 to 0-32)

SPC

N/A

Analysis

None. FEMA 55 does not address plumbing.

Recommendario",: None.

SPC

301.10
808
Ch. 13

FEMA55

Appendix G
"Sample Coastal Construction Code"
12 Utilities
(page G-8)

AnaJysis

FEMA 55 requires sanitary sewer and storm drainage systems
with openings below the BFE to have backflow valves where
the lines pass through the building envelope. The SPC
requires a backwater valve only where a drainage system may
be SUbject to a backflow or sewage.

Recommendario",: Revise the SPC to reference the Standard for Floodplain Management and include specific criteria for
the isolation or these lines.
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•• STANDARD PLUMBING CODE (SPC) COMPARISON

Manufactured Home Installation in Flood Hazard Areas (FEMA 85)

•

•

•

••
•

•

•

••
•

FEMA85

Chapter III Elevation and
AnChoring Techniques

(Pages 19-31)
Chapter IV Design of Elevated
Foundations

(Pages 33-70)
Appendix D calculational
PrOCedure for Elevated
Foundation Design

(Pages 89·97)
Appendix E Buoyancy and Drag
Forces

(Pages 99-101)

RecommmdaJion: None.

SPC

N/A

Analysis

None. FEMA 85 does not address plumbing.
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STANDARD PLUMBING CODE (SPC) COMPARISON

Floodproofing Non-Residential Structures (FEMA 102)

FEMA102 SPC

Ch. I Introduction N/A
(Pages 8-13)
Ch. III Floodprooting Design
Permanent & Contingent Measures

(Pages 37-72. 80-88)

RecommendlJlion: None.

Analysis

None. FEMA 102 does not address plumbing.

FEMA 102

Chapter IV Other Floodproofing
Measures

C. Utilities
(Pages 99 • 1OS)

SPC

1302
1308

Analysis

FEMA 102 requires that backwater valves be installed on the
building sewer at a point where the piping is strong enough to
resist the flood induced pressures. A backwater valve is
usually a swing-check valve. As an altemate, all gravity sewer
openings below the BFE may be routed to a sump, then
pumped above BFE to the lowest entrance to the sewer (Figure
IV-8). FEMA also requires wells to be equipped with a
watenight casing that extends from one ft abOve grade to 2S ft
below grade to minimize contamination. The SPC would allow
the backwater valve, but would prOhibit the sump in situations
where gravity sewer is available. (1308.1) The SPC does not
address well construction.

Recommendation: (1) Revise SPC to reference the Standard for Floodplain Management. (2) Revise SPC to allow sumpsand ejeCtors for flood areas even where gravity drainage is available.

FEMA 102

Appendix 8 "Glossarf
(Pages 161-166)
Appendix D "Floodprooting
Performance Criteria
Parts 8 and D

(Pages 182·193)

RecommnuJmion: None.

FEMA 102

Appendix D "Floodprooting
Performance Criteria

Part C "Performance Criteria"
Criteria #6 Heating
AI'·Conditioning and
Ventilation

(A) Location
(Page 192)

Recommendation: None.

SPC

N/A

SPC

N/A

Anatvsis
None. These sections of FEMA 102 do not address plumbing.

Anatvsis
None. The SPC does not address HVAC equipment.
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FEMA 102

Appendix 0 'FloodprOOfing
Performance Criteria'
Part C ·Performance CrIteria'

Criteria #7 'Plumbing Systems'
(A) General
(Page 193)

Recol'J'llntndaJion: None.

SPC

903
606.1

AnaJysis

FEMA 102 requires that all plumbing system components below
BFE should be designed to minimize loss of stability or
tightness. The SPC requires fixtures to be securely anchored.

AnaJysis

FEMA 102 requires that potable water supply systems be
protected from contamination during flooding. The SPC
requires protection of potable water.

SPC

301.10
Ch. 13

SPC

1204

FEMA 102

Appendix 0 'Floodproofing
Performance Criteria'

Part C 'Performance Criteria'
Criteria #7 'Plumbing Systems·
(B) Sanitary Sewer Systems
(Page 193)

FEMA 102

Appendix 0 ·Floodproofing
Performance Criteria'

Part C 'Performance Criteria'
Criteria #7 ·Plumbing Systems·
(C) Water Supply Systems
(Page 193)

Analysis

FEMA 102 requires on-site sewage disposal systems to be
designed to minimize floodwater effects. Sanitary sewer
systems which must remain in operation during a flooding
event should be designed with 'a sealed holding tank sized at
150% of anticipated demand. All vents should extend above
BFE. The SPC does not prohibit holding tanks, but makes no
provision to size the tank except for engineering. The SPC will
allow, in limited instances, air admittance valves in lieu of
venting termination above roof.

RecDmmendaJion: Revise SPC to reference Standard of Floodplain Management and to prohibit air admittance valves
below BFE.

•

•

•

.-
Recol'J'llntndaJion: The SPC should reference Standard of Floodplain Management.

FEMA 102 requires backwater valves on storm drain, sewaqe
and potable water supply lines installed at wells or building
exits. The SPC allows such valves but only requires them for
sewage backflow.

SPC

301.10
Ch. 13

FEMA 102

Appendix 0 ·Floodproofing
Performance Criteria

Part C ·Performance Criteria·
Criteria #7 ·Plumbing Systems·
(0) Backflow Prevention
(Page 193)

Recommendation: Revise the SPC to reference Standard of Floodplain Management.•

•

•-
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STANDARD PLUMBING CODE (SPC) COMPARISON

Retrofitting Flood-Prone Residential Structures (FEMA 114)

fEMA 114

Ch. 3 Elevation
(Pages 46-49, 61-68)
Ch. 6 Floodwalis
(Pages 111-129)
Ch. 7 Closures
(Pages 133-142)
Ch. 8 Sealants
(pages 145-156)

ReCOfJ'Imendalion: None.

SPC

N/A None. These sections of FEMA 114 do not address plumbing.

FEMA 114 SPC

Ch. 9 Protection of Utilities N/A
9.4 Permanent Protective Measures
(Pages 160-163)

RecOfJ'Imendarion: None.

Ana!ysis

None. This section of FEMA 114 does not address plumbing.

FEMA 114

Ch. 9 Protection of Utilities
9.5 Utility Relocation to Existing
Space

(Pages 163, 164)

RecOfJ'Imendarion: None.

SPC

N/A

Ana!ysis

None. This section of FEMA 114 does not address plumbing.

FEMA 114 SPC

Ch. 9 Protection of Utilities N/A
9.6 Utility Relocation to New Space

(Pages 164, 165)

ReCOfJ'Imendalion: None.

AnaIvsis
None. This section of FEMA 114 does not address plumbing.

FEMA 114

Ch. 9 Protection of UtIIIIIa
9.8 Storage Tank AnchOrage

(page 166)

RecOfJ'Imendarion: None.

SPC

N/A

AnaIvsis
None. This section of FEMA 114 does not address plumbing.
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•

•

•

.-
•

•

•

••
•

FEMA 114

Chapter 10 Special Situations
(Pages 176. 177)
Appendix C Forces
(Pages 197-207)

Rtco~ndation: None.

SPC

N/A

AnaJysis

None. These sections of FEMA 114 do not address plumbing.

6·107



STANDARD PLUMBING CODE (SPC) COMPARISON

Alluvial Fans: Hazards and Management (FEMA 165)

FEMA 165

Windows and Doors
(Page 10)

Recommendmion: None.

SPC

N/A

Anatvsis
None. FEMA 165 does not address plumbing.
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••
STANDARD PLUMBING CODE (SPC) COMPARISON

Manual for the Construction of Residential Basements in Non-Coastal Flood Environs (MCRB)

•

•

Chapter III Basement 301.12
Construction (Pages 13-75) 1204.1

Chapter V Basements In Floods
(Page 88-126)
Chapter VII Appendix A - Soils Data
(Pages 164, 166)
Chapter VIII Builder's Guide
(Pages 198, 206, 209, 211-262)
Hydraulic/Hydrologic Manual
(Pages 7.10)

AnaJvsis
The majority of the MCRB does not address plumbing.
However, III.B.8 does address plumbing materials, sewer
systems, and potable water supply systems. MCRB requires
gate valves on the sanitary sewer outlets trom the house and
the potable water supply system to be designed in such a
manner to prevent contamination trom flood waters. The SPC
prohibits deleterious discharge of sewage or other waste and
requires the water distribution system to be protected against
backflow. This is addressed in 602.6 and 602.7 of the saccI
Standard for Floodplain Management.

•

.-
•

•

•

••
•

RecommendtJlion: The SPC should be revised to reference the SBCCI Standard for Floodplain Management.

/
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STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Wet Floodproofing Bulletin, No. 85-1

Ana!ysis

None. The SPC doesn't address HVAC equipment.

Ana!ysis

None. These sections of No. 85-1 do not address plumbing.

Analysis

None. These sections of No. 85-1 do not address plumbing.

No. 85-1 A.11 requires that interruptible water supply sources
be protected from contamination by a check valve. The SPC
does require backflow prevention. No. 85-1 reqUires a seaJed
holding tank for those disposal systems required to remain in
operation during a flooding event. Sewage systems should
have a manual valve or a backwater valve at building
penetration. The SPC requires a backflow valve for sewage
reversal only.

Recommendation: (1) Revise SPC to reference Standard for Floodplain Management; (2) Revise SPC to add a principle
for flood plain areas.

No. 8>1 SPC

Definition N/A
Protection Goals
Considerations for Applicability
(Pages 1-6)

Recommendation: None.

No. 8>1 SPC

N. Guidelines for Implementation N/A
A.1 Foundations
A.2 Cavity Wall Construction
A.3 Solid Wall Construction
A.4 Interior Walls
A.5 Interior Wall Finishes
A.6 Floors
A.7 ceilings and Roots
A.8 Building Envelope Penetrations
A.9 Electrical Systems
(Pages 6-11)

Recommendation: None.

No. 8>1 SPC

IV. Guidelines for Implementation N/A
A.10 HVAC
(page 11)

Recommendation: None.

No. 85-1 SPC

A.11 Plumbing and Water Ch.12
(Not in Scope) 1204
(Page 12)

301.10
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.- STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Foundation Wall Openings, No. 85-2

•

•

•

--
•

•

•

• -
-

No. 85-2

Flood Forces
(Pages 1-3)

RecomJ1Iendation: None.

No. 85-2

Openings Design Criteria
(Pages 4-6)

RecomJ1Iendation: None.

SMC

N/A

SPC

N/A

Analysis

None. This section of No. 85-2 does not address plumbing.

AnaJysis

None. The SPC does not address equipment access or
foundation wall openings.
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STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Breakaway Walls, No. 85-3

No.8S-3

II. Wind and Water Forces
III. Design Approach
IV. Design Considerations
(pages 2-10)

Recommenda/ion: None.

SPC

N/A None. No. 85-3 does not address plumbing.
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•• STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Wind Design Standards and the NFfP, No. 88-1

•

•

•

••
.'

•

•

••
•

NO.8S-1

Pages 1-5

Recommendation: None.

SMC

N/A

Analysis

None. No. 88-' does nol address plumbing.
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STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Flood Resistant Materials, No. 88-2

No. 88-2

Pages 1-7

ReconllFlendalion: None.

SPC

N/A

Analysis

None. No. 88-2 do not address plumbing.
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.- STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Free of Obstruction Requirement in Coastal Hiqh Hazard Areas, No. 88-3

•

•

•

••
•

•

•

••
•

No. 88-3

Lower Area Obstructions
Obstructions Outside the Perimeter
of the Coastal Building
Obstructions Attached to But
Outside the Building Perimeter
(Pages 2~)

Rtcommendation: None.

SPC

N/A

AnaJysis

None. No. 88-3 does not address plumbing.
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STANDARD PWMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Protection of Elevator Equipment in Flood Hazard Areas, No. 88-4

No. 88-4

Recommendations
(Page 3)

Recommendation: None.

SPC

N/A

AnaJvsis
None. No. 884 does not address plumbing.
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.- STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards BUlletin: NFIP Requirements for Below Grade Parking Garages in Flood Hazard Areas,
No. 90-2

•

•

•

••
•

•

•

••
•

No. 90-2

Pages 1~

R~co1J'llnendarion.: None.

SPC

N/A

Analysis

None. No. 90-2 do not address plumbing.
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STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Non-Residential Floodproofinq Certification Requirements of the National FloodInsurance Program, No. 90-3

SPC

N/A

No. 90-3

Section 0-2
(Pages 1~)

AnalYsis
No. 90-3 requires all utilities to be (1) above design flood or (2)
completely enclosed by the bUilding's watertight walls or (3) be
completely watertight. The SPC would not prOhibit such
installation, but only regulates size of space for setting fixtures.

ReconvnendDlion..· Revise SPC to reference the Standard for Floodplain Management.
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.- STANDARD PLUMBING CODE (SPC) COMPARISON

Technical Standards Bulletin: Installation of Manufactured Homes in Special Flood Hazard Areas, No.~

•

•

•

••
•

•

•

••
•

No. 90-4

Pages 3-19

R~commendation: None.

SPC

N/A

AnaJysis

None. No. 90-4 does not address plumbing.
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM;) COMPARISON

The Standard for Floodplain Management contains provisions which are unigue to floodplain management and
does not contain provisions for conventional construction contained in the Standard Codes.

NFIP (Regulations for Floodplain Management and Flood Hazard Identification) (44 CFR 59.1, 60.6, and 60.3)

59.1 - Definitions

t!E!e
Appurtenant Structure
Critical Feature
Storm Cellar

NFIP contains a definition of "appurtenant structure' and 'critical
feature" since it addresses requirements for flood insurance.
NFIP contains a definition of a 'storm cellar' which is used as a
temporary shelter against severe tornado or similar wind storm
activity. SFM does not contain these definitions since it does
not address flood insurance or temporary shelters against wind
storm activity.

Recommendarion: None.

NFIP

Base Flood
Basement
Breakaway Wall
Building
Development
Elevated Building
Existing Construction
Flood
Floodplain or Flood-Prone Area
Lowest Floor
Manufactured Home
100-year Flood
Structure
Substantial Improvement

Rec()I7IIMndalion: None.

Ana!ysis

The definitions in NFIP and SFM are compatible. NFIP's
definition of 'manufactured home' does not include a
'recreational vehicle" while SFM includes "mobile homes, par1(
trailers, travel trailers, and similar transportable structures
placed on a site for 180 consecutive days or longer and
intended to be improved property."

60.3 - Floodplain Management Criteria for Flood-Prone Areas

NAP SFM Ana!ysis

6036O.3(b)(8) Manufadur8d Home
Installation

Both NFIP and SFM are compatible however SFM does not
permit the placement of a manufactured home within a
designated floodway or coastal high haZard area.

RecommmdJJlion: In order to avoid contusion, NFIP and SFM should list the zone designation (A, AO, AH, VO, M, etc)
along with the word description (tIoodw8y, coastal high haZard).

NAP

6O.3(c)(2) Elevation for Residential
Structures

SFM

602.1.1

Ana!ysis

Both NFIP and SFM require elevation of the lowest horiZontal
structural member of the lowest floor including basement to be
elevated to or above the base flood level.

Rec()I7IIMndaliort: None.



J•

.- NAP

60.3(c)(3) Elevation for Non·
Residential Structures; Floodproof
Walls for Non-Residential Structures

~

602.1.2 Both NFIP and SFM permit the structure to be constructed
below the base flood elevation provided the structure Is
floodproofed up to the base flood level.

Reco~ndation: None.

• NAP

6O.3(c)(5) Flood Openings

SFM

602.2

Analysis

Both NFIP and SFM require two openings in walls below the
base flood elevation to allow the entry and exit of floodwaters
to automatically equalize hydrostatic flood forces on the exterior
walls.

Reco~ndation: None.

•
t:iE!e SFM

60.3(e)(4) Piling 801.1

•
Reco~ndation: None.

NFIP SFM.- 6O.3(e)(5) Breakaway Walls 801.4

Analysis

Both NFIP and SFM requires the structure in a high coastal
high hazard area to be elevated on pilings or columns and
securely anchored to resist flotation, collapse, and permanent
lateral movement due to the effects of wind and water loading.

Analysis

Both NFIP and SFM require areas below the lowest floor to be
free of obstruction or constructed with nonsupponing
breakaway walls, open wood lattice, or insect screening
intended to collapse under wind and water loads.

•
Reco~ndation: None.

•

NAP

60.3(e)(6) Fill

Reco~ndation: None.

SFM

801.5

Analysis

Both NFIP and SFM prohibit the use of fill material for structural
support in coastal high hazard areas.

SFM

900.3
900.4

60.6 - Variances and Exceptions.

NAP

6O.6(c)(2)(i) Floodproot Walls
6O.6(c)(2)(iv) Use of a Registered
Professional

Analysis

Both NFIP and SFM require the basement area together with
utilities and sanitary facilities below the floodproofed design
level, to be watertight with walls that are impermeable to the
passage of water without human intervention. The SFM does
not permit floodproofing of walls below the flood level for
residential structures. Both NFIP and SFM require the
floodproofing measures to be certified by a registered
professional engineer or architect.

Reco~ndation: None, since floodproofing of basements is allowed only in communities that have been granted an
exception by FEMA.-•

I.
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6O.6(c)(2)OQ Basement Top of Floor
Elevation

6O.6(c)(2)(iiij Fill

Recommendation: None.

NRP

60.6(c)(2)(v) Building Inspection

Recommendation: None.

SFM

600.1
604.2
604.3
800.2
801.5

SFM

Chapter 4

NFIP permits the basement floor to be up to fIVe feet below the
elevation of the base flood. NFIP permits the area surrounding
the structure to be protected by fill material to or above the
elevation of the base flood. SFM requires the lowest floor to be
located above the base flood elevation. SFM does not permit
the use of fill material as a buffer from storm surge in coastal
high hazard areas.

Analysis

Both NFIP and SFM require the authority having jurisdiction to
verity that the provisions of the standard are satisfied.
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.- STANDARD FOR FLOODPLAJN MANAGEMENT (SFM) COMPARISON

The Standard for Floodplain Management contains provisions which are unigue to floodplain management and
does not contain provisions for conventional construction contained in the Standard Codes.

Elevated Residential Structures (FEMA 54)

SFM

801.1Posts
Post Embedment
Post Anchorage
(Pages 68·71)

FEMA54 Analysis

FEMA 54 addresses the use of wood, concrete, or steel posts
as the foundation to elevate residential structures. General
commentary is made about installation, handling, and lateral
resistance. SFM does not address post foundations but
references Chapter 13 of the Standard Building Code for pile
system design and installation.

Recommendarion: FEMA 54 should combine post foundations and pile foundations into one section.•

•

•

.- .

•

FEMA54

Piers
Brick and Concrete Masonry Piers
Concrete Piers
Pier Footings
Shear Walls and Floor Diaphragms
(Pages 75·n, 79)

Recof7l/1lendarion: None.

SFM

801.1 FEMA 54 describes the suitability of pier foundations and types
of pier foundations suitable for flood areas with low velocity and
minimal erosion. FEMA 54 provides minimum reinforcing,
minimum dimensional requirements, maximum height, spacing,
and recommended Shape. FEMA 54 requires the piers to be
filled with concrete. FEMA 54 provides a general description
and discussion of poured·in·place concrete piers. FEMA 54
requires the footing sjzes to be based on the properties of the
soil. FEMA 54 addresses the use of plywood shear walls and
floor diaphragms to brace piles or post foundations. SFM
requires foundations to have adequate soil penetrations to
resist the combined wave and wind loads to which they are
subject. SFM does not address the actual requirements for the
piers.

•
FEMA54

Pier Foundation Connection
(Pages 84, 85)

SFM

801.3

Analysis

FEMA 54 addresses anchorage of platform framing
construction to pier foundations. SFM requires all components
including floor frames to be securely fastened and adequately
interconnected to resist loads anticipated during flooding.

Recommendarion: None.

SFM

N/A

FEMA54

Floor Beams
Cantilevers
(Pages 86, 87)

Analysis

FEMA 54 provides a general discussion of built-up floor beams
and cantilevered beams. FEMA 54 provides a "rule of thumb"
for the length of cantilever. SFM does not address construction
materials. Construction materials are addressed in the SBCCI
Standard Building Code.

Recommendarion: FEMA 54 should delete the "rule of thumb."••

•
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FEMA54

Floor Beam to Floor Joilt
Connection
(Page 88)

SFM

801.3

Anatvsis

FEMA 54 requires positive connectiOn between the floor joists
and floor beams. SFM requires all components of the building
to be securely fastened and adequately interconnected to resist
loads anticipated during flooding.

RecomJ'ttendanon: None.

FEMA54

Figure 4.48, Protective Utility Shaft
(Page 92)

SFM

602.5

AnaIvsis
FEMA 54 and SFM require utility protection.

RecommmdlJlion: None.

FEMA54

Mechanical Equipment
(Page 93, Paragraph 2)

SFM

602.5

AnaIvsIs
Both FEMA 54 and SFM require the mechanical equipment to
be designed and located so as to prevent water from entering
the components.

RecomJ'ttendanoll.: None.

SFM

501.2
602.7

FEMA54

Septic Tanks
(Page 93, Paragraph 3)

Analysis

FEMA 54 requires septic tanks to be fIoodproofed to prevent
the tank from riSing out of the ground. FEMA 54 and SFM
requires the tank to be designed to minimize or eliminate
discharge of effluent into the floodwaters.

Recommendanoll.: None. SFM should address buoyancy forces on tanks.

FEMA54

Building Materials
Wood
Steel
Concrete and Masonry
Insulation
(pages 93-96)

SFM

N/A

Analysis

FEMA 54 addresses the need for preservative treatment,
corrosion protection, and increased durability of building
materials exposed to the elements and flood water. FEMA 54
addresses the need tor insulation on the exposed floor of an
elevated residence. SFM does not address building materials
or insulation requirements. This is addressed in the CABO
Model Energy Code.

RecommendlJlion: None.

FEMA54

Glossary
(pages 113-115)

Analysis

Both FEMA 54 and SFM contain some of the same definitions
and some different definitions. The definitions are appropriate
for each document.

Recommendanon: None.
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SFM

401.3
801.3

FEMA54

Performance Criteria
(Pages 125-135)

Analysis

FEMA 54 addresses performance criteria used to design
bUildings to withstand the design flood (1) without causing
unacceptable risks to its occupants or to adjacem property
owners, (2) without causing unacceptable health hazards to its
occupants, or (3) without sustaining damage to unacceptable
magnitude. SFM requires the building to be certified by a
registered professional engineer or architect that it is designed
to withstand velocity waters, wave action, and wind loadings.
SFM requires all componems to be securely fastened and
adequately interconnected to resist the loads amicipated during
flooding.

Reco~ndatioll: FEMA 54 should include performance criteria for snow and seismic loads. The use of the phrases
'unacceptable risks', 'unacceptable health hazards', and 'unacceptable magnitude' are too subjective.

•

•

.-

•

••
•

•

•

• •
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON
The Standard for Floodplain Management contains provisions which are unigue to floodplain management anddoes not contain provisions for conventional construction contained in the Standard Codes.

Coastal Construction Manual (FEMA 55)

FEMA55

4.1 Flood Frequency
(Page 4-1, Paragraph 4)

SFM

801.1

Analysis

Both FEMA 55 and SFM reference the base flood (100 year) as
the water force for which the structure must be designed to
resist.

RtcommendaJion: None.

SFM

801

Analysis

FEMA 55 references the procedures of ANSI ASS. 1-1982 for
design with particular emphasis placed on elevation of the roof
above grade and high wind pressures at the comers of the
house, at and under roof eaves, and at the peak of the roof.
SFM references 1205 of the Standard Building for design wind
loads. SBC permits ASCE 7·1988 (formerly ANSI ASS. 1·1982)
in addition to the wind load provisions of 1205.

Rtco~ndation: FEMA 55 should update its reference to ASCE 7·1988.

4.1.1 Wind
(Page 4-1, Paragraphs 6 & 7
Page 4-2, Figure 4-1
Page 4-3, Paragraphs 2 & 3
Page 4-6)

FEMA55

FEMA55

4.1.2 Salt Air, Moisture and
Wind·Driven Rain
(Pages 4-7, 4-8)

SFM

N/A

Analysis

FEMA 55 provides general discussion of the hazards of salt air,
moisture and wind driven rain on wood, bolts, rails, and
connectors. SFM does not address decay or corrosion of
building materials.

Rtco~ndaJion: None.

SFM

401.3

Ana!ysis

FEMA 55 addresses the impact loads exerted on the piles as
the result of the movement of debris, (fences, porches, stains,
utility poles, etc.) FEMA 55 has provided for the collision of a
300 pound object moving at surface water velocity and
decelerating over a maximum distance of 0.5 ft. SFM requires,
in coastal high hazard areas, certification from a professional
engineer or architect that the building is designed to withstand
velocity waters, wave action, and wind loadings.

Rtco~ndaJion: None since both address the issue of damage only from different directions: FEMA-prescriptive, SBCperformance.

4.1.3 Water, Waves, and Debris
(Page 4-8, Paragraph 4)

FEMA55
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•
SFM

801.1

FEMA55

4.1.4 Effects of Forces on Higher
and Larger Structures
(page 4-9)

Analysis

FEMA 55 discusses the higher wind forces, uplift and
overturning with respect to the height of the building. SFM
refers to 1205 of the Standard Building Code, which does
address building height, for design wind load values.

&commendarion: FEMA 55 should provide velocity pressures (pst) for varied wind speeds and building height.

•

.-

•

FEMA55

4.2 Construction Materials
(Page 4-9)

Recomntendarion: None.

SFM

N/A

Analysis

FEMA 55 provides a general discussion of the types of
construction materials (wood. steel, concrete) and their use in
the coastal environment. SFM does not address construction
materials.

Recommendarion: None since neither FEMA 55 or SFM actually contains specifications for timber pilings.

Analysis

FEMA 55 provides general comments on the use of wood
pilings (species and decay resistance). SFM refers to Chapter
13 of the Standard Building Code for pile design and
installation.

SFM

801.1

SFM

401.3

FEMA55

4.2.1.1 Pilings (Wood)
(Pages 4-9, 4-10)

4.2.1.2 Main Supporting Members
(Beams, Wood)
(Page 4-10)

FEMA55 Analysis

FEMA 55 provides general nailing requirements and splice
location. SFM requires the design to be certified that the
building will withstand velocity waters, wave action, and wind
loadings.

Recommendalion.: FEMA 55 should provide more specific parameters for which the stated nailing is appropriate.•

•

.-

•
FEMA55

4.2.1.3 Other Wood Construction
Members
(Page 4-10)

SFM

N/A

Analysis

FEMA 55 does not require preservative treatment of
miscellaneous wood members but highly recommends it. SFM
does not address preservative treatment of wood.

Recommendation.: None.

•

•

FEMA55

4.2.1.4 Wood Preservative
(Page 4-10)

Recomntendarion.· None.

SFM

N/A

Analysis

FEMA 55 requires wood members to be treated to resist insect
infestation, dry rot, decay fungi, and the effects of exposure to
salt air and water and provides general discussions of wood
preservatives. SFM does not address preservative treatment.

•
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FEMA55

4.2.2 Masonry Materials
and Concrete
(Page 4-11)

SAA

N/A

Analysis

FEMA 55 addresses the general use of masonry and concrete
in the coastal environment. SFM does not address building
materials.

RecCH'nInendarion.: None.

FEMA 55

4.2.3.1 Aluminum
(Page 4-11)

SFM

N/A

Analysis

FEMA 55 addresses the problem of corrosion of aluminum in
the coastal environment. SFM does not address corrosion on
building materials.

Recommendarion: None.

FEMA 55

4.2.3.2 Steel
(Page 4-11)

SFM

N/A

Analysis

FEMA addresses the problem of corrosion of unprotected steel
shapes and anchoring devices (nails, boilS, etc.) and the need
for regular inspections, maintenance, and replacement of
corroded metal parts. SFM does not address corrosion,
regular inspection, maintenance, and replacement of corroded
metal parts.

RecCH'nInendaJion.: None.

FEMA55

4.2.3.3 Dissimilar Metals
(Page 4-11)

SFM

N/A

Analysis

FEMA 55 addresses the corrosion which occurs when
dissimilar metals are placed in contact with each other. SFM
does not address dissimilar metals.

RecommendaJion: None.

SFM

801.1

FEMA55

4.3.1 Foundations (Design Details)
(Page 4-11, 4-12)

Analysis

FEMA 55 recommends foundation types which are suitable for
supporting elevated structures in coastal high haZard areas.
SFM permits any type of foundation provided it is designed to
resist the combined wave and wind loads which it is likely to be
SUbjected.

Rtcommendarion: None since FEMA 55 is "prescriptive" and SBC is 'performance' oriented.

FEMA55

4.3.1.1 Soil Conditions
(Pages 4-12, 4-13)

m!
801.1

Analysis

FEMA 55 addresses the need to determine the quality of the
soil for foundation purposes. SFM refers to Chapter 13 of the
Standard Building Code which requires a soils investigation for
pile foundations.

RecCH'nlnendarion.: None.
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.- FEMA55

4.3.1.2 Piles
(Pages 4-13 to 4-18)

SFM

801.1

AnaJysis

FEMA 55 provides general information on types or piles, the
need for sufficient pile embedment, and methods or pile
installation. SFM refers to Chapter 13 or the Standard Building
Code for pile system design and installation which requires a
foundation investigation and report.

•
Recommendation: FEMA 55 should emphasize that the type of pile. pile depth, and method of installation should bebased on the soils investigation.

•

FEMA55

4.3.1.3 Posts C'Nood)
(Page 4-18)

SFM

801.1

AnaJysis

FEMA 55 explains that wood posts are recommended in areas
subject to wave forces and/or scour and erosion. SFM refers
to Chapter 13 of the Standard Building Code for pile system
design and installation but does' not address post foundations.

Recommendation: FEMA should combine post foundations and piles into one section wrth more prescriptiverequirements.

Ana!ysisSFM

801.14.3.1.4 Piers
(Page 4·18 to 4-20)

FEMA55

FEMA 55 addresses the use of piers to elevate structures and
the need for reinforcing and anchorage or the footings in V
zones and coastal A zones. FEMA 55 also provides general
construction guidelines, SFM requires the foundations to have
adequate soil penetrations to resist the wave and wind loads to
which they are likely to be subjected during a flood.

Recornrnendation: FEMA 55 should clarify that the reinforcing. footing size, and grade beam should be based on thedesign forces.

•

.-
• FEMA55

4.3.2.1 Framing Methods
(Pages 4-20, 4-21)

SFM

N/A

AnaJysis

FEMA 55 addresses platform framing and pole construction.
SFM does not address any type of construction.

Recornrnendation: None.

•

•

FEMA55

4.3.2.2 Beams
(Pages 4-21, 4-22)

Recommendation: None.

SFM

N/A

AnalYsis

FEMA 55 addresses the preferable direction of floor beams to
reduce the impact force of the storm water. FEMA 55
addresses built-up and solid beams, and "glulam" beams. SFM
does not address any type of construction.

.'

••
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SFM

N/A

FEMA55

4.3.2.3 Joists and Rafters
(Page 4-22)

Analysis

The title of the section in FEMA 55 is joists and rafters but
rafters are not addressed. FEMA 55 describes manufactured
wooden I·beams, recommends cross bridging for all floor joiSts
located in the V-zone, and describes typical cross bridging
methods. SFM does not address joists and ratters.

Recommendarion: FEMA 55 should delete the reference to rafters.

FEMA55

4.3.2.4 Subflooring
(Pages 4-22, 4-23)

Recommendation: None.

SFM

N/A

AnatvsiS
FEMA 55 addresses the use of lumber and plywood
subflooring. SFM does not address subflooring.

FEMA55

4.3.2.5 Studs
(Page 4-23) .

SF...

N/A

Anatysis

FEMA 55 recognizes that 2x4 wood studs at 16 inches on
center are commonly used and permits 2x6 wood studs and
metal studs. SFM does not address studs of any type.

RecommendlJlion: None.

SFM

S01.1

FEMA55

4.3.2.6 Wall Sheathing
4.3.2.7 Wall Bracing
(Pages 4-23, 4-24)

FEMA 55 provides ttle minimum thickness and nail spacing for
plywood wall sheathing and permits let-in diagonal wood
bracing, diagonal boards, and plywood as wall bracing. SFM
does not address types of wall sheathing or bracing but does
require the design wind loading values to be based on 1205 of
ttle Standard Building Code.

RecommendlJlion: FEMA 55 should combine wall sheathing and wall bracing into one section and address the design
requirements for the wall bracing method chosen.

FEMA 55 provides details and recommendations for roots,
braCirig, Shear walls, and connections. SFM does not address
details but does require all buildings and structures to have all
components securely fastened and adequately interconnected
to resist ttle loads anticipated during flooding.

FEMA55 SFM

4.3.2.8 Root Details 801.1
4.3.3 Foundation Bracing 801.3
4.3.3.1 Knee Braces
4.3.3.2 Grade Beams
4.3.3.3 Truss Bracing
4.3.3.4 Shear Walts
4.3.4 (;cH1rHtCtMJrMl
4.3.4.1 Root to Wall
4.3.4.2 Wall to Floor Joists
4.3.4.3 Floor Joist to Floor Beam
4.3.4.4 Floor Beam to Pile, Post, or

Pier
(page 4-24 to 4-40)

RecommendlJlion: FEMA 55 should provide some design values or wind speeds for which the connections and details
are appropriate.
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SAIl

801.4

FEMA55

4.3.5 Breakaway Walls
4.3.5.1 Breakaway WIM Designs
4.3.5.2 Design~ for

Breakaway Walls
(Page 4-41 to 4-49)

AnaIvsls
Both FEMA 55 and SFM permits breakaway walls to enclose
the space below the lowest elevated floor and provides the
design loading for the breakaway walls. FEMA 55 alSO
provides commentary type language, breakaway wall designs,
details, and design process for breakaway walls (screening,
lattice, wood stud walls, metal stud walls and masonry walls.)

Recommendation.: None although FEMA 55 provides commentary type language the requirements in FEMA 55 and SFM
are compatible.

e

.-

SAIl

602.5

FEMA55

4.3.6 Utilities
(Pages 4-50 to 4-52)

Analysis

Both FEMA 55 and SFM require the utilities to be designed and
located so as to be protected from inundation and to minimize
the chance of impairment during" flooding. FEMA 55 requires
protection of utilities from the potential damage from wave
impact.

Recommendation.: FEMA 55 should address the potential damage from high winds in coastal areas.

•

Analysis

FEMA 55 provides commentary type language on the need to
protect the building from glass breakage to prevent water
damage, the importance of window selection to reduce water
infiltration, and the need for shutters to protect against wave
and wind action. SFM does not address protection of
openings.

Analysis

FEMA 55 addresses the vulnerability of vents to wind and wind
driven rain and emphasizes the importance for the careful
selection of attic ventilators in order to assure that they will
withstand the wind loads. SFM does require all components to
be securely fastened and interconnected to resist the loads
anticipated during flooding.•

e
FEMA 55 SAIl

4.3.7 Wind and Storm Protection N/A
of Interior

4.3.7.1 Window Selectione_ 4.3.7.2 Operable Shutters
(Pages 4-52 to 4-54)

Recommendation: None.

• FEMA55 SFM

4.3.7.3 Gable and Eave Vents 801.3
(Page 4-54)

Recommendmioll: None.

•
,.

•

FEMA55

4.3.7.4 Roofing Materials
(Page 4-54)

Recommendation.: None.

SFM

801.3

Analysis

FEMA 55 emphasizes the need to use self-sealing, heavyweight
Shingles to avoid the possible loss of roofing materials in high
winds. SFM requires all components including roots and
sheathing to be securely fastened and adequately
interconnected to resist the loads anticipated during flooding.

•
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FEMA S!!

4.3.8 Maintenance
(Pages .ol-54, 4-55)

SFM

N/A

Analysis

FEMA 55 emphasizes the need for maintenance ofaJl parts of
buildings exposed to coastal environment because of the
accelerated deterioration. SFM does not address 'maintenance
of building components.

RecOf1II1U!ndoli.on: None.

SFM

801

FEMA Sf!

5.1 Gen<sral Design Considerations
(Pages 5-1, 5-2)

Analysis

FEMA 55 prohibits enclosure for habitation at grade beneath
mid-rise and high-rise structures. Nonessential enclosures
such as entrances, lobbies, parXing areas, and storage areas
must have breakaway walls. SFM requires the space below the
lowest floor either free of obstruction or constructed with
breakaway walls. FEMA 55 requires thicker concrete cover
over reinforcing steel to provide added corrosion protection of
the reinforcing steel. SFM does not address corrosion
protection. FEMA 55 addresses the need to design for wind
and water forces. SFM requires the building to be anchored to
resist flotation, collapse, and lateral movement due to the
effects. and water loading.

Recomme,Manoll: FEMA 55 should address snow and seismic loads.

FEMA55

5.2 Foundations
(Page 5-~~)

SFM

801.1

Ana!Ysis
FEMA 55 emphasizes the need for pile foundations that are
embedded deeply to provide a safety margin against scour.
SFM refers to Chapter 13 of the Standard Building Code for pile
system design and installation with emphasis on embedment
depth to take into account reduced capacity caused by scour.
SFM prohibits the use of mat or raft foundations where soil
materialS are subject to scour and erosion from wave velOCity
conditions. FEMA 55 permits strip footings and mat
foundations in zones of reduced velOCity and wave action.
FEMA 55 lists common types of piles and shows typical
pile/pile cap/column/grade beam details.

Recomme1ldJJlion.: None.

FEMA55

5.3 Slabs; at Grade
(Pages 5-.3, 5-4)

SFM

801.1

Analysis

FEMA 55 requires the slab supported on the soil to be a
minimum of 4 inches thick with minimal reinforcing in the form
of welded wire fabric. SFM does not address minimum
thickness of slabs at grade. FEMA 55 addresses the use of
designed slabs and grade beams to laterally support the pile
foun<d8tion system. SFM refers to Chapter 13 of the Standard
Building Code for pile system design and installation.

Recomme"idanon: None.
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.- FEMASS

5.4 Superstructure
5.5 Elevated Floors
(Pages 54 to ~)

SFM

N/A

Analysis

FEMA 55 provides commentary type language and typical
details of the superstructure of a bUilding which includes
columns, beams, slabs, and shear walls. FEMA 55 provides
commemary type language tor elevated concrete floors. SFM
is a performance standard and not a commemary.

•
RecommeNiaJinn: None.

SFM

801.3

FEMASS

5.6 Exterior Wall Systems
(Pages ~, 5-9)

FEMA 55 provides commentary type language on exterior wall
systems of masonry or metal studs and the fastening method
of the walls. FEMA 55 requires the walls to be designed to
resist the lateral forces encountered. SFM requires all
components of the building to be securely fastened and

adequately imerconnected to resist the loads amicipated during
flooding.

Recommendarion: None since both require the walls to be designed for the lateral forces encoumered, however FEMA 55
should address seismic loads.•

•

SFM

401.3

FEMASS

5.7 Recommendations
(Page 5-9)

FEMA 55 requires mid-rise and high-rise structures to be
designed by a 'design professional'. SFM requires buildings in
coastal high hazard areas to be certified that it is designed to
withstand velocity waters, wave action, and wind loadings.

Recommendarion: None since both require a design professional.
.-
•

•

•

••
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FEMA.55

Appendix A Design Tables
Figure A-1 number of pia. required
Table J~-l downward Ioede per pile
Table J~·2 horizontal wind Ioada per

pile in 80 mph winds
Table J\-3 minimum embedment

depth of pil..
Table JI-4 maximum unbraced

heigh1 of pile. in 80 mph
winda and flood forces

Table ,1,-4.1 maximum unbraeed
heigh1 of pilea supporting
breakaway wal'-

Table ,1.-5 uplift Ioada per foot of
wall in 80 mph winds

Table A-6 uplift loads per pile in 80
mph winds

Table 1\-7 capacity per bolt of floor
beAm connections

Table A~ concrete muonry unit
pie,.

Table A-9 concrete pie,.
Figure J~-2 concrete pier crOll section
Figure A-3 grade beams and slabs
Table A·l0 fastener eapaciti.. in

shear
Table A..11 fastener schedule for

breaJcaway wal'
(Pages A-1 to A~7)

Recomll'lendalion: None.

FEMA ~!§

Appenclix B • Bracing
B.l knee bracing
B.2 truaa bracing
B.2.1 diagonala
B.2.1 .1 lumber diagonals
B.2.1.2 threadbar diagonala
B.2.2 lItnIta
B.3 grade beams
Table ~'I horizontal weter loads

per pile in 80 mph winds
Table ~:! Ioada of tranewrM

truaa mem"
Table ~l allowable Ioede for

single2d~

Table 8-11 allowable IoedI for
single 3118 diagonals

(Pages 13·1 to 6-15)

Recommendation: None.

SRA

401.3
801

SFM

401.3
801

FEMA 55 provides design tables. SFM is a performance
standard and not a specification code.

AnI!!lysis

FEMA 55 provides various recommendations and details for
~racing methods. SFM is a performance standard and not a
specification type COde.
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.- FEMA55 SFM

Appendix D • Design Equations and N/A
Procedl.A8

0.1 Procedure A·l: downward loads
per pile

0.2 Procedure 1.-2: horizontal wind
loads per pile

0.3 Procedure A-3: minimum

• embedment depth of piles
0.4 Procedure M: maximum

unbrac:ed height of piles
D.S Procedure M.l: maximum

unbrac:ed height of piles
supporting braak_ay walls

0.6 Procedure A-5: uplift loads per
foot of walle• 0.7 Procedure A~: uplift loads per
pile

0.8 Procedure ~1: horizontal water
loads per pile

0.9 Procedure ~2: loads tranlferrect
to foundation trull members

(Pages D-1 to D-32)• Reco~ndtJJiofl: None.

FEMA55 SFM

G-2 Purpose 100.1•_ (Page G-1)

Reco~ndtJJiofl: None.

Anatysis

FEMA 55 contains design equations and procedures which are
needed to evaluate individual designs. SFM is a performance
standard with design being based on good engineering
practice.

AnaIvsis
The purpose of both FEMA 55 and SFM is to minimize losses
due to flood conditions in specific areas through the
establishment of comprehensive regulations for floodplain
management.

•

•

•

•

•

•

•

FEMA55

G-3 Scope
(Page G-2)

Rec~ndQJion: None.

FEMA55

G4 Definitions
(Pages G-2, G-3)

Reco~ndtJJiofl: None.

SFM

100.1
102.1

Analysis

Both FEMA 55 and SFM apply to new construction and
additions to existing structures.

Anatysis

The definition of base flood elevation, breakaway wall, and
coastal high hazard area appear in both FEMA 55 and SFM.
FEMA 55 contains design type definitions (dead load, live load,
pile cluster, piling foundation, and uplift pressure.) SFM
contains floodplain management type definitions (area of
shallowing flooding, flood, flood hazard boundary map, flood
insurance rate map, floodprooting, lowest floor, storm water
detention, etc.)
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G·5 Ehwation Standards
(Page G-3)

§E!!!

600.1
602.1.1
800.2
801.1

~

Anatysi5

FEMA 55 prohibits new construction or substantial
improvements from being seaward of an established setback
line and requires it to be elevated above the BFE. SFM
requires the lowest portion of the horizontal members of the
lowest floor to be elevated above the BFE and new
construction be located landward of the reach of the mean high
tide.

Recomn1'endlllion: None.

FEMA5~ SFM

G~ DetlOlrmination of Loading Forces 401.3
G~.1 Water Loads 801.1
G~.2 Wind Loads
(Page G-3)

AnaMiS
Both BEMA 55 and SFM require the structure to be designed to
withstand velocity waters, wave action, and wind loadings.
FEMA 55 references ANSI A58.1-1982 for the wind load
provisions. SFM references 1205 of the Standard Building
Code which contains a basic wind speed map, use factors,
velocity pressures, and coefficients for wind design in addition
to referencing ASCE 7-88.

Reco,",",~ndlllion: FEMA 55 should update its reference ASCE 7-88.

FEMA 5!!

G-7 Foundation Standards
G·7.1 Pile Foundation Design
G-7.2 Ccllumn Foundation Design
(Pages G-4, G-S)

SFM

401.3
801.1

Anatvsis
Both FEMA 55 and SFM require the foundations to be designed
to resist the combined wave and wind loads which they are
likely to be SUbjected during a flood. FEMA 55 contains
minimum and maximum pile spacing, minimum embedment
length, dimensional requirements for wood piles. minimum
compressive strength for concrete piles, and methods of
bracing piles. SFM refers to Chapter 13 for pile system design
and installation.

Recofn11Vndarion: None.

Analysis

Both FEMA 55 and SFM all components to be securely
fastened and adequately interconnected to resist the loads
anticipated during flooding. FEMA 55 requires corrosion
protection for connectors in exposed locations. SFM does not
address corrosion protection.

~

601.1
801.1
801.3

FEMA55

G~ Anchoring Standards
G~.1 Connector and Fasteners
G~.2 Beam to Pile Connections
G~.3 Floor to Deck Connections
G~.4 Exterior Walt ConnectIons
G~.5 ceiling Joist/RIIft8r

ConnectiOnS
G~.6 Prc~ecting MembIrs
(Pages G-S, G-6)

RecOfn11Vlldlllion: SFM should address corrosion protection of metal connectors.
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••
•

FEMA55

G-9 Root Sheathing
(Pages G-6, G-7)

SFM

801.3

Analysis

FEMA 55 provides the minimum thickness of roof sheathing,
requires corrosion resistarrt fasteners, requires the application
of waterproof industrial adhesive to all bearing surfaces of
plywood used in the sheathing of comers, gable end, or roof
overhang, and provides commentary language addressing roof
slopes. SFM requires all components including roofs and
Sheathing to be securely fastened and adequately
interconnected to resist the loads anticipated dUring flooding.

R~coml71endation: None.

•

•

FEMA55

G-l0 Protection of Openings
(Page G-7)

R~COml71endaJioll: None.

SFM

SOU

Analysis

FEMA 55 requires openings to be constructed to withstand
loads due to the design windspeed. SFM does not address
protection of openings. SFM refers to 1205 of the Standard
Building Code which requires the openings to be designed as
components and cladding.

••
FEMA55

G-11 Use of Space Below the S01.4
Lowest Elevated Floor

G-11.1 Breakaway Wall Design
Standards

G-11.2 certification of Breakaway
Walls

(Pages G-7, G-8)

Analysis

Both FEMA 55 and SFM permits breakaway walls to enclose
the space below the lowest elevated floor and provides the
design loading for the breakaway walls.

•
R~COml71endaJioll: None.

•

FEMA55

G-12 Ulilities
(Page G-8)

SFM

602.5

An8Ivsis
FEMA 55 requires the utilities to be elevated above the BFE
and backflow valves for combined sanitary sewer and storm
drainage systems which have openings below the BFE. SFM
requires the utilities to be designed and located so as to be
protected from flooding and to minimize the chance of
impairment during flooding.

RecOmI71endaliol'l: None.

SFM

401.3
801.7

G-13 certification of Requirements
(Page G-8)

FEMA 55 requires new and substantial improvements which do
not comply with sections 7 and 8 of this Coastal Code to be
designed by a registered professional engineer or architect.
SFM requires certification from a registered professional
engineer or architect that the building is designed to withstand
velocity waters, wave action, and wind loadings.

Rtc~ndatioll: FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind load, height
above grade, etc.)

FEMA55

•
•

•

•
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SFU

Chapter 11

FEMA 5~

G-14 R,Bference Documents
(Page Gi~)

FEMA 55 references ANSI AS8.1·1982 and Shore Protection
Manual by the Department of the Arrrry. SFM references FEMA
15, FEMA 54. FEMA 55. FEMA 85, FEMA 104, and EP 1165 2
314.

Recommendation: FEMA 55 should update reference to ASCE 7~.
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•• STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON

The Standard for FloodPlain Management contains provisions which are unigue to floodplain management and
does not contain provisions for conventional construction contained in the Standard Codes.

Manufactured Home Installation In Flood Hazard Areas (FEMA 85)

Chapter III Elevation and Anchoring Techniques

SFM

600, S01,
603,604

FEMA 85

Elevation and AnChoring Techniques
(Page 19)

FEMA 85 provides general techniques which are used to
elevate a manufactured home in riverine or coastal flooding
areas. SFM requires the manufactured home to be elevated
and anchored to resist flotation, collapse or lateral movement.

Recommmdation: None since FEMA 85 contains prescriptive type requirements and SFM is a performance type standard.•

•

600, S01,
603
801.5

FEMA85

Elevation on Fill
(Pages 19-20).

Analysis

FEMA 85 provides commentary and prescriptive type language
on the use of earth fill to elevate a manufactured home. FEMA
85 prohibits the use of fill material in areas subject to
floodwaters having a velocity greater than 10 fps and where it
will constrict the flow of floodwaters and cause increased flood
elevations or velOCity. SFM requires the manufactured home to
be elevated and anchored to resist flotation, collapse or lateral
movement. SFM does not permit the placement of
manufactured homes in designated floodway or coastal high
hazard areas. SFM prOhibits the use of fill material for
structural support in coastal high hazard areas.

Recommendation: None since FEMA 85 contains prescriptive type requirements and SFM is a performance type standard.

••
•

SFM

600,601,
603

FEMA85

Elevated Foundations
(Pages 21 -28)

Ana!Ysis
FEMA 85 addresses structural techniques, such as piers, posts,
piles, and similar structural arrangements to elevate a
manufactured hOme above the flood level. FEMA 85 provides
prescriptive requirements for these structural techniques. SFM
requires the manufactured home to be elevated and anchored
to resist flotation, collapse, or lateral movement.

Recommendation: None since FEMA 85 contains prescriptive requirements and SFM is a performance type standard.
•

•

SFM

S01,603.1Anchoring
(Pages 29-31)

FEMA85 Ana!ysis

Both FEMA 85 and SFM require the manufactured home to be
anchored to resist flotation, collapse, or lateral movement.
FEMA 85 provides commentary type language and descriptive
details. The anChoring requirements of the SFM are in addition
to the anChoring requirements provided in Appendix H of the
Standard Building Code.

Recommendation: None since FEMA contains prescriptive type requirements and SFM is a performance type standard.••

•
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SFU

601,602.5,
603,801.1

FEMA 85

Chapter IV Design of
Elevatecl Foundations
(Pages :33·70)

FEMA 8S presents an OVerview at 1'Iood-induced loads, tables
of calculated forces, governing design equat~, and specific
technical information which can be used to determine an
appropriate elevated design for a manufactured horne with the
manufactured home complying with HUO's MHCSS. FEMA 85
provides design procedures, tables, and details needed to
design bracing and connections. SFM requires the
manufactured home to be elevated and anchored to resist
flotatiOn, collapse or lateral movement. SFM references 1205 of
the Standard Building Code for the design wind load values.
FEMA 85 addresses the set-up Qacking), utility service,
mechanical systems, and access/egress during flooding
around the manufactured home. SFM requires the utilities to
be designed and located so as to prevent water trom entering
the components to minimize the. chance of impairment during
flooding.

Recommmdarion: FEMA 85 and HUO's MHCSS should update its reference to wind and snow loads for ASCE 7-88.

FEMA8f!

Appendilc 0 - calculational
Procedu1'es
for Elevated Foundations Design
(Pages 89-97)

SFM

N/A

Anatvsis
FEMA 85 contains actual design procedures and formulas
which were used as a basis of the manual. SFM is a
performance type standard and does not contain engineering
analysis procedures.

RecOlflltUndalion: None.

SFM

603.1

FEMA85.

Appendill: E - Buoyancy and
Orag Forl::es
(Pages 99-101)

Analysis

FEMA 85 addresses the forces trom buoyancy and drag
caused by the flood waters. FEMA 85 contains design tables
for vertical tie forces based on home width and water depth.
SFM requires the home to be anchored to resist flotation,
COllapse, or lateral movement.

ReCOfJ'Jlnel'ldmi.on: None since FEMA 85 contains prescriptive type requirements and SFM is a performance type standard.
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.- STANDARD FOR FLOODPL.AJN MANAGEMENT (SFM) COMPARISON

The Standard for Floodplain Management contains provisions which are unique to floodplain management and
does not contain provisions for conventional construction contained in the Standard Codes.

Floodproofing Non-Residential Structure (FEMA 102)

FEMA 102 SFM Ana!ysis

•

•

Chapter I Imroduetion
I.E. Comingem Floodprooting
Measures
I.F.1. Flood Shields
I.F.2. Watertight Doors
I.F.3. Moveable Floodwalls
(Pages 8-13)

Chapter 9 FEMA 102 addresses the use of contingent flOOdproofing
measures that require some type of installation, activation, or
other preparation immediately prior to the occurrence of a
flood. These measures include flood shields, watertight doors,
and moveable floodwalls. SFM does not specifically address
comingent floodproofing measures but addresses flOOdproofing
measures in general (watertight doors. bulkheads, shutters,
reinforcement of walls to resist water pressures, etc.)

Reco17lmendation: None.

Chapter III Floodproofing Design Pennanent and Contingent Measures

SFM

602
801

FEMA 102

III.B. Elevation on Fill
(Pages 37-38)

AnaIvsis
FEMA 102 addresses the use of fill material to elevate the
building to protect it from flood damages. FEMA 102 contains
commemary type language on the design and maimenance of
the fill material. SFM requires buildings within the special flood
hazard area to be elevated so that the lowest horizomal
structural member is elevated above the base flood elevation,
but does not address the method. SFM requires buildings
within the coastal high hazard area to be elevated on piles and
prohibits the building from being elevated on fill material so that
the lowest horizontal structural member is elevated above the
base flood elevation.

Recommendation: None since FEMA 102 and SFM require the building to be elevated.•

•

••

801.1 FEMA 102 addresses the elevation of buildings on "post"
foundations by showing details and design charts. FEMA 102
addresses the elevation of buildings on piles by deSCribing the
general length, maximum design load. application, advantages,
disadvamages, typical elevation, and typical cross section.
FEMA 102 provides details of piers (brick, reinforced concrete,
reinforced masonry). FEMA 102 addresses the need to
perform maintenance on posts, piles, piers, or walls based on
the frequency of flooding. SFM requires buildings to be
elevated on pilings or columns so that the lowest horizomal
structural member is elevated above the base flood elevation.
SFM references Chapter 13 of the Standard Building Code for
pile system design and installation. SFM does not provide
details. SFM does not.address maimenance of the foundation
system.

None since FEMA 102 comains prescriptive type requiremems and SFM contains performance type

FEMA 102

RecommeNiarion:
requiremems.

III.C. Elevation on Posts, Piles,
Piers, or Walls

III.C.2. Posts
III.C.3. Piles
III.C.4. Piers and Walls
Table 11I-1 Minimum Requirements

for Reinforced Piers
III.C.6. Maimenance
(Pages~7)•

••

•
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FEMA 1102

111.0. W'81erproof construction
11I.0.1 Irltroduetion
111.0.2 Wall Strength
111.0.3 Flloor Strength and

Structural Stability
111.0.4 Counteracting of Hydrostatic

Forces
111.0.5 Waterproofing
111.0.6 W81ertight Cores
111.0.7 Closures and Flood Shields
(Pages <'8-72)

SFM

900.3
900.4

Anafvsis

FEMA 102 addresses ftoodproofing of the building to prevent
fIoodw81ers trom reaching the interior; the use of • concrete
slab or impervious cutoffs, or subsurface drainage to resist the
hydrost81ic uplift pressures, the use of impermeable
membranes, the use of "watertight cores· around expensive
items which are located together and the use of closures and
flood shields to protect against floodwater intrusiOn. SFM
addresses the same techniques of f100dproofing.

Recomm~ndarion: None.

SFM

900.4

FEMA 1112 Analysis

FEMA 102 provides commentary type language on different
types of f100dwalls (permanent f100dwalls, gravity walls,
cantilever walls, and moveable walls) and annual inspection of
the floodwalls. SFM permits the use of bulkheads as a form of
f100dprooting but does not address different types of bulkheads
or annual inspection.

Recomnu!ndarion: None since both FEMA 102 and SFM address f100dwalls (bulkheads).

1l1.E. FlclOdwalls and Levees
III.E.5 Flc:lOdWail Design
III.E.7 Flc:lOdWail Maintenance
(Pages EIO~, 88)

FEMA 1(1~

IV. Other Floodproofing Measures
IV.C. Flocxtprooting Utilities
(Pages 99-104)

SFM

602.5 Both FEMA 102 and SFM require utilities to be designed and
located so as to prevent water trom entering or accumulating
within the components and to minimize the chance of
impairment during flooding.

Recomme.rrdation: None.,

FEMA 1a~

Appendix B Glossary
(Pages 1«11-166)

AnaIvsis
Both FEMA 102 and SFM contain some of the same definitions
and some different definitions. The definitions are appropriate
for each document.

RecommelldDJion: None.

FEMA 1a:~

Appendix 0 Floodproofing
PerforrTlCmce Criteria

Appendix o.B Design Loads
Appendix O.C Performance Criteria
(Pages 182-193)

SFM

900.4

Analysis

FEMA 102 provides a list of the types of loads (dead load, wind
loads, floodwater loads, flood impact loads, soil loads, etc.).
FEMA 102 contains performance criteria which represents the
objectives that should be achieved in the design of
f100dprooted nonresidential structures and service systems.
SFM requires the floodprooting measures to be designed
consistent with the flood protection elevation for the particular
area, flood velocities, durations, rate of rise, hydrostatic and
hydrodynamic forces, and other factors associated with the
base flood.

Recommendation: None since the final results are the same.
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.- STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON

The Standard for FloodPlain Management contains provisions which are unique to floodplain management and
does not contain provisions for conventional construction contained in the Standard Codes.

Retrofitting Flood-Prone Residential Structures (FEMA 114)

Recof7'lntendariofl: None since both FEMA 114 and SFM address the need to have the lowest structural member at the
lowest floor above the base flood level.

•

•

FEMA 114

3.5 Elevation Onto Extended
Foundation Walls
(Pages 4649)

SFM

602.1
S01.1

Anatvsis
FEMA 114 addresses the method of elevating the structure by
increasing the foundation wall height. SFM requires the
elevation of the lowest structural member at the lowest floor to
be above the base flood level but does not specifically address
'extended foundation walls.'

•

e_

FEMA 114

3.12 Technical Design Criteria
Extended Wall Foundation
(Pages 61-63)

Recof7'lntendarion: None.

SFM

601.1
S01.1
S01.3

AnaJvsis
FEMA 114 requires the foundation system with the increased
foundation wall height to be at sufficient strength to support the
loads and forces encountered. SFM does not specifically
address 'extended foundation walls' but does require the
foundations to be adequate to resist the combined wave and
wind loads to which they are likely to be SUbjected during a
flood.

SFM

401.3
601.1
S01.3

FEMA 114

3.13 Technical Design Criteria
Anchorage of Superstructure to
Foundation
(Pages 63-67)

AnaIvsis
FEMA 114 provides design details for the anchorage of the
superstructure to the foundation system. SFM requires the
structural system to be designed, connected and anchored to
prevent flotation, collapse and permanent lateral movement due
to flooding.

Recof7'lntendariofl: None since FEMA 114 contains prescriptive type requirements and SFM contains performance type
requirements.

•

•

SFM

801.1

FEMA 114

3.14 Technical Design Crleria
Open Foundations
(Pages 67,68)

Analysis

FEMA 114 describes three types of open foundations (piers,
COlumns, or piles) and requires them to be designed for the
loads encountered. SFM requires the foundations to be
adequate to resist the combined wave and wind loads to which
they are likely to be subjected during a flood. SFM refers to
Chapter 13 of the Standard Building Code for pile system
design and installation.

RecOf7'lntendariofl: FEMA 114 should address seismic loads.

•

•

•
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FEMA 1114

Chapter 6 FloodwaJls
6.2 COInsiderations
6.3 Col,struction Techniques

and MaterialS
6.5 Tec:hnical Design Criteria
(Pages 111·119. 121·129)

Recomm~ndation: None.

m!!
900.4

Anatysis

FEMA 114 addresses the use CI fIoodwaIls to prOtect structures
from flooding and emphasizes that tremendous forces are
created by high water levels and velocities, techniques and
types of materials for the construction CI fIoodwaIls, and design
criteria. SFM does not address construction materialS or
design criteria for ftoodwalls. but does require the f100dprooting
measures to be designed for the flood velocities. hydrostatic
and hydrodynamic forces, and other factors associated with the
base flood.

FEMA 1'14 SFM

Chapter 7 Closures 900.4
7.2 Considerations
7.3 Low Profile Permanent Closures
7.4 CI~jure Materials and

Comrtruction
7.6 Technical Design Criteria
(Pages 133-142)

RecOf1ll'1llndalion: None.

Anatvsis
FEMA 114 addresses the use of clOSures (covering openings
such as doors. windows. driveways. etc.) to act as shields to
prevent water away from or entering residence. SFM
addresses the use of watertight doors, bulkheads. and shutters.
or similar methods of construction.

FEMA 11!

Chapter II Sealants
8.2 Comiiderations
8.3 Sealing Techniques
8.4 Closures
8.5 DesiUn Details
8.7 Technical Design Criteria
(Pages 1~~156)

SFM

900.3
900.4

Analysis

FEMA 114 addresses the sealing. making watertight. or dry
tIoodprooting of the structure to prevent the entry of water
during low level flooding. SFM permits buildings. except
residential. to be floodproofed with walls which are
Impermeable to the passage of water below the base flood
level. SFM requires the f100dproofing measures to be designed
consistent with the flood protection elevation for the particular
area, flood velocities, durations, rate of rise. hydrostatic and
hydrodynamic forces and other factors associated with the
base flood.

Recommn.ldaIion.· None, since tIoodprooting of basements is allowed only in communities that have been granted anexception by FEMA.

FEMA 11~:

Chapter 9 Protection cI UIlIItles
9.4 Permanent Protee:ttYe Measures
9.5 Utility l~elocatlOnS to existing

Space
9.6 Utility l~elocatiOns to New Space
(Pages 16()-165)

Recomrrtenliation: None.

SFM

602.4
602.5

Analysis

FEMA 114 addresses permanent protection of utilities by
shielding or elev81ing the ut~lty. SFM requires the utilities to be
designed to prevent water from entering or accumUlating with
the components and to minimize the chance of impairment
during flooding.
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SFM

N/A

FEMA 114

9.8 Storage Tank Storage
(Page 166)

AnaIvsis
FEMA 114 addresses the need for proper anchorage of tanks
to prevent their flotation from the buoyancy forces. SFM does
not address anchorage of storage tanks.

Recommendation: SFM should address anchorage of storage tanks.

••
• FEMA 114

10.4 Floating Structures
(Pages 176-177)

SFM

N/A

Ana!ysis

FEMA 114 permits "floating structures' as a method of
floodprooting. SFM does not address "floating structures.'

SFM

401.3, 601.1,
801

FEMA 114

Appendix C • Forces
(Pages 197-207)

Recommendation: None.

Anatvsis

FEMA 114 addresses hydrostatic loads, hydrodynamic loads,
impact loads, and wind loads. FEMA 114 also provides
definitions, application and methodology for design. SFM
requires the design to be designed, connected and anchored
to present flotation, collapse and permanent lateral movement
due to the effects of wind and water forces. SFM refers to 1205
of the Standard Building Code for the design wind loading.

Recommendation: FEMA 114 should update the wind speed maps to the latest edition and address snow and seismic
loads.

•

••

•

•

•

•

••
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON
The Standard for Floodplain Management comains provisions which are unique to floodplain manaqemem anddoes not comain provisions for convemional construction contained in the Standard Codes.

Alluvial Fans: Hazards and Management (FEMA 165)

FEMA 165

Window' and Doors
(Page 10)

Recommendation: None.

SFM

NfA

Anatysis

FEMA 165 prohibits openings on the uphill side of the structure
to prevent debris and flOOd water from entering the building.
SFM does not address the location of openings; however, it
does address the installation of watertight doors, bulkheads,
and shutters on similar methods of construction to f100dproof
the building.
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STANDARD FOR FLOODPlAIN MANAGEMENT (SFM) COMPARISON

The Standard for Floodplain Management contains provisions which are unigue to floodplain management and
does not contain provisions for conventional construction contained in the Standard Codes. .

Manual for the Construction of Residential Basements in Non-Coastal Flood Environs (MCRB)

•
Chapter III Basement Construction

•

MCRB

liLA. Construction TypeS-Walls
(Pages 13-19)

SFM

N/A

Analysis

MCRB provides commentary and prescriptive type language for
minimum thickness, reinforcing, and resistance to lateral loads
of masonry and concrete walls. MCRB also addresses stone
and wood foundations, excavation and backfilling, and concrete
formwork. SFM does not address types of wall construction.
This is addressed in Chapters 13, 14, and 16 of the SBCCI
Standard Building Code.

Recommendation: None.

• B. Other Construction Features

••
•

•

III.B.1 Basement Slab N/A
III.B.2 Structural Basement Slab
III.B.3 Footing (Foundation)
III.B.4 Underdrain System - Sumps
and Pumps

III.B.5.a Ground Surface Slope 
Site Investigation

III.B.5.b Ground Surface Slope •
Grading and Surface Drainage

II/.B.6 Seepage Quantities
III.B.7.a Penetrations, Cracks, Joints,
and "Waterproofing" • Utility

III.B.7.b Penetrations, Cracks,
Joints, and "Waterproofing" •
Techniques that Lessen Cracking in
Concrete
(Pages 19-34)

Analysis

MCRB contains commentary and prescriptive type language for
basement slabs (minimum thickness and reinforcing), footing
size, sumps and pumps, soils investigation, grading of lot, flow
net analySis, penetrations through waterproofed walls, and
crack control of concrete. This is addressed in Chapter 13 and
16 of the SBCCI Standard Building Code.

Recommendation: None.

SFM

Chapter 9

Analysis

Both MCRB and SFM address "Waterproofing" as a method of
protecting the basement of residential structures. SFM does
not permit fioodproofing of the basement of residential
structures. MettlOds of waterproofing are addressed in 1312 of
the SBCCI Standard Building Code.

Recommendation: None, since f100dprooting of basements is allowed only in communities that have been granted an

exception by FEMA.

MCRB

III.B.7.c Penetrations, Cracks,
Joints, and "Waterproofing" 
"Waterproofing" Basements
(Pages 34, 35)

•

•

•
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MCR8

III.B.8 I'lumbing Subsystems
(Pages 35, 36)

Recomnl'endarion: None.

MCRB

III.B.9 Anchorage
(Pages :36, 37)

Recomm~ndarion: None.

SFM

602.5
602.6
602.7

SFM

601.1

MCRB requires gate valves on the sanitary sewer·outlets from
the house and the potable water supply system to be designed
in such a manner to prevent contamination from flood waters.
SFM requires the plumbing systems to be designed and
located to minimize the chance of impairment during flooding.
SFM requires water sUpply systems to be designed to minimize
infiltration of flood waters into the system and the sewage
system to be designed to minimize discharge from the system
into flood waters. .

MCRB provides calculations to determine the anchorage
requirements. MCRB requires a minimum of 1/2 inch anchor
bolts spaced a maximum of 8 ft anchored into 2 block courses
or 16 inches with a minimum of 2 bolts per plate. SFM simply
requires the structural systems to be designed, connected and
anchOred to prevent flotation, COllapse, and permanent lateral
movement due to flooding.

MCRB SFM

III.B.10 Some Concrete Construction N/A
Practices

III.B.11 Some Block Construction
Practices

III.C. LCl8ds
/II.C.1 S,oil
III.C.2 Water Table
(Pages 37~)

Rec~ndation: None.

Analysis

MCRB contains commentary type language for handling and
depositing concrete, consolidating concrete, cold weather
considerations, additives, placing reinforcement, etc.; for
improving the waterproofing qUality of concrete masonry walls;
for determination of soil types; for erosion control; for lateral
pressures exerted from backfill material; and for the water table.
SFM does not address construction practices, erosion contrOl,
SOil types, or water table.

MCRB

III.C. Loads
III.C.3 Superstructure LoadS and
Buoyanc:y

III.C.4.d IFlood W... - Velocity
III.C.4.e Flood WIIl8nI - S8diment
III.C.4.f Flood Waters· Rate of Rise
III.C.4.g IFlood Waters - Hydraulic/
Hydrol~licRelations

(Pages &:~75)

Recomme"danon: None.

SFM

601.1
900.3

Analysis

MCRB contains sampte calculations to determine the
superstructure loads imposed by buoyancy. MCRB provides
commentary type language addressing increased structural
damage which may result from the high velocity of flood
waters, floodwater deposited sediment, and the rate of rise of
flood water causing unequal loading on basement walls.
MCRB references a separate HydraulietHydrotogic manual
which could be used to evaluate a site. SFM requires the
structural systems to be designed, connected and anchored to
prevent flotation, collapse and permanent lateral movement due
to flooding. SFM requires the floodproofing measures to be
designed consistent with the flood protection elevation for the
particular area, flood velocities, durations, rate of rise,
hydrostatic and hydrodynamic forces, and other factors
associated with the base flood.
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SFM

601.1

Anatysis

MCRB states that other than debris and impact lOads; wind.
snow. and ice are not considered to alter the designs in the
MCRB. SFM requires the structural system to be designed.
connected and anchOred to prevent flotation. collapse and
permanent lateral movement due to flooding.

Recommendariofl: MCRB should include wind. snow, and seismic loads.

MCRB

III.C. Loads
III.C.S Debris, Wind 1rnp8Ct, Snow.
Ice, and Other Live Loads.

(Page 75)

•

.-

MCRB contains sample structural calculations. MCRB refers to
the UBC in V.A.2.e and V.A2.f. SFM does not provide sample
calculations.

N/A

Chapter V Basements in Floods

MCRB

A. Structural Design/Analysis
A.2 Designs. Methods, and Tables
A.2.a Building Model. Dimensions.
and Loading
A.2.b Structural Analysis Model
(WalQ
A.2.c Structural Plain Concrete
A.2.d Reinforced Concrete
A.2.e Plain Masonry Block
A.2. f Reinforced Masonry Block
A.2.g Flood Waters Above Grade
A.2.h Slab Thickness (Based on
Bending)

A.2.i Structural Slab Design
(Ultimate Strength Design)

(Pages 88-114)

Recommendarion: MCRB should not reference a single model code. MCRB should reference only national consensus
documents.

--
•

-

•

•

•

MCRB

B. Soil/Water Load Philosophy
B.1 Weir Level Load
B.2 Buoyancy
B.3 Slab Bending
B.4 Wall Loads
B.5 Clay vs. Sand or Drain and
Sump vs. Sealed "Barge"

B.5.a Drained or Sump System
B.5.b Undrained or Barge System
(Pages 114-126)

Recommendalion: None.

SFM

N/A

Ana!ysis

MCRB contains commentary type language addressing the
design philosophy of the lateral pressures exerted by soil
and/or water loadings. SFM is not a commentary and does not
address philosophy.

••
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VII. Appendices

MCRB

Appendix A • Soils D8bl
Allowatlle 8earing Pressures
Allowatlle Soil Pressures Beneath
Footin!~

(Pages 164, 166)

Recommendation: None.

SFM

N/A

Analysis

MCR8 contains allowable bearing pressures tor various soil
types. SFM is a performance code.

MCRB SFM

VIII 8uiltjer's Guide N/A
A. IntrOduction
A.2.a Soil and Water Loading on
Wall Cr,oss-Section

(Page 1~~)

A.2.c ''Waterproofing" System
(Page 2(6)
A.2.d Wall Design
(Page 2(9)
A.2.e Slab Design
(Page 21'1)
8. Acceptable Wall Designs
8.1 Structural Plain Concrete
(Unreinf,orced)

8.2 Reinforced Concrete
8.3 Unminforced Masonry 810ck
8.4 ReinJtorced Masonry 810ck
8.5 8uOfancy Wall
(Pages 212-239)
C. Acceptable Slab Designs
(Pages 2,40-246)
D. Acceptable Control Joint Design,
Underdmin, and "Waterproofing"
and Seals

0.1 Ovenriew and Control Joints
0.2 Sump, Pump, and Underdraln
(for DrailltJd System)
0.3 "Watl,rproofing" and Seals
0.3.a Undlrained Slab and Wall
System
0.3.b Drained Slab and Wall System
0.3.c Slati/WalVFootIng Juncture
(Pages 247·262)

Recommendation: None.

Ana!Ysis
MCR8 contains details and design charts tor wall design, slab
design, control joints, sumps, and/or waterprootlng. SFM is a
performance code and does not contain details or design
charts.
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Mam

Hydraulic/Hydrologic Manual
I. Introduction
1.8. Flood Waters
1.8.4 Velocity
1.8.5 Sediment
(Pages 7-9)

Recommendation: None.

SFM

601.1
900.3

Analysis

MeR8 contains commentary type language addressing
increased structural damage which may result from the high
velocity of floodwaters and floodwater deposited sediment.
SFM is a performance code and does not contain commentary.
SFM requires the structural systems to be designed, connected
and anchored to prevent flotation, collapse and permanent
lateral movement due to flooding. SFM requires the
floodproofing measures to be designed consistent with the
flood protection elevation for the particular area, flood
velocities, durations, rate of rise, hydrostatic and hydrodynamic
forces, and other factors associated with the base flood.
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON
The Standard for Fl0odpiain Management contains provisions which are unique to floodplain management anddoes not contain provisions for conventional construction contained in the Standard Codes.

.Technical Standard Bulletin: Wet Floodproofing, No. 85-1

No. 8>1

I. Definitk:)fl
(Page 1)

RecoT11l'M,ndDlion.· None.

No. 8>1

II. Prot8C1ion Goals
(Page 2)

RecoT11l'MluiariorL' None.

No. 8>1

III.B. Struc:tural Features
(Pages 4,5)

RecOT11I'MndariorL' None.

No. 8>1

III.C. Building Activity and Use
(Page ~)

RecOT11I'MnliariorL' None.

SFM

N/A

SFM

900.4

SFM

900.3

No. 85-1 provides a definition of wet f100dprOOfing and explains
the justification tor this type of f100dproofing. SFM does not
address wet fIoodproofing but does address foundation wall
openings to allow tor the entry and exit of floodwaters to
automatically equalize hydrostatic flood forces on exterior walls;
however, only breakaway walls are permitted in coastal high
hazard areas.

No. 85-1 explains that wet floodproofing consists of prot8C1ion
of the Structure, prot8C1ion of interior finishes, prot8C1ion of
mechanical and e18C1rical systems, prot8C1ion of major
equipment and machinery, and prot8C1ion of contents. SFM
does not address wet floodprooting as a method of
f100dprooting.

No. 85-1 addresses the superstructure materials as far as their
durability, resistance to flood forces, resistance to the
deteriorBtion caused by floodwaters, and wBter resistance.
SFM does not address building materiaJs.

An!!ysis

No. 85-1 addresses the need to determine the feasibility of wet
f100dprooting based on activity and use. SFM does not
address wet f100dprooting. SFM addresses the building when
floodprooting walls below the base flood level is used.
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No. 8>1

IV.A.1 Foundations
(Page 6)

Reco1'1llMndation: None.

No. 8>1

III.A.2 cavity Wall Construction
(Pages 6-7)

Reco~ndarion: None.

No. 85-1

IV.A.3 Solid Wall Construction
(Pages 7~)

ReC01'1I/MMation: None.

No. 85-1

IV.A.4 Imerior Walls
(Page 8)

ReC01'1llMMOlion.: None.

No. 8>1

IV.A.5 tmerior Wall Finishes
(Page 8)

ReC01'1llMMation: None.

SFM

801.1
900.4

SFM

N/A

SFM

900.3

SFM

N/A

SFM

N/A

No. 85-1 emphasizes the importance of the need to investigate
the influence of hydrologic and hydraulic conditions on the
foundation design when wet floodproofing is used. SFM
reqUires the floodproofing measures to be designed for the
flood velOCities, durations, rate of rise, hydrostatic and
hydrodynamic forces, and other factors associated with the
base flood.

No. 85-1 addresses the need to drain the cavity space at a rate
approximately equal to the flood rate. SFM does not address
any specific type of construction.

No. 85-1 addresses the need for the imerior and exterior wall
cladding to be relatively impervious to prevem the imrusion of
the floodwaters imo the wall. SFM requires walls below the
base flood level to be substamially impermeable.

No. 85-1 emphasjzes that the criteria for cavity wall and solid
wall construction applies to imerior walls. See analysis for
IV.A.2 and IV.A.3.

Ana!ysis

No. 85-1 addresses the need for the imerior finishes to be able
to withstand inundation for a minimum of 160 hours without
damage, not be SUbject to deterioration from chemicals in the
floodwaters, and capable of being easily cleaned. SFM does
not address wall finishes.
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No·85-t

IV.A.S Floors
(Pages 1!l-9)

Recomm~ndaJion: None.

No. 85-1

IVA7 C:elling and Roots
(Page 9)

RecOl1fl1U'ndaJion: None.

No. 85-1

IVA8 Building Envelope
Penetratil:ms
(Page 10)

Recomme"'dation: None.

No. 85-1

IVA9 E~K:trical System
IVA10 HVAC
(Pages 10·12)

Recommeflldmwn: None.

SFU

900.4

SFM

N/A

SFM

900.4

Anatysis

No. 85-1 addresses the need for floor systems to be capable of
withstanding the hydrostatic pressure generated by a water
level differential of two feet between the exterior and interior of
the structure. SFM reqUires the f100dproofing measures to be
designed tor the flood velocities, durations, rate of rise,
hydrostatic and hydrodynamic forces, and other factors
associated with the base flood.

No. 85-1 addresses the need tor ceiling materials to be of a
type to withstand prolonged exposure to moisture and
humidity. SFM does not addresS exposure to moisture and
humidity.

Anatysis

No. 85-1 addresses the need for building penetrations (doors,
lowers, vents, skylights, etc.l to be capable of resisting
damage for a minimum of 160 hours of inundation, be
essentially nonporous, and be conducive to easy cleaning.
SFM addresses the installation of watertight doors, bulkheads,
and shutters or similar methOds of construction. SFM does not
address nonporous or easy cleaning material.

Analysis

No. 85-1 addresses the need to prevent vulnerable electrical
components trom coming in contact with the floodwaters. No.
85-1 emphasizes that the key protective measures tor HVAC
equipment is elevation and enclosure. SFM requires all utilities
to be designed and located so as to prevent water trom
entering or accumulating within the components and to
minimize the chance of impairment during flooding.
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.- STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON

The Standard for FIoodDfain Management contains provisions which are unigue to floodplain management and
does not contain prOYisions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: Foundation Wall Openings, No. 85-2

•

•

•

.-
•

•

•

•-
•

No.8S-2

Flood Forces
(Page 1-3)

Recommendarion: None.

No.8S-2

Openings Design Criteria
(Pages 4~)

Recommendarion.· None.

SFM

401.3
801.1
900.3

SFM

602.2

Anatysis

No. 85-2 provides commentary type language on flood forces,
(hydrostatic and hydrodynamic pressure) and formulas to
determine these pressures. SFM requires the walls to be
designed for the flood velocities, durations, rate of rise,
hydrostatic and hydrodynamic forces and other factors
associated with the base flood.

Anatysis

No. 85-2 provides design criteria to size the openings (1 sq
inch of opening for 1 sq ft of floor area) needed to allow
floodwaters in an enclosure for the purpose of equalizing
hydrostatic pressures. SFM requires a minimum of two
openings having a total net area of no less than 1 sq inch of
opening for 1 sq ft of floor area.
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON
The Standard for Floodplain Management contains provisions which are unique to floodplain management anddoes not contain DroYisions for conventional construction contained in the Standard Codes.

Techniccil Standards Bulletin: Breakaway Walls, No. 85-3

SFM

401.3
801.1
801.3

No. 85-3,

II. Wind 1!lIld Water Forces
(Pages ~!-3)

No. 85-3 addresses wind loads and flood water loads. No. 85
3 references the building codes or ANSI ASS. 1-1982 for
information on wind loads. SFM requires the building to be
designed for the wave and wind loads. SFM refers to 1205 or
the Standard Building Code for the design wind loads.

Recomml'NJation: No. 85-3 should update reference to ASCE 7~ and address snow and seismic loads.

No. 85-3

III. Design Approach
(Page 4)

SFM

801.4

Analysis

Both No. 85-3 and SFM require the breakaway wall to be
designed to withstand at least 10 pst but no more than 20 pst.

Recomme,ndaliDn.· None.

No. 85-3

IV. Design Considerations
(Pages 4-·10)

SFM

N/A

AnaIvsis
No. 85-3 provides commentary type language and details for
various types or breakaway walls. SFM does not provide
details.

RecO~lIdalion.: None since No. 85-3 contains specification type requirements and SFM contains performance typerequireme1nts.
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.- STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON
The Standard for FloodPlain Management contains provisions which are unigue to floodplain management anddoes not contain prcMsions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: Wind Design Standards and the NFIP, No. 88--1

Recof'1lnlendation: No. 88-1 should update reference to ASCE 7-88 and address snow and seismic loads. Section 801.1of the Standard for Floodplain Management should reference Chapter ·12 instead of only 1205 (Wind) to include 1204(Snow) and 1206 (Seismic) .

•

•

•

.-
•

•

•

•-
•

No.'"

Pages 1-5

SFM

801.1

Analysis

Both No. 88-1 and SFM address wind loads. No. 88-1 contains
a reference to ANSI A58.1-1982. SFM references 1205 of the
Standard Building Code which contains basic wind speed map,
velocity pressure, and coefficients in addition to referencing
ASCE 7-88.
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STANDARD FOR FlOODPLAIN MANAGEMENT (SFM) COMPARISON
The Standard for FIoodD!ain Management contains provisions which are unigue to floodplain management anddoes nClt contain provisions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: Flood Resistant Materials, No. 88-2

No.88-g

Pages '1-7

Recomnlendalion: None.

SFM

N/A

An8Iysi&

No, 88-2 provides data and guidance to determine ·materials
resistant to flood damage· and how the material should be
used to improve the structure's ability to withstand flooding.
SFM does not address "flood resistant" materials.
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.- STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON
The Standard for Floodplain Management contains provisions which are unique to floodplain management anddoes not contain prcMsions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: Free of Obstruction Requirements in Coastal High Hazard Areas. No. 88-3

•
•

No. 88-3

Lower Area Obstruction
(Pages 2~)

Recommendation: None.

SFM

801.4

Anatvsis
Both No. 88-3 and SFM prohibits the construction of anything,
except breakaway walls, open wood latticework, or insect
screening, beneath the lowest horizontal structural member.

• No. 88-3 SFM

Obstructions Outside the Perimeter 401.3
of the Coastal Building 801.1
(Pages 4~) 801.3

•
Recommendation: None.

.- No. 88-3 SFM

Obstructions Attached to But 401.3
Outside the Building Perimeter 801.1
(Page 6) 801.3

• Recommendation: None.

•

•

•-
•

AnalYsis

No. 88-3 requires structures outside the perimeter of the coastal
building to be anchored to resist flotation, collapse, and lateral
movement due to the combined effects of wind and water.
SFM requires 'all structures' in the coastal high hazard area to
be anchored to resist flotation. collapse, and permanent lateral
movement due to the effects of wind and water loading.

No. 88-3 explains that anything attached to the building is
considered part of the building and has to meet the same
requirements as the building. SFM requires all structures in the
coastal high hazard area to be anchored to resist flotation,
collapse. permanent lateral movement due to the effects of
wind and water loading.
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON

The Standard for Fl0odpiain Management contains provisions which are unigue to floodplain management and
does nat contain provisions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: Protection of Elevator Equipment in Flood Hazard Areas, No.~

No·~f

Recommendations
(Page 3)

ReconuJ'Ij!ndalion: None.

SFM

602.5
900.4

Anatysis

No. 88-4 recommends that the elevator-related hydraulic
equipment and elevator-related electrical equipment be located
abOve the BFE. No. 88-4 recommends that electrical
equipment that cannot be placed abOve the BFE to be of water
resistant models. No. 88-4 recommends that the elevator cab
automatically stay above ftood waters by interlocking the
controls with "float" switches in the elevator shaft. SFM does
not specifically address elevators but does require all utilities to
be designed and located so as to prevent water trom entering
or accumulating within the components and to minimize the
chance of impairment during flooding.
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The Standard for Floodplain Management contains provisions which are unigue to floodplain management anddoes not contain provisions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: NFIP Requirements for Below Grade Parking Garages in Flood Hazard Areas,No. 90-2.

•

•

•

.-
•

•

I•

•-
•

No. 90-2

Pages 1~

Rec~ndatW": None.

SFM

602.3

Analysis

No, 90-2 provides a summary of the National Flood Insurance
Program (RegUlations for Floodplain Management and Flood
Hazard identification) requirements for below grade parking
garages in flood hazard areas. Both No. 90-2 and SFM reqUire
the enclosed area below an elevated building to be used solely
for parking of vehicles, limited storage of maintenance
equipment used in connection with the premises, and access
to the elevated living area
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON

The Standard for Floodplain Management contains provisions which are unique to floodplain management and
does not contain provisions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: Non-Residential Floodproofing Certification Requirements of the National Flood
Insurance Program, No. 90-3.

No. 9(h~

Pages 1~

Recommendation: None.

SFM

<401.2

Analysis

No. 90-3 provides a summary of the National Flood Insurance
Program (RegUlations for Floodplain Management and Flood
Hazard Identification) requirements to obtain certification by
fIoodproofing the non-residential structure. No. 90-3 also
provides the forces that the structure would be subjected to
when the structure is subjected to the base flood. SFM
requires certification from a registered professional engineer or
architect that the floodproofing is in accordance with the SFM
when floodproofing is utilized on a non-residential building as
specified in Chapter 9.
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STANDARD FOR FLOODPLAIN MANAGEMENT (SFM) COMPARISON

The Standard for Floodplain Management contains provisions which are unigue to floodplain management and
does not contain prcMsions for conventional construction contained in the Standard Codes.

Technical Standards Bulletin: Installation of Manufactured Homes in Special Flood Hazard Areas, No. ~.

•

•

•I

••
•

•

•

• •
•

No.~

Pages 3-19

ReclJmn1endatiofl: None.

Analysis

No.~ provides a summary of the National Flood Insurance
Program (Regulations for Floodplain Management and Flood
Hazard Identification) requirements which affect the placement
of manufactured homes in flood hazard areas. SFM requires all
manufactured homes located in a special flood hazard area to
be elevated above the base flood elevation and anchored to
resist flotation, collapse, or lateral movement in addition to the
anchoring requirements provided in Appendix H of the
Standard Building Code.
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APPENDIX C
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ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

NFIP FIood-Respy" Design Standards (44 CFR 59.1. 60.3 and 60.6)

•

•

•

--
•

•

•
•

•-

CFR 59.1

Appurtenant
Structure

Recommendation;

CFR 59.1

Base Flood

Recommendation:

CFR 59.1

Basement

Recommendation:

CFR 59.1

Breakaway Wall

Recommendation:

None.

None.

Appendix Chapter
23. Division IV.

None.

Sec. 403.

None.

Appendix Chapter
23. Division IV.

None.

Analvsis'

CFR 59.1 has a defmition of a structure that is accessory to the
insured structure on the same parcel of land. The U.B.C. has no
such defmition and does not make a distinction between one
structure and another on a parcel of land.

Analysis

CFR 59.1 has a defmition of the flood to be used in the design of
structures within areas under the authority of the National Flood
Insurance Program (NFIP). The U.B.C. has a defmition for the
elevation that a base flood may reach and is in fact the same
design flood. .

Analysis

CFR 59.1 has a defmition 0 f basement stating that the floo r 0 f a
building below ground level on all sides is a basement. The
U.B.C. defmcs a basement as a floor level below the flI"St story of
a building except that a building having only one floor level shall
be classified as a basement unless that floor level qualifies as a
flI"St story.

Analysis

CFR 59.1 defmes a breakaway wall as a wall. not a part of the
structural support of the building and intended to collapse under
specific lateral load forces. The Uniform Building Code indirectly
defmes a breakaway wall as one being below the base flood
elevation and designed to brcaJcaway under high tides or wave
action without causing damage to the structural system. given
specific design criteria.
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ICBO UNIFORM BUILDING CODE (V.B.C.) COMPARISON

NFIP FIood-Rgi.1tlpt Dgign Stlndards (44 CFR 59.1. 60.3 and 60.6)

CFR 59.1

Building (See
Structure)

Sl:':.403
Sec. 420.

Analysis .

See analysis of "structure."

Recqmmmdatiooj

CFR 59.1

See the recommendation of "structure."

Analvsis

Critical Feature

Reqpmmegdatiooj

CFR 59.1

Development

None.

None.

Sec. 402
Appendix Chapter
70.

CFR 59.1 defl1lcs a critical feature as one that is integral and
readily identifiable part of a flood protl:':tion system without which
the flood pro~tion would be compromised. The U.B.C.
considers all elements of a building to be imponant.

Analysis

CFR 59.1 defl1lcs development as any change to improved or
unimproved property which includes. but is not limited to building
structures. grading. mining. etc. The Uniform Building Code has
a defl1lition of alteration. which is any change. addition or
modification in construction or occupancy. The U.B.C. also
regulates grading on a site. but does not include mining or other
such exploratory or other drilling.

Rrwmmegdatioo: The U.B.C. is not intended to regulate mining. dredging. drilling operations or the storage of
equipment or materials whereas CFR 59.1 is intended to do so. Therefore. no change is
recommended.
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ICBO UNIFORM BUILDING CODE (U,B.C.) COMPARISON

NFIP FIood-Rempt Design Standards (44 CFR 59.1, 60.3 and 60.6)

•

•

•

••
•

CFR 59.1

Elevated Building

Recommendation:

CFR 59.1

Existing
Construction

Appendix Chapter
13. Division IV.

None.

Sec. 403.

Analvsis

CFR 59.1 defines elevated building differently in different zones.
In Zones A-l30 through D. the top of the elevated floor must be
above the BFE. In Zones V-l30, VE or V. the bottom of the
lowest horizontal structure member must be elevated above the
BFE. CFR 59.1 also goes as far as to say that fill or solid
foundation perimeter walls may be used to elevate the building
above the BFE provided that it facilitates the unimpeded movement
of flood waters in or around the building in A Zones. The U. B. C.
requires that a building located within flood-hazard Zone A shall
have its lowest floor at or above the BFE. Any means of elevating
the building within the A Zone is acceptable provided unimpeded

flood water flow around the building or through the building is
allowed. In V Zones. these buildings must be elevated on piles or
columns.

Analysis

CFR 59.1 defines existing construction as those structures which
started construction prior to the effective date of the FIRM or
before January 1, 1975. The U.B.C. defmes an existing building
as one that was erected or completed prior to the adoption of the
Unifonn Building Code or for one which a legal building permit
was issued.

•

Recommendation:

CFR 591

The defmition in CFR 59.1 and the U.B.C.'s defmition are for two totally different purposes
and both are valid. Thereiore. no recommendation.

Analysis

Existing Structura Sec. 403. See analysis of "Existing Construction."

•

••
•

Recommendation: See recommendation of "Existing Construction."
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CFR 59.1

Flood

Recommendatiop;

CFR 59.1

Flood Plain or
Flood Prone Area

Recommendation:

CFR 59.1

Lowest Floor

Rerommendation:

CFR 59.1

Manufactured
Home

Appendix Chapter
1.3. Division IV.

None.

Appendix Chapter
1.3. Division IV.

None.

Appendix Chapter
1.3. Division IV.

None.

None.

Analvsis .

The defmition found in CFR 59.1 not only includes complete or
partial inundation of normally dry land by inland or title waters.
but also mud slides and the erosion of land along a coast or
shoreline. The U.B.C. refers to a flood-plain management
ordinance that is a separate document.

Analysis

CFR 59.1 defmes flood-plain or flood-prone area as any land
susceptible to a flooding event. The Uniform Building Code refers
to the flood-hazard map as published by an approved agency and
adopted by the jurisdiction.

Analysis

CFR 59.1 's defmition is the lowest floor of an enclosed area,
including basement, with the exception of unfmished flood
resistant parking, building access or storage areas that are not in
violation of applicable non-elevation design requirements. The
U.B.C. makes reference to the lowest floor in any building,
including basements, with the exception of enclosures used for
building access. exits. foyers, storage and parking garages.
erovided they meet the enclosure requirements found in Appendix
Chapter 23.

Analysis

CFR 59.1 defmes a manufactured home as a transportable
structure when it is attached to the required utilities, but not
including a recreational vehicle. The U.B. C. has no such
defmition.

Recommendation; The U.B.C. relies on the discretion of the building official in approving such structures.
However, a reference to an approved national standard or other such document could make the
approval much easier.

C-4



•

.-
leBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

NFlP Flood-RAgtag, Design Standards (44 CFR 59.1, 60.3 and 60.6)

•
CFR 59.1

One-Hundred-Year
Flood

Appendix Chapter
23. Division IV.

Analvsis

See analysis of "Base Flood...

•

Recommendation:

CFR 59.1

See recommendation of "Base Flood."

Analysis

The U .B.C. does not intend to require a storm cellar for every building in areas subject to
severe winds .. Therefore. no recommendation.

•

••
•

Storm Cellar

Recommendation:

CFR 59.1

Structure

None.

Sec. 403
Sec. 410.

CFR 59.1 defInes a storm cellar as a space used to temporarily
accommodate occupants of a structure above in an emergency due
to severe wind activity. The U. B. C. has no such defmition.

Analysis

CFR 59.1 defmes a structure as a waUed and roofed building and
includes tanks for flood plain management purposes. but not for
insurance coverage purposes. The U.B.C. has two related
defmitions. one for building and the other for structure. A
building. according to the U.B.C .. is any structure used or
intended for supporting or sheltering any use or occupancy. A
structure is any artifIciaUy built-up piece of work. built or
constructed. in some defmite manner.

•
Recommendation:

CFR 59.1

Since the U.B.C. and CFR 59.1 have different purposes. no recommendation is required.

Analysis

•
Substantial
Improvement

Chapter 1
Sec. 402.

CFR 59.1 defmes substantial improvement as an improvement
whose cost equals or exceeds fIfty percent of the market value of
the structure with exception given to work repairing health.
sanitary or safety code violations or alterations to historic
structures. The Uniform Building Code considers a substantial
improvements as any work requiring a permit as defmed in the
code.

••
•

Recommendation: Both of these defmitions serve different purposes. Therefore. no recommendation is required.
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-

CFR 60.3

(b) (8)

Manufactured
Home Installation

Recommendation:

CFR 60.3

(c) (2)

Elevation for
Residential
Structures

Recommendation:

CFR 60.3

(c) (3)

Elevation of Non
Residential
Structures

Recommendation:

Appendix Chapter
23. Division IV.

None.

Appendix Chapter
23. Division IV.

None.

Appendix Chapter
23. Division IV.

None.

Analysis .

CFR 60.3 requires that all manufactured homes installed in A
Zones be placed in such a way as to minimize flood damage and
that they must be elevated and anchored to resist flotation. collapse
or lateral movement. The Unifonn Building Code requires that
these structures. if they are located in any flood zone. shall meet
the applicable elevation requirements and anchorage and tie-down
l'C'Iuirements as stated in this appendix chapter.

Analysis

CFR 60.3 requires that all new residential structures and
substantial improvements within A Zones have their lowest floor
elevated to or above the base flood elevation. The Unifonn
Building Code l'C'Iuires that all buildings erected within an A Zone
have their lowest floor. including basement floors. located at or
above the base flood elevation.

Analysis

CFR 60.3 requires that all new non-residential structures and
substantial improvements of same within A Zones have their
lowest floor elevated to or above the base flood elevation or be
designed with hydrostatic and hydrodynamic loads and buoyancy
forces under consideration. The Unifonn Building Code l'C'Iuires
that all buildings within an A Zone have their lowest floor.
including basement floors. located at or above the base flood
elevation. Any approved enclosed space below the base flood
elevation would have to be designed to automatically equalize the
pressure of the waters acting upon any exterior wall surface.
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•

•

•

••
•

•

•

••
•

CFR 60.3

(c) (5)

Flood Openings

Recommendation:

CFR 60.3

(e) (4)

Piling Certification

Recommendatioo;

CFR 60.3

(e) (5)

Breakaway Walls

Recommendation:

Appendix Chapter
23, Division IV.

None.

Appendix Chapter
23, Division IV.

None.

Appendix Chapter
23, Division IV.

None.

Analvsis .

CFR 60.3 requires that all new construction or substantial
improvements that have approved. fully enclosed areas below the
base flood elevation be designed in such a manner as to
automatically ~ualize hydrostatic flood forces on the exterior
walls with some specific design criteria. The U.B.C. requires that
any approved enclosed spaces below the base flood elevation shall
be designed in such a manner as to automatically ~ualize the
lateral pressure of waters acting on any exterior wall surfaces with
specific design criteria.

Analysis

CFR 60.3 requires that any new construction or substantial
improvement in V Zones 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 base flood level with
specific design criteria and requires certification of the design by a
professional engineer or architect. The Uniform Building Code
requires that any new structure or addition in V Zones be elevated
on pilings or columns so that the bottom of the lowest horizontal
structural member of the lowest floor is elevated at or above the
base flood elevation with specific design criteria and requires that
the design be by a professional engineer or architect.

Analysis

CFR 60.3 requires that any approved enclosed space below the
lowest floor in V Zones be enclosed with nonsupporting
breakaway walls that are designed given the specific design criteria
found within. The Uniform Building Code requires that any walls
or partitions used to enclose any approved space below the base
flood elevation be enclosed by breakaway walls designed to
specific criteria.
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CFR 60.3

(e) (6)

Fill

Recommeodation;

CFR 60.6

(c) (1) (i)

Flood-proof Walls

Appendix Chapter
:!3. Division IV.

None.

Appendix Chapter
13. Division IV

Analysis .

CFR 60.3 prohibits the use of fill for structural support of any
buildings within V Zones. The Uniform Building Code only
allows fill in A Zones and not in any V Zones.

Analvsis

CFR 60.3 requires that any residential basement in an addition or
substantial improvement that is located in an AI-30. AH. AO or
AE zone be watenight and designed to resist hydrostatic and
hydrodynamic loads and buoyancy effects. The U.B.C. requires
that basements in other than residential uses below the BFE be
impermeable to the passage of water and designed to resist
hydrostatic and hydrodynamic loads.

Recommendltiogj

CFR 60.6

None. since floodproofmg of basements is allowed only in communities that have been granted
an exception by FEMA.

Analysis

(c) (1) (ii)

Basement Top
Floor Elevation

Appendix Chapter
13 Division IV

CFR 60.3 requires that the top floor of any residential basement be
located no lower than S feet below the BFE. The U.B.C. allows
basements in other than residential buildings to be located at any
depth below the BFE provided they are designed to be
impermeable to water and resistant to hydrostatic and
hydrodynamic loads.

Rewmmendltiopj

CFR 60.6

See recommendation of CFR 60.6 (c) (2) (i).

Analvsis

(c) (2) (iii)

Fill
None CFR 60.6 requires that the area surrounding exterior walls below

the BFE be protected with sloped fill to or above the BFE. The
U.B.C. has no such provision.

Recommendation; If the basement is designed to be impermeable to water and to resist hydrostatic and
hydrodynamic loads. then additional protection is not necessary. Therefore. no
recommendation.
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•

•

CFR 60.6

(c) (2) (iv)
Use of a
Registered
Professional

Recommendation:

S«:. 302 (b)

Appendix Chapter
23. Division IV

None.

Analvsis

Both CFR 60.6 and the U.B.C. require the use of a registered
professional for the design of such basements.

CFR 60.6 U.B.C.

(c) (2) (v) S«:. 305.
Building Inspection

•
Recommendation: None .

••

Analysis

Both CFR 60.6 and the U.B.C. require the inspection of the
construction of such basements to verify they are constructed to
the approved plans.

•

•

•

••
•

FEMA-55

4.1
Environ
mental
Forces

Recommendation:

S«:. 2308 (e)
S«:. 2390
S«:. 2393 (a).

None.

Analysis

FEMA-55 T«:ommends a flood-risk analysis for the design of a
structure in coastal areas. The provisions found in the U.B.C.
require that the design of a structure subj«:t to a flooding risk
reduces the risk of damage due to such a hazard prior to r«:eiving
a building permit.
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FEMA-55

4.1.1
Wind

Sec. 1311-2321
Figure No. 13-1
Tables Nos. 23-F
G. and H.
Appendix Chapters
24 and 25.

Analvsis

FEMA-55 refers to recommendations found in the Minimum
Design Loads for Buildings and Other Structures (ANSI 58-1
1982) document and other model codes for the basic wind design
of structures. Figure 4-1, the basic wind speed map. is identical
to U.B.C. Figure No. 23-1 as both are based upon the ANSI
document. The U.B.C. prescribes specific wind design procedures
that are dependent upon the building site as well as the design of
the structure. The U.B.C. also includes prescriptive design
requirements and construction details for masonry and light-frame
construction in areas subject to a basic wind speed of 80 to 110
miles per hour.

Recommendation:

FEMA-55

FEMA-SS should reference the latest edition of the Minimum Design Loads for Buildings and
other structures published by the American Society of Civil Engineers (ASCE 7-88. fonnerly
ANSI 58.1) as this document contains the most recent developments and is being used as
evidence for recent code changes.

Analysis

4.1.2
Corrosion
Protection

Sec. 1708
Sec. 2510
Sec. :!516 (g) and
(j)
Sec. 2604 (c) and
(d)

Sec. 2908 (i)
Sec. 2909 (a)
Sec. 3003
Sec. 3202
Sec. 3208
Chapter 32 Tables
Sec. 4706
Appendix Chapters
'17 and 2.5.

U.P.C.:
Sec. 315.

FEMA-55 recommends that the elements of a buildings be
protected from the corrosive environment associated with coastal
construction. It also recommends that a potential waterway path
into a structure be identified and sealed. The U.B.C. has specific
provisions for the protection of exterior assemblies and materials
used that are exposed to such an environment. The Unifonn
Plumbing Code requires that all piping exposed to a corrosive
environment be protected in an approved manner.

Recommendation; It is recommended that FEMA-S5 address roofmg and other exterior assemblies in more detail.
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FEMA-SS
Analvsis .

Both are compatible. as they are based upon sound, well-established engineering principles.

•

•

•

••
•

•

•

•-
•

4.1.3-
Water Force Data

Recommendatioo:

FEMA-SS

4.1.4-
Higher Structures

Recommendation;

FEMA-SS

4.1
Materials

Recommendation;

FEMA-SS

4.1.1.1
Wood Pilings

Recommendation;

Appendix Chapter
13
Sec.139O
Sec. 1396.

None.

Appendix Chapter
13
Sec. 1390
Sec. 1396.

Chapters 14. :!S,
16. '17 and 18.

None.

Sec. :!SOl (a), 4
Sec. :!S04 (b)
Sec. :!S 16 (c) 1
Table No. :!S-E
Sec. 1909 (a).

None.

FEMA-SS recommends that structures located in coastal
environments be designed with the forces of water. waves and
debris considered. This document sets a specific impact loading
criteria and a design load based upon an accumulation of debris.
The Uniform Building Code requires the same type of structural
analysis which is based upon well-established engineering
principles for these environments.

Analysis

FEMA-SS discusses the forces on tall or large structures. requiring
an appropriate structural analysis considering wind and water
action. The Unifonn Building Code does not make a distinction
between tall or large structures and all others.

Analvsis

FEMA-SS discusses the use of wood. steel and concrete and makes
general recommendations as to their protection in a corrosive
environment. The Unifonn Building requires that any material
used be adequately protected against corrosion.

Analvsis

FEMA-SS briefly discusses the use of wood pilings as foundation
system. The Unifonn Building Code requires wood pilings to
meet specific design criteria and has established standards for the
preparation of wood piles.
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FEMA-SS

4.2.1.2
Wood Beams

Recommcpd.tioDj

FEMA-SS

4.2.1.3
Other Wood
Members

Sec. 2303 (a)
Sec. 2516 (c) 8
and 11
Appendix Chapter
23
Sec. 2393 (d).

None.

Sec. 2516 (c) 3, 4,
5, 8, 9, and 11
Appendix Chapter
23
Sec. 2393 (d).

Analysis

FEMA-SS discusses, in general tenns, the use of wood beams and
their protection from a corrosive environment. The Unifonn
Building Code allows the use of any structurally adequate beam
and requires adequate protection from the same environment.

Analysis

FEMA-SS states that other wood structural members are not
required to be preservative treated. The Unifonn Building Code
requires that such members which are exposed to weather or
corrosive conditions be preservative treated.

Recommcpd.tioDj

FEMA-SS

FEMA-SS and the Unifonn Building Code are in direct conflict, with the Unifonn Building
Code requiring protection of all exposed members and FEMA-SS allowing unprotected
members. It is recommended that FEMA-SS include the protection of all members that are
exposed to these conditions.

Analysis:

4.2.1.4
Preservatives

Sec. 2501 (a)
Sec. 2516 (e).

FEMA-SS discusses. in general tenns, the use of wood
preservatives in corrosive environments. The U.B.C. has specific
requirements for the use of wood preservatives and has standards
for the preservatives to meet.

Recommcpd.tjogi

FEMA-SS

FEMA-S5 lhould recommend that the wood preservatives meet the approved standards within
the juriJdiction where the project is located.

Analysis

4.1.1
Masonry

Chaptera 23 and
26
Appendix Chapter
23, Division IV.

FEMA-55 has a brief paragraph on the use of masonry and
concrete in corrosive environments. The U.B.C. has specific
design requirements for concrete on corrosive environments but
does not address masonry in similar situations.

Recommcpd.tioDj The U.B.C. should discuss the ule of masonry in corrosive environments.
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•

FEMA-55

4.2.3.1
Aluminum

Chapter 28
Appendix Chapter
23.

Analysis

FEMA-SS discusses the protection of aluminum trim, windows,
etc. in corrosive environments. The U.B.C. does not address the
usc of these types of aluminum products in corrosive situations.

•
Rewmmepd.tioa:

fEMA-55

The U.B.C. should address the protection of all materials exposed to corrosive environments in
Appendix Chapter 23.

Analysis

•
4.2.3.2
Steel

Chapter 27
Sec. 2510.

FEMA-SS discusses the protection of exposed steel in corrosive
environments and recommends regular inspection and maintenance
of same. The U.B.C. does not discuss the protection of steel
memben.

••
Rqmmepdatioa:

FEMA-SS

See recommendation for Section 4.2.3.1.

Analysis

•

•

•

4.2.3.3
Dissimilar
Materials

Rewmmendatioa;

FEMA-SS

4.3.1
Foundations

Sec. 2804 (c).

None.

Sec. 2908-2910
Appendix Chapter
23. Division IV.

FEMA-SS disculles dissimilar materials in general tenns and
recommends against their use, unless their safety has been
verified. The U.B.C. requires that such materials be separated
from each other and provides a standard for the separation.

Analysis

FEMA-SS briefly discusses different foundation systems. The
U.B.C. provides specific design requirements for different
foundation systems and requires the use of piles or columns in V
zones.

• •
•

Rewmmepdation; FEMA-SS should recommend the use of only piles or columns in Coastal High Hazard Zones.
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-

FEMA-SS

4.3.1.1-
Soil CondilioDl

Sec. 2904-2906
Table No. 29-B.

Analysi5

FEMA-SS discusses, in general tenns, soils conditions at the site
and gives some general rules of thumb for the identification. The
U.B.C. has specific requirements for the classification of soil.

Rewmmepdatiopj

FEMA-SS

FEMA-SS should recommend the use of a licensed engineer for the classification of the soil.

Analysi5

4.3.1.2
Piles

Sec. 2908-2910
Appendix Chapter
23. Division IV.

FEMA-SS di5cusses the use of piles as the foundation and gives
some minimum design recommendations. The U. B. C. requires the
use of piles or columns in V zones but requires their design to be
justified by structural calculations.

RewmmmdatioDj

FEMA-SS

FEMA-SS should recommend that the sizing of the piles i5 done by a licensed engineer or
architect or provide a reference to a doc:ument that does require such certification.

Analysis

4.3.1.3
Wood Posts

Appendix Chapter
23. Division IV.

FEMA-SS does not recommend the use of wood posts in either
flood hazard zone. The U.B.C. requires that in V zones only piles
or columns shall be used, all other zones may have any type of
designed foundation system.

RewmmmdatioDj

FEMA-SS

FEMA-SS should allow the use of wood posts in A zones provided the foundation system i5
designed by a licensed engineer or architect.

Analysi5

4.3.1.4
Muonry Pien

Sec. 2907 and
2910
Appendix Chapter.
Division IV.

FEMA-SS discusses the use of piers as a foundation system and
provides lOme design criteria. The U.B.C. provides design
criteria that is to be used by a licensed engineer or architect.

RewmmmdatioDj FEMA-SS should recommend that a licensed engineer or architect design the pier foundation or
provide a reference to a doc:ument that requires such certification.
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•

FEMA-SS

4.3.2.1
Framing

Chapter 23
Chapter 25
Appendix Chapter
23. Division IV.

Analysis

FEMA-55 discusses the usc platfonn framing in flood-prone
environments. The U.B.C. does not address this specific type of
framing but instead requires any such design to be based on well
eslablished engineering principles.

•
Recommendation:

FEMA-SS

FEMA-55 should recommend that the design of this type of framing system be done by a
licensed engineer or architect or provide a reference to a document that requires such
certification. since thcac areas may also be subject to other lateral forces.

Analysis

•
4.3.2.2
Roor Beams

Chapter 23
Chapter 25
Appendix Chapter
23. Division IV.

FEMA-55 discusses the orientation and sizing of floor beams that
are exposed. The U.B.C. requires that floor beams be designed
by a licensed engineer or architect taking under consideration all
loads that it may support.

••
Recommendation;

FEMA-S5

See the recommendation for 4.3.2.1.

Analysis

•

•

•

• •
•

4.3.2.3-
Joists and Rafters

Recommend.tion;

FEMA-55

4.3.2.4
Subflooring

Recommendation;

Chapter 23
Chapter 25
Appendix Chapter
23. Division IV.

None.

Chapter 23
Chapter 24
Appendix Chapter
23. Division IV.

None.

FEMA-55 discusses types of joists and rafters. The U.B.C. has
specific design criteria for such members.

Analysis

FEMA-5S discusses subflooring in flood-prone areas. The U.B.C.
has specific design criteria for subflooring.
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FEMA-55

4.3.2.5
Studs

Chapter 23
Chapter 25
Appendix Chapter
23. DiviJion IV.

Analysis

FEMA-55 briefly discusses the types of studs used. The U.B.C.
baa specific design criteria for stud walls.

RccommmdatioPi None.

FEMA-5S Analysis

4.3.2.6-
Wall Sheathing

Chapter 23
Chapter 25
Appendix Chapter
23. DiviJion IV.

FEMA-55 discusses wall sheathing and gives some design criteria.
The U.B.C. has specific deign criteria for wall sheathing.

RccommmdatioPi

FEMA-5S

FEMA-5S should recommend that an licensed engineer or architect design the wall sheathing as
other lateralloada may ,overn.

Analysis

4.3.2.7
Wall Bracing

Chapter 23
Cnapter25
Appendix Chapter
23. DiviJion IV.

FEMA-SS discusses different types of wall bracing. The U.B.C.
has specific design criteria for wall bracing.

RccommmdatioPi None.

FEMA-5S Analnis

4.3.2.8
Roof

RccommmdatioPi

Chapter 23
Chapter 25
AppcndixChapter
23. DiviJion IV.

None.

FEMA-5S discusses different types of roof construction. The
U.B.C. has specific desii" criteria for any type of roof.
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•

FEMA-SS

4.3.3
Foundation
Bracing

Sec. 2908 and
2910
Appendix Chapter
23. DiviJion IV.

Analysis

FEMA-SS discusses the use of foundation braces as an effective
lateral force resisting system. The U.S.C.requires interconnection
for all types of piles. unless proven that another system is
ad~Ulte.

•
Recommendation:

FEMA-SS

FEMA-SS should recommend that a licensed engineer or architect design these braces and the
rest of the foundation system.

Analysis

•

••
•

4.3.3.1-
Knee Bracing

Recommendatiop:

FEMA-SS

4.3.3.2
Grade Beams

Sec. 2908 and
2910
Appendix Chapter
23. DiviJion IV.

None.

Sec. 2908 and
2910
Appendix Chapter
23. Division IV.

FEMA-SS discusses the use of knee bracing and gives some design
criteria. The U.B.C. requires that pile foundations be designed for
lateral forces.

Analysis

FEMA-SS recommends the use of grade beams to restrain a pile
foundation. The U.B.C. requires interconnection of all pile
foundation systems or another ~uivalent form of restraint.

•
Recommend• tion;

FEMA-SS

FEMA-SS should recognize other methods of foundation restraint.

Analysis

•

• -
•

4.3.3.3
Trull! Bracing

Recommend.tion;

Sec. 2908 and
2910
Appendix Chapter
23. Division IV
Appendix Chapter
24
Appendix Chapter
25.

None.

FEMA-SS recommends a more substantial pile bracing system
when the structure is 10 feet or more above grade or is subject to
hurricane force winds. The U.B.C. requires that all foundation
systems be designed with all lateral loads considered and provides
specific connection details for structures in areas subject to high
winds.
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FEMA-55

4.3.3.4
Shear Walls

Chapter 24
Chapter 26
Chapter 26
Appendix Chapter
23. Divition IV
Appendix Chapter
24
Appendix Chapter
25.

Analysis

FEMA-55 ditcusses the use of shear walls to resist wind forces.
The U.B.C. requires that the lateral resisting system of a structure
be dcaigned with all lateral loads under consideration.

RccommmdatioDj

FEMA-55

FEMA-55 seems to recommend the UJe of reinforced concrete and reinforced muonry u the
only acceptable means of resitting wind loads. FEMA-SS should also consider the use of wood
shear walls u an acceptable method of resisting wind and water loads.

Analysis

4.3.4
Connections

Rccommmdatiooj

FEMA-55

4.3.4.1
Roof to Wall

Rccommmdatiooj

Chapter 23
Sec. 2510
Sec. 2516-17.
Appendix Chapter
23. Divition IV
Appendix Chapter
24
Appendix Chapter
25.

None.

Chapter 23
Sec. 2510
Sec. 2516 and
2517
Appendix Chapter
23. DiviJion IV
Appendix Chapter
24
Appendix Chapter
25.

None.

FEMA-5S recommends that extra care is given to the design and
detailing of all connections in a structure. The U.B.C. requires
that all connections be designed for the loads inculTCd by the
structure.

Analysis

See analy.it of 4.3.4.
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•

•

FEMA-SS

4.3.4.2-
Wall to Roor

Chapter 23
Sec. ~10
Sec. 2516 and
2517
Appendix Chapter
23, Division IV
Appendix Chapter
24
Appendix Chapter
25.

Analysis

See analysis of 4.3.4.

•
Recommendation; None.

FEMA-SS Analysis

••
•

4.3.4.3
Roor Joist to
Beam

Chapter 23
Sec. 2510
Sec. 2516 and
~17

Appendix Chapter
23. Division IV
Appendix Chapter
24
Appendix Chapter
25.

See analysis of 4.3.4.

Recommendation; None.

FEMA-SS U.B.C. Analysis• 4.3.4.4- Chapter 23 See analysis of 4.3.4
Roor Beam to Pile Sec. 2510

Sec. 2516 and
2517
Appendix Chapter

• 23. Division IV
Appendix Chapter
24
Appendix Chapter
25.

• Recommendation; None.

•
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FEMA-SS

4.3.5
Breakaw.y Walla

Recommcpd.tionj

FEMA-5S

4.3.5.1-
Typc:I of Walla

Recommmd.tion:

FEMA-SS

4.3.S.2-
Design of
Breakaway Walla

Rn:ommcpd.tiogj

FEMA-SS

4.3.6
Utilities

Appendix Chapter
23. Division IV.

Nonc.

Appendix Chapter
23. Division IV.

Nonc.

Appendix Chapter
23. Division IV.

Nonc.

Appendix Chapter
23. Division IV

U.P.C.:
Sec. 315 (c).

Analysis

FEMA-5S recommcnds that any shcltered space beneath an
clevated structure be cnclosed by breakaway walls and gives
cxamples of ..me. The U.B.C. requires that any enclosing walls
beneath an clcvated structure be designed and constructed as a
breakaway wall.

Analysis

FEMA-SS discusses different types of breakaway walls. The
U.B.C. requires that any breakaway wall be designed for specific
loads.

Analysis

FEMA-55 discusses thc dcsign of breakaway walls. The U.B.C.
requires that any breakaway wall be designed for specific loads.

Analysis

FEMA-S5 discusses thc protection of utilitics in the ·Coastal High
Hazard" zonc. Thc U.B.C. requires that utilities be protected in
both the flood hazard zoncs.

Recommcpd.tipnj FEMA-SS should allo include thc protection of utilities in the "A" flood hazard zone as they
subject to similar forces u found on the Coutal High Hazard zone.
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FEMA-SS

4.3.7-
4.3.7.1
4.3.7.2
4.3.7.3
4.3.7.4
Protection 0 f the
Interior

Sec. 1708
Sec. 2516
Sec. 3201
Sec. 320S
Sec. 420S
Appendix Chapter
23. DiviJion IV.

Analysis

FEMA-SS discusses the protection of the interior of a structure
from wind and water action. The U.B.C. ~uires that openings
below the bue flood elevation (BFE) be protected and that exterior
usemblies provide a weather-resistive barrier.

• Remmmendation: The U.B.C. should also address the protection of openings above the BFE from wind and water
action.

•

••
•

FEMA-SS

4.3.8
Maintenance

Recommendation:

FEMA-SS

S.I-
General Design

Sec. 104 (d).

None.

Sec. 2311 and
2321
Appendix Chapter
23.

Analysis

FEMA-SS recommends regular inspection and maintenance of
pilings. exposed connections. exposed protective devices and
utilities. The U.B.C. ~uires that the owner or owner's designate
maintain the structure and all devices and safeguards ~uired by
code in a safe and sanitary condition .

Analysjs

FEMA-SS diJcusses the lateral design criteria for larger structures.
The U.B.C. requires a lateral analysis of alI buildings with no
distinction in the size of the building.

• RecommendatioPi FEMA-SS recopizca that wind loads may govern in large structures. but should recommend
that all lateral loads be considered in the design of all structures.

•

••
•

FEMA-SS

S.2
Foundations

Recommendation:

Sec. 2907 and
2910
Appendix Chapter
23. DiviJion IV.

None.

AnalYSis

FEMA-SS discusses the types of foundations used on larger
structures. The U.B.C. ~uires that all foundations be designed
for the loads they support.

C-21



ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

Coastal Coostruetjop MaDUI) <FEMA-S51

FEMA-55

5.3
Slab.~n-grade

Rccommmd.tiog;

FEMA-55

5.4
Supentructure

Rccommcgd.tiogj

FEMA-55

5.5-
Elevated Floon

Sec. 2623
Sec. 2908 (b).

None.

Chapter 23
Chapter 24
Chapter 26
Chapter 27.

None.

Chapter 26
Chapter 27.

Analysis

FEMA-55 briefly discusses the different uses of slabs~n-grade.

The V. B. C. prescribes s~ific design criteria for the different
UIeI of slabs~n-grades.

AnalYSis

FEMA-S5 discusses some types of structural systems found in
larger buildings. The V.B.C. requires that the structural system
used be designed according to s~ific criteria.

AnalYSis

FEMA-5S briefly discusses the use of reinforced concrete floors in
larger structures. The V.B.C. requires that any floors used in
larger structures be designed to meet specific criteria.

Rccommmd.tiog:

FEMA-SS

FEMA-SS should alao discuss composite floor systems u these are prevalent in high-rise
construction.

Analysjs

5.6-
Exterior WallI

Rccommmd.tioDj

Sec. 2309 and
2321
Appendix Chapter
24
Appendix Chapter
25.

None.

FEMA-SS briefly discusses the types of exterior wall systems and
their coMections. The V.B.C. require that any exterior wall
system used meet specific design criteria.
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•

FEMA-SS

S.7
ProfessionalJ

Reqpmmmd,tioD:

FEMA-SS

Figure No. A-I
Number 0 f Piles

Sec. 302 (b)
Appendix Chapter
23, Division IV.

None.

Sec. 302 (b)

Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-SS recommends the use of design professionals in the
design and construction of larger structures in areas subject to
wind and water action. The U.B.C. requires a licensed engineer
or architect for the design of such buildings.

Analysis

FEMA-SS recommends a certain number of piles which is
dependent upon the dimensions of the supported structure. The
U.B.C. requires that an engineer or architect design the piling
system bued on the applied loads and soil conditions.

••
RecommmdatioDj

FEMA-SS

FEMA-SS should recommend that a licensed engineer or architect design the piling system or
provide a reference to a document that does require such certification rather than provide
specific design criteria for aU situations. Also, FEMA-SS should consider the soil conditions at
the site when making design recommendations .

Analysis

• Table No. A-I
Vertical Loads on
Piles

Sec. 302 (b)

Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

FEMA-SS provides design loads for typical one- and two-story
housCl which leads to a recommended pile embedme",t depth. The
U.B.C. requires that an engineer or architect design the piling
system bued on the applied loads and soil conditions.

• ReqpmmmdatioDj

FEMA-SS

See the recommendation for Figure No. A-I.

Analysis

• Table No. A-2
Horizontal Wmd
Load per Pile

Sec. 302 (b)

Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

FEMA-SS provides wind design loads for typical one- and two
story houses which leads to the design of the bracing of the piles.
The U.B.C. requires that an engineer or architect design the piling
system bued on the applied loads and soil conditions.

• •
•

ReqpmmmclatioDj See the recommendation for Figure No. A-I.
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-

FEMA-SS

Table No. A-3
Minimum Pile
Embedment

Sec. 302 (b)

Chapter 23
Chapter 29
Appendix Chapter
23. Division IV.

Analysis

FEMA-5S provides the minimum embedment length of piles based
on the loads provided. The U.B.C. requires that an engineer or
architect design the piling system based on the applied loads and
soil conditions.

Rccommcadatiopj

FEMA-SS

See the recommendation for Figure No. A-I.

Analysis

Table No. A4
Maximum
Unbraced Pile
Height

Sec. 302 (b)

Chapter 23
Chapter 29
Appendix Chapter
23. Division IV.

FEMA-SS provides a table of the maximum unbraced pile heights.
The U.B.C. requires that an engineer or architect design the piling
system based on the applied loads and soil conditions.

Rccommegd.tiogj

FEMA-S5

See the recommendation for Figure No. A-I.

AnalYSis

Table No. A~.l
Maximum
Unbraced Pile
Heights Supporting
Breakaway Walla

Sec. 302 (b)
Chapter 23
Chapter 29
AppcndixChapter
23. Division IV.

FEMA-S5 provides a table of the maximum unbraced pile heights
that support breakaway walls. The U.B.C. requires that an
engineer or architect design the piling system based on the applied
loads and lOil conditions.

Recvmmmd.tiogj

FEMA-SS

See the recommendation for Figure No. A-I.

AnalYSis

Table No. A-S
Uplift LoadI per
Foot of Wall

Sec. 302 (b)

Chapter 23
Chapter 29
Appendix Chapter
23. Division IV.

FEMA-5S provides wind loads that are to be used in the design of
the coMcctions between floors. The Uniform Building Code
requires that an enginccr or architect design the lateral resisting
system bued on the applied loads.

Recvmmmd.tiopj See the recommendation for Figure No. A-I.
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•

FEMA-SS

Table No. A-6
Uplift Loads per
Pile

Sec. 302 (b)
Chapter 23
Chapter 29
Appendix Chapter
23. Division IV.

Analysis

FEMA-SS provides a table of loads to be used in the design of the
connection of the floor beams to the piles. The Uniform Building
Code requires that an engineer or architect design the lateral
resisting system based on the applied loads.

•
Recommepdatiog;

FEMA-SS

See the recommendation for Figure No. A-l.

Analysis

•
Table No. A-7
Bolt Capacity of
floor Beam
Connections

Table No. 26-E
Sec. 2510
Table No. 25-F.

FEMA-SS provides bolt capacities based on the type of connection.
The U.B.C. provides design loads based on the material in which
the bolts are used.

••
Recommepd.tion;

FEMA-SS

FEMA·SS should also bue their design tables on the materials used along with the connection
requirements .

Analysis

•
Table No. A·8
ConcrdC Muonry
Piers

Sec. 2303
Chapter 24
Appendix Chapter
24.

FEMA-SS provides recommended reinforcing requirements for
areas subject to high winds. The Uniform Building Code requires
that an enginecr or architect design these concrete masonry piers
for any horizontal loads that it may be subjected to.

•
Recommendation;

FEMA-SS

FEMA-SS should require that an engineer or architect design aU concrete masonry piers or
provide a reference to a document that does require such certification rather than providing
prescriptive reinforcing requirements.

Analysis

•
Table No. A·9
ConcrdC Piers

Sec. 2303
Chapter 26

FEMA-SS provides prescriptive reinforcing requirements for
structures that are subject to high winds. The Uniform Building
Code requires that an engineer or architect design such structures
with aU loads taken into account.

••
•

Recommend.tioo; FEMA-SS should require that an engineer or architect design all concrete piers based on the
loads generated by such winds rather that provide prescriptive reinforcing requirements or
provide a reference to a document that does require such certification .
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fEMA-SS

Figure No. A-2
Concrete Pier
Croll Section

Sec. 2303
Chapter 26

Analysis

FEMA-SS provides two diagrams of recommended locations for
the reinforcing steel. Also, FEMA-SS recommends the use of No.
3 ties at 16 inches on center as the shear reinforcement for the
concrete pier. The U.B.C. requires that all concrete piers be
designed for both flexure and shear stresses.

Rcc:ommepd,tioAj

FEMA-SS

FEMA-SS should recommend that a licensed engineer or architect design the concrete pier
rather than provide specific design recommendations for all situations or provide a reference to

a document that does require such certification.

Analysis

Figure No. A-3
Grade Beams and
Slabs

Sec. 2303
Chapter 26

FEMA-SS provides a diagram for the recommended location of the
steel reinforcing in grade beams and other specific design criteria.
Also, this figure contains specific reinforcing requirements for
slabs located in areu subject to these conditions. The Uniform
Building Code requires such structural members be designed by a
licensed engineer or architect based on the applied loads and
conditions of the site.

Rccommeod,tioAj

FEMA-SS

FEMA-SS should recommend that a licensed engineer or architect should design such members
based on the applied loads and site conditions.

Analysis

Table No. A-IO
Futener
Capacities in Shear

Sec. 2303
Tablea NOl. 24-0.
1 and 24-0.2
Table No. 24-E
Tablea NOl. 25-F,
G, H, J, K, 0, Q.

FEMA-SS provides specific shear capacities for nails, screws and
dowel pins. The Uniform Building Code provides specific criteria
for the desii" of all fasteners.

Rccommmditioaj

FEMA-SS

FEMA-SS lhould recommend the use of the shear capacity requirements in the building code of
that project'l jurisdiction.

Analysis

Table No. ll-A
Futenen for
Breakaway Walla

Rccommmd,tioPj

Sec. 2303
Appendix Chapter
23. Division IV.

None.

FEMA-5S provides specific design criteria for the fasteners for
breakaway walla. The Uniform Building Code requires that these
breakaway walb be designed in accordance with specific loading
criteria.
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•

FEMA-SS

Appendix B
Bracing

Sec. 2303
Sec. 2908 and
2910
Appendix Chapter
23. Diviaion IV.

Analysis

FEMA-SS discusses the usc of pile bracing. The U.B.C. requires
that a lateral resisting pile system be designed with wind loads.
water and wave action under consideration.

•
RecommCllditiogi

fEMA-SS

FEMA-SS should rec::ommend the usc of an engineer or architect in the design of such a
foundation lySterD or provide a reference to a document that does require such cenification.

Analysis

FEMA-SS should rec::ognizc the Ule of other forms of bracing as well as requiring the use of a
licensed engineer or architect in the design of such a system or provide a reference to a
document that doea require such ccnification.

•

••
•

B.1
Knee Bracing

Recommeod.tioDj

FEMA-SS

B.2
Truss Bracing

Sec. 2303
Sec. 2908 and
2910
Appendix Chapter
23. Division IV.

Sec. 2303
Sec. 2908 and
2910
Appendix Chapter
23. Division IV.

FEMA-SS discusses the usc of knee braces and the detailing of
same. The Uniform Building Code requires that such connections
and braces be designed by a licensed engineer or architect with
wind. water and wave action under consideration.

Analysis

FEMA-SS recommends that truss bracing be designed per the
fol1owing sections. The U.B.C. requires that such a bracing
syatem be designed by a licensed engineer or architect.

• Recommmd.tioPi FEMA-SS ahould require the UIC of a licensed engineer or architect to design such a bracing
IYltem or provide a reference to a document that docs require such cenification.

•

•

FEMA-SS

B.2.1
Diagonals

Sec. 2303
Sec. 2908 and
2910
Appendix Chapter
23. Division IV.

Analysis

FEMA-SS discusses. in general terms. the usc of diagonals as a
bracing element and gives some specific design examples. The
U.B.C., on the other hand. relics on a design by a licensed
engineer or architect rather than specific design criteria.

•
•

RecommfDd.tioDj FEMA-SS Ihould rely on the design of a licensed engineer or architect or provide a reference
to I document that docs require such certification rather than providing specific design criteria.
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FEMA-SS

B.2.1.1
Lumber Diagonala

Sec. 2303
Chapccr 2S
Sec. 2908 and
2910
Appendix Chapter
23. Division IV.

Analysis

FEMA-SS lives spcx:ific design criteria and examples for all
condition•. The U.B.C. ~uires a design by a licensed engineer
or architect given the site conditions.

Rccommepclatiopj

FEMA-SS

FEMA-55 lbould rely more on the dCliifl of a licensed engineer or architect rather than give
spcx:ific delign criteria.

Analysis

B.2.1.2
Thrc:ad Bar
Diagonals

Sec. 2303
Chapter 27
Sec. 2908 and
2910
Appendix Chapter
23. Division IV.

FEMA-SS livCl recommendations for specific manufactured
product u the use of a thread bar diagonal. The Unifonn Building
Code requires that these diagonals be designed by a licensed
engineer or architect bued on the applied loads and site
conditions.

Rccommcad,tiopj

FEMA-SS

FEMA-SS .hould not recommend a .pcx:ific manufacturer and should rely on the design of a
licensed en,meer or architect or provide a reference to a document that does ~uire such
certification.

AnalYSis

B.2.2
Struts

Sec. 2303
Chapter 2S
Sec. 2908 and
2910
Appendix Chapter
23. Division IV.

FEMA·SS providCl Ipcx:ific design criteria for struts and makes
lpo;ific manufacturer recommendations. The U.B.C. relies on a
dcaiifl by a licensed engineer or architect bued on the implied
loads and lite conditions.

Rccommeoclatiogj See recommendation of B.2.1.2.
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•

FEMA-SS

B.3
Grade Beams

5«:.2303
Chapter 26
5«:. 2908 and
2910
Appendix Chapter
23, Divilion IV.

Analysis

FEMA-SS discusses the at-grade supports of a piling system by
certain materials. The U.B.C. requires such a design to be by a
licensed engineer or architect based on the applied loads and site
conditions.

• Rec;ommeod.tiogj FEMA-SS should rely upon the deaign of a licensed engineer or architect or provide a reference
to a document that does require such certification.

•

••

FEMA-SS

0.1
Procedure A-I
Downward Loads
per Pile

Chapter 23
5«:. 2908-2910.

Analysis

FEMA-SS provides a simplistic approach to calculating the
downward loads per pile. It also assumes certain dead and live
loads without providing justification for the figures. The U.B.C.
requires that the engineer or architect base the design dead and
live loads on the use of the structure. Also, the load per pile is
bued on the tributary area supported by the pile and a reduction is
given for any group action that may be used in the system.

•

Rec;ommmd.tioUj

FEMA-SS

FEMA-SS should indicate that this is a design example only and not a procedure to be used for
every situation that may ariae.

Analysis

•
0.2
Procedure A-2
Wmd Loads per
Pile

Chapter 23
5«:. 2908-2910.

FEMA-SS provides a simplistic procedure for the calculation of the
wind loads per pile given a specific design situation. The U.B.C.
provides two methods, normal force method and projected area
method for calculating the wind loads on any given building. It
alia providea the means for calculating loads generated at roof
eaves, ridges. overhangs and also on miscellaneous structures and
provides criteria for calculating the loads on leeward elements.

•

••
•

Rec;ommmd.tiogj See the recommendation for 0.1, Procedure A-l.
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FEMA-SS

0.3
Procedure A-3
Minimum
Embedment of
Piles

Sec. 2908-2910.

Analysis

FEMA-SS gives the design procedure for two types of piles in two
different types of soil. These procedures come up with an
embedment length for two different diameten of these piles bued
on the soils equations provided therein. The Uniform Building
Code relies on the investigation of a soils engineer and subsequent
recommendations for the minimum embedment depth of piles.

RmPmmcpd.tioPi

FEMA-SS

FEMA-SS ahould recommend that a lOils engineer-by consulted and a soils report be
undertaken for each specific aite u the lOil conditions vary from site to site.

Analysis

0.4
Procedure A-4
Maximum
Unbraced Pile
Height

Sec. 2908-2910
Appendix Chapter
23. Diviaion IV.

FEMA-SS provides design equations for the calculation of
moments due to wave, current, debris impact and wind forees
which ultimately leads to the allowable bending moment of piles
and then to the maximum unbraced pile height. The Uniform
Building Code requires that the structural system be designed in
accordance with well established engineering principles with
hydrodynamic and hydrostatic loads being considered and requires
that the required loading be established by an investigation of the
conditions at the site.

RmPmmcpd.tiopi

FEMA-SS

FEMA-SS ahould indicate the souree of the equations used for the forces calculated.

Malysia

D.S
Procedure A-4.1
Maximum
Unbraced Heiabt
for Piles
Supporting
Breakaway Walb

Sec. 2908-2910
Appendix Chapter
23, Division IV.

FEMA-SS provides a means of calculating the unbraced height for
piles that support breakaway walls. The Uniform Building Code
requires that the stroctural system be designed in accordance with
well establiahed eneineering principles with hydrodynamic and
hydrostatic loads being considered. The required loading should
be establiahed by an investigation of the conditions at the job site
or by approved national standards.

RmPmmrod.tioPi See the recommendation for 0.4, Procedure A-4.
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FEMA-SS

0.6
Procedure A-S
Wan Uplift Loadl

Chapter 23.

Analysis

FEMA-SS provides an example of a method of calculating wind
ienerated uplift loads in the walls of a building given specific
design criteria. The U.S.C. ~uires that a licensed engineer or
architect consider all of the loads generated by wind forces,
including uplift forces, in the design 0 f the structure.

•
Recommendation; FEMA-SS should recommend the use of a licensed engineer or architect in the design of such

structures and should indicate that this is a design example that may not be appropriate for all
situations.

FEMA-SS should ~uire that a licensed engineer or architect design the structure with all loads
under consideration or provide a reference to a document that docs require such certification.
It should also indicate that this is a design example which may not be appropriate for all
situations.

•

••
•

•

FEMA-SS

0.7
Procedure A~
Pile Uplift Loadl

Recommendatioo;

FEMA-SS

0.8
Procedure B-1
Horizontal Water
Loads per Pile

Chapter 23.

Appendix Cbapt.er
23. Division IV.

Analysis

FEMA-SS provides an example of a method of calculating the
uplift loads generated by wind forces per pile. The U.S.C.
~uires that a licensed engineer or architect design the piling
system for wind generated uplift loads depending on the design of
the structure and the site conditions .

Analysis

FEMA-SS provides a method of calculating lateral loads due to
Wive. current drag, debris impact forces on each pile. The
Unifonn Building Code ~uires that the piling be designed in
accordance with well established engineering principles and with
hydrodynamic and hydrostatic loads under consideration. The
required loading should be established by an investigation of the
site conditions or approved national standards.

•

••
•

Recommfod.tioPi FEMA-SS should require that a licensed engineer or architect consider these forces in the
design of the building or provide a reference to a document that does require such certification.
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FEMA-SS

0.9
Procedure B-2
Loads Transferred
to the Foundation
Truss Membcn

Chapter 23
Appendix Chapter
23, Division IV.

Analysis

FEMA-SS hal a brief description of a procedure to evaluate any
loads reaulting from lateral forces which may be transferred to
horizontal or diagonal bracing members. The U.B.C. requires that
a complete load path be identified and designed for both lateral
and venical loads.

Rccommmciatiog:

FEMA-SS

See the recommendation for 0.8.

Analysis

Appendix G.2
Purpose

Rccommmciatioa:

FEMA-SS

Appendix G.3
Scope

Sec. 102.

None.

Sec. 103.

FEMA-SS recommends that this sample Coastal Construction Code
supplement the local building code with the more restrictive
requirements governing. The purpose of the U.B.C. is to provide
minimum standards for the protection of propeny and public
welfare for all buildings within the local jurisdiction.

AnaIYSp

Scope of FEMA-SS includes only residential structures, both large
and small and the additions thereto. even though Chapter S in the
Coastal Construction Manual addresses larger structures which
secmI to include both commercial and industrial buildings. The
ICOpe of the U .B.C., on the other hand. includes all buildings and
miscellaneous structurea within the authority of the local building
official.

Rccommcociatiop; FEMA-SS should include. within the sample Coutal Construction Code, any other uses which
may be lubjceted to lheIe kindI of conditions.
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•

FEMA-55

Appendix G.4
Definitions

Chapter 4
Chapter 23
Appendix Chapter
23, Divilion IV.

Analysis

The defInitions found in the sample Coastal Construction Code in
FEMA-SS are strictly related to the design of structures subject to

flood, Wive and wind actions. Half of the definitions in FEMA-55
are located in the U.B.C. and most of those are compatible with
the Uniform Building Code. However, the definition of "grade" is
in conflict with U.B.C. The other definitions located in FEMA-55
are indirectly referenced in the U .B.C. by way of a reference to
approved national standards.

•

RecommendatioD;

FEMA-S5

FEMA-SS should develop language that correlates the definition 0 f .. grade" with the U. B. C.,
such as replacing the term "adjoining" with a specifIc distance at which point the measurement
is taken.

Analysis

••
•

•

•

• •
•

Appendix G.S
Elevation
Standards

RecommeDdationj

FEMA-S5

Appendix G.6
Loading Forces

RcrommeDdatiogj

Appendix Chapter
23, Divilion IV.

None.

Chapter 23
Appendix Chapter
23, Divilion IV.

None.

FEMA-SS has a provision in this section where a setback can be
established, where within same, no new construction or substantial
improvements are allowed. Also, aU new construction or
substantial improvements in this provision must have their lowest
horizontal structural member supporting the elevated floor at or
above the hue flood elevation. The U. B. C. does not establish a
setback where construction is not allowed. It requires that aU new
construction or improvements have the lowest horizontal structural
member at or above base flood elevation.

Analysis

FEMA-SS recommends that the structural design in coastal high
hazard areas consider the effects the wind and water loads acting
simultaneous during a bue flood on all building components. The
U.B.C. states that the structural system shall be designed in
accordance with well established engineering principles with
hydrodynamic and hydrostatic loads under consideration and that
the required loading shall be established by an investigation of the
conditions at the site or approved national standards.
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FEMA-55

Appendix G.6.1
Water Loads

Recommeud.tiopj

FEMA-SS

Appendix G.6.2
Wmd Loads

Appendix Chapter
23. Diviaion IV.

None.

Chapter 23
Appendix Chapters
24 and 25.

Analysis

FEMA-55 states that the structural design shall take horizontal
water loads under consideration and shall consider specific forces
of waves and other forcCl in the analysis. The U.B.C. requires
that the structural system shall be designed in accordance with well
established engineering principles and with hydrodynamic and
hydrostatic loads under consideration and that the loading shall be
established by an invCltigation of the site conditions or approved
national standards.

Analysis

FEMA-S5 recommends that all buildings be designed to resist
wind load pressures bued on ANSI Standard A 58.1-1982. The
Uniform Building Code requires that all buildings be designed and
detailed to resist the forcCl due to wind pressures and includes a
number of the proviaions from the ANSI Standard.

Recommeud.tionj

FEMA-SS

FEMA-SS should include the latCit edition of ANSI Standard A 58.1 which is now ASCE 7-88.

Analysis

Appendix G.7
Foundation
Standards

Recommeuditiogj

FEMA-5S

Appendix G.7.1
Pile Foundation
Design

Chapter 29
Appendix Chapter
23. Diviaion IV.

None.

Sec. 2908-2910
Appendix Chapter
23. Division IV.

FEMA-SS requires that all structures built in the coastal high
hazard area be designed and detailed to resist lateral forces due to
wind and water pressures. The U.B.C. requires that all loads that
the building might be subject to be taken into consideration in the
Itruc:tural c:alc:ulations and designed appropriately.

Analvsis

FEMA-SS has some specific design criteria for pile foundations.
The U.B.C. requires that the structural system. in this case the pile
foundation. be designed in accordance with well established
engineering principlCl and take into consideration hydrodynamic
and hydrostatic loads. Also, the required loading and design shall
be established by an investigation of the site conditions or
approved national standards.

Recommmd.tionj FEMA-SS should include a provision for soil investigations to determine the site soil
conditions.
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The U.B.C. should consider one-hundred-ycar design wind velocities concurrently with the base
floor elevation forces.

•

•

•

••

FEMA-SS

Appendix G.7.2
Column
Foundations

Rec;ommcod.tioDi

FEMA-~~

Appendix G.8
Anchoring
Standards

Rec;ommcod.tioDj

Chapten 24. 26
Appendix Chapter
23. Division IV.

None.

Appendix Chapter
23, Division IV
Appendix Chapten
24 and 25.

Analysis

FEMA-SS briefly discusses the use of masonry piers and poured
in-place concrete pien and requires that they be reinforced to
resist both vertical and lateral loads and be interconnected. The
Unifonn Building Code has specific design criteria for such piers
and also requires that they be interconnected.

Analysis

FEMA-SS requires that the entire structural system be tied together
to prevent flotation collapse or a pennanent lateral movement due
to a bue flood event concurrent with the one-hundred-ycar design
wind velocity. The U.B.C. requires that the structural system of a
building or structure shall be tied together to resist the flotation.
collapse. or permanent lateral movement due to loads to flooding
equal to the base flood elevation. Another provision requires that
the structure be designed and tied together to resist basic wind
speeds from 80 to 110 miles per hour.

• FEMA-SS ~

Appendix G.8.1 Sec. 2510
Connc:cton and Appendix Chaptcn
Futenen 24 and 25.

•
Recommeod.tiogj None.

•

• •
•

Analysis

FEMA-SS requires that these connections be adequate for the loads
applied and also. if exposed. shall be protected against corrosion.
The U.B.C. also requires that connections be adequate for the
applied loads and also be corrosion resistant if exposed to a
corrosive environment.
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-

FEMA-SS

Appendix G.8.2
Beam to Pile
Conncctiona

Sec. 2.510
Appendix Chapter
23. Division IV.

Analysis

FEMA-SS hu design requirements for specific beam to pile
COMectiOns with no consideration for other possibly structural
adequate connectors. The Uniform Building Code requires that
these cOMcctions be designed by a licensed engineer or architect
bucd on the applied loads, but docs require that any connectors
that are exposed to corrosive environments be protected.

Rcqmmcgd.tiopj

FEMA-SS

FEMA-SS should allow for other structurally adequate connections.

Analysis

Appendix G.8.3
Floor and Deck
Conncctiona

Chapter 2.5. FEMA-SS hu specific design criteria for floor and deck
connections in coutal high-hazard areas. The U.B.C. requires
that a licensed engineer or architect design these connections for
the applied loads and site conditions.

Rcqmmcpd.tiopj

FEMA-SS

FEMA-SS should consider other structurally adequate materials than what is prescribed within
their provisiona provided a licensed engineer or architect verifies the adequacy.

Analysis

Appendix G.8.4
Exterior Wall
Connectiona

Chapter 2.5. FEMA-SS contains specific design criteria for exterior wall
conncctiona. The U.B.C. requires that exterior wall connections
be designed and detailed by a licensed engineer or architect to
support the applied loads.

Rgmmcad.tioPi

FEMA-SS

FEMA-SS should recommend other types of designed exterior wall connections.

Analysis

Appendix G.8.S
Ceiling Joist and
Rafter Connectiona

Sec. 2303
Sec. 2510
Appendix Chapter
23. Division IV.

FEMA-SS requires that the roof framing and ceiling be designed in
such a manner u to provide a continuous tie across the rafters and
that an adequate connection to the exterior walls be provided. The
Uniform Building Code requires that these connections be designed
by a licensed engineer or architect for the applied loads.

Rgmmcad.tioDi FEMA-SS should recognize other types of systems which may provide this continuous tic.
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•

FEMA-SS

Appendix G.8.6
Projecting
Members

Chapter 23
Sec. 2510
Appendix Chapter
23. Division IV.

Analysis

FEMA-SS gives design provisions for small overhangs and
projecting members and requires that larger projecting members be
designed by a licensed engineer or architect. The Uniform
Building Code requires that all such projecting members be
deaigned and detailed given the applied loads by a licensed
engineer or architect.

• RqmmmdatioPi FEMA-SS Ihouk! require that aU projecting members be designed by a licensed engineer or
architect.

FEMA-SS should recognize other types of roofs if they are designed by a licensed engineer or
architect.

•

.-
•

FEMA-SS

Appendix G.8.9
Roof Sheathing

Rqmmmdatiooi

FEMA-SS

Appendix G.l0
Protection of
Openings

Chapter 23
Chapter 25
Chapter 32
Appendix Chapter
23. Division IV.

None.

Analysis

FEMA-SS has specific design criteria for roof sheathing on
buildings in the coastal high-hazard areas and also for the design
of roofs in these areas. The Uniform Building Code requires that
roof sheathing be detailed in a manner that allows any design of
roof if high winds and water forces are considered.

Analysis

FEMA-SS requires that exterior openings be designed and detailed
to withstand high wind speeds and recommends additional
protection such as storm shutters. The Uniform Building Code has
no such provision.

•

•

•

•

•

•

RqmmmdatioPi The Uniform Building Code should address the protection of exterior openings from wind and
water action that are above the base flood elevation.
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FEMA-SS

Appendix G.11
Use of Space
Below the Loweal
Elevated Floor

Appendix Chapter
23. DiviJion IV.

Analysis

FEMA-SS requires that all new construction and substantial
improvemenu within the coastal high-hazard zone must have the
space below the bue flood elevation free of obstruction or
constructed with breakaway walls. Enclosed space, may be used
onJy for vehicular parking or access to the building. The U.B.C.
requires that the space below the base flood elevation in coastal
high-hazard zones be free of obstruction except that it allows the
storage of ponable or mobile items that can be moved in the event
of a storm to be located below the lowest floor IS well IS stain
and entrancca required to acecal the building.

Recommmdationj

FEMA-SS

FEMA-SS should not allow enclosed space for vehicular parlcing unless it is provided by
breakaway walls and should recognize that poruble or temporary storage of items can be
located there.

Analysis

Appendix G.1Ll
Breakaway Wall
Design

Recommmd,tion:

FEMA-SS

Appendix G.l1.2
Certification of
Breakaway Walb

Appendix Chapccr
23, DiviJion IV.

None.

Appendix Chapccr
23. Divilion IV.

FEMA-SS requires that breakaway walls be designed for loads as
clcaignated by the jurisdiction and gives some design
recommendations for the design of the piles that support the
breakaway walls. The Uniform Building Code requires that
breakaway walls be designed for specific criteria and includes
these loads in the design of the pile system.

Analysjs

FEMA-SS allows the use of breakaway walls designed for greater
loads than twenty pounds per square foot if designed by a licensed
architect or engineer. The Uniform Building Code does not allow
the use of breakaway walls that are designed above twenty pounds
per square foot.

Rccommcpd,tiopj The Uniform Building Code should recognize that the design of breakaway walls with a higher
loads considered may be appropriate under ceruin circumstances.
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FEMA-SS should require a design by a licensed engineer or architect or provide a reference to
a document that does require such certification.

•

•

•

.-
•

•

•

• •
'.

FEMA-SS

Appendix G,l:!
Utilities

Rc:commcod.tiopj

FEMA-SS

Appendix G.13
Certification

Rec;ommCDd.tiopj

FEMA-SS

Appendix G.14
Reference
Documents

Rewmmcnd.tiogj

Appendix Chapter
23, Division IV.

None.

Sec. 2303
Appendix Chapter
23. Division IV.

Chapter 23
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

None.

Analysis

FEMA-SS requires that all machinery servicing the building be
elevated at or above the bue flood elevation (BFE) or that any
system below the BFE be provided with protection from water
penetration. The U.B.C. requires that new or replacement utilities
that service the building be placed above the base flood elevation
or protected against water penetration.

Analysis

FEMA-SS requires that all new or substantial improvements to

residential buildings in coutal high-hazard zones either be
designed by a licensed engineer or architect or certified as meeting
standard accepted practices. The Uniform Building Code requires
that all such structures be designed and detailed by a licensed
engineer or architect.

Analysis

FEMA-SS lists the documents used in determining the design wind
and water forces on structures and provides a reference to the
Coutal Construction Manual. The U.B.C, provides specific
criteria for wind and high-wind design or requires that such design
of the structures meet approved national standards.
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FEMA-S4

Polts

RccommmdatioPi

FEMA-S4

Post Embedment

Sec. 2908-2910
Appendix Chapter
23. Division IV.

None.

Sec. 2507
Sec. 2516
Sec. 2908-2910
Appendix Chapter
23. Division IV.

Analysis .

FEMA-S4 discusles. generally, the use and design of post
foundations. The Uniform Building Code gives specific design
criteris for luch foundations.

Analysis

FEMA-S4 discusses some general construction practices for post
foundations. The Uniform Building Code requires a design by a
licensed engineer or architect and provides specific design criteria
for these foundations.

Rccommmdatiopi

FEMA-S4

FEMA-S4 Ihould recommend the use of a soils investigation report by a licensed soil engineer
in the design of the foundation syste~.

AnalYsis

Post Anchorage

Rec:ommmdatioPj

FEMA-S4

Pien

RecommmdatioPj

Sec. 2510
Sec. 2910
Appendix Chapter
23. Division IV
Appendix Chapter
25.

None.

Sec. 2403-2409
Sec. 2907
Appendix Chapter
23. Division IV.

None.

FEMA-S4 recommends the anchorage of posts to the foundation.
The U.B.C. requires that such connections be designed by a
licenled engineer or architect with all applied loads considered.

AnalYsis

FEMA-S4 diaculles, in general terms. pier foundations in areas
lubjcct to flood events. The Uniform Building Code has specific
design criteris for pier foundations in these same areas.
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FEMA-S4 should recommend the use of a soils engineer and soils investigation report in
determining the best type of foundation.

•

•

•

.-
•

•

•

••
•

FEMA-S4

Brick in Concrete
Muonry Piers

Rec:ommtodatioD;

FEMA-S4 .

Concrete Piers

Recommegdatiopj

FEMA-S4

Pier Footings

Rec:ommegdatiogi

FEMA-S4

Shear Walls and
Diaphragms

ReqmmegdatioDj

Sec. 2403-2409
Sec. 2907
Appendix Chapter
23, Division IV.

None.

Chapter 26
Sec. 2907
Appendix Chapter
23, Division IV.

Chapter 29
Appendix Chapter
23, Division IV.

None.

Chapter 23
Chapter 24
Chapter 26
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

None.

Analysis .

FEMA-S4 discusses, in general terms, the design of brick in
concrete muonry piers and recommends that the long dimension
of the pier be placed parallel to any anticipated flood flow. The
Uniform Building Code hu specific design criteria for the use
thue masonry pier foundations of brick in concrete in A Zones.
but hu no requirement for the placement of these piers parallel to
any anticipated flood flow.

Analysis

FEMA-S4 discusses, in general terms, piers IS a foundation system
and gives recommendations IS to their use. The Uniform Building
Code hu specific design criteria for concrete pier foundations
given the applied loads and soil conditions.

Analysis

FEMA-S4 discusses, in general terms, the sizing of pier footings
in the foundation system and gives a recommendation that a soils
engineer be consulted prior to the design of such a footing. The
Uniform Building Code has specific design criteria for the design
of the footings and embedment and requires a soils investigation.

Analysis

FEMA-S4 discusle&, in general terms, the use of wood shear walls
and wood floor diaphragms to transfer any horizontal forces to the
foundAtion system. It does not recommend their use in coastal V
Zones. The U.B.C. hu specific design criteria for the use of
shear walls IS a bracing system and does not exclude the use of
other materials such IS masonry or concrete shear walls.
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-

FEMA-S4

Pier Foundation
Conncc:tiona

Sec. 2303
Sec. 2615
Sec. 2907.

Analysis .

FEMA-S4 recommends certain pier foundation connections and
lives some specific design criteria. The U.B.C. requires that
these connections be designed by a licensed engineer or architect
for the applied loads.

Recqmmcod,tioDj

FEMA-S4

AA these arc very important connections, it is recommended that FEMA-S4 recommend the use
of a licensed engineer or architect in the design of these connections and that it should
recognize that other connections may be more adequate for the same purpose.

Analysis

FloorBcamt Chapter 25. FEMA-S4 discus.es, in general tenns, the different sizes and types
of floor beams used in construction of residential structures and
gives lOme general design recommendations. The Unifonn
Building Code requires that floor besms be designed for the
applied loads by a licensed engineer or architect and that they meet
specific design criteria.

RecqmmcoutioDj

FEMA-S4

FEMA-54 should recommend that these members and any splices of some be designed by a
lic:cnsed engineer or architect.

Analysis

Cantilcvcn

Recqmmmd,tiopj

FEMA-S4

Floor JoistlFloor
Beam Connections

Chapter 25
Chapter 29.

None.

Chapter 25
Appendix Chapters
23.24 and 25.

FEMA-S4 discusses. in general lenns, the use of a cantilevered
floor area to reduce the number of piles in the foundation system.
The U.B.C. requires that a pile foundation system be design by a
lic:cnscd en,meer or architect for the applied loads.

AnalYSis

FEMA-S4 recommends that a positive connection be developed
between the fmt floor joists and the floor beams supporting them
and discUlICI. in general tenns, the usage of straps as the
connection. The U.B.C. requires that approved anchors be
installed to provide a continuous tie from the roof to the
foundation system and that these connections be designed by a
licensed engineer or architect.

Recqmmcpd,tiopj FEMA-S4 should recommend the use of a licensed engineer or architect in the design of a
substantial connection.
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•

•

•

.-
•

•

•

FEMA-S4

Figure No. 4.48
Protected Utility
Shaft

RecommendatioD;

FEMA-S4

Mechanical
Equipment

RecommendatioD;

FEMA-S4

Septic Tanks

RecommendatioD:

FEMA-S4

Building MaterialJ

Appendix Chapter
23. Diviaion IV.

U.P.C.:
Sec. 315 (e).

None.

Appendix Chapter
23. Diviaion IV.

U.P.C.:
Sec. 315 (e).

None.

Appendix Chapter
23. Diviaion IV.

U.P.C.:
Sec. 315 (e).

None.

Chapt.en 24. 25.
26
Appendix Chapter
23. Diviaion IV.

Analysis

FEMA-S4 provides a diagram of a recommended protective utility
shaft. The Unifonn Building Code requLrcs that mechanical and
electrical systems be either placed above the base flood elevation
or protected to prevent any water from entering the system's
components during a flood event.

Analysis

FEMA-S4 diacusses the elevating of all mechanical equipment
above the base flood elevation and the protection of same due to a
flood event. The Unifonn Building Code requires that aU
mechanical equipment either be placed above the base floor
elevation or protected against a flood event.

Analysis

FEMA-S4 diacusses the protection of septic tanks during a flood
event. The Unifonn Building Code requLrcS that such equipment
be protected to prevent water from entering or accumulating within
the tanIc.

Analysis

FEMA-S4 discusses, in general tenns. the protection of different
types of building materials from a corrosive environment. The
Unifonn Building Code requires that materials in corrosive
environments be protected in an approved manner.

• -
•

RecommendatioD; FEMA-54 should not recommend that the designer use specific manufacturers or industrial
groups for the protection of their products. The wording should be in general tenns.
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-

FEMA-S4

Wood Chapter 2S
Appendix Chapter
23, Division IV.

Analysis .

FEMA-S4 discusscs, in general terms, the treatment of wood to
protect it against a corrosive environment. The Uniform Building
Code requiJa that wood exposed to such environments be
protected with an approved preservative treatment.

Recommeqd.tiopi

FEMA-S4

FEMA-S4 should not recommend that a designer seek the guidance of a specific manufacturer
of preservative in the guidelines. The terms should be more general.

Analysis

Steel Chapter 1
Chapter 27
Appendix Chapter
23, Division IV.

FEMA-S4 discusses the protection of steel structural members that
are expOsed to a corrosive environment. The U.B.C. does not
have a specific requirement for the protection of steel. Rather, it
requiJa that a structure be maintained in a safe condition which
also hu been interpreted as being protected from corrosive
environments.

Rccommmd.tioPi

FEMA-S4

The U.B.C. should address the protection of steel structural elements specifically in Appendix
Chapter 23, Division IV.

Analysjs

Concrete and
Masonry

Chapter 24
Chapter 26
Appendix Chapter
23, Division IV.

FEMA-S4 discusses, in general terms, the use of chemical
admixtures in surface treatments in the protection and
strengthening of reinforced concrete and masonry block in
corrosive environments. The Uniform Building Code has specific
design criteria for the use of chemical admixtures in reinforced
concrete and masonry construction.

Rccommeqd.tjpRj

FEMA-S4

FEMA-S4 should not recommend a specific manufacturer for these products.

Analysjs

Insulation

Recommeqd.tioDi

Sec. 1714
Appendix Chapter
23. Division IV.

None.

FEMA-S4 discusses, in general terms, the insulating of buildings.
The Uniform Building Code requires that buildings are insulated
per the requirements of the Mod,l En"KY Cod, and that such
insulation meets specific design criteria.
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None. Both documents serve different purposes.

•

•

•

••
•

•

•

••
•

FEMA-S4

Glossary

RcqmmCDdltioDj

FEMA-S4

Perfonnance
Criteria

Rcqmmmditiop;

Chapter 4
Appendix Chapter
23, DiviJion IV.

None.

Chapter 1
Chapter 4
Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

Analysis .

FEMA-S4 goes into much greater detail in defining the tenns used
in flood-resistant construction. The Unifonn Building Code goes
into much less detail in these defUlitions and only classifies the
hazard zones into two zones. A Zones and V Zones.

Analysis

FEMA-S4 identifies and defUles loads which buildings may be
subject to during a flood event and then provides three standards to
which a building may be designed to. The U.B.C. has these
different load defmitions, however, the specific water loads and
soil loads are left to the design of the engineer. Also, the U.B.C.
hu only one standard which the building can be designed to and
that is the prescribed code requirements in this document.
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FEMA-114

3.5
Foundation WaliJ

RecommmdatioPi

FEMA-1l4

3.12
Extended Wall
Foundation.

Chapter 23
Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23. Divilion IV.

None.

Chapter 23
Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23. Divilion IV.

Analysis

FEMA-114 discusses the protection of a structure by elevating it
above iu original foundation and the various methods of achieving
that. The Uniform Building Code provides design criteria for the
duign of .uch elevated .tructures. However, it is only required
that thCle buildings be elevated above the BFE.

Analysis

FEMA-114 discusses. in general terms, the design of extended
reinforced concrete muonry and reinforced concrete extended wall
foundation. and provides .ome recommended construction
praeticel u well u reference to Appendix C which provides a
method for calculating the different loads that the building may be
.ubjcct to. The Uniform Building Code provides .pecific design
criteria for thue t)'pel of foundations as well as standards of
quality of the construction materials.

RecommmdatioPi

FEMA-1l4

FEMA-1l4 .hould recognize that seismic forcel may govern over wind loads in certain areas of
the country and .hould recommend the use of a licensed engineer or architect in the design of
.uch .trueturea. FEMA-1l4 .hould allo recognize the latest edition of all referenced standards
within that portion of text.

Analnjs

3.13
Anchorage of
Super-Structured
Foundation

Chapter 23
Sec. 2510
Chapter 29
Appendix Chapter
23. Divilion IV
Appendix Chapten
24 and 25.

FEMA-114 providel a good discussion on the anchorage of
exterior waliJ and floor diaphragms to the foundation system.
Also. a number of details are provided to assist in the construction
of .uch an anchor. The Uniform Building Code requires that these
coMecUon. be provided and that a licensed engineer or architect
duign .uch connection. given the applied loads on the building.

Recommcgdatiogi FEMA-1l4 .hould reference the latelt edition of the ACI Standard 318.
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•

•

FEMA-1l4

3.14
Open Foundations

Chapter 13
Chapter 14
Chapter 15
Chapter 16
Chapter 19
Appendix Chapter
13. Division IV
Appendix Chapten
14 and 15.

Analvsis

FEMA-114 discusses. in general terms. the use of pien. columns
and piles as a foundation system in flood-prone areas. The
Uniform Building Code requires that piles or columns be used in
V Zones only and gives specific design criteria for the use of
same.

•
Recommendation: FEMA-114 should discuss the use of a soils engineer and soils report in determining the

embedment length of piles and the soil-bearing pressure in flood-prone areas.

.-
FEMA-114

6.2
Aood Wall
Considerations

None.

Analvsis

FEMA-114 discusses the use of flood walls in the protection of
residential structures. The U.B.C. requires that such buildings are
elevated above the base flood elevation and has no provisions for
such retrofitting of existing residential structures.

•
Recommendation: It is recommended that the U.B.C. develop some provisions for the retrofitting of existing

buildings or at least refer to approved national standards.

FEMA-114 U.B.C.

6.3 Chapter 23
Techniques and Chapter 14
Materials Chapter 26.

•
Recommendation; None.

•

•-

Analvsis

FEMA-1l4 discusses the different types of flood walls and the
materials used in their construction. The U.B.C. provides specific
design criteria for the materials used in walls.

•
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FEMA-114

6.S
Technical Dcaien
Criteria

Chapter 23
Chapter 24
Chapter 26
Chapter 29.

Analysis .

FEMA-114 discusses specific design criteria for the materials used
in flood walls and provides specific references to ACI Standards.
It alao provides a good discussion of the adequacy of the soil at the
site to bear the applied loads. The U.B.C. provides specific
design criteria for the design of walls. and also. rcqu~s that a
soils investigation be done under specific conditions.

Rgmmendatiog:

FEMA-114

FEMA-114 should recognize the authority of the local building codes. rather than recommend
the usc of standards which may not be recognized by the jurisdiction.

Analysis

7.2
Closure
ConsiderationJ

Recommendatiooj

FEMA-1l4

7.3
Low Profile
Closures

Rgmmfllutiopj

FEMA-114

7.4
Closure Materiala
and Construction

RecommcodatioDj

Appendix Chapter
23. Division IV.

None.

Appendix Chapter
23, Division IV.

None.

Chapter 23
Chapter 25
Chapter 27
Chapter 28
Appendix Chapter
23. Division IV.

None.

FEMA-114 discusses the closure of any openings in either flood
walla or exterior walls of a building and recommends that a
professional engineer be consulted for the design of such closures.
The U.B.C. rcqu~ that openings below the base flood elevation
shall be provided with water-tight closures designed to withstand
the applied loads.

AnalYSjs

FEMA-114 discusses the use of low profile. permanent closures
around openings which may be below grade. The U.B.C. rcqu~s

that openings below the base flood elevation shall be provided with
water-tight closures designed to withstand the applied loads.

Analysis

FEMA-114 discusses the types of materials used in construction of
the closures at openings in flood waUs. The U.B.C. provides
specifIC dcaign criteria for the use of such materials under the
applied loads.
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•
FEMA-114

7.6
Technical Design
Criteria for
Closurca

Chapter 23
Chapter 15
Chapter 27
Chapter 28
Appendix Chapter
23. Division IV.

Analysis

FEMA·1l4 provides a method for calculating potential flood
foreca. The U.B.C. recommends the use of well-established
engineering principles and/or approved national standards and
provides the allowable stresses for such materials used.

• Recommendation; FEMA-114 should recognize the authority of the local building codes in determining the
allowable stresses for such materials.

•

••

FEMA-114

8.1
Sealant
Considerations

Sec. 1708
Appendix Chapter
23. Division IV.

Analysis

FEMA-1l4 discusses the problem of sealing different types of
walls from water penetration. The U.B.C. requires that such walls
be designed to withstand hydrostatic and hydrodynamic loads
during the occurrence of flooding, but not necessarily to resist the
penetration of the water due to the flood event. It does, however,
addrcas the sealing of openings in walls below the base flood
elevation.

•

Recommendation;

FEMA-1l4

Both the U.B.C. and FEMA-1l4 should develop some language to address acceptable water
penetration.

Analysis

•

•

• •
•

8.3
Sealing Techniques

Rec:ommeodatioAi

FEMA-114

8.4
Closurca

RecommendatioPi

Sec. 1708
Appendix Chapter
23. Division IV.

None.

Appendix Chapter
23. Division IV.

None.

FEMA-1l4 discusses several techniques of sealing exterior walls
that are exposed to waten due to a flood event. The U.B.C. has
no such provision. The U.B.C. requires that the exterior walls be
weatherproofed to protect the interior finish of the wall.

/

Analysis

FEMA-114 discusses a few sealing techniques for larger openings
such as windows and doon. The U.B.C. requires that openings
below the base flood elevation shall be provided with water-tight
closures designed to withstand the applied loads.
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-

FEMA-114

8.5
Dclign Daaill

RccommCllclatioPi

FEMA-1l4

8.7
Technical Dclign
Criteria

Appendix Chapter
23. Division IV.

None.

Chapter 23
Chapter 24
Chapter 26
Chapter 27
Chapter 28
Chapter 29
Appendix Chapter
23. Divilion IV.

Analysjs .

FEMA-1l4 recommends that all walls subject to flood waters be

designed for hydrodynamic. hydrostatic and impact loads due to

the flood event. The U.B.C. also requires that such walls be
designed to withstand the same applied loads.

Analysis

FEMA-114 discusses the use of the materials in the structural
analysis of walls that are subject to hydrodynamic. hydrostatic and
impact load.. The U.B.C. has specific design criteria for the use
of such materials and requires that they are also designed for these
same applied loads.

RccommmdatioPi

fEMA-1l4

FEMA-1l4 .hould recognize the authority of the local building codes in the design of such
walls and .hould only reference the Iateat edition of the ACI Standards as guidelines.

AnalYSjs

9.4
Permanent
Proccctive
Mcuurea of
Utilitica

Rccommmclatjplj

FEMA-1l4

9.5
Utility Relocationl
to Existing Space

Rccommmdatiog:

Appendix Chapter
23. Divilion IV.

U.P.C.:
Sec. 315 (e).

None.

Appendix Chapter
23. Divilion IV.

U.P.C.:
Sec. 315 (e).

None.

FEMA-114 discusses a number of techniques of protecting utilities
that may be .ubject to flood waters due to a flood event. The
Uniform Buildin& Code requires that electrical and mechanical
equipment either be placed above the base flood elevation or
protected to prevent water from entering or accumulating in the
system due to a flood event.

Analysis

FEMA-114 discusses methods of protecting different utilities from
flood events using existing space within the structure. The U.B.C.
just requires that new or replacement electrical and mechanical
equipment be either placed above the base flood elevation or
protected to prevent water from entering the system.
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•

•

•

••
•

•

•

• •
•

FEMA-1l4

9.6
Utility Relocations
to New Space

Recommendation:

FEMA-114

9.8
Storage Ta,nk
Anchorage

Rccommepdation:

FEMA-1l4

10.4
Floating Structures

Recommendation;

FEMA-1l4

Appendix C
Forces

Recommendation;

Appendix Chapter
23. Division IV.

U.P.C.:
Sec. 315 (e).

None.

None.

None.

None.

None.

Chapter 23
Appendix Chapter
23. Division IV.

None.

Analysis .

FEMA-114 discusses the protection of utilities by relocating them
to new additions that are above or protected from the base flood
event. The Uniform Building Code just requires that new or
replacement electrical and mechanical equipment be either placed
above the bue flood elevation or protected to prevent water from
entering the system.

Analysis

FEMA-1l4 discusses methods of anchoring fuel tanks in the event
that the buoyant force may lift the tank during a flood event. The
Uniform Building Code docs not regulate such structures.

Analysis

FEMA-1l4 discusses an unusual method of flood-prooftng a
structure by allowing it to rise or fall with the flood waters. The
Uniform Building Code docs not allow such a situation.

Analysis

FEMA-114 discusses the methods for calculating hydrostatic.
hydrodynamic and impact loads as well as wind loads on the
structures that may be subject to flood events. The Uniform
Building Code makes reference to approved national standards and
site conditions for hydrostatic. hydrodynamic and impact loads. but
has a specific methodology for calculating wind loads.
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-

fEMA-I02

E
ContingClltFlood
Proofing Mcuurea

Rgmmmdatiopi

FEMA-I02

F.l
Flood Shields

Rgmmmdatiopj

FEMA-I02

F.2
Watertight Doors

RgmmmdatioDj

FEMA-I02

F.3
Moveable Flood
Walla

RgmmepdatioDj

Appendix Chapter
23. Diviaion IV.

None.

Appendix Chapter
23. Diviaion IV.

None.

Appendix Chapter
23. Diviaion IV.

None.

Appendix Chapter
23. Diviaion IV.

None.

Analysis .

FEMA-I02 discusses the different types of flood Proofmi
meuurea and their advantages and disadvantages in this section.
The Uniform Building Code only requires that openings below the
hue flood elevation be provided with watertight enclosures.

Analysis

FEMA-I02 discusses the advantages and disadvantages of using
flood shields u a flood proofmg method. The Uniform Building
Code only requires that openings below the base flood elevation be
provided with watertight closures.

Analysis

FEMA-I02 discuslCS the advantages and disadvantages of using
watertight doors u a method of flood proofmg the openings in the
structure. The Uniform Building Code only requires that openings
below the hue flood elevation be provided with watertight
enclosurea.

AnalYSis

FEMA-I02 discusses the advantages and disadvantages of using
moveable flood walls u a method of flood proofmg a structure.
The Uniform Building Code only requires that openings below the
hue flood elevation be provided with watertight closures.
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FEMA-I02 U.B.C. Analysis

B Chapter 29 FEMA-I02 discusses the use of fill material to elevate a structure

• Elevation Non-Fill Appendix Chapter above the bue flood elevation and provides some design
23. Division IV. recommendations. The U.B.C. requires that fill can only be used

u an elevation technique in the •A" Zones.

Recommcudatiopj None.

•
FEMA-I02 U.B.C. Analysis

C.2 Appendix Chapter FEMA-I02 discusses the usc of poSls to elevate a structure above
Posts 23. Division IV. the bue flood elevation. The U.B.C. requires that a building be

• elevated above the base flood elevation.

Recommendation: None.

--
-

FEMA-l02

Figure No. 111-7
Pile Characteristics
and Pier Walls

Chapter 24
Chapter 29
Appendix Chapter
23. Division IV.

Analysis

FEMA-l02 discusses the general characteristics of piles and pier
walls and their advantages and disadvantages. The Uniform
Building Code provides specific design criteria for the design of
piers and pier walls. but relies on the design of a licensed engineer
or architect.

•

Recommendation:

FEMA-I02

FEMA-I02 should recommend that a licensed engineer or architect design the structure.

Analysjs

•

Table No. m-l
Requirements for
Reinforced Pieri

Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23. Division IV.

Table No. 11I-1 of FEMA-I02 gives some minimum design
requirements for the construction of reinforced piers. The U.B.C.
has specific design criteria for the use of reinforced piers and
relies on the design of a licensed engineer or architect.

•-
•

Recommeodatiopj FEMA-l02 should rely on the design of a licensed engineer or architect for the use of
reinforced pieri.
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-

FEMA-IOZ

C.6
Maintenance

Recommmd.tiopj

FEMA-I02

E.1 and E.2
Waterproof Wal1J

Chapter 1.

None.

Chapter 24
Chapter 26
Appendix Chapter
23. Division IV.

Analysis .

FEMA-I02 recommends the regular maintenance of those
structural elements that are exposed to flood events. The Uniform
Building Code requires that all buildings and structures be
maintained in a safe and sanitary condition.

Analysis

FEMA-I02 discusses the use of different building materials in the
construction of waterproof walls and gives some simple design
recommendations. The Uniform Building Code has specific design
criteria for the use of these construction materials.

RecommCOclltiopj

fEMA-102

FEMA-I02 should recognize that the local building code has authority for the design of such
structural elementl and it should also provide. as a recommendation only. the latest edition 0 f
the referenced documents listed within this section.

Analysis

D.3 and D.4
Concrete Slab.

Chaptcr26
Chapter 29
Appendix Chapter
23. Division IV.

fEMA-102 discusses. in general terms. two methods of resisting
uplift forces in concrete slabs due to a flood event and provides
design recommendations as to the relief of such uplift forces. The
Uniform Building Code provides specific criteria for the design of
such slabs as well as requiring that they resist uplift and buoyancy
type forces.

Recommcgclatiopj

FEMA-I02

fEMA-102 should recognize the authority of the local building code in the design of such
structural c1cmcntl.

Analnis

D.S
WllCrproofing

Recommmdatiopj

Sec. 1714
Chapter 24
Chapter 26
Appendix Chapter
23. Division IV.

None.

fEMA·I02 discusses three methods of waterproofmg exterior
wal1J. The Uniform Building Code requires that walls and floors
that are impermeable to the passage of water.
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•

•

•

••
•

FEMA-I02

0.6
Watertight COrel

Rernmmendatiog:

FEMA-I02

0.7
Closurel and
Flood Shields

Recommendation;

FEMA-I02

E.S
Flood Walls

None.

None.

Appendix Chapter
23. Division IV.

None.

Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23. Division IV.

Analysis

FEMA-I02 discusses the waterproofmg of interior walls when
such waterproofmg of exterior walls is not feasible. The U.B.C.
hu no provisions for this.

Analvsis

FEMA-I02 discusses the use of closures and flood shields as a
means of protecting openings below the base flood elevation and
provides several details for different types of openings. The
Uniform Building Code requires that openings below the base
flood elevation be provided with a watertight closure.

Analysis

FEMA-I02 discusses the different types of flood walls that can be
used to protect structures from flood events and gives some
general design recommendations. The U.B.C. provides design
criteria for the design of flood walls. given the applied loads.

•
Recommendation;

FEMA-I02

FEMA-I02 Ihould recommend the use of a soils engineer in the design of such walls and
levees.

Analysis

•

••
•

E.7
Flood Wall
Maintenance

Rernmmendation:

Chapter 1.

None.

FEMA-I02 recommends regular inspection and maintenance of
flood walb and levees to maintain their structural integrity. The
Uniform Building Code requires that all buildings and structures
be maintained in a safe and sanitary condition.
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FEMA-I01

C
Utilities

RecommcpdltioPi

fEMA-I02

Appendix B
Glos..ry

Rn;ommegdltioPi

FEMA·I02

B
Deaign Loada

Rn;ommmd.tioPi

FEMA-I02

C
Performance
Criteria

Appendix Chapter
23, Division IV.

U.P.C.:
Sec. 315 (e).

None.

Chapter 4
Appendix Chapter
23, Division IV.

None.

Chapter 23
Appc:ndixChapter
23, Division IV.

None:.

Chapter 23
Appendix Chapter
23. Division IV.

Analysis .

FEMA-I02 disculles a number of the techniques for the flood
proofmg of utilities usociated with nonresidential structures. The
Uniform Building Code requires that such utilities be: either placed
above the bue: flood elevation or protected to prevent water from
entering within the system.

Analysis

All of the terms found in the glossary of FEMA-IO:! are related to
flood proofmg of structures or flood plain management. The
Uniform Building Code's defmitions are much more general in
nature and terms that are not found within are referenced to the
defmitions found in W,bsur's Third N,w lnUrnalional Diclionary
oflh, English lAnglUlg, Unabridg,d, Copyright 1986.

Analysis

FEMA-I02 provides a general definition of the design loads that
may occur on a structure located in a flood plain. The Uniform
Building Code provides specific criteria for the determination of
thc:sc: loads with the exception of hydrostatic, hydrodynamic and
impact loads generated by flood events. Those are referenced to
either wc:U-atablilhed engineering principles or approved national
standards.

AnalYSis

FEMA-I02 recommends specific design criteria for the structural
analysis of clements that are exposed to waten generated by a
design flood event. The Uniform Building Code has specific
design criteria for aU structures. however, for the loads generated
by a design flood event, it references weU-established engineering
principles in approved national standards for the design of such
structures.

RecommmdltioDi FEMA-I02 should recognize the authority of the local Duilding code in this section and include
that in the recommended design of these clements.
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•

••
•

•

FEMA-85

Chapter III
Elevation and
Anchoring
Technique.

Chapter 23
Chapter 24
Chapter 25
Chapter 26
Chapter 27
Chapter 29
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

Analvsis

FEMA-8S discusses a number of techniques of elevating and
anchoring-manufactured homes in areas that are subject to flood
events. The Uniform Building Code has specific design criteria
for the design of most of these methods of elevating or anchoring a
manufactured home. However, some of the methods would have
to rely on the discretion of the building official.

•

RecommeDd.tioD;

FEMA-8S

FEMA-8S should discuss the authority of the local building code in the design and construction

of such elevation and anchoring techniques.

Analysis

••
•

Chapter IV
De.ign of Elevated
Foundations

Chapter 23
Chapter 24
Chapter 25
Chapter 26
Chapter 27
Chapter 29
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

FEMA-8S provides methods for calculating the hydrostatic and
hydrodynamic loads generated by floods as well as certain
conditions that may occur that could effect manufactured homes in
the event of a flood. FEMA-85 also provides specific design
criteria for the sizing of the structural members that elevate
manufactured homes, as well as methods of protecting utilities that
serve the manufactured homes. The Uniform Building Code
provides specific design criteria for the structural design of the
supports of manufactured homes. but defers to well-established
engineering principles or approved national standards for the
calculation of hydrodynamic or hydrostatic loads by licensed
engineer or architect.

•

RccommcgdatioDj

FEMA-85

FEMA-85 should recognize the authority of the local building code in the design and sizing of
the structural elements supporting manufactured homes and should recommend that a licensed
engineer or architect be utilized in such design.

Analysis

•
Appendix D
Calculation
Procedure

Chapter 23
Chapter 25
Chapter 26
Appendix Chapter
23, Division IV.

FEMA-85 provides recommended procedures for the design of
specific structural elements supporting the manufactured home.
The Uniform Building Code provides specific criteria for the
design of such members.

• •
•

RernmmcgdatioD: FEMA-85 should consider the authority of the local building code in the recommendations of
this section.
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FEMA-8S

Appendix E
Buoyancy and
Drag Forca

AppcndixChapter
23. Division IV.

Analysis

FEMA-8S provides criteria for the design of ground anchon to
counteract any buoyancy or drag forces that may be generated by a
flood event. The Unifonn Building Code requires that all
buildings or structures erected in the flood zone be designed and
constructed to resist flotation. collapse or pennanent lateral
movement due to loads from a flood event.

Rccommcadltiogj FEMA-8S .hould consider that other types of hold~ownsmay be adequate to resist these
generated {orca.
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•

•

•

.-
•

•

•

•-
•

FEMA-165

Wmdows and
Doon

RecommmdaOODi

Appendix Chapter
23. Division IV.

None.

Analysis'

FEMA-16S recommends that the designer avoid the placement of
openings on the uphill side of the structure on alluvial fans to
prevent debris and flood water from entering a building. The
Uniform Building Code just requires that openings below the base
flood elevation be provided with watertight closures ad~uate to
support any generated loads. If such openings arc used. then they
should be designed to withstand any forces generated by a flood on
the alluvial fan.
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Analvsis

III A.I
Unreinforced
Block

Sec. 2407 (i)

Appendix Chapter
::3. Division IV.

The MCRB briefly discusses the use of unreinforced block in non
coastal flood are3s. The U.B.C. has specific delign criteria for
the usc of unreinforced block but does not allow residential
basements to be located below the BFE.

RccommrndatioDj None. since floodproof1J1g of basements is allowed only in communities that have been granted
an exception by FEMA.

Analysis

III A.2
Reinforced and
Grouted Block

Chapter 24
Appendix Chapter
::3. Division IV

The MCRB briefly discusses the usc of reinforced and grouted
block in non-coastal flood areas. The U.B.C. has specific criteria
for the use of reinforced and grouted block. but does not allow
residential basements below the BFE.

Rrcommt'ndation: See recommendation for MCRB III A.1.

Analysis

III A.3
Unreinforced
Concrete

Sec. 2622. The MCRB briefly discusses the usc of unreinforced concrete in
residential basement walls in non-coastal flood areas. The U. B. C.
has specific provisions for the use of plain (unreinforced) concrete.
but does not allow residential basements below the BFE.

Rrcommrndation: See the recommendation for MCRB III A.1.

Analvsis

III A.4
Reinforced
Concrete

Chapter 26 The MCRB briefly discusses the use of reinforced concrete in
residential basement walls in non-coastal flood areas. The U. B. C.
has specific provisions for the use of reinforced concrete. but does
not allow residential basements below the BFE.

Rrcommrndation: See the recommendation for MCRB III A.I.
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AnalYSis

•

•

•

--
•

•

III A.S
Stone. Cribbing
and Planking

Recqmmcpdltiop j

III A.6
Treated Wood
Foundations

RecommmdltioOj

rnA.7
Variations of
Foundations

Recommeodatioo:

rnA.8

None.

None.

Sec. 2907.

None.

Chapter 24
Chapter 26
Chapter 29

None.

Sec. 2903
Appendix Chapter
70

The MCRB briefly discusses the use of cut stone rubble stone and
even cribbing and planking in older residential homes and does not
recommend its use as a construction material below the BFE. The
U.B.C. does not have such provisions.

AnalYSis

The MCRB did not have enough information to discuss the use of
treated wood foundations. The U.B.C. has specific provisions for
the use of treated wood foundations. but does not allow residential
basements below the BFE.

Analysis

The MCRB briefly discusses variations in the design of
foundations used in residential basements below the BFE. The
U.B.C. hu specific provisions for the design of foundations. but
does not allow residential basements below the BFE.

Analysis

The MCRB discusses specific requirements for excavation. grading
and backfilling residential basement walls. The U.B.C. has
specific provisions for excavation. grading and backfilling
basement walls. but docs not allow residential basements below the
BFE.

•

••
•

Recqmmegdltiooj See the recommendation for MCRB III A.I.
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Analysis

IllA.9

Rqmmepd.tiogi

III B.1
Bucmcnt Slab

Sec:.2606

None.

Sec:.2623
Sec:.2904

The MCRB discusses the design and construction of fonnwork for
concrete buement walls. The U.B.C. has similar design criteria
for fonnwork for all types of concrete work.

Analysis

The MCRB discusses the types of slabs used in basement floors
below the BFE. The U.B.C. has specific criteria for slabs-on
grade, but does not allow residential basements below the BFE.

Rqmmeod.tiop j See the recommendation for MCRB III A.1.

Analysis

IllB.2
Structural
Bucmcnt Slab

Chapter 26 The MCRB discusses the thickness of slabs used to resist water
preuure heads. The U.B.C. has specific provisions for the design
of such slabs subject to applied loads, but does not allow
rcsidential buements below the BFE.

. Rqmmegutiopj See the recommendation for MCRB III A.1.

AnalYSis

IllB.3
Footing

Sec:. 2907 The MCRB briefly discusses footing construction in residential
basement wall foundations below the BFE. The U.B.C. has
lpecifl': criteria for the design of footing, but does nol allow
residential basements below the BFE.

Rqmmegd.tioIIj See the recommendation for MCRB III A.1.
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Analysis

•

m B.4
Underdrain System
and Sump. and
Pumps

Sec. 290.5 The MCRB discus.es the use of an undc:rdrain system in sumps
and pumps ..... method of relieving the build-up of hydrostatic
head on the walls and slabs 0 f a basement. The U. B.C. ~uires
that the classification of the soil at each building site shall be
detennined by the building official who may require that this
detennination be made by an engineer or architect. The U.B.C.,
however, does not provide specific provisions for underdrain
systems.

Recommeodationi None.

•
~ U.B.C.

m B.SA Sec. 290.5

• Ground Surface
Slope

Recommendation: None..-
M£BJ! U.B.C.

mB..5B Sec. 290.5 and

• Grading and Appendix Chapter
Surface Drainage 70

••
•

Analysis

The MCRB discusses some techniques of site investigation and
some pOssible findings of the same. The U.B.C. ~uires that the
classification of the soil at each building site shall be detennined
by the building official who may require that this detennination be
made by an engineer or architect.

Analysis

The MCRB discusses grading and surface drainage provisions and
gives .ome minimum slopes for proper drainage. The U.B.C. just
~uires that provisions be made for the control and drainage of
surface water around the building.

Analysis

The MCRB discusses a method of detennining the size of a drain
system using Darcy's law. The U.B.C. relies on approved
national standards .
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Analvsis

IIIB.7A
Penetrations

Rgmmmutiopj

III B.7B
Cracks and Joints

Appendix Chapter
23. Division IV.

None.

Appendix Chapter
23. Division IV.

The MCRB discusscs the means of ceiling penetrations through
bucment walls or slabs. The U.B.C. requires that all floor and
wall penetrations be made water tight to prevent flood water
seepage.

Analysis

The MCRB gives a fairly detailed description of techniques to
lessen cracking in concrete. The U. B. C. just· requires that exterior
walls and floon be impermeable to the passage of water with no
specific dcsign provision. but docs not allow residential basements
below the BFE.

Rgmmmutiop; Sec the r=ommcndation for MCRB III A.I.

Analysis

III B.7C
Waterproofing

Appendix Chapter
29

The MCRB briefly discusses the limitations of waterprooflllg
bucments below the BFE. The U.B.C. has design provisions for
the waterprooflll& of foundations and basement walls. but docs not
allow residential bucments below the BFE.

Rccommcgd.tiog; Sec the r=ommcndation for MCRB m A.I.

Analysis

III B.8
Plumbing
Subsysteml

None. The MCRB discusscs the materials and considerations in the
design of drainage subsystems. The uniform codes have no such
provisions.

Rgmmmdatiopj Sec the r=ommendation for MCRB III A.I.
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Analysis

•

III B.9
Anchorage

Sec. 1303 The MCRB provides a means of calculating the lateral force due to
flood water pressures. The Unifonn Building Code has a very
general statement that the entire system must be designed to resist
all applied loads which would include a hydrostatic load. but does
not allow residential basements below the BFE.

•

RecommClldatiopi See the recommendation for MCRB III A.I.

Analysis

•

.-

III B.lO
Concrete
Construction
Practice.

RgmmeodatioDj

III B.ll
Block Construction
Practices

Chapter 26

None.

Chapter 24

The MCRB goes through a number of typical handling and
construction techniques for concrete walls and slabs. U.B.C. has
specific provi..ions for the handling. depositing and considerations
for concrete construction.

Analysis

The MCRB recommends a number of construction practices for
the design and installation of concrete block walls. The U.B.C.
his specific provi..ions for the construction of concrete block
walla, but does not allow residential basements below the BFE.

• RerommeodatioDj See the recommendation for MCRB III A.

•

•

••
•

III C.I.A-D
Soil Loads

RecommClldatioDj

Sec•. 2904 and
2905

None.

Analysis

The MCRB has specific provisions for the classification of the soil
that may be found at the site. The U. B. C. relies on an engineer
or architect licensed by the state to conduct a thorough site
investigation for these particular items and to provide a report with
the rllldings.
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Analysis

III C.IE
Soil Erosion

RcqmmCDclatiog:

mC.I.F
Backfill

Rcqmmcod.tiop:

DI C.2
Water Table

RcqmmCDutiogj

UI C.3
Super Structure
Loads and
Buoyancy

Appendix Chapter
70.

None.

Chapter 29 and
Appendix Chapter
70

None.

Section 290S

None.

Chapter 23

The MCRB provides a brief discussion as to the effects of soil
erosion on buement construction. The U.B.C. requires that
meuures be undenaken by the soil engineer to limit the amount of
erosion around the building site.

AnalysiJ

The MCRB provides a diJcussion as to the means of calculating
the lateral pressure due to soil and the backfill behind basement
walls. The U.B.C. relies on the judgement of an engineer or
architect liccrued by the state to practice soil engineering for the
determination of the lateral pressure due to the soil and backfill.

Analys;s

The MCRB has a short description of how the water table affects
atreaaea in the soil. The U.B.C. relies on the judgement of the
engineer or architect licensed to practice soil engineering for this
deccrmination.

AnaIYSjs

1be MCRB provides examples of calculating super imposed loads
on the basement foundation walls and footings. The U. B.C. does
not allow residential basements below the BFE. therefore. there
are no such proviJions.

Rcqmmcad.tioPi See the recommendation for MCRB III A.I.
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Analysis

•

III C.4.d
Flood Velocity

Recommeodation:

None.

None.

The MCRB discusses the effect of flood water velocity and it's
affect on .. structure's structural integrity: The U.B.C. has no
such provision.

MCRB U.B.C. Analysis

• III C.4.e None. The MCRB discusses flood water deposited sediment and it's
Sediment affect on a stnactuTC. The U.B.C. has no such provision.

RecommeDdatioDj None.

•
MCRB U.B.C. Analysis

III C.4.f None. The MCRB discusses the importance of the rate of rise of flood
Rate of RiK waten u a consideration in the design of a structure's ability to

withstand flood water damage. The U.B.C. has no such•e provision.

Rec:ommeodatigDj None.

•
MCRB U.B.C. AnalYSis

III C.4.g None. The MCRB discusses the interdependence of design variables in
Hydraulic the analysis of site design. The U.B.C. has no such provisions.
Relations•
Rs:commeDdatioAi None.

•

•-
•
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Analysis

III C.S.h
DebriJ, Wmd,
Impact. Snow, Ice
and Other Live
Loadl

RuommegutioAj

V A.2.a
Building Model
Dimensions and
Loading

RuommCDutiogj

V A.2.b
Structural Analysis
Model

RuommClld.tiopj

V A.2.c
Structural Plain
Concrete

Ruommegd.tiopj

Chapter 23

None.

None.

None.

None.

None.

None.

None.

The MCRB discusses the importance of debris and impact loading
in the design 0 f structures near coastal areas. The U. B. C.
generally discusses live loads and defers to approved national
standards.

Analysis

The MCRB provides a cross section of a typical basement wall
being loaded by flood water. The U.B.C. has no such sketch or
provision.

Analnis

The MCRB provides an analysis model of a loaded beam and it·s
applicability in flood water design. The U. B.C. has no such
provision.

Analysis

The MCRB provides a model for structural plain concrete and
derives lOme design values. The U.B.C. provides specific
equations in design criteria. but does not provide any models by
which to follow.
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Analysis

•

V A.2.d
Reinforced
Concrete

Recommmd.tioDi

None.

None.

The MCRB provides a model for reinforced concrete using
ultimate strength design. The U.B.C. provides specific equations
in design criteria. but does not provide any models by which to
foUow.

• M£M 1Ul£..

V A.2.e None.
Plain Muonry
Block

• Recommmditiooj None.

Analysis

The MCRB provides a model for plane masonry block using
working stress design. The U.B.C. provides specific equations in
design criteria, but does not provide any models by which to
foUow.

.-
•

•

•

••
•

V A.2.f
Reinforced
Masonry Block

RecommmdltioDj

V A.2.g
Flood Watcn
Above Grade

Recommmditiogj

V A.2.h
5l1b ThicknCls

Recommcgd.tiogi

None.

None.

None.

None.

None.

None.

Analysis

The MCRB provides a model for reinforced masonry block. The
U.B.C. provides specific equations in design criteria. but does not
provide any models by which to follow.

Analysjs

The MCRB provides typical waU analyses for flood waters acting
above grade level. The U.B.C. has no such model.

Analysis

The MCRB calculltes the sllb thickness in slab span for flood
water type loading.
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Analysis

V A.2.i
Structural Slab
Deaign

Rccommegd.tioPi

V B.1
Weir Load Level

Ruommmd.tioPi

V B.2
Buoyancy

V B.3
Slab Venting

RccommmclatioPi

V B.4

Wall Loads

RccommegclatioPi

None.

None.

None.

None.

None.

None.

None.

None.

The MCRB provides the design example for the design of
Itructural'slabs given flood water conditions. The U.B.C. has no
such analysis.

Analysis

The MCRB gives consideration to weir type effect of windows in
the design of structures for flood water conditions. The U.B.C.
has no such consideration, but would defer to approved national
standards.

Analysis

The MCRB has a brief discussion of the affects of buoyancy in
residential bucments. The U.B.C. has no such provision. but
would defer to approved national standards.

Analysis

The MCRB is a very brief discussion as to the treatment of
bcndini in slabs due to flood water conditions. The U. B. C. has
no such provision, but would defer to approved national standards.

AnalYSjs

The MCRB briefly discusses wall design due to flood water
conditions. The U.B.C. has no such provisions. but would defer
to approved national standards.
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Analysis

•

v B.'s
Water InfUtration
Protection

Recommmd.tioo:

Appendix Chapter
29

None.

The MCRB discusses the protection of basements from water
infUtration·and gives some recommendations. The U.B.C. has
specific provisions for the protection of foundation walls and
would rely upon approved materials for such protection.

MCRB U.B.C.

• V B.'s.a None.
Drain or Sump
System

•
Recommcodation: None.

.- MCRB U.B.C.

V B.'s.b Appendix Chapter
Undrained or 29
Barge System

•
Recommcodation; None.

• 1!.Jt£.~

vm Chapter 29
Appendix A
Allowable Bearini
Pressures•

Analysis

The MCRB provides a discussion of drain or sump system type
protection of basements which assumes some infiltration of water.
The U.B.C. has provisions which require the water proofmg of
foundation walls without allowing any infiltration of water when
hydrostatic pressure caused by water table may exist, other than
that. damp proofmg can be provided.

Analysjs

The MCRB discusses undrained or barge system type protection of
buement walls and gives some construction details or same. The
U.B.C. requires water proofmg when hydrostatic pressure may be
due to water table they occur on basement walls, other than that,
damp proofmg may be provided.

Analysjs

The MCRB provides a table of allowable bearing pressures based
on consistency of soil as determined by the classification and
identification of the soil. The U.B.C. has no such specific
provision bued on the consistency of soil, but determines the
allowable foundation pressure based on the class of the material.
Both are acceptable means of determining the allowable bearing
pressure.

•-
•

Recommmditioo; None.
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Analysis

VIII
Appendix A
Allowable Soil
Pressures Beneath
Footings

Rec;pmmCOdatiogj

vm A.2.a
Soil and Water
Loading

Rec;pmmmd.tiopj

vrn A.2.c
Water Proofing
Systems

RecqmmfDd.tioDj

vm A.2.d
Wall Deaip

Rec;pmmfDd.tiopj

Chapter 29

None.

Chaptcr29

None.

Appendix
Chapter 29

None.

Chapter 24 and
Appendix Chapter
29.

None.

The MCRB provides two charts for detennining allowable soil
bearing p~sure bued on the cohesiveness of the soil and the
width or depth of the footing. The U .B.C. has no such tables. but
would defer to approved national standards.

Analysis

The MCRB provides specific soil and water loading design criteria
bued on the type of soil in which the structure is located. The
U.B.C. does not contain specific soil and water loading design
criteria. but would defer to approved national standards.

Analvais

The MCRB provides two cross sections of basement construction
as examples of drained and undrained systems with construction
recommendations. The U.B.C. has no specific design criteria for
these types of systems. but contains perfonnance criteria which
water proofing systems must meet.

Analvais

The MCRB provides an example of designing reinforced masonry
buement wal1l and their water proofing. The U.B.C. has no such
example. but has specific design criteria which the system must
meet.
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Analysis

•

•

•

.-
•

•

•

•-
•

VIII A.:2.e
Slab Deaign

Recommend.tion:

VIII B.
Acceptable Wall
Designs

Recommrod.tiog:

VIII B.I
Structural Plain
Concrete Wall

Recommendation:

VIII B.2
Reinforced
Concrete Wan

Recommrodatiooj

Chapter 26 and
Appendix Chapter
:29

None.

None.

None.

Chapter 26

None.

Chapter 26

None.

The MCRB provides specific example for the design of slabs and
their water"proofll1g. The U.B.C. has no such examples. but
provides specific design criteria for those systems.

Analysis

The MCRB discusses a number of provided structural design
curves for basement walls given an equivalent fluid loading

condition for different types of construction materials. The
U.B.C. has no such design curves. but provides specific design
criteria for each construction material.

Analysis

The MCRB provides specific charts for the design of structural
plain concrete walls given an equivalent fluid loading condition.
The U.B.C. would rely upon the determination of structural
capacity by a licensed engineer or architect and approved national
standards.

Analysis

The MCRB provides specific design criteria for reinforced
concrete walls given an equivalent fluid loading condition. The
U.B.C. has no such provisions. but would rely on the design of a
licensed engineer or architect and approved national sundard.
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Analysis

-

vm B.3
Unreinforced
Muonry Block
Wall

RqmmeoditRDj

VllIB.4
Reinforced
Muonry Block
Wall

Rqmmend.tioD;

VIllB.S
Buoyancy Wall

RqmmepdatioDj

VIII C.6
Reinforced
Concrete Slab

Rqmmenditioaj

Chapter 24

None.

Chapter 24

None.

None.

None.

Chapter 26

None.

The MCRB provides specific design criteria for unreinforced
muonry walls given an equivalent fluid loading condition. The
U.B.C. hu no such provisions and would rely on the design of a
Iicerued engineer or architect and approved national standards.

Analysis

The MCRB provides specific design criteria for reinforced
masonry block walls given an equivalent fluid· loading condition.
The U.B.C. has no such provisions and would rely on the design
of a licensed engineer or architect and approved national
standards.

Analysjs

The MCRB gives specific design criteria for the design of
buoyancy walls required in undrained systems. The U. B. C. has
no such provisions and does not allow residential basements below
the BFE.

Analysis

The MCRB provides specific design criteria for the design of
buement slabs and undrained systems based on an allowable depth
of loading. The U.B.C. has no such provisions.
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Analysis

•

•

•

••
•

•

•

••
•

VIII 0.1
Control Joints

Recommendation;

VllID.2
Sump. Pump and
Underdrain

Recommend.tioni

VIII 0.3.a
Water Proofed
Underdrain Slab
and Wall System

Rccommend.tiopi

VIII 0.3.b
Water Proofed
Drain. Slab and
Wall System

Rccommeod.tioPi

Appendix Chapter
29

None.

None.

None.

Appendix Chapter
29

None.

Appendix Chapter
29

None.

The MCRB provides specific water prooflllg provisions for wall
and slab control joints. The U.B.C. does not provide specific
provisions. but has performance criteria for the water proOflllg of
slabs and walls ~uiring water prooflllg.

Analysis

The MCRB provides specific details for the design of sump pumps
and associated underdrain system. The U.B. C. has no such
provisions.

Analysis

The MCRB provides specific design criteria for water proofing
undrained basements. The U.B.C. has no such provisions.

Analysis

The MCRB provides specific design criteria for drain basement
type systems. The U.B.C. has no such provision.
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Analysis

VIII D.3.c
Slab Wall Footing
Juncture

RcgPmmcpciatiopj

I B.4
Flood Velocity

RcgPmmmd.tiopj

I B.S
Sediment

R<'COmmend.tion;

Appendix Chapter
29

None.

None.

None.

None.

None.

The MCRB provides specific details for the protection of the
intenection of a slab wall and footing. The U.B.C. has no such
detailJ.

Analysis

The MCRB discusses the effects of high velocities of flood waters
and the increased potential for damage to structures in their path.
The U.B.C. hu no such discussion and would rely on approved
national standards.

Analysis

The MCRB discussCi the effects of sediment deposition on
structures due to flood events. The U.B.C. has no such
discussion.
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•

•

Bulletin No. 85-1

I.
Definition

Appendix Chapter
23, Division IV.

Analysis .

FEMA Bulletin No. 85-1 defInes wet flood proofIng as the
intentional internal flooding of a structure in order to alleviate any
prcasurcs due to a flood event. The U.B.C. requires that any
approved occupiable space, in other than a residential occupancy,
that is below the bue flood elevation be constructed with exterior
walls and floon that are impenneable to the passage of water and
designed to meet any hydrostatic and hydrodynamic loads that may
be incurred. Other enclosed spaces such as those for building
access exits, foyen. storage and parking garages are required to
have openings to allow the equalization of pressure due to a flood
event.

•
Recommcndatioo: FEMA Bulletin No. 85-1 should state that this method of floodproofing is only acceptable for

the retrofitting of existing buildings.

••
Bulletin No. 85-1

II.
Protection Goals

Appendix Chapter
23. Division IV.

Analysis

FEMA Bulletin No. 85-1 lists a number of the components in the
protection of a building and its contents. The Unifonn Building
Code does not recognize the viability of wet flood proofing in
occupiable spaces.

•
Recommeodatiooj

Bulletin No. 85-1

See the ~mmendationof Item I in Bulletin No. 85-1.

Analysis

•
Ill. B
Structural
Considerations

Appendix Chapter
23. Division IV.

FEMA Bulletin No. 85-1 recommends that a structure be designed
so that all 0 f its materials, fmishes, utilities, etc. be ab Ie to
withstand any forces generated by flood elements as well as the
corrosive nature 0 f water. The U. B.C. does not recognize the
viability of wet flood proofmg of occupiable spaces. but docs
~mmend that structural members. utilities. etc. that are exposed
to such conditions be protected.

•

• •
•

Recommeoclatiooj See the recommendation of Item I in Bulletin No. 85-1.
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Bulletin No. 85-1

III. C
Building Activity
and Use

Appendix Chapter
23. Diviaion IV.

Analysis

FEMA Bulletin No. 85-1 discusses how the activities and uses
within a building can change the likelihood of a building being
damaged during a flood event. The Unifonn Building Code does
not recognize the viability of wet flood proofing in occupiable
'pac:ea.

Rgmmepclltiogj

Bulletin No. 85-1

Sec the recommendation of Item I in Bulletin No. 85-1.

Analysis

IV. A.l
Foundation.

Rgmmmd,tiopj

Bulletin No. 85-1

IV. A.2
Cavity Walla

Rgmmmclltiopj

Bulletin No. 85·1

IV. A.3
Solid Walla

Rgmmepd,tiogi

Chapter 29
Appendix Chapter
23. Diviaion IV.

None.

None.

None.

Chapter :u
Chapter 2S
Chapter 26
Appendix Chapter
23. Diviaion IV.

None.

FEMA Bulletin No. 85-1 discusses. in general tenns. the loads
that a foundation may be subject to during a flood event under a
wet flood proofing design. The Unifonn Building Code ~uires a
foundation to be designed for all applied loads.

Analysis

FEMA Bulletin No. 85-1 recommends that if cavity walls are used
in the design of a .tructure. that they must be made so that the
cavity .pacc drains at a rate approximately equal to the flood rate
and that any material contained within be able to withstand the
inundation. The Unifonn Building Code has no such provisions.

AnalYSjs

FEMA Bulletin No. 85-1 discusses the protection of solid walls
due to any moiature penncation. especially any spalling due to
frcczcIthaw conditions. The Unifonn Building Code has
proviaions for the protection of solid walls due to freeze/thaw
conditions and a1lo provides specific design criteria to prevent any
spalling due to moiature penetration.
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See the recommendation of Item I in Bulletin No. 85-1.

See the recommendation of Item I in Bulletin No. 85-1.

•

•

•

••
•

Bulletin No. 85-1

IV. A.4
Interior Walla

ReeommeodatioDi

Bulletin No. 85-1

IV. A.5
Interior Wan
Finishes

Recommendation:

Bulletin No. 85-1

IV. A.6
Floors

Chapter 24
Chapter 25
Chapter 26
Appendix Chapter
23. Divilion IV.

Chapter 42
Appendix Chapter
23. Divilion IV.

Chapter 25
Chapter 42
Appendix Chapter
23. Diviaion IV.

Analysis'

FEMA Bulletin 85-1 dilcusses the protection of interior walls and
recommends that the same provisions for cavity walls and solid
walls be used for any such interior walls. The Uniform Building
Code does not recognize the wet flood proofmg of the interior of
an occupiable space u a viable option. therefore. there are no
provisiona.

Analysis

FEMA Bulletin No. 85-1 discusses the protection of interior wall
fUlishea due to direct contact with flood waters. The Uniform
Building Code docs not recognize the viability of wet flood
proOfUlg of occupiable spaces. therefore. there are no provisions.

Analysis

FEMA Bulletin No. 85-1 discusses the protection of floor systems
in wet flood proofmg situations and recommends that the design of
such a floor system be able to withstand a minimum hydrostatic
presaure. The Uniform Building Code does not recognize the
viability of wet flood proOfUlg occupiable spaces, therefore. there
are no provisions.

• Recommendatiopi See the recommendation of Item I in Bulletin No. 85-1.

•
Bulletin No. 85-1

IV. A.7
Ceilings and Roofs

Chapter 25
Chapter 42
Appendix Chapter
23. Divilion IV.

Analysis

FEMA Bulletin No. 85-1 discusses the protection of ceilings and
roofs and any other related features from any waters due to a flood
event. The Uniform Building Code doe not recognize the viability
of wet flood proofmg occupiable spaces, therefore. there are no
provisiona.

••
•

RecommendatioD; Sec the recommendation of Item I in Bulletin No. 85-1.
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Bulletin No. 85-1

IV. A.8
Building Envelope
Penetrations

Appendix Chapter
23. Divilion IV.

Anslysis .

FEMA Bulletin No. 85-1 dilcusaes the protection of any
penetrations or openings in the building's structural envelope and
provides lOme general design criteria. The Uniform Building
Code requires that all openings below the base flood elevation
shall be provided with watertight closures designed to withSlJlnd
the applied loads.

Rqmmmd.tioPi

Bulletin No. 85-1

See the recommendation of Item I in Bulletin No. 85-1.

Anslysis

IV. A.9
Electrical Syltcml

Rccommcgditiooi

Bulletin No. 85-1

IV. A.IO
H.V.A.C.

Rccommeuditiogj

Appendix Chapter
23. Divilion IV.

None.

Appendix Chapter
23. Division IV.

None.

FEMA Bulletin No. 85-1 discusses the protection of electrical
utilities from any waters generated by a design flood and
rccommenc:b that standby electrical power be available in case of
an emergency. The Uniform Building Code requires that new or
replacement electrical equipment be either placed above the base
flood elevation or protected to prevent water from entering the
Iyatem.

Anslvsis

FEMA Bulletin No. 85-1 discusses the protection of heating.
ventilating and air conditioning equipment from waters due to a
design flood. The Uniform Building Code requires that such
equipment be either placed above the base flood elevation or
protected to prevent water from entering the system.
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Techoical Staodarda 1ylJcti.q: fouodatiop Wall Opeoings. Bulletin No. 85-2

•

•

•

••

Bulletin No. 85-2

Flood FOn:el

Recommeodatiooj

Bulletin No. 85-2

Openings DClign
Criteria

Appendix Chapter
23. Divilion IV.

None.

None.

Analysis

FEMA Bulletin No. 8S-2 discusses the calculation of the
hydrostatic pressures generated by a flood on the exterior walls of
a structure and defmes hydrodynamic forces. The U.B.C. ~uircs

that the structural system of the building be designed in accordance
with well-established engineering principles with consideration of
the hydrodynamic and hydrostatic loads generated by a flood
event.

Analysis

FEMA Bulletin No. 8S-2 discusses the use of openings in exterior
walls in equalizing the pressure on either side of such walls. The
U.B.C. does not recognize wet flood proofing as a viable method
of protecting an occupiable space in a structure, but allows
openings for other spaces such as those for building access, exits,
foyen. storage and parking garages .

•

•

•

••
•

Recommeodatiooj See the recommendation of Item I in Bulletin No. 8S-1.
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ICBO UNIFORM BUILDING CODE <U.B.C.) COMPARISON

Technical Standanla luDcrip: '""ywl! Walls, 'uUetin No. 85-3

-

Bulletin No. 8S-3

II. WlJ1d and
Water Fon:ca

Appendix Chapter
23. Division IV.

Analysis

FEMA Bulletin No. 8S-3 discusses the wind and water forces that
breakaway walls may be subject to. The Unifonn Building Code
rcquira that the structural system including breakaway walls be
deaigned in accordance with well-es~blished engineering principles
and pvC! criteria for the design of the connections.

Reqmmcad.tiopj

Bulletin No. 8S-3

FEMA Bulletin No. 8S-3 should recognize the latest edition of the Minimum Design Loads for
Buildings and Other Structurca, which is ASCE 7-88.

AnalYsis

m. Deaign
Approach

Reqmmcod.tiopj

Bulletin No. 8S-3

Deaign
Considerationa

Reqmmcoutiopj

Appendix Chapter
23. Division IV.

None.

Appendix Chapter
23. Division IV.

None.

FEMA Bulletin No. 8S-3 gives the loads for the design of the
cOMectiona of the breakaway wall and reasons for same. The
Unifonn Building Code requires that breakaway walls be designed
for two specific loading requirements in accordance with well
eatabliahed engineering principles.

AnalYsis

FEMA Bulletin No. 8S-3 discusses the design of the different
elemcnu that make up breakaway walls. The Unifonn Building
Code rcquira that this system be designed in accordance with
well-c:stabliahed engineering principles and with hydrodynamic and
hydrostatic loads considered.
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ICBO UNIFORM BUILDING CODE (V.B.C.) COMPARISON

Tec:hDiql StagdanM lulktipj BmuWI! Walls. BuDetin No. 85-3

Techoical Staodards BuUetin: Wind DeicP Staodards. NFlP No. 88-1

•

•

BuDetin No. 88-1

Pagca 1-S Chapter 23
Appendix Chapter
23. DiviJion IV.

Analysis

FEMA Bulletin No. 88-1 discusses the potential damage due to
high windJ on structurca in & coastal high-hazard area and provides
& general comparison between the three national model codes and
the NAP regulations..The U.B.C. provides specific criteria for
the design of Itrueturca due to high winds based upon the latest
edition of the ANSI document which is now ASCE 7-88.

Tecboic;al Staodards BuUetiDi FIood-Replaot Mamb. Bulletin No. 88-2

•

.-

Recommendatioo;

BuDetin No. 88-2

FEMA BuDetin No. 88-1 should refer to the latest edition of the ANSI document which is now
ASCE 7-88.

Analysis

•

•

•

••

Pages 1-7

Recommendatiooi

Appendix Chapter
13. DiviJion IV.

None.

FEMA Bulletin No. 88-2 discusses different classes of materials
which are relistant to damage due to flood events and provides a
table of materials and the related flood-resistant classification. The
U .B.C. requires that materials exposed to the weather or to water
splash be protected with an appropriate material.
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ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

TechDical StapclaJW Dylldjpj Break,wl! Wills, BuUctiD No, 85·3

Tecbpical StaDdards BulJetipj Free or Obstruc;tjoD RcouimDmfm COIStal High-Hazard Areas, Bulletin No. 88-3

BuUetin No. 88-3

Lower Area
Obstructions

Appendix Chapter
. 23. DiviJion IV.

AnaIYSjs

FEMA BuUetin No. 88-3 discusses the various structural elements
that may be found below the lowest floor of a building in a Zone .
The U.B.C. dilculles the lime structural systems and also allows
for the storage of portable or mobile items.

RewmmmdltioDj None.
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Technical StaPdardl1ullctipj. Bmk'WlI W.lls, Bulletin No. 85-3

•

•

•

Bulletin No. 88-3

Perimeter
ObltNctionl

Rec;ommmd.tiopj

Appendix Chapter
23. Division IV.

None.

Analvsis .

FEMA Bulletin No. 88-3 discusses and defllles various
obltNctionl that may be found outside the perimeter of a building
in a coutal high-hazard area and how they may affect adjacent
ItNcturea. The Unifonn Building Code does not regulate
obltNctions which may be outside the perimeter of the building,
but docs require that the ItNctural system be constructed to
prevent collapse or permanent lateral movement due to any loads
in the flood which may also be caused by obstructions outside the
perimeter of the building.

Technic.l Stand.rds BulJdigj Free of Obstructiop Reguiremmt in Coastll High-Hazard Art"as, NFIP No. 88·3

••
•

•

Bulletin No. 88-3

Attached Perimeter
ObstNctions

Recommmd.tionj

Appendix Chapter
23. Division IV.

None.

Analysis

FEMA Bulletin No. 88-3 generally discusses any obstruction
which may be attached to. but located outside. the perimeter of the
building. For example. access stairs, and recommends that it be
considered u a part of the building. The U.B.C. would consider
anything attached to the building as being a part of the building,
cven if it were outside the perimeter of the structure and would
require that the entire structural system of the building be
constNcted to resist collapse of pennanenl lateral movement due to
any loads from a flood event.

Technical Stagdar* Iyllctipj ProtectPg of EIr!'tor Eoujpmmt in FIood-H.zard Arras, Bullt'tin No. 88-4

•

•
•

Bulletin No. 884

Rec;ommmdationj

Appendix Chapter
23, Division IV.

None.

AnalYsis

FEMA Bulletin No. 884 recommends that any equipment used for
the service of elevaton be either located above the base flood
elevation or. if that is not possible, protected to prevent water
from damaging the system. The Unifonn Building Code requires
that luch service facilities be either placed above the base flood
elcvation or protected to prevent water from entering the system.
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ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

Techoical StaOclanb lyDstipj NnP ReoyimDegb for Bdow Grade Parking Garacn in Flood-Hazard Arl'ls. Bullt'tin
No. 99-2

Bulletin No. 90-2

Recommmdation:

Appendix Chapter
23. Division IV.

None.

Analysis

FEMA Bulletin No. 90-2 discusses the flood prooflllg of below
,rade parking garages and recommends specific code language for
the deaign of same, in both A and Zones. The Uniform Building
Code has specific requirements for the design of below grade
parking garages provided they meet specific enclosure
Rquiremenu and flood-resistant construction, for both the A and
Zones.

Tecbnical Standards BuUetipj NoD-Rcsidmtill Flood Proofmc CertiflCltjqo Rrguirrmrnts of the National Flood
IgsYrJDCC Pro&rJm. Bullctip No. 9Ct3

Bulletin No. 90-3

Pagea 1-6

RecommmdltioDj

Appendix Chapter
23, Division IV.

None.

Analysjs

FEMA Bulletin No. 90-3 discusses. in general terms. the flood
proofing of non-residential structures and requires that a
certification of the flood prooflllg design is provided as well as
providing a means of calculating hydrostatic and hydrodynamic
type forees. The Uniform Building Code has essentially the same
type of requiremenu. but requires that the structural system be
designed in accordance with well-established engineering principles
with hydrodynamic and hydrostatic loads under consideration.

Tn;bDjcal StaPdanM lyUctipj Igstillatjpp of MapyflCtYad Homes in Smial Flood-Hazard Arms. Bullt'tin No. 90-4

Bulletin No. 90-4

PagCl 3-19

RecommmdltioDj

Appendix Chapter
23. Division IV.

None.

Analysjs

FEMA Bulletin No. 90-4 gives specific design recommendations
for the insta1lation of manufactured homes in special flood-hazard
areal. The U.B.C. requires that all buildings or structures within
a flood-hazard zone shall conform to the elevation requirements
and flood-resistant construction as found in Appendix Chapter 23.
Division IV.
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APPENDIX D

COMPARISON BETWEEN THE NFPA STANDARDS AND TIlE
NAP STANDARDS AND lECHNICAL GUIDELINES
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NATIONAL Ji'IRE PROTECTION ASSOCIATION CODE COMPAIUSON

NATIONAL FUEL GAS CODE (NFPA 54)

NEIP FlApd HpItta,t Dnln Stnd,o" (44 CFR)

•

FEMA.",

Chapcer I, 60.6

NEPA 54 AD"JSI,

The IaJPe of the doc:umerw differ. 44 CFR is establiJhinl duign
slG1darda for IUUClUrea does not define Ulility requiranenll found in the
Fuel G. Code.

Cplstal Cgp.trpsttgp Magy" (FEMA.SSl

• NEPA 54 Ap.,y.l.

The .cope of the doc:umeftla differ. In FEMA 55 Sln>CllIral requiranenta
there .-e no pcalle1 requiranems found in the Fuel Gu Code.

• Elev,tcd RcsldCRtl,1 Slrydyu, (FEMA $4)

.-
FEMA·H NEPA 54 ApI'YI'1

The IaJPe of !he documents differ. The guidelines for elevaud
1D'UCturea, while including mechanical equipment. does not include
speciflCl for Fuel Gu Code UIe in the inatlllation.

Mnyf's;tyrCd HomC IRltI",tlon In Flgpd U'urd AtCP (FEMA 1$)

Floodprooflp. Nop.Hcald"tl,1 Strpc;tara (FIMA J02)

•

•

•

••
•

FEMA·IS

FEMA.Jn

NEPA 54

NEPA 54

AI'lnll

The ICOpe of !he documerus differ with FEMA 85 limited to SD'UCtural

baed requirernenu.

Aulnla

AoodpooflDl desiJD for 1D'UC1UreI is ouuide the scope of the Fuel Gu
Code.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL FUEL GAS CODE (NFPA 54)

'etronUlg' Flood.Proge Struetyrn (F[MA.) 14)

[[MA-J 14

Chapter 9 Protection of
Utilities
93 Emer,ency Protective
Meuures

NEPA 54

4.2.1,
4.2.2

Ap"Y'"

Paragrlph 93 recommends closing the main las valve when a flood is
imminent. NFPA S4 contains requirements when tuminl the las b-ei:
on in paragraphs 4.2.1, 4.2.2 and appendix D.

AllYvla! Fag,; ","rib agd MagllC.CAt (FEMA.165)

FEMA-JU NFPA 54 Ap.',,"
1ne Fuel Gu Code does not evaluate environmental factors covered in
FEMA 165.

TesbplS'! Stapdard, Bplletlp; Wet EJoodprgonu No M-I

FEMA-Ng. IS-I NEPA 54 Ap."'"
w. floodprooflftl is not addreued in the Fuel Gu Code.

TCShpIS.1 Stapd,rd, BulletlA; (gpUdatIA' W,II OpCn1p'l Ng M.2

FEMA.NA. 15-2 NFPA 54 Ap"y'"

1ne Fuel Gu Code contains no requirements for installations addressed
in 85-2.

TCChglS'! St'gdarda BpllCtlg' Bre,h.'! W,II! NA. 85.3

FEMA.Ng. 15.3 NFPA $4 Ap",.I.

Breakaway wallJ are not Iddreued as a part of the Fuel Gu Code.

Techg's.1 St."".... Bylletlg; Fr" At Qhltry,t'PD RCQylrement, In Cg'$I.1 BIBb H'ytd ArcI' Nq.

FEMA-NA· 15-3 NEPA !f

No conunon requiranen&I exilt between FEMA 88-3 and NFPA 54.

Magg'! fpr the CpQltrpdlpg pf BC$ldCDtI.! Bm.cgt! 19 Npg.Cputa! Flood Epylrpu

FlAlHUD-Ng.CB·927 NEPA 54 Ap.I",.
No amunon requirements exist between the docwnents.
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•• NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
STANDARD POa THE STORAGE AND HANDUNG OF UQUEFIED PETROLEUM GASES (NFPA 58)

Nnr Flgod Bel',t.,. Dcs"n Stagd,rd, (44 CERl

•
FEMA·44

Chapcer 1. 60.6

NEPA 58 Againls

'The ICOpe of the doc:umenu differ.

Cpllt,1 CppltrystlpD Magg,1 CFEMA.$$)

Elevated Resldentl,1 Structures CFEMA $4)

•

•

FEMA.!$

FEMA.5i

NEPA !I

NEPA 5.

The scope of the documc:ntI differ.

Ap"y,I.

••
'The ICOpe of the docurnenII differ. The guidelines for Elevated
StruelUrel. while includini mech.anical equipment, does not include
specifics for LPG UIC or handlin&.

M,pyr"turcd Hgme Ill5t''''tlpp Ip FIoOO H'Urd Area CFEMA 8S)

•
FEMA·15 NEPA 58 Ap"y,I.

'The scope of the doc:umenu differ.

FlppdprooO" Ngp ',,'dcptI,1 Strpstyua CEEMA 101)

•

•

••
•

FEMA.J01 NEPA 51 Ap·'Y'"

Aoodproofins is DOt addrCSled u , pan of LPG storage and handling in
NFPA58.
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NATIONAL FIRE PROTEcrION ASSOCIATION CODE COMPARISON
STANDARD FOR THE STORAGE AND HANDUNG OF LIQUEFIED PETROLEUM GASES (NFPA 58)

IsShplsl' SYldarsIt 'Mllltlg; Wet FloocIprgo"p', Non 15.1

FEMA-a5- J

n Pror.:tion Goals

NEPA $.

4-4.
4-4.3

Ap·'YS"
In part IV. Guidelines for Implemenwion. Item 10 Heatina.
Ventilatina md Air Conditionina. recommends that "empty tanks.
both above and below ,round, ahould be filled with potable Wa1er

prior 10 the arrival of floodwater." ThiJ is ,ood guidance for tanka
that are open 10 the aunosphere, such u thole used for fuel oil. but
should DOt Ipply 10 propane tanks. PropIne tanks are never empty.
but coruain reaidual propane vapor when "empty". The tank should
never be opened 10 the atmosphere u the flammable vapor will
probably escape and create a hazard of fue. In addition. the
imroduction of wale: md air into the tank will cauJe corrosion which
can result in loaa of the odorant that is added 10 the ,. u a warning.

R«CHIVf'IeIIIi4liol'l: Revise FEMA 8S-1 10 include a cmtion on LP-Gu or liquid transfer consistent with NFPA S8 philosophy and
requirements.

BetrgOU'" Flgod-prgpe B,,'degt,.1 Strpctpr" CFEMA.1l4)

FEMA.J 14

9.4 Permanent
Protee::tive
Meuura
n Pror.:tion Goals

NFPA 5'

3-2.2.6{1}

Ap"I'"

NFPA S8 includes requirements for mchoring of propane tanks
flood areu.

R«~: Include. reference ID NFPA S8 in FEMA 114.

Allyy,.1 r'll; Hlyrd 'Ad MIgUEs,,' (FEMA.1§$)

FEMA-U$ NfPA $'

3-2.2·b{1}

Ap·'Y'"
NFPA S8 includa requirements for mchoring of propane tanks in
flood areu.

R«OINrteIIdalioft: _hade. refenn:c lD NFPA S8 in FEMA-I6S.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON

STANDARD Foa THE STORAGE AND HANDUNG OF UQUEFIED PETROLEUM GASES (NFPA 51)

Tcchp"" StaId,,,,, 'yllltIA; Wet -F'0odprpQ"p', No. 1$ ..1

IcChp".1 Stapdlrd. Byllet',; foupdlUop W,II Opcglp', No, 1$·2

Ru:orMtDtd.alioll: Revise FEMA 85-1 to include. cmtion on LP~u or liquid Irmsfer consistent with NFPA 58 philosophy and
requiremenu.

•

•

•

.-

FEMA·U·)

IT Prorec:tion Goals

FEMA·JU

NFPA 51

4.4.
4-4.3

NFPA 51

3-2.2.b(g}

Ag"YS"
In part IV. Guidelines for Implementation. Item 10 Heating.
Ventilating and Air Conditioning. recommends that "empty tanks.
both above and below grOIDld, should be filled with potable water
prior to the lII'rivai of floodwater." Thia ~ good guidanc:e for tanks
that are open to the almospben:. such u those uaed for fuel oil. but
should not apply to propane tanks. Propane tanks are never empty.
but contain residual propane vlpOJ' when "empty". The tank should
never be opened to the atmo.phere u the flatnmable vapor will
probably escape and create a hazard of fue. In addition. the
inIroduc:tion of water md air into the tank will cause cerro.ion which
can reauJ.t in loU of the odorant that ~ .dded to the IU U • waminj.

Ap"y'"

NFPA 58 includes requirements for anchoring of propane tanks in
flood area.

Techn'c,' Standard, Byllett,; fgppd,t'pg Wall QRcn'p" NAn 1$.]

•
FEMA.U.] NFPA 51 ApiIYll.

Breakaway walla are not Iddreued in NFPA 58.

• Techn'Ca' Stagd,rsla 'plletlg; !rv pr Qb,tructlgn Rcgglrcmcpg In Cpl"" Bllb HII,rd ArCH Nps U-

•

FEMA.8$.3 NFPA 51 Apalyll.

No Common requirements exisL

Mapy" fgr tbe CgutrActlpg 01 Ra'deD!I,' BucmeP" la NAP-Cg'st.1 F'ood EgylrQDS

•-
•

[fA/BUD.NArCH.'" NFPA $3 Ap"y'"

No amunon requirements exist between the docwnents.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECl'RJCAL CODE (NJi"PA 70)

Nnr Flood ',,'stept D"lsp Stlpdards ("CD !9,1 • 60,3)

FEMA.4f

~9.1 Definitions
Rec:realional vehicle

Ch.apcer I. 60.6

NEPA 70

~~I-I Definitions

'pely,l,

FEMA 44 definition goes into specifics pertaining to design by
spec:ifying maximum area buill on a sm,le chusis. NFPA 70 goes
inIo more detail u to how me vehicle is UIed, what il is UIed for and
how il is propelled.

R~ctHrlllMNl4lioft: EJliminate lhe "400 square feet or lea when measured at the IlrJest horiz.ontal projection" in Pargraph (c) of
FEMA44.

Elnatcd ',,'d,pUa' Structures (FEMA.54l

FEMA.$4

Utility Service
P. 92, 93

NEPA 70

110-11

Ag·'Y'"

FEMA·54 cautions a,ainst the raultl of W&leT damage to utility
service, NFPA 70 qualifies electrical service identified for use in the
operatinl environment, DO c:onducton or equipment shall be located
in damp or wet locations; where exposed to ,&lei. fwnes. vapors.
liquidl or other a,eDti havin, a detcrioratin, effect on the
conductors or equipment; nor where exposed to exc:easive
Iemper&Nrel.

RectHJflflDllJQliofl.' For FEMA-S4. eleclric:alsupply conduill Ind cabl. should be suitable for the environment they are likely to
be exposed, especially in loc:ationJ subject to corrosive environmenll such u salt watcr or SP'ay.

FEMA·U

Service Mounting
P. 92
P. 93

NEPA 70

110-13 Secure mounting of utilities Ind mechanic:al equipment Ire Idd:ressed
in FEMA-S4. NFPA 70 requires eleclric equipment to be securely
futened to the surface on which it is mounted.

R~ctHrllfVNitJliofl: Revise FEMA-S4 to clll'ify that e1ec:tric equipment shall be securely futened to lhe surface on which it is
mounted. Wooden plup driven iD10 hoi. in muonry. conc:rele, pluler. or .imillr materiala shall not be UIed. Underground
elec:tric: supply c:onduill or c:ables ahoWd not be fu&cned to walla. or .lnX:wrea inJendod to break-aw->, under flood conditions.

SUlle.ted Code rnt.loa:
NFPA 70 (110-13(1), 300-~(d».
Add the followina aemence: Buildinp daiped with breakaway walls &hall have eiec:lric services secured to the sides of inlerior
piles or within flood proof enclonres ,neebed to inlerior poles.

FEMA.5f

P.92. 93 Reeewaya

NEPA 70

230·8
230-32
300-5(c). (d)

Ap"YI"

Elec:lric:al service racewa)'l enlerinl from an underground dislribution
&ylllm are recognized in FEMA-S4 u vulnerable while NFPA 70
provides moTe specific ,wdelines.

Rec~ior&: For FEMA-S4. where elec:tric:al conduitl supplyina the .aue:ture II'C inata1led underground, the conduit should
be sealed. The sealant should be installed at a location in the system so arranaed to prevent entrance of water due to flood
conditions. Undergro\Dld elec:lric:al c:onduitl or cabla should be protected againlt dama,e by burying them to a depch which
would rninirniz.e their shiftinl under flood c:onditionJ.
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NATIONAL FIIlE PROTECTION ASSOCIATION CODE COMPARISON

NATIONAL ELECTRICAL CODE (NFPA 70)

Eleyated 'es'd,ptl" Structures (FEM·A.'4l

FEMA'54 NFPA 70 Aululs

•
P. 92. 93 Eleclric:al service

location
230-S3
380-8

FEMA-S4. while allowing for the location of eleclric:al service. does
not detail design or location similar 10 NFPA 70.

R~co~l'IIiI2liorl: For FEMA-54. all switches and circuit breakers shall be loc:ated 10 that they can be operated from a readily
.cceuible place. They should be iocated so that the center of the operating handle is not more than 6 In. feet above the floor or
platfomu. Where nec:eucy. a platform may be installed 10 provide acauibility where devices are located above the flood
plain.

• CpUI.1 Cpg3Iryc;t1pg M.gy.1 (FEMA·!!)

FEMA.S! NFPA 70 Analysis

110-13(a)
300-S(d)

4.3.6 Utilities FEMA SS recommends locating electric utility risers be located on
the lidea of interior pilei or away from the ocean front or located
within floodproof enclolures auaehed 10 interior piles. Eleclric:al
service secured to the Itructure should be securely futened in such a
way tha1 the buildina's protective covering will not be damaged
where eleclric wirea are pulled away from the Itructure. NFPA 70 also
requiJu eleclric equipment 10 be securely futened 10 the .urface it is
mounted on. NFPA 70 requires enclosures or raceway. that may be
lubject 10 damage 10 be rigid metal conduit intermediate metal
conduit. Schedule 80 nonmetallic conduit are equivalent

R~co~radaliorl: In the flfth paragraph of Section 4.3.6 of FEMA SS. insert the following u a second sentence: "Since the
enclolure or racew.y for the electric utilities is .ubject to phylic:al damlle. it should be installed in rigid metal conduit.
intennediate metal conduit. or schedule 80 rigid nomnetallic conduit".

•

--
• Magy(.C;lyrcd Hgme Igata"'llg8 18 Flood H.zard ArcN (FEMA·l5l

FEMA·U NUb 70 Ap"""

•
Cbapcer IV p. 69 Utility

savice
110·11
110-13

Electric:al service locationa are required 10 be above flood levels in
FEMA-8S while NFPA 70 more spec:iflCally outlines performance and
material requiremenu.

•

R«~ioI&.: Far FEMA-8S. Electric equipnent shall be securely fulated to the surface on which it is mounted. Wooden
plugs driven UUID 1IaIa in mIlODr)'. c:oacrete, pluter. or similar materials shall not be used. Underground electric supply
conduits or cableIl8DaId DOt be futened lID walla. or IlnJeturel intended 10 tlI'eak-away under flood conditiona. Electtic:al supply
conduits and cab_ abould be suitable for the environment they are likely 10 be exposed, especially in locations subject to
corrosive environmcnll such u salt war.er or spray.

•-
•
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE (NFPA 70)

Mnul.styred "p.e 11'&I"'&l91 II Elood Hn.rd Area (ERMA·aS)

-

EEMA-15

Chapter IV p. 69 Utility
Service

NFPA 70

230-S
300·S(c),(d)
230-32
230-S3

FEMA-SS generally defmes elecaic:al mounting while NFPA 70 is
more equipment specific.

R«~ioII: For FEMA-8S. whlre .1ec:aica1 conduililUpplyina the IIrUCQIre .. inI&a1.Ied Imderpound, the conduit lhould
be sealed. The sealmt should be inltalled 11 a localion in the ayltem 10 UTlI18ed to prevent enlranc:e of water due to flood
conditions. UnderlJ'Ound elecaic:al conduill or c:able should be protected aaainlt damaae by tluryiq them to a depch which
would minimize their lhifting under flood conditions. MCInI should be provided to protect elecaic:al supply c:onduiu emerging
from underlJ'Ound to the boaom of the Icructure from floatinl debriJ during flood conditions. All lwitcba and circuit breakers
should be loc:ated 10 Ihat they can be operated from a rudily accesaible plllCe. They lhould be 10ClllJd 10 that the center of the
operating handle is not more thm 6 III feet above the floor or platforms. Where nec:esury. a platform may be installed to
provide .cc:eIIibility where devie:ea are loc:a.ted above !he flood plain.

Tcshpls.1 Stapd,rd, Bulletl'i WCt FlppdprppOp', NAn 1$-1

EEMA·I5·l

IV A.9 EMlc1ric:al
Syaaan

NFPA 70

110-11
llD-17(b)

Again"

FEMA 8S-1 recommcnda that elecaica1 lupply linea md equipment
be elevated above Delipl Flood Level or be w.terprOOfed where
required to be inltalled below flood level. NFPA 70 requila elecaic:al
IUpply liDa md equipment to be luitable for the environment~
normal operlling environmenlal conditions. However. if floodinf
often or IIlticipar.ed due to localion, including 100 year flood level.>.
the electrical inJIallllion mUlt be IUitable for the expected event

R~c~Nl4Jiort: In the aecond plII'qraph, add the fonowinl: "Where .lectric:al aupply linea cannot be elevated above flood
level, they should be inltalled to UTmge for draining away from pmelboardl. conuonera. Iwitches or other electric:al
equipment"

EloodprgoflPl NgI·Rnldcltl.1 StrydprCl (EEMA.JO;)

ERMA lO; NFPA 70 Agalnl.

Chapcer IV
D. Wet Floodproofin&

Tec:hniques

110-11
llD-l1(b)

FEMA 102 rec:ornmendJ that electric:al supply lines and pmels be
elevated above the Desipt Flood LeveL whereas NFPA 70 requires
e1ecttical installations be suitable for the envirorunent under normal
operlliDl. However. if the frequency of flooding is often. the
e1ectric:al code would require the .leclric:al installllion to be suitable
for Ibal eveaL

RecolfllMrultJliOrt: In the foW1h paraJf&Ph fonowing the IeCOIld IeIltalce. insert "where electtic:al supply lines c:armot be
elevated above the Design Flood LeveL they mUlt be inJlalled to arrange for draining away from panelboards, conttoners.
switcba or other elecaic:al equipment".
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON

NATIONAL ELECI'RlCAL CODE (NFPA 70)

Bctro[ltt!pg F'_-pronC ',,'dentl., Stryc;tyr" (FEMA·J14)

FEMA.) 14 NFPA 70

•

•

8.7 Technical Deaign
Criteria,

p. IS6 Drainqe System

110-3(.)(1)
110·11
410-S7(b)

FEMA 114 require. pump and pump motor combination and its
auociated control devices to be provided with watertight electrical
supply. Three-wire heavy duty U.L. liated power recepucles and wire
are required to be installed above pollible flood Wiler level.
NFPA 70 allows equipment that is to be used in a specific
environment to be identified IS suitable for that use by telting and
listina and labelina by a testing laboratory. NFPA 70 does not
require the telrin, laboratory to be U.L. (Underwriten Laboraunics.
Inc.).

R~c"'"-"V1IdJ2JiD,,: In the third paragraph of FEMA 114. revise the third sentence u follows: Jbe power receptacle outlet and
uaocialed equipment should be of the grounding type and be labeled and lilted by • recognized resting laborllOry.

• 'ctro[ltt'pg F'ood-pronC ',,'dentl., Strpe;tyr" (FEMA-J14)

373-2(a)

NFPA 7QFEMA.) 14

9.3 Emeraency
Protective Meuures

FEMA 114 recommends muttina off the main power in the
diaaibution panel and removm, any fuses from the panelboard when
flooding is imminent and all elec:aical equipment should be cleaned
and dried before restoring power. NFPA 70 requires cabinets such u
used for pane1boards to be of the wealherproof type where installed in
wet locations. Cabinets installed in wet locations are required to
have atle.ut 1/4 inch IJ*:C between the cabinet and the structure it is
mounted on. NFPA 70 doa not ~eu maintenance or refurbishing
elecaic:al equipment after beiDa mbmcrJed durina floodl.

ReclHftmDlli.aliorl: Refer to NFPA 70B wElec1rical Equipment Main1enance.•

••
FEMA.) 14 NFPA 70 Ap"y'"

• 9.4 Permanent Protective
Meuures
pg. 160 Utility
Connections

FEMA 114 recommends relocatin8 elec:aic power lines above the
flood level and install electrical conductors in waterproofed conduits.
NFPA 70 does not address clearance heights above flood levels.
however. it does require conduits exposed to the weather to be
arnJ1Ied to drain should water auer the conduit sy'lem.

•
Rec0fN/V1tdIJIioA; Add the foUowinJ u a fifth sentence in Section 9.4 Utility Connections: "Where electric service conductors
are located wilhin Dood level 1'lInIe. molt type servic:a can be installed to raile the electrical service above flood level range.

••
•
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NATIONAL FIRE PROTECI10N ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE (NFPA 70)

Allpyl.1 Fn.; B'prd.! nd M'plle.ept CFEMA.J6$)

FEMA·165 NFPA 70 Au In"

FEMA-I65 addreues no elecaiul code conc:ems.

T,shp's,' Sta,derd. 'y".tl,· FAB,"etlgD W,II Opeglp" Ng 1$.2,

FEMA.I$.2 NEEA 70 Ape'ys"

The National. Electrical Code contains no requiremenu for
inacallationl Iddreued in No. 85-2.

Techpl,.1 St.pdard.! Bulletlp; Bre.kaway W.II, Ng. 85·3

FEMA-I$-3 NEEA 70

110-13(a)
300-5(d)

Ap,ly'"

Breakaway walla do not meet NFPA 70 requiremenu for lecure
futeDinl of e1ec:IrU:al equipmau.

Tcc;hplc.1 Stapdltd.! BplleUp; Free Qf Qb'trprtlpp Reggln.cats In Cpgt.! Blgh B'Ard Areg. Np.

U.:.J

FEMA-la-3 NFPA 70 Au!u"

No common requiremenII ewt between FEMA 88-3 md NFPA 70.

M.py.1 fpr the Cpp.trprtlp. pf 'aldeDtl.! Bm.cpb Ip Ngp.eglStal Flood Epylrgp.

FJAlBUQ.Np_CI·"7 NFPA 'Zt Ap",,"

No amunon requiremenu ewt between the documenu.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPAIlISON

LIFE SAFETY CODE (NFPA 101)

NFlP FlAod In'''''t DClIRP Stapdard, (44 CFR)

•

FEMA-4f

Chapter 1. 60.6

NFPA 101

The scope of the documents differ.

CAUt.1 CAPatrustlAP Mnpal (FEMA.5$)

•
FEMA-$$

Breakaway wal1J
4.3.5.1

NFPA 101

5-1.3.1 FEMA-SS while defming breakaway walls does not relieve the
designer from meeting fire barriers construction requirements.,

•

••

Rec_ruUltioft: For FEMA-SS. u • pIIl1 of • requinld enckmlre Of acparalion must maintain hourly rating requiremenll. This
may be ea:omplished usin8 muonry wallJ Of wood IWd wallJ diJaIIIcd in 4.3.5.1 of FEMA-SS.

ElcY'tCd 'alden".1 Strpstgra (FEMA $4)

FEM4.H NFP4 101 Agaln!s

The acope of the documents differ.

Manufactured Hgme 'p,t,II,ttgp Ip [Jggd B'urd ArCH lFEMA 1$)

•

•

•

••
•

FEM4.U NFP4 101 Apl'ys',

The scope of the documents differ with FEMA 85 lilmite4 to
laueterally bued requirements.

0-11



NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
LIFE SAFETY CODE (NFPA 101)

Flppdprpgflgl NAp·le,ldeAII,' Strysturcs (FEMA-J02l

FEMA 101 NFEA 101 Again"

p. 11, 67, 68 Watertight
Doors

FEMA 102 in addressing watertight doors promotes their use for
daily ICtivitiea. NFPA 101 in Chapter S on elJ'ess and in educational
and auanbly occupmcies hal door hudware requirements that must
be met for laIchin., and force to open. Key amona these are
requirancrua for fire exit tinware.

Rec~io,,: In FEMA un. p. 11 should di a plRlJ'aph to 2. Wau:night Doors. '7he force to open doors u a part of
means of egress requiremcrus should be maintained for exit doors. La1ching requirements for exterior doors may include the use
of fire exit hardware in educational or auembly ocx:upancia".

FloodprOOflPl Ngp.Bnldcptl,1 Structyres (FEMA.J02)

FEMA 101

p. 161

NFEA 101 Ap.I",.
FEMA 102 in Buildin' Code qualifies a Building Code u a
collection of regulaton while not recognizing companion
standards IlICh u the National Eleclrical Code, the Fuel Gu Code,
or the We Safety Code.

RlfCtHNrtelld4lio,,: Reword me definition of Buildinl Code to include proviaiona for slandardl other than a Model Building Code.

'cttgOttlPl F'pod Prg" ,,,'dCpU,' Stnstpt!' (rEM'" 114)

rEMA JJ4 NFEA 101 Agalnta

Tbr:re are no common reqW1"ementi.

Allyy'" Faps, Hayrda 'Ad Mep"CmCpl (FEMA.I6i$)

FEMA 16$ NFE'" 101 Ap"YI'!

The Life Safety Code does not evaluate environmental factorl
cov.ed in FEMA 165.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON

LIFE SAFETY CODE (NFPA 101)

TeGb,":al Stydardl BuJlett'i Wet· FlpgdprooOpg Bullett" No, 8S-1

NFPA 101

•

•

FEMA·U·I

Protection of Interior
Fini.he.

6-5.1.2. 6-5.1.2,1.
9-3.3. 9-3.3,1.
9-3.3.2.9-3.3,3.
10-3.1. 11-33.1.
12-3,3.1, 13-3.3.1.
13-3.3.2. 14-3.3.1.
15-3.3.1. 16-3.3.1,
17-3.3.1, 18-3.3.1.
19-3.3.1. 21-3.2.1,
22-3.3.3. 23-3.3.3.
24-3.3.1, 25-3,3.1.
26-3.3.1. 27-3.3.1.
28-3.3.1. 29-3.3.1.
30-3.3.1

FEMA 85-1 while encouraging W&ler resistant interior fmishes. may
inadvenmtly negue the finish requirements outlined in NFPA 101.

• R~cOlMVrsdDlio",' Technical bulletin 85-1 should qualify the UK of wau:r raistant finishes to as to include the maintenance of
interior finish requirements to • particular occupancy as defmed by otbu codes.

TCGhp',al S"pdlrdl Bulletin; (gundaliA' Wall 0ReD'g,s No. 1$-2

•• FEMA NA, IS·1 NFPA 101 ApIIJII •

There are no common rcquiremenlS.

• Technic" Stapdard, Bu"etlp BCr,Ir••,! Walls Ng 15.3

FEMA No. 854 NFPA 101 Ap",.l.

Thc:re are DO common requiremenll.

• Icshpl..a' StaPdard' BpUctlA; free or Obstructlop Rcqulremepts Ig COlsta' Hlgb Hlzlrd Arcas, No.

~

•
FEMA NA- g.3 NFPA 101

There are DO common rcquiremenlS.

Mapy" fgr the Cgp'tryst'gp 9' ",'dcptt,' R&Vmcp" Ip Ngp.CM'Y' Flood EpylrQu

•

•

FIA/HUD.No.CR.997 NFPA 101 Au!n!s

No common~11 exist between the documents,
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APPENDIX E

COMPARISON BElWEEN THE MANUFACTURED HOUSING
CODES AND STANDARDS THE NFIP STANDARDS

AND TECHNICAL GUIDELINES
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National Flood Insurance Program (Regulations for Floodplain Management and Flood Hazard Identification) [:"WIP!

The following is a comparison between Sections 59.1 and 60.3 of the !'o'FIP. the \1HCSS. and selected requirements from FEMA &5.
The definitions in Section 59.1 have been compared with the MHCSS and found to be compatible.

•

§59.1
§60.3 (in its entirety)

§3280.2 (a)(16) NAP provides a definition of a ·manufactured home· consistent with the
MHCSS. Additionally. §60.3 of the NAP sets forth requirements for
both recreational vehicles and manufactured homes. However. the ~'FIP

does not address other types of factory-built or industrialized housing
(i.e., modular). Current language in the NAP such as ·manufactured
home: ·proposed constr1,lction: and ·new constr1,lction" may not be
readily understood to IDclude modular homes.

Rccommenc1ation: Revise: the NAP to include a consistent definition for modular housing. aarify existing regulations by including
modular in the applicable code sections.

•

.-
•

§60.3 (a)(3)
§60.3 (b)(8)

Recommendation: None.

§60.3 (b)(8)

NAP differentiates between old paries and new parts. The MHCSS
provides no Installation requirements, but rather requires that the
manufacturer of the home provide instl'\lctions for the site installation.

NAP §60.3 (b)(8) states in part "... Methods of anchoring may include.
but are not limited to, use of over-the-top 2!: (emphasis added) frame
tie to ground anchors." 11 is presumed from this section that an
acceptable method of anchoring would be the application of over-the-top
ties alone. Generally, over-the-top ties alone are insufficient to resi5t
lateral nood forces. Apin, the MHCSS provides no installation or
anchorage provisions.

•

•

••
•

Recommenc1ation: It is recommended that the NAP section be clarified to use similar language to that provided in §60.3 (c)(6)(iv).

&1



f60.3 (a)(3)(iii)(iv)
160.3 (b)(8)
160.3 (c)(6)
160.3 (c)(12)

The requirements of !\1'1P §60.3 (a)(3)(iii)(iv) Ippear to provide the
community latitude in ~viewini the appropriltenca of I propo5Cd
permit Ipplication when thlt latitude may not be provided by other
more prescriptive sections of the NAP.

For exampl~. under §60.3 (a)(3)(iii)(iv) a community may ~ject I permit
for an elevated double-wide manufactured home because the HVAC air
duct~r connecting the twO units is typically sU5pCndcd below the
floor level. The community could conclude that the~r may
become dislodged during flood conditions and permit entry of flood
waters into the floor and duet system. However, 160.3 (c)(6)(iv)
sugcsts that only the lowest Ooor (and not the duet) need be elevated
to or above the base flood elevation.

Additionally. it appears that 160.3 (a)(3)(iii)(iv) is referenced in sections
of the NAP that contain more prescriptive and in some instances less
restrictive requirements. (Sec for example, §60.3 (b)(2).)

-

Recommendation: Option 1: Revise §60.3 (a)(3)(iii)(iv) to reflect the elevation of the ·Iowest floor above the base flood elevation."
Option 2: Revise the ·lowut floor above the base flood elevation" to more clearly reflect the performance requirements outlined in
§60.3 (a)(3)(iii)(iv) and allow for cenain unusual construction techniques in manufactured housing. Option 3: Redefine tbe ·Iowest
floor" to clearly include the depth of the chassis l-bcam. This may help elevate many of the ·underslung· utilities above ·harm's way."

Other Areas for ClarifICation or Enhancement:

§60.3 (c)(10)
and others

Recommendation: None.

The NAP curT'Cntly provides for construction in Zones A1-JO and AE
on the communities' FIRM provided that the cumulative effect will not
increase the water surface elevation of the base flood by more than one
foot.

FEMA reference documents such as FEMA as ·Manufactured Home
Installation in flood Hazard Areas· provide several design tables that
when subjected to an additional flood load of 12· become inapplicable.

&2
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National flood Insurance Program (Regulations for floodplain Management and flood Hazard Identification) fNFlP)

The HUD Pennanent Foundations Guide provides design methods and data for sue installation of factory-built single family d1ro'elling
units that are transponable in one or more sections. These are considered manufactured homes built in accordance with the HUD
MHCSS. .

HUD 4930.3

•

§59.1 The HUD Handbook contains only definitions applicable to the
construction of foundation walls and piers. Since HUD 4930.3 is used as
a guide for homes built per HUD MHCSS. the definitions therein are
relevant. The NAP definitions are generally compatible with the
MHCSS. However. the NAP dCle$ not address other types of factory
built or industrialized housing (i.e.• modular). Current language in tbe
NAP such as 'manufactured home.' 'proposed construction' and 'new
construction' may nOl be readily understood to Include modular homes.

•
Recommendation: RcviK the NAP to include a consistent definition for modular housing. Clarify existing regulations by including
modular in the applicable code sections.

HUD 4930.3

••
•

•

•

• •
•

§60.3 (in its entirety)

R.ccommendation: None.

§6O.3(b)(8)

Recommendation: None.

102-2.C
201-2.8

HUD 4930.3

402-3.C

HUD 4930.3 references FEMA 8S for manufactured homes on elevated
foundations. and provides that homes on elevated foundations must
comply with the requirements of NAP. Therefore, there is no
incompatibility.

NAP requires methods of anchoring in Zone A that are in addition to
applicable state and local requirements for wind loading. HUD 4930.3
states that in hurricane zones or where severe wind pressures occur,
special tl'Catment may be required. such as foundations that resist
puter uplift. more deeply buried foundations, or strengthened home
to-foundation connection.
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1989 CABO AflpcDdiK C [CABO App. q

National Flood InsuRI!CC Proqam (Regulations for Floodplain Management and Flood Hazard Identification) [NfIP!

Appendix C of the 1989 CABO One and Two Family Dwelling Code applies to the constl'\lC'tion, alteration, and repair of foundation
systems and building equipment for manufae:t\ll'ed homes installed on prlyately owned (nonrental) lots.

CABO Apo. C

159.1

Recommendatioll: NOlIe.

§60.3

C-201

CABO App. C

The c1efmitions in NFlP and CABO App. C are compatible.

CABO App. C does not contain any special provisions for the
installation of manufactured homes in Oood hazard areas.

Recommendation: CABO Appendix C should be revised to include a reference 10 the NFlP for manufactured home installation in
Oood hazard areas.

Suggested Code Change (or addition): Add to Appendix C Section C-101 - Scope, last I, last sentence: Refer to National Flood
Insurance Promm for installations in Oood hazard areas·
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National Flood Insurlll\C'C Program (Regulations for Floodplain Management and Flood Hazard Identification) lNAP)

The MHI Model Manufactured Home Installation Manual is intended as ~ guide to manufacturers in the prepantion of the specific
installation instructions that are required under Federal law to accompany the shipment of the homes. The preface to the manual
further states that the manual provides a suggested outline and fonnat for manufacturers' installation manuals rather than specific
requirements.

MHI-MIM

•

•

.-
•

•

•

• •
•

§59.1

Recommendation: None

§60.3 (in its entirery)

Recommendation: None

§6O.3(b)(8)

Recommendation: None.

C1apter 2

MHI-MIM

4.4.1,
4.5.4,
5.4.3.3

MHI-MIM

5.4.3.3

The definitions in NAP and MHI-MIM are not incompatible.

The MHI-MIM recommends against siting a manufactured home in
riverine or coastal flood-prone areas. It further states that special local
regulations or flood insurance provisions may apply, and that special
elevation and anchoring are required in flood-prone areas. A registered
professional or structunl engineer is to be consulted to ensure
confonnance to applicable fedenl. state, and local regulations. FEMA
&S, "Manufactured Home Installation in Flood Hazard Areas," is also
referenced in MHI-MIM. By referencing FEMA &S, MHI-MIM is
compatible with NAP.

NAP requires that homes placed within Zone A be anchored to resist
flotation. collapse. or lateral movement, in addition to state and local
requirements for wind loading. The MHI-MIM states that
unconventional anchorage and tiedowns may be required in flood-prone
areas.
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NPPA 501A-1917, Nullllachlred Hl:ae 1Mb..... [NPPA SOlA)

National Flood Insvllnc:e Promm (Regulations for Floodplain Management and Flood Hazard Identification) fNFJP)

:-''FPA SOlA·l987 COYeR the firesafety requirements for the installation of manufactured home and home sites. In essence. this
standard inc:ludes specific requirements for fuel supply pipin" The definitions in NAP Section 59.1 ha~ been compared with thOle in
NFPA SOlA and found to be compatible. .

NFPA SOlA

§60.3 (in its entirety)

Recommendation: None.

4-2.3 Section 4-2.3 of NFPA SOlA requires that manufactured home
in5tallatiolli, including the suppan 5YStem and utility and structural
connections, be complianl wilh Ihe manufacturer's instructiOlli or the
authority having jurisdiction. Suppon 5YStem duign is to consider the
climatic aDd ecological condilions present al Ihe home sile. There is no
incompalibility wilh NAP.
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ANSI A22S.1-19Il7. MaDulxtIIIaI Heme ' ....n.tjom; (A22S.1)

Nalional Flood Insurwnce Program (Regulations for Floodplain Management and Flood Hazard Identification) fNFlPl

The ANSI A22S.1 Manufactured Home Installations Standard is intended to be adopled by jurisdictions having responsibility for the
safety and health of manufactured home users and for establishing regulations applicable to manufactured home communities. These
standards are applicable 10 single family dwelling UniU that are built in accordance with the HUD Manufactured Home Construction
and Safety Standards (MHCSS), which require thaI the manufacturer of the home provide instructions for site installation U5ing at
least one 5)'5tem of sUpJX>rt and anchorage that can resist the design dead. 1iVl:, and wind load5.

i'l"FlP ~

§S9.1 1·3

• Recommendation: None.

NAP A22S.l

§6O.3(in iu entirety) App. G

•
Recommendation: None.

!'IFlP A22S.1

•- §6O.3(b)(8) 1·2.2

The definitions in lhe NAP and A22S.1 are generally in agreement and
therefore compatible.

Appendix G of A22S.l refers to the National Flood Insurance Program.
However. it is staled thai Appendix G is nOI part of Ihe requiremenu of
A22S.l bUI rather is included only as information.

NAP requires methods of anchoring in Zone A that are in addilion to
state and local requlremenu for wind loading. A22S.1 states that il does
not reliCVl: the installer of a manufactured home of responsibility for
compliance with manufacturer's instructions and any state and local
ordinances. codes. or regulations. There is no incompatibility.

•

•

•

• -
•

Recommendation: None.

§6O.3(c)(12)(ii)

Recommendation: None.

2-6.1.3 NAP requires that homes placed in an existing parle or subdivision in
Zones A1-30, AH. or AE haVl: the lowat floor at or above BFE Q!
sUPJX>rted by piers or other foundation elemenu at least 36 in. above
grade. A22S.1 requires that a foundation 5)'5tem thai places the bottom
of the main frame members more than 3 ft. above ground be designed
by registered engineer or architect and be approved by local authority
having jurisdiction. No incompatibility exisu.
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Retrofitting Aooc! Prope Residential StDletYrcs rFEMA 1141

The HUD Manufactured Home eonstDlCtioo and Safety Standards (MHCSS) are perfonnance requirements for tbe constNCtion of
factory-built single family dwelling units tbat are transponable in one or more sections. This 5tandard require5 that tbe manufaeturer
of the home provide instructions for tbe site installation U5ing at lust one $}'Stem of 5uppon and anchorage that can resist the dC5ipl
dead. live. and wind loads. The MHCSS doe$ DOt include provisions for flood loads.

The requirement that the manufacturer provide one installation instruction $}'Stem is the only installalion implicalion of this standard;
it doe$ nOI ~r in5tallation details. Therefore. many of the slle retrofit issues of FEMA 114 are topically OUI of range of Ihe HUD
MHCSS. and thU5 a direct comparison of thOle provisions is DOl applicable. After review. the FEMA 114 SCC1ions for which
compaNOD5 were not made an: IS follows:

-

3.3
3.14
3.5
6.2
6.3
6.5
7.2
7.3
7.4
7.6

Foundation Walls
Open foundatioD5 technical desipl
Extended foundation walls
floodwalls considerations
floodwalls constNCtion techniquC5
floodwalls technical desipl criteria
005ures consideralions
Q05ures low profile pennanent
005ures materials and conslDlction
005ures technical de5ipl criteria

8.2
8.3
8.4
8.5
8.7
9.4
9.8
C.l
C.2
C.3

Sealants considerations
Sealing techniques
Sealing clo5urcs
Sealing desipl details
Sealing technical desilll
Utilities permanenl proteC1ion
Utilities tank anchorage
Hydr05tatic loads
Hydrodynamic loads
Impact Loads

Comparisons and analysis for applicable 5Ce1ions of FEMA 114 are IS follows:

FEMA 114

3.12 Technical design
criteria - Extended wall
foundations

13280.30S(c) Section 3.12 of FEMA 114 refers to Appendix C for desilllioads. which
in tum refers to the three model building codes for determination of
wind loading characteristia. The wind desipl data presented in
Appendix C is not necesArily in agreement with tbe wind desipl criteria
in 1328O.30S(c) of the MHC'SS. While 1328O.30S(c)(2)(ii) states that
HUD may establish more stringenl requirements in areas with 115 mph
and puter recorded wind velocity. HUD has not been known to
C5tablish more stringenl requirements than th05C 5pCcified in
1328O.30S(c) (25 psf lateral. 15 psf uplift).

Recommendation: Funher resean:h/5tudy is recommended to determine: a) if Ihe wind deslpl criteria in MHCSS is adequate for
areas of high wind velocity; and/or b) if stronger recommendations apinsl siting such homes in flood prone areas are in order. This
study should be undenaken by HUD and the manufactured housing induslry.

FEMA 114

3.13 TechDical dcsip
criteria - AIIcborqc of
5UpcrstnICtIII'C &0

foundatioa

t3280.3OS(c) Section 3.13 of FEMA 114 ~rs the imponance of tbe floor diaphragm
in maintaining the stability of the foundation walls and cautions apinst
using connections that pull out if the underside of the floor is subjected
to upward hydr05talic fon:es. Hydr05tatic fon:es are not ~red in the
HUD MHCSS. However. Zone II (hurricane) homes when desiplcd in
accordance wilh 1328O.305(c) are connected to the steel frame· chasm
$0 IS to sustain 15 psf uplift. (Caulion. this is not sufficient for
hydr05tatic pressures in excess of 3· water column.)

Recommendation: FEMA resean:h on the effecu of hydr05tatic pressure on manufactured homes hIS resulted in the requirement to
elevate above BFE. If HUD and the manufactured housing industry were 10 embark on a prognm to SCI construclion slandards for
homes sited in flood prone areas. a method of cenification similar to the wind zone map and label used in the presenl MHCSS needs
to be devi5cd to provide notice on the homes that identifies the flood intensity for which the home is constructed.



FEMA 114

•

.- 9.5 Utility ~kxations to
existinl s.,.ee

No[ applicable. Water heaters and furnaces a~ installed on the main
floor. Relocation of utilities in a manufactu~d home is ~nerally nOt
~commended. H undertaken at all. it is at great risk of violating the
standards for fuel pipe sizing and testing. air duct sizing. ele., and is
generally nOt economical.

•
Recommendation: None.

FEMA 114

•

10.4 Aoating structures 1328O.306(a) Section 10.4 of FEMA 114 describes a system of floats and collars that
control the buoyant movement of the StruCture that can be used in areas
of low wmd and/or water velocity. The HUD MHCSS requires that
each home have provisions for support and anchoring to resist
overturning and lateral movement as imposed by the respective design
loads.

Recommendation: None, since FEMA 114, Section 10.4. does not apply to manufactured homes.

FEMA 114

•

.-
C.4 Wind loads §328O.30S(c)(1)

and (2)
MHCSS ~pecifies that the wind design forces for homes designated for
Zone I. non-hurricane. shall be 15 psf lateral and 9 psf uplift, and the
wind design forces for Zone II. hurricane, shall be 25 p'f lateral and 15
psf uplift. In FEMA 114. wind zones a~ delineated in wind velocities
(mph) according 10 (he A.."'JSI ASS.! map for SO-year recu~nce. When
applying the formulas from ANSI ASS.I. the resulting wind pressures in
high wind zones may exceed the MHCSS minimum pressures.

13280.30S(c)(2)(ii) states that HUD may establish mo~ strin~nt

requi~ments than th05e specified in §3280.305(c) for areas with 125
mph and greater wind velocities.

•

•

•

••
•

Recommendation: Further research/study is recommended to determine: a) if the wind design criteria in MHCSS is adequate for
areas of high wind velocity; and/or b) if stron~r recommendations apinst siting such homes in flood prone areas a~ in order. This
study should be undenaken by HUD and the manufactured housing industry.
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Retrofitting Flood-frone Residential Stl'\lcturcs rFEMA 1141

The HUD Permanent Foundations Guide provides design methods and data for site installation of factory-built single family dwelling
units that are transponable in one or more lCC1ions. These are considered manufactured homes buill in accordance witb tbe HUD
~fHCSS.

lnasmucb as the HUD MHCSS does not provide at all for site retrofit of manufactured bomes, and because the emphasis of the
handbook. HUD 4930.3. is directed toward windstorm resistance. many of the issues of FEMA 114 are topically out 0( rance of tbe
handboolt and tbus a direct comparison 0( the provisions made for th05C issues is not applicable. After review, the FEMA 114 sectioni
for which comparisons with HUD 4930.3 ~re not made are as foll0W5:

3.3
6.3
6.5
7.2
7.3
7.4
7.6
8.2

Foundation Walls
flood_lis constl'\letion techniques
Floodwalls technical design criteria
006ures considerations
006urcs low profile permanent
006ures materials and construction
Oosures technical design criteria
Sealants considerations

8.3
8.4
8.5
8.7
9.8
C.I
C.2
C.3

Sealing techniques
Sealing closures
Sealing design details
Sealing technical design
Utilities tanlt anchorage
Hydrostatic loads
Hydrodynamic loads
Impact Loads

Comparisons and analysis for applicable sections of FEMA 114 are as foll0W5:

FEMA 114 HUD 4930.3

3.5 Extended foundation
walls

102-2.C
Standards

201-2.B

402

HUD 4930.3 references FE.\iA as for manufactured homes on elevated
foundations.

HUD 4930.3 provides that homes built on elevated foundations must
comply with requirements of the NFlP and to refer to FEMA as for
Manufactured Home Installation in Flood-Hazard Areas.

Chapter 4 in HUD 4930.3 maltes no provision for the application of
hydl'OStatic, hydrodynamic. or impact loads.

Recommendation: Since provision is made for coastal wind forces in Section 402.3 of HUD 4930.3. it is advisable to include in HUD
4930.3 either complete design provisions for flooding, or a notice that additional lateral. hydr06tatic. hydrodynamic. and impact loads
need to be included for foundation walls subjected to nooding.

Suggested Chance (or addition): (a) Chance 1201-2.B.2 to read: "Homes built on elevated foundations in communities that are part
of the National Flood Insurance Program (NAP) must comply with the NAP."

(b) Chance §402-3.B to add item #3: If the site is in a Ooodplain, hydrostatic, hydrodynamic. and impact loads must be considered.
Refer to fEMA as for guidance.

FEMA 114 HtlD 4930.3

3.12 Technical daiIn
criteria - Exacnded wall
foundatioal

App. H12

App, HI

The Wind Speed Map. H-I2. in HUD 4930,3 corresponds with the SO
year mean recurrence map in Figure C-Sb of FEMA 114.

The Flood Map. H-l. in HUD 4930.3 does not provide any provisioni
for hydl'OStatic. hydrodynamic. static loads.

Recommendation: On the Oood map in HUD 4930.3. it is necessary to include a notice to design for lateral, hydl'OStatic.
hydrodynamic. and impact loads for foundation walls subjected to flooding. Reference to FEMA as will suffice.

Suggested Chance (or addition): Revise the Flood Map on Pace H-l to include the following:

~ 1 Consult with local Building or Planning Office to determine whether home is in the Ooodplain.
~ See FEMA as for recommended hydrostatic, hydrodynamic. and impact loads to be applied to foundation walls subject to

~
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.- FEMA 114

3.13 Technical dc&ip criteria 
Anchorage ol ~rstructure
to foundation

HUD 4930.3

App. B The designs in HUD 4930.3 are apparently to resist wind and gravity
load$ only. No provision has been nade for buoyancy. The load$ ~D
for ~nical uplift in Table B-2 of HUD 4930.3 would be ample for
approxinately 1.7' water depth a~ the top of the foundation.

•

Recommendation: Include a notice in Appendix B. Table Bl of HUD 4930.3 thaI additional anchorage may be required in areas
subject to flooding in order to resist hydrostatic. hydrodynamic. and impact loads.

Sugested Change [or addition): Provide a note at the end of the first paragraph in Appendix B:

Note: Additional anchorage may be required to resist hYdrostatic. hYdrodynamic. and impact loads in areas subject to flooding. Refer
to FE~8S.

Recommendation: Funher ~rch/study is recommended to reconcile the limits for foundations in clay soil. This study should be
undenaken in a collaborative effon by HUD. FEMA. and the manufactured housing industry.

•

•

FE~ 114

3.14 Technical design criteria 
Open foundations

FEMA 114

HUp 4930.3

203

HUD 4930.3

HUD 4930.2 identifies ·unstable clays· IS a pouible cause for
foundation instability. while the FEMA 114 fltVOrI clay soili for their
r'C$istancc 10 scouring. These provisions arc incompatible.

.-
6.2 Considerations 301-1 The provision in HUD 4930.3. ·provide the best available routing of run

off water to assure that buildings or other imponant facilities will not be
endangered by the path of a major emergency flood run-<>ff which would
occur if the site storm drainage is exceeded.· does not provide notice
that this might require the use of flood walls. FEMA 114 discusses the
fact that flood wall design is dependent upon the type of flooding
expected.

•

Recommendation: In HUD 4930.3. Section 301-1, include a statement that adequate flood walls provide one WIly to accomplish the
rerouting of run-<>ff WIIter.

Suggested Change (or addition): Add a sentence to the end of 1301-1:

One way to accomplish rerouting of run-<>ff WIIter in retrofitting is to use flood walls. Refer to FEMA 114 for examples.

Note: Aood walls are not acceptable for new installations.

FEMA 114

• 9.4 Permanentp~~ivc

measures

HUp 4930.3

Chapter 7 There is no provision in HUD 4930.3 for flood protection of utilities.
The overall emphasis of this publication is on structural aspects. The
scope of Chapter 7 (Final Check) is limited to foundation design.

•

••
•

Recommendation: In HUD 4930.3. refer to FEMA 8S for home installations in flood-prone areas in order to provide protection of
utilities.

Suggested Change [or addition): Add a ~ion 7004:

700-4 PIood Protcetioo ol Utilities

For homes subject to flooding. ~rify that provisions ha~ been made in Ihe design to protect utilities. Refer to FE~ 8S for
methods.

&11



EEMA 114 HUD 4930.3

9.5 Utility relocati0G5 to emting

space
Not applicable. Water hc:ate~ and furnaces all: installed on the main
noor. Relocation of utilities in a manufactured home is gtnerally not
recommended. If undertaken at all. it is at great risk of violating the
standards for fuel pipe sizing and testing, air duet sizing, ete., and is
generally not economIcal.

Recommendation: None.

EEMA 114

10.4 Aoatinl stnlctures

HUD 4930.3

HUD 4930.3 contaIns no provisions for noating stnlctures.

Recommendation: None. since FEMA 114, Section 10.4, does not apply to manufactured homes.

FEMA 114

C.4 Wind loads

Recommendation: None.

HUD 4930.3

402-3,
App. H-12

Provision is made in the design chans of HUD 4930.3 for coastal and
inland wind loads. The wind velocity map presented in Appendix H-12
conforms with the SO-year recurrence map published in FEMA 114.
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1989 CABO AppcDdiz C [CABO App. q

Retrofitting Flood-Prone Residential Structures fFEMA 114)

Appendix C of the 1989 CABO One and Two Family Dwelling Code applies to the construction. aJter1ltion and repair of foundation
systems and building service equipment for manufactured homes installed on privately~ed (nonrental) lots. It does not apply to the
design or construction of manufactured homes themselvu. Homes built subsequent to June 14. 1976. are required to conform with
Federal Manufactured Home Comtruction and Safety Standards (MHCSS). Others are required to be labeled certifying compliance
with NFPA SOl/ANSI 119.1. Modifications to the homes themselves are applicable only if they arc otherwise not prohibited.

In its application to existing homes and service equipment, CABO Appendix C provides different directions depending upon whether
the retrofit i5 an addition. or an alteration. or a repair. Retrofits cla.s5ified as additions are required to conform with one of the
following:

Cenification under the National Manufactured HOlISing Construction and Safety Standards Act of 1974.

• Design and construction per the applicable provisions of the National \1anufactured HOlISing Construction and Safety
Standard$ Act of 1914.

Design and construction per the codes adopted by the local jurisdiction.

Alterations or repairs may be made to any manufactured home or to its building service equipment without requiring the existing
manufactured home or its building service equipment to comply with other provisions in CABO provided the a!lenltion or repair
conforms to that required for new construction, and provided that no hazard to life. health, or safety will be created by the additions
alter1ltions or repair$. Nonstructural alterations or repairs th&t do not a<M:rsely affect any structur1ll member can be made lISing
material equivalent to the materials used in the manufacture of the home subject to approval of the authority having jurisdiction.

The requirement that the manufacturer provide one installation instruction system is the only installation implication of the HUD
MHCSS. Thi5 standard does not cover installation details. Therefore. many of the site retrofit i5sues of FEMA 114 are topically not
applicable to HUD MHCSS. and consequently. to the extent that CABO relies directly on the HUD Standard. not applicable to
CABO. Thus a direct comparison of th05C provisions is not applicable. After review. the FEMA 114 sections for which comparisons
were not made are as follows:

•
6.2 Floodwalls considerations
6.3 Floodwalls construction techniques
6.5 Floodwalls technical desilPl criteria
7.2 OOiures considerations
7.3 OOiures low profile permanent
7.4 OOiures materiaJs and construction
7.6 OOiures technical desilPl criteria
8.2 Sealants considerations

8.3 Sealing techniques
8.4 Sealing closures
8.5 Sealing design details
8.7 Sealing technical design
9.4 Utilities permanent protection
C.l HydTOlitatic loads
C.2 Hydrodynamic loads
C.3 Impact Loads

•

•

•-
•

Comparisons and analysis for applicable sections of FEMA 114 are as follows:
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fEMA 114 CABO Apo. C

3.5 Extended foundation walls C-S03.2 Appendix C itself docs not ~r foundallon _lis; h~r Section e
503.2 refe~ to other provisiolU in CABO by sUting that retaining walIi
used as permanent perimeter enclOiure must conform to the code
provisiolU for foundation _lis. Section R-304. Foundation Walls.,
prescribes specific designs for masonry, concrete and stone foundatioo
_lls. [Refj:rence Tables R-304.Ja. 31>.) None of the prescribed dcsiJIlI
in the CABO Tables are usable to resist hydroctatic. hydrodynamic. or
impact loads specified in FEMA 114. Hydraulic ~ntiDg of the
foundatioD$, as provided in FEMA 114. is not specified in CABO.

R-304.5 in CABO prescribes aU wood foundation _II designs. The
comparisons noted above are applicable.

Recommendation: Qarification is nceded for the CABO tables to state that designs subject to flood loads require spcciaJ
consideration for such loads that ba~ not been accommodated in the tabulated designs.

Suggested Code Olange [or addition): Add a lentence to the end of fR-304.4:

R-304.4 DcRp Rquircd: ... accepted engineering practices. Note that designs subject to flood loads require special consideration.
flood loads ha~ not been accommodated in the designs in Tables R-304.3a and R-304.3b.

FEMA 114

3.12 Technical design criteria 
Extended _II foundatiolU

Recommendation: None.

FEMA 114

3.13 Technical design criteria 
Anchorage of superstnacture
to foundation

CABOApp. C

CABO App. C

C~

While CABO Appendix C is generally not applicable to foundation
design. the wind design dau pre5Cnted in Appendix A or CABO is in
general agreement with the wind design criteria in Appendix C of
fEMA 114. to which Section 3.12 refe~.

CABO C~ require5 that "wood floor suppan systems shall be rlXed to
perimeter founc1atiolU in accordance with this c:ode.. CABO Figure R·
303 specifies the anchorage of sill plates to concrete foundatiolU using
~•• boll$, 6' o.c. maximum. CABO Table R402.3a specifies joists
secured to sills using 3-8d nails. toe nailed. No provision is made to
resist hydl'Q518tic lift-off of the floor.

Recommendation: Clarification is nceded in CABO C~ that additional anchorage may be needed to resist hydroctatic lift in flood
prone areas. Reference to FEMA as may suffICe.

Suggested Code Olange (or addition): In fC~. add a lentence that follows the second sentence in the second paragraph:

... re5ist the wind Ioed sated in tbis c:ode. Note that additional anchorage is needed to resist buoyancy due to flooding in those
areas where appliClble.
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Recommendation: Qarification is needed in CABO to caution that the ground anchor system specified is generally not rated for
flooding or for high open foundatiolUi.

•

.-
•

FEMA 114

3.14 Technical design criteria 
Open foundations

CABO App. C

C~.C~3.

C604. C~S
CABO C~ (Pier Construction) specifically excludes late~ wind and
earthquake loads from consideration in the application of the pien
specified in this code. Note that the typical manufactured housing
foundation system uses diagonal ties that are s«ured to ground anchon
for lateral load resistance. CABO C-603 (Height of Pien) specifIeS
construction derails for three height ranges of pier application. Each of
these designs is to be used with the anchors and ties specified in
Sections C4)4 and C~ respectmly. The reliabiliry of ground anchon
in flooded soils has not been demonstrated. It would be prudent at this
time to specifically disallow their use in the flood plains.

Suggested Code Change (or addition): At the end of §C~.I. add: The use of ground anchors is \?ennitted in the flood plain when
substantiating data are provided that satisfy the authority having jurisdiction.

• FEMA 114 C6BOApp. C

Recommendation: None.•

9.5 Utiliry relocations to existing
space

Not applicable. Water heaters and furnaces are installed on the main
floor of manufactured housing. Relocation of utilities in a manufactured
home is generally not recommended. If undertaken at all. it is at riU. of
violating the Standards for fuel pipe sizing and testing, air duct sizing.
etc.. and is generally not economical.

.-
•

FEMA 114

9.8 Storage tank anchorage

Recommendation: None. .

FEMA 114

10.4 Floating structures

CABO App. C

M·1914

CABO APR. C

C~.l

C~.2

CABO M-1914 requires that ·oil tanks be designed to resist all loads
and stresses to which they may be subjected.·

CABO C~ requires that the home be anchored to the ground.
Utilization of a floating confined. tethered system described in FEMA
114 is a violation of this standard and the HUD MHCSS.

Recommendation: None. since FEMA 114. Section 10.4. does not apply to manufactured homes.

•

•

• -
•

FEMA 114

C.4 Wind loads

Recommendation: None.

CABO Apo. C

C-SOl.l
Appendix A

CABO C-S01 requires that foundations be designed and COlUitrueted to
sustain loads specified in the CABO code.

CABO Appendix A. Wind Probabiliry Map. specifies wind pressures in
four zones. No wind velocities and no coefficients are shown. The wind
pressures specified in the coastal zone of Florida (Zone IV) is 4S p6f
lateral load and 32 psf uplift applied nonnal to the roof surface. Zone
IIJ pressures are 34 psf lateral and 32 psf uplift. FEMA 114 refers to
the building code requirements that apply WIthin a given jurisdiction. It
is assumed that the wind load provisions of these twO standards are
compatible since FEMA 114 references the three model building codes
and the CABO Code is a compilation of data from the three model
codes.
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Retrofitting Flood-Pryne Residential StT\lctures fFEMA 114]

The MHI Model Manufactured Home Installation Manual is intended as i guide to manufacturers in the preparation of the specific
wtallation wtT\letions that are required under Federal law to accompany the shipment of the homes. The Preface to the manual
funher states that the manual pTOYides a lugestcd outline and fonnat for manufacturers' installation manuals rather than specific
requiremenu.

Direct compari5ons of MHI-MIM with FEMA 114 are not applicable with regard to many of tbe retrofit provilions bccau.IC general
site work and retrofitting of any kind is outside the scope of ~HI-MIM. After review, the
FEMA 114 scctionl for which comparilool were not made are as follows:

3.3 Elevation on Foundation Walls
6.2 Floodwalls considerations
6.3 Floodwalls constT\letion techniques
6.5 Floodwalls technical design criteria
7.2 005ures consideratioDl
7.3 005ures low profile permanent
7.4 005ures materials and coDltT\letion
7.6 005ures technical desipl criteria
8.2 Sealants collSideratioDl

8.3 Scaling techniques
8.4 Scaling CI05Ures
8.5 Scaling design details
8.7 Scaling technical design
9.4 Utilities permanent protection
9.8 Utilities tank anchorage
C1 Hydrostatic loads
C2 Hydrodynamic loads
C3 Impact Loads

Several of the lite retrofit provilioDl of FEMA 114 are technically outside the scope of MHI·MIM due to the exclU5ionary language of
Paragr1lph 4.4.1 in MHI-MIM which ltates ·XYZ Corporation docs not n:commend siting your home in river or coastal flood-prone
areas. Spccialiocal regulatiollS or flood iDlurance provilioDl may apply. Special elevation and anchoring techniques are required
when locating in a flood-prone area. CoDluit a registered profeslional engineer to make sure that home design and collStT\lction
conform to applicable federal, state and local regulatioDl.· Reference is made to FEMA 85. Manufactured Home IllStallation In Flood
Hazard Arcu. In the c::uc that lOme manufacturers may wish to offer manufactured homes that are factory ready for flood hazard
retrofit. the applicable comparisotts of FEMA and MHI-MIM are as follows:

FEMA 114 MHI-MIM

3.5 Extended foundation walls 4.4.1 MHI-MIM n:commends that homes not be sited in flood-prone areas.
and funher cites the p05Sibility that special local regulatioDl or flood
illSurance proviliollS might apply. and that special elevation and
anchoring techniques are required.

MIM also references FEMA 85. Manufactured Home IllStallation in
Flood Hazard Areas. and n:commends that the homeowner collSult with
<II professional engmeer to assure that a home installed in a flood haurd
area conforms with applicable federal. state. and local codes and
regulatiollS.

Recommendation: Noac.
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fEMA 114

3.12 Technical deUp criteria 
Extended wall foundatiOll5

MHI-MIM

44.2,
rapre 5.3

The wind design da[a in FEMA 114 is not fully in aP'Cement with the
wind design criteria in §3280.30S(c) of the HUD MHCSS. to ...nich
homes installed per MHI-MIM must comply. The MHCSS forms tbe
basis for the wind resistance tiedOMl5 specified in the MIM. While
MHCSS §3280.305(c)(2)(ii) states that HUD may establish more
stringent requirements in areas with 125 mph and greater recorded wind
velocity. HVD has not been known to establish more stringent
requirements than those specified in §3280.30S(c) [25 Jl5f lateral. 15 Jl5f
venial uplift).

MIM refers to HCD Handbook 4930.3 (1989). This has the effect of
imJlO'ing a more severe design load on the foundations and the
foundation to home connections than is required for the homes
themselves. (110 mph vs. 88 mph wind velocity)

•
Recommendation: Funher research/study is recommended to determine: a) if the wind design criteria in MHCSS is adequate for
areas of high wind Vl:locity; and/or b) if stronser recommendations against siting such homes in flood prone areas are in order. This
study should be undenaken by HUD and the manufactured housing industry.

•

.-

fEMA 114

3.13 Technical design criteria 
Anchorage of superstructure
to foundation

MHI-MIM

4.4.1 Generally not applicable. MHI·MIM recommends that homes not be
sited in flood-prone areas. and funher cites the JXl5Sibility that special
local regulations or flood insurance provisions might apply. and that
special elevation and anchoring techniques are required.

MIM also references fEMA &S. Manufactured Home Installation in
Aood Hazard Areas. and recommends that the homeowner consult with
a professional engineer to assure that a home installed in a flood hazard
area conforms with applicable federal. state. and local codes and
regulations.

•

However. Zone II homes (hurriane) when designed in accordance with
MHCSS §3280.305(c) are connected to the steel frame - chassis so as to
sustain 15 psf uplift. (Caution. this is not sufficient for hydr05tatic
pressures in excess of 3" water COlumn.)

Recommendation: Funher research/study is recommended to determine: a) if the wind design criteria in MHCSS is adequate for
areas of high wind Vl:locity; and/or b) if stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undenaken by HUD and the manufactured housing industry. .

•
fEMA 114

3.14 Technical design criteria 
Open foundations

MHI-MIM

4.4.1 See analysis for "fEMA 14. 3.13" above. Consequently no provisions are
made in MHI-MIM for special open foundations.

•

••
•

Recommendation: Purtber research/study is recommended to determine: a) if the wind design criteria in MHCSS is adequate for
areas of high wind VllCIocity; and/or b) if stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undcnalcen by HUD and the manufactured housing industry.
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FEMA 114 MHI-MIM

9.5 Utiliry relocatiorl5 to existing

space
Not applicable. Waler healers and furnaces 4re installed 00 the l114in
floor. Relocation of utilities in a manufactured home is generally Dot
recommended. If undertaken at all, it is at great risk of violating the
stancards for fuel pipe sizing and tCiting, air duct sizing. etc., and is
generally not economical.

Rccommendlltion: None.

FEMA 114

10.4 Aoating stniCtures

MHI-MIM

The MHI-MIM contains no provisions for floating structures.

Rccommencation: None, since fEMA 114, Seaion 10.4.. does not apply to manufactured homCi.

FEMA 114

C.4 Wind loads

MHI·MIM

4.4.2; and
refHUD
4930.3,
App. H-13

MIM cautions against installing homes in wind zones more severe than
the wind zone indicated on the cata plate. It also references HUD
Handbook 4930.3, the Wind Speed Map, Appendix H·I2. which
identifies many Special Wind Regions as well as many coastal arclS for
which the stancard and hurricane wind specifications exceed thOK found
on the Manufactured Home Data plate refem:d to in the MHI-MlM.

§3280.305(c)(2)(ii) of the HUD MHCSS states that HUD may establish
more stringent requirements than thOK specified in §3280.30S(c) for
arclS with 125 mph and greater wind velocnies. Presently, HUD has DOt
been known to do so.

Rccommendlltion: Further research is ruommended to detennine if the Zone II (Hurricane) requirements in MHCSS are adequate
or if the ASCE-7 map' should be incorporated. This research should be undertaken by HUD and the manufactured houslDg industry.
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NFPA S01A-l9B7, Maaufamlred Home 1DmIIatiom [NPPA SOlA)

Relrofitting flood-Prone Residential Slructures [FEMA 1141

l'o'FPA SOlA-l987 covers lhe fil'C$lfety requirements for the installalion of manufactured homes and manufactured home sites. This
standard includes only lhe firesafety ponions of lbe scope previously coveti:d by ANSI AllS.1/l'o'FPA SOlA The non-fircsafety aspectS

are published sepa12tely as ANSI AllS.1. Because NFPA SOlA is essenlially provisions for fuel supply piping and connections. a direct
comparison with lhe retrofil provisions of FEMA 114 are for the m05t pan not applicable. AIler review. lhe FEMA 114 sections for
which comparisons were nOI made are as follows;

•

3.3 EJevation on Foundation Walls
3.12 Design crileria-wall foundations
3.13 Design critel'ia-.ncho12ge
3.14 Design crilefilH)pcn foundations
6.2 floodwalls conside12tions
6.3 floodwalls construction tecbniqlle$
6.5 floodwalls technical design criteria
7.2 Oosures considC12tions
7.3 005ures low profile permancnt
7.4 005ures materials and construction

7.6 Oosut'CS technical design criteria
8.2 Sealants considerations
8.3 Scaling techniques
8.4 Sealing closut'CS
8.5 Scaling design details
8.7 Sealing technical design
9.4 Ulililies permanent protection
9.5 Utility relocations
9.8 Utilities tana.; anchorage

10.4 floating structures

•
Comparisons and analysis of applicable sections of FEMA 114 are as follows:

.-
•

•

•

••
•

FEMA 114

3.5 Extended foundalion walls
CI Hydrostatic loads
C2 Hydrodynamic loads
C.3 Impact loads
C4 Wind loads

Recommendation: None.

NFPA SOIA

4-2.3 Section 4-2.3 of ~FPA SOlA requires thaI manufactured home
installations. including the suppon sYSlem and ulility and structural
connections. be complianl with the manufacturer's inslructions or the
authority having jurisdiclion. Suppon system design is to consider the
climatic and geological conditions presenl al the home site. There IS no
incompatibility with FEMA 114.
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ANSI A22S.1-19lJ7, NaauCKturcd nc- '....0..... (A22S.1]

Retrofitting Flood-Prone Residential Structures lFEMA 114)

The ANSI A22S.l Manufactured Home Wtallations Standard is intended to be adopted by jurisdictions having ruponsibility for tbe
afety and bcaltb of manufactured bome IliCIS and for establisbing regula~ions applicable to manufactured home communities. These
~ndards are applicable to single family ct-Uing units that are built in accordance with the HUD Manufactured Home Construction
and Safety Standards (MHCSS). which require that the manufacturer of the home provide instructions for the site installation using at
least one system of suppon and anchoraae that can resist the design dead. live. and wind loads.

Some of the site retrofit issues of FEMA 114 are topically out of range of ANSI A22S.1. Thus a direct compamon of thOK provisions
is not applicable. After review, tbe FEMA 114 sections for which compamons were not made are as follows:

-

3.3 FOllndation Wall5
6.2 Floodwalls considerations
6.3 Floodwall5 construction techniques
6.5 Floodwall5 technical design criteria
7.2 OOlures considerations
7.3 006ures low profile pennanent
7.4 OOlures material5 and construction
7.6 00611res technical design criteria
8.2 Sealants considerations

8.3 Sealing techniques
8.4 Sealing c101ures
8.5 Sealing design details
8.7 Sealing technical design
9.4 Utilities permanent protection
9.5 Utility relocations
9.8 Utilities tank anchorage
C.1 Hydrostatic loads
C.2 Hydrodynamic loads
C.3 Impact Loads

Compamons and analysis for applicable sections of FEMA 114 are as follows:

FEMA 114

3.5 Extended foundation wall5 2-3.1.2
Appendix G

Criteria are presented for the design and construction of buill-up
foundation walls in FEMA 114. The foundation wall5 and floolS are
required to withstand the added hydrostatic pressures and provision
needs to be made for hydrostatic relief by means of vents, 1 si per sf of
floor area. Connections from Ihe building 10 Ihe foundalion need to be
designed 10 carry the addilional loads.

ANSI A22S.l. Section 2-3.1.2 (Evalualion), states thaI ·Each site shaU be
evalualed by the authority ~ng jurisdiction 10 determine: . . . (c) if
such hazards as flood el'05ion.. . . exist which might impair the IIiC or
utility of the property.· ANSI Am.! Appendix G provides infonnation
on NFlP. The reader is referred to FEMA for additional infonnation.
No reference is made to specific FEMA documents.

Recommendation: None.

FEMA 114

3.12 Technical deIip criteria 
Extended wall fouDdations

Appendix 8
8 ..4.1

Section 3.12 of FEMA 114 refers to Appendix C therein for design
load5. The wind design data presented in Appendix C is not fully in
agreemenl wilh the wind design criteria in Appendix 8 of A22S.l since
Am.l applies to homes constructed per the HUD MHCSS. Standard
Am.l provides that the authority having jurisdiction sbollid be
consulted to determine whether recurrent wind velocities exceed 90 mph.
and that the manufactured homes should be designed for the recurrent
wind. Specific data is not provided either for wind or for flooding.

Recommendation: Funher research is recommended to determine if the Zone II (Hurricane) requiremencs in MHCSS are adequate
or if Ihe ASCE-7 maps should be incorporated. This research should be undenaken by HUD and Ihe manufactured housing industry.
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Recommendation: Funher research/study is rerommended to determine: a) if the wind design criteria in MHCSS is adC'juate for
areas of high wind velocity; and/or b) if stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undenalcen by HUD and the manufactured housing industry.

Recommendation: ANSI A22S.1 needs to be enhanced to reference the NFlP and FEMA as within the body of the standard in order
to provide guidance for home insullations in flood haurd areas.

•

••
•

•

•

.-

fEMA 114

3.13 Technical deQgn critem 
Anchonlge of superstructure
to foundation

FEMA 114

3.14 Technical design criteria 
Open foundations

FEMA 114

10.4 Aoating stNCtures

2-5

Section 3.13 of FE~1A 114 covers the imponance of the floor diaphragm
in maintaining the stability of the foundalion walls and cautions apinst
using connections that pull out if the underside of the floor is subjected
to upward hydrostallc forces. This topic is not within the scope of
A22S.1 since A225.1 docs not cover home design and construction.
H~r, Zone 11 (hurricane) homes when designed in accordance with
HUD MHCSS are connected to the steel frame - chassis 50 as to susuin
15 p5f uplift. (Caution. this is not sufficient for hydl'05tatic pressures in
excess of 3' water column.)

Section 3.14 of FEMA 114 describes systems of piers. columns. JXl't5,
and piles. each of which IS reqUired 10 resist -all facets of loading.
including water loads. wind loads. structural dead loads. and design live
loads.' FEMA's Coastal Construction Manual is referenced for details
of pile design. A22S.1 docs not provide any special foundation designs
for flood-prone installations.

Section 10.4 of FEMA 114 describes a system of floats and collars that
control the buoyant movement of the structure that can be used in areas
of low wind and/or water velocity. This method of flood damage
abatement is clearly not found in Standard A22S.1.

•
Recommendation: None, since FEMA 114, Section 10.4. docs not apply to manufactured homes.

FEMA 114

•

C.4 Wind loads App. B Appendix C.4 of FEMA 114 presents a general overview of wind design
criteria as found in the model building codes published by BOCA.
ICBO. and SBCCI. The wind velocity maps for SO yur recurrence and
100 yur recurrence are included. Coefficients and methods. h~r,
are not included. Hence. the designer will refer to the building code
required by the authority having jurisdiction. The Wind Zone Map in
Appendix B of A12S.1 is that used in the HUD MHCSS.

•

••
•

Recommendation: Purtbcr research is rerommended to determine if the Zone II (Hurricane) requirements in MHCSS are adequate
or if the ASCE-7 ma~ Ibould be incorponaled. This research should be undenalcen by HUD and the manufactured housing industry.
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Manufactured Home IOft_lI_tion in flood Hazard Areas fFEMA as]

The HUD Manufaet\lred Home Comtnu:tion and Safety Standards (MHCSS) are pcrfonnance requirements for the construction of
factory-built 5ingle family "-Iling units tbat are transponable in one or more sections. This standard requires thaI lhe manufacturer
of the home provide instructions for the site installation using at leut one. system of support and anchorage thaI can resisl the daign
dead. live. and wind loads. The MHCSS does nOI include pfOYisions for flood loads.

The requirement tbat the manufacturer provide one installation instruction system is the only installation implication of HUD MHCSS.
This standard doa not cover installation details. economia. and several other areas addreued in FEMA 85. and thus a direct
comparison of thole pfOYisions iI not applicable. Alter review. the FEMA 85 provisions for which the comparison was not made are
as follows:

pg. 31
Chapter V

1'1. 68
Appendix B
Appendix C

Evacuation
Economia
Jacking
Federal and State Contacts
Sources of flood Infonnation

Comparisons and analysis for applicable sections of FEMA 85 are as follows:

FEMA85

Manufactured home
cbaracteri£tia

13280.2 (a)(16) FEMA 85 states that manufactured homes can be daigned for removal
of the steel chassil. Subsequent to the publication of FEMA 85. the
Department of Housing and Urban Development has advised
manufactured home manufacturers and daign approval agencia tbat
the chassis shall not be remOYed.

Recommendation: Design methodoJo&y and construction details in FEMA 85 consider that the chassis remains attached to the home.
Therefore. only a revision to clarify tbat the chassis shall not be remOYed is appropnate.

fEMA 85

pg. 5 Conventional
manufactured home
installation techniques

13280.306 FEMA 85 describes typical installation techniqua and iI consi£tent with
the requirements of the MHCSS.

Recommendation: None.

FEMA 85

pg.8 Effects of nooding 13280.306 FEMA 85 describes the effects of riverine and coastal nooding on
manufactured homes. flood forces are not currently considered in the
MHCSS.

Recommendation: NoDe. Since tbe MHCSS require tbat manufacturers supply installation instructions with each home. the is5ues of
elevation and ancboriDI are outside the scope of the MHCSS.

FEMA85

1'1. 11 Regulatory requirements 13282.11 FEMA 85 describes the NAP insurance structure and state and local
regulations reprding Siting manufactured homes in flood hazard areas.
The MHCSS do not preempt the authority of stata to enact regulations
reprding installation of manufactured homes.

Recommendation: None.
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.-
FEMA &S

pg.15 Haurds from noods 13280.2
13280.306

FEMA &S defines "hydr'OlOtatic," ·hydrodynamic," and ·debris impact·
forces. The section further defines "depth," ~lociry," "rate-<>f-rise,"
"duration of nooding: "duration of nooding," ·frequency of nlXlding"
and ·debris load: The MHCSS does not require lhat the manufactured
home or manufactured home foundation resISt flood forces.
Consequently. MHCSS does not offer any similar definitions.

•
Recommendation: :"lone. The requirements of the !'o"FIP (and FEMA &S) are not appreciably strengthened by the possible
introduction of the aforementioned ·nlXld· definitions into the MHCSS. The current approach of designing the foundallon for nood
forces and removing the manufactured home stf\lClure from ·harm's way" appear appropriate. H~r, the foundation design and
stf\lClure provided by the manufacturer may perform adequately under no or very low velociry and limited rate-oC-rise conditions.
Therefore. FEMA &S could give coD5ideratioD to clearly defining appropriate parameters and definitions.

FEMA &S

• pg.17 Wind haurds 13280.306
13280.305 (c)

FEMA &S and the MHCSS are incompatible. The i.s.sue of increased
wind pressure at higher elevations is addressed on pg. 46 of FEMA &S.

•
Recommendation: None.

FEMA&S

Recommendation: None.

Recommendation: Prescriptive guidelines in FEMA &S are generally not incompatible because the rypical foundation design provided
by the manufacturer does not address nlXld forces. H~r. designs provided by the manufacturer may be acceptable for no or very
low velociry nlXld forta but may not satisfy FEMA &S requirements. Therefore. FEMA &S should be clarified to describe under what
nood conditions the _ufaeturer's design is acceptable and under whal conditions the prescnptive requirements of FEMA &S should
prevail.

e_
•

•

•

•

pg. 19

FEMA&S

Pi- 21

Elevation on fill

Elevated foundations
(piers. posts. horizontal
beams)

13280.306

13280.306

FEMA &S describes the application of fill. including suggested slopes.
minimum distances. etc. to elevate the manufactured home above nlXld
level. The MHCSS does not include any requirements for the
foundation design. However. requirements of FEMA &S are generally
consistent with typical specifications provided by the manufacturer in the
manufactured home installalion manual.

FEMA &S provides general and in some instances prescriptive guidelines
for the construction of built-up and cast-in-place piers. piles, and
bracing. Although not neces.sarily incompatible with the MHCSS, the
MHCSS provides performance criteria for foundations generally without
the prescription of coD5tf\lClion materials and techniques. Therefore, it
is possible for a manufacturer to provide a foundation design that
satisfies the MHCSS but may not satisfy FEMA &S.

-
•
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FEMAas

Anch°rinl 13280.306 fCMA 11.5 and the MHCSS are not incompatible. The MHCSS sets
fonh minimum pcrfonnancc requirements for anchor ruistance and
prescriptive requirements for the strapping material. FEMA as
describes the typical application of these requirements. H~r.
neither document currently provides a standard to detennine the
capacity of tbe anchoring devices. Commonly. the capacity of the anchor
is detennined in unsaturated soil. It is anticipated that the witbdrawal
capacity of the anchor will be reduced under flood conditions.

Recommendation: Funber researdl/study is recommended to detennine the capacity of anchors and to consider the withdrawaJ
capacity or the anchor under saturated soil conditions. This study should be undenaken in a collaborative eITon by HUe. FEMA. and
the manufactured bOl.l5ing industty.

FEMA&S

De5ip of elevated
foundations

Recommendation: None.

FEMAas

HydRXlatic forces

Recommendation: None.

FEMAas

1328O.30S
13280.306

1328O.30S
13280.306

FEMA as reiterates the design parameters of the MHCSS.
The sections are currently compatible.

FEMA as describes tbe application of hydl'05tatic. hydrodynamic. and
impact forces on a manufactured home. The MHCSS does not address
the application of bydl'05tatic forces on the floor diaphrapn. H~r.
in Zone I and Zone II homa when designed in accordance witb
1328O.30S (c). floors are connected 10 tbe chassis 10 resist a nel uplifl
folft applied 10 Ihe roof of 9 p'f and 15 p'f respectively. This desIgn
approach does nOI generally consider Ihe altachment of Ihe floor
shealhing to floor joists to resisl hydl'05lalic loads applied 10 Ihe
underside of the home. H~r. Ihis connection hu some limiled
resistance 10 these forces as well. The documents are not incompatible
in thaI FEMA as states that Ihe only practical design approach is to
elevate the unit above flood waters.

1'1. 34 Lateral forces 1328O.30S
13280.306

See above comments for hydl'05lalic forces.

Recommendation: NoDe.

FEMAas

Buoyancy

Recommendation: None.

1328O.30S
13280.306

See above comments for hydl'05talic forces.
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Recommendation: None.

•

••
•

FEMA85

pg.36

FEMA 85

pg. 39

Hydrodynamic forces

Impact forces

13280.305
13280.306

13280.305
13280.306

See above comments for hydrostAtic forces.

See above comments for hydrostatic forces.

Recommendation: None.

fEMA 85

• pg. 39 Scour 13280.305
13280.306

The MHCSS and FEMA 85 are Dot incompatible. HOWl:Yl:r. FEMA 85
sets requirements for consider2tion to scour in the foundation design.
The MHCSS do not contain requirements for flood forces.

Recommendation: See above recommendation for elevated foundations (FEMA &5. pg. 21).

Recommendation: None.

•

••
•

FEMA 85

pg. 41

FEMA 85

pg.45

Design loads

Evaluation of elevated
foundations

§328O.305
13280.306

13280.305
13280.306

FEMA 85 wind. roof. and floor live and dead loads are consistent with
the requirements of the MHCSS. However. FEMA 85 also restAtcs
design consider2tions for flood forces. (See also analysis for hydrostAtic
forces.)

FEMA 85 describes maximum water velocity as a function of the angle
of the support str2p and height of flood water above the floor and
concludes that elevation is the ·optimum str2tegy." Such analysis is
based on typical construction techniques used in manufactured housing.
The MHCSS does not require the manufacturer to design the home or
foundation for flood forces. (See also analysis for anchoring, FEMA 85.
pg. 28.)

•
Recommendation: See above recommendation for anchoring (FEMA 85. pg. 28).

fEMA 85

pg. 45 Design fom:s and loads 13280.305
13280.306

FEMA 85 restates the design loads of the MHCSS for determination of
the vertical member loads. The sections are currently compatible.

•

••
•

Recommendation: None.



FEMA85

VenicaJ avppon members
(piers)

f3Z80.J05
f3Z80.306

(a) FEMA 85 provides general and in some instances prescriptive
lIIidelines for the constnlCtion of foundation components. A1thougb
fEMA 85 is not necessarily incompatible with the MHCSS. the MHCSS
provide performance criteria for the design of foundations genertily
without the prescription of construction materiab and tcchniques.
Therefore, it is possible for a manufacturer to provide a foundation
design that 5atisfies the MHCSS but may not 5atisfy fEMA 85.

(b) Additionally. Figure 4.32 in FEMA 85. "Typical Ground Anchor
Detail," shows incorrect orientation of the ground anchor.

(c) fEMA 85 states. "... all pier designs must ha~ the bottom of the
fOC)(ing at least 30 inches below grade or to the Cr'Olaline. (emphasis
added) whichever is greater." The MHCSS does not require placement
of the footing below grade. Howner, it is the manufacturer's general
practice to require thatfootinp be placed below the froaline.

-

Recommendation: <I) Prescriptive lUidc1ines in FEMA 85 are generally not incompatible bcc:ausc the typical foundation design
provided by the manufacturer does not address flood forces. Howe~r. designs provided by the manufacturer may be acceptable for no
or ~ry low veloc:iry flood forces but may not satisfy FEMA 85 requirements. Therefore, fEMA 85 should be clarified to describe
under what flood conditions (if any) the manufacturer's design is acceptable and under what conditions the prescriptive requirements
of FEMA 85 should prevail.

(b) Provide a revised FilUre 4.32 in FEMA 85 with correct orientation of the ground anchor. (Sec also above recommendation for
anchoring. FEMA 85, PI- 28.)

(c) None.

FEMA85

PI. 53 Venical suppon members
(po5ts and piles)

13280.30S
13280.306

fEMA 85 restates the design loads of the MHCSS for determination of
the ~nical member loads.
The sections are currently compatible. (Sec analysis for ~nical suppon
members. FEMA 85. PI- 48.)

RecommendatiOll: Sec above recommendation for ~nical suppon members (FEMA 85. PI. 48).

FEMA85

Horizontal Suppon
beams

13280.30S
13280.306

fEMA 85 restates the design loads of the MHCSS for determination of
tJlc venical member loads.
The sections are currently compatible. (Sec analysis for venical suppon
members. FEMA 85. PI. 48.)

RecommendatiOll: Sec above rcc:ommendation for venical suppon members (FEMA 85. PI. 48).

FEMA 85

PI. 60 Crou braciq 1328O.30S
13280.306

fEMA 85 restates the design loads of the MHCSS for determination of
the venical member loads.
The sections are currently compatible. (Sec analysis for ~nical suppon
members. fEMA 85. pg. 48.)

Recommendation: Sec above recommendation for ~niCiI support members (FEMA 85. pg. 48).
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••
FEMA85

pg.62 End bJ'llCiD& 13280.30S
13280.306

FEMA 85 restates the design loads of the MHCSS for dctennination of
the venial member loads.
The 5CCtions are currently compatible. (See analysis for venicaJ suppan
members. F'E.\fA 85. pg. 48.)

Recommendation: See above recommendation for venial suppan members (FEMA 85. pg. 48).

•
FEMA 85

pg. 63 Horizontal beam
connections

1328O.30.S
13280.306

FEMA 85 restates the design loads of the MHCSS for detennination of
the venial member loads.
The sections are currently compatible. (See analysis for venial suppan
members. FEMA 85. pg. 48.)

•
Recommendation: See above recommendation for venial suppon members (FEMA 85. pg. 48).

FEMA 85

•

pg.64 Chassis l-beam
connections

1328O.30.S
13280.306

FEMA 85 restates the design loads of the MHCSS for detennination of
the venlcal member loads.
The sections are currently compatible. (See analysis for venial suppon
members. FEMA 85. pg. 48.)

Recommendation: See above recommendation for venial suppon members (FEMA 85. pg. 48).

••
FEMA 85

pg.66 Cl'OUi bracing connections 1328O.30S
13280.306

FEMA 85 restates the design loads of the MHCSS for detennination of
the venical member loads.
The sections are currently compatible. (See analysis for venial suppon
members. FEMA 85, pg. 48.)

•
Recommendation: See above recommendation for venial suppon members (FEMA 85. pg. 48).

FEMA 85

Recommendation: See aboY\: recommendation for venial suppan members (FEMA 85. pg. 48).•

•

pg. 67

FEMA 85

pg. 67

End bracing connections

LongitudinaJ suppon
beams connections

13280.30S
13280.306

1328O.30S
13280.306

FEMA 85 restates the design loads of the MHCSS for detennination of
the venial member loads.
The sections are currently compatible. (See analysis for venical suppan
members. FEMA 85. pg. 48.)

FEMA 85 restates the design loads of the MHCSS for detennination of
the venial member loads.
The sections are currently compatible. (See analysis for venial suppon
members. FEMA 85. pg. 48.)

••
•

Recommendation: See above recommendation for venial suppan members (FEMA 85. pg. 48).



EEMA 8S

Utility service 13282.11
13282.1
Subpart H
Subpart I

FEMA 85 ~uires that utilities be placed in W1Iterproofed risen
adjacent to down stream foundation memben. The MHCSS do not
COlItain ~uiremenlS for protection of utilities where they connect to
tbe structure.

-

Recommendation: None. The MHCSS do not preempt utility service p~tective measures.

FEMA8S

Pi- 69 Mechanical systems 13282.11
13282.1

FEMA 8S requires that external equipment be elevated above
anticipated flooding. The MHCSS do not contain requirements for
elevating exterior mec:hanical systems above the base flood elevation.

Recommendation: None. The MHCSS do not preempt external mechanical equipment elevation.

FEMA 8S

pg.70 Ac:cess and egress 13280.105
13280.106

The MHCSS requires thaI eac:h home be provided with two exterior exit
doon located remOle from eac:h other and eac:h sleeping room be
provided with an egress window. FEMA 8S requires that "a c:lear acress
and egress path to the manufactured home be provided. . ... FEMA 8S
and the MHCSS are nOI incompatible. Howev1:r, elevation of a
structure by its very nature will reduce the ease with whic:h egress may
be provided from the struc:ture.

Recommendation: None.

fEMA8S

Appendix D

Calculation procedures for
elevated foundation design

13280.306 MHCSS requires that the design wind loads be inc:reascd by a safety
factory of 1.5 when used in calC\llating resistance to lM:rtuming and
laterti mlM:ment. Additionally. the MHCSS does not pennit the
allowable stn:ua of materials ~uircd to resist such loads to be
inc:reascd.

Otherwise. MHCSS pennits any calC\llation methods to be used in
structural analysis, provtded it is in accordance with accepted
enlineenng practice. Therefore. except as described above. the design
methodologies presented in FEMA 8S Appendix D to detennine various
loads are compatible with MHCSS requirements.

Recommendation: AlthOUgh installations of manufactured homes are not preempted by MHCSS. FEMA 8S should be~ to
inc:lude the 1.5 safety factor in its design IDCtbodololics. It should also prohibit any inc:rcascs to the basic: allowable stn:ua of
materials required to resist lM:numing and lateral mlM:ment due to wind loads. Certain tables in FEMA 8S O\apter IV that are
based on these dcsip IDCttIocSoklIiCS may also need to be~.
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FEMA &5

Appendix E

Buoyancy and drag fo=

13280.306 FEMA &5 and ~HCSS are not incompatible since the ties designed to
resist buoyancy and drag fo= are in addition to any ties required for
wind anchorage. A5 previously stated. MHCSS docs not addrea "flood
forces." However. MHCSS docs require that wind anchoring equipmeot
be capable of resisting a minimum allowable working load of 3150
pounds. FEMA &5 tables and calculations are based on a working load
of 2200 pounds.

•
Recommendation: Tables in FEMA &5 for spacing of ground anchors should be based on ground anchors with a minimum allowable
worlcing load of 3150 pounds rather than 2200 pounds.

•

FEMA &5

Appendix F

Design worltsheet

§328O.306 MHCSS requires lhat the design wind loads be increased by a safety
factor of 1.5 when used in calculating resistance to overturning and
lateral movement. Additionally. MHCSS docs not permit the allowable
streacs of materials required to resist such loads to be increucd.

•

••
•

•

•

••
•

Recommendation: Although installation of manufactured homes are nOI preempted by MHCSS. FEMA &5 should be revised to
inClude the 1.5 safety factor in its design methodologies. It should also prohibit any increases to the basic allowable stresses of
materials required to resist overturning and lateral movement due to wind loads. Certain tables in FEMA &5 CMpter IV that are
based on these design methodologies may also have to be revised.



Manufactured Home _"atjon in Aood Hazard Areas [fEMA &51

The HUD Permanent foundations Guide prcMdes design methods and data for site installation of factory-built sinlle family ~llinl

units that are trllnsporuble in one or more sections. These are considered manufactured homes built in accordance with the HUD
MCHSS.

-

fEMA&5

n 3 Manufactured home
chat1lCteristics

HyD 4930.3

100-1. and 100
2

FEMA &5 and HUD 4930.3 describe the same general features.

Recommendation: None.

FEMA&5 HUD 4930.3

n 5 ConYcntional
ttWlufae:tured home
installation techniques

fipre 1.13 FEMA &5 explains that the installation instNctions supplied with the
home normally do not provide for resistance to 100dini caUKd by
floodinl- HUD Handbook 4930.3 is for permanent foundations. aDd
flooding 100ds are not provided for. figure 1.13. Type 2 Tte Down in
FEMA as depicts an unstable wind resistance system.

Recommendation: This section of FEMA as should be clarified to point to specific flood 100d remedies elsewtlere in the document
filUre 1.13 should carry a notice that the method depicted is not stable and is not recommended for any loading - flood or not.

fEMAas

n 8 Effects of flooding

HUD 4930.3

201-2 HUD 4930.1 does not provide design 100ds or procedures for homes in
flood-prone sites. References are made to fEMA &5. NAP, and HUD
Handboola 4135.2 and 4145.1.

Recommendation: None.

fEMA as HUD 4930.3

pg. 11 Regulatory
requirements

Recommendation: NoDe.

FEMA as explains how the NfIP works together with state and local
jurisdictions. HlJD 4930.3 apparently is intended to be used to assist
HUD field offices in making detemllnations of whether or not homes
~ been installed on permanent foundallons. and therefore contains
no regulatory requirements.

FEMAas

pp. 15-18 Aood aDd wiDd hazards

Recommendation: None.

HtJD 4930.3

201-2 HUD 4930.3 does not provide loads or design methods to abate
damages from floods; rather. it refers to FEMA as for that purpoK.
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Recommendation: Revise the statement on page 18 of ffMA 85 in accordance with the analysis above.

•

••
•

•

ffMA85

pg.17

ffMA 85

pg.19

Wind hazards

E1cwtion on fill

HUD 4930.3

402-3.C

HUD 4930.3

303-2

HUD 4930.3 does not provide for the resistance of severe hurriCAne
wind loads. It refers to the Institute for Disaster Research publiCAtion,
Mobile Homes in Windstorms. ffMA 85 refe~ to the MHCSS wind
force requirementS. The statement on Page 18 of ffMA 85, "wind and
flood forces can be additive, thereby taxing the structure, its foundation
system, and any anchoring mechanisms," docs not appear to be a true
5tatement. It 5Cems that it would be reasonable to design each
component individually for wind and for flood, using whichever load
produces the more critical design for the component.

ffMA 85 limitS the flood velocity in accordance with the fill materials
and fill cover 5CleCled. HLJD 4930.3 requires that fill be engineered to
90% in accordance with AsrM DISS7, Modified Proctor Test. There is
no incompatibility.

•
Recommendation: None.

ffMA85 HUD 4930.3

Recommendation: None.

Recommendation: fEMA 85 should disallow ground anchors in flood-prone installations.

••
•

•

pg. 21

ffMA 85

pg.28

ffMA85

pg.31

E1cwted foundations

Anchoring

Evacuation techniques

402

HUD 4930.3

A~ Note N-1

HUD 4930.3

602

While the design melhods and design loads provided in HUD 4930.3
would be applicable to elevated foundations, the handbook docs not
provide the hydrostatic. hydrodynamic and impact loads. HUD 4930.3
references ffMA 85.

FEMA 85 docs not discourage the usc of auger type ground anchors.
HUD 4930.3 requires anchorage into concrete.

ffMA 85 propo5Cs that evacuation using quick disconnect from
foundations is a practicable strategy. HUD 4930.3 requires permanent
foundations and attachment thereto. The two approaches are not
reconcilable into one standard.

Recommendation: PENA 85 Ibould be changed to prohibit such quick disconnects, unless funher study suggests that manufactured
housing be facto~ for floating.

• ffMA 85

pg. 33 Design of elcwted
foundations

HUD 4930.3

402-2, 402-3 FEMA 85 relies on the HUD MHCSS for roof live loads and wind
loads. HUD 4930.3 recommends snow and wind loads from ANSI
ASS.I-I982.

••
•

Recommendation: While the manufactured homes built to the HUD MHCSS have generally less conservative design values for wind
and snow loads than recommended in ANSI ASS.I. ffMA 85 should consider requiring thai the foundation designs be made using the
snow and wind loads of ANSI ASS.! as in the HUD 4930.3, even though thIS introduces an inconsistency with foundations designed for
one 5Ct of loads and the foundation designed Cor another.

B-31



fEMA8S

pp. 3440 Aood forces and their
applicatioa

Recommendation: None.

FEMA 8S

pp.4142 De5illl loads

HUD 4930.3

201-2

HUD 4930.3

402.2, 402.3

HUD 4930.3 does not provide desilll data or methods for homes in
flood sitcs. It refers to FEMA Flood Maps. HUD Handboolu 4135.1.
4145.1 and the requirements of the NAP.

FEMA 8S provides desilll charu for dead load. 1M: load. snow load. and
wind load calculations. The charu use snow and wind loads from the
HUD MHCSS. [Homes manufactured since 1976 under the HUD
Standards are themselVC$ cenified to those loads.] HUD 4930.3 uses
ANSI AS8.1-1982 for snow and wind loads.

-

Recommendation: Revise FEMA 8S and HUD MHCSS to incorporate ANSI AS8.1 snow and wind loads.

FEMA 8S HUD 4930.3

pg. 45 De5illl forces and loads
• Evaluation of elevated
foundations

FEMA 8S provides a chan to define limits of effcctivl:ncss for ground
anchors as a function of water velocity and depth of nood. The
accompanying narrative also refers to Appendix E for a discl.lf.5ion of
buoyancy. drag and effectM:ncss of ground anchors in noods. The
discl.lf.5ion of buoyancy appears to have overlooked the limits of the
connection of the home to the frame. The homes are desillled either
for 9 p'f uplift or 15 p'f uplift. This is not sufficient for hydl'05tatic
pressures of more than 7" and 12" ultimate respcctM:ly.

Recommendation: The table on PI- 45 of FEMA 8S should either be dropped. or tests should be undenaken to substantiate that
ground anchors can perfonn effectivl:ly in saturated soils. Appendix E of FEMA 8S needs to be revised to make pl'OYision for the
limits of noor-le>-frame connections that have been desillled according to the wind uplift pl'OYisions of the HUD MHCSS. Also it
appears that some perfonnance criteria is needed to enable the ground anchor desilllers. vendors and users to know bow to detennine
whether or not ground anchors can be relied upon.

FEMA8S

pp. 47-48 Venical suppon
members

HUD 4930.3

4022, 402.3 FEMA 8S provides desilll charts for dead load. 1M: load. snow load. and
wind load calculations. The charu use snow and wind loads from the
HUD MHCSS. [Homes manufactured since 1976 under the HUD
Standards are themselves cenified to those loads.I HUD 4930.3 uses
ANSI AS8.1-1982 for snow and wind loads.

RecommeDdation: Revise FEMA 8S and HUD MHCSS to incorporate ANSI ASS.l snow and wind loads.

FEMA 8S

pg.48 Piers

Hyo 4930.3

App.A FEMA 8S prescribes designs for piers. and cautions that. due to the
likelihood of scouring. pier S)'5tems should not be used in areas where
nooding velocity is anticipated. Appendix A of HUD 4930.3
recommends Foundation Type C2 [reinforced masonry or concrete piers)
for high wind and indicates that engineering desilll is not required.
While the Aood-Prone Sites exclusions provided in Section 201-2 might
be sufficient for some desilllers. it seems prudent that it be repeated ill
the Appendices.

Recommendation: The desilll appendices in HUD 4930.3 should repeat the references to the FEMA documents and caution that the
designs presented have not taken nood conditions into account.

Suggested Change (or addition): Add a sentence to Paragraph B. Page A-I: Note that none of the chaned designs takes nood loads
into account. Refer to FEMA 8S for design loads and procedures.
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•

•

FEMA&S

pp. Sl-58 P05t5 and PiIe$

Recommendation: None.

FEMA &S

Appendix E

Buoyancy and drag fo=

Ht.:D 4930.3

App.A

HUD 4930.3

FEMA &S includes provisions for pile foundations with sample load and
appliClllion chans. HL'D 4930.3 lists twelve founa,llion aesigns in the
Foun<1ation Selection Chan in Appendix A. Piles are not included.
HUD Handbook 4930.3 is not for 000<1 resistant installations.

Appendix E in FEMA 8S di5cusses buoyancy. drag and effectiveness of
ground anchors in Ooods. The discllSSion of buoyancy appears to~
OYerlooked the limits of the connection of the home to the frame. The
homes are designed either for 9 psf uplift or 15 psf uplift. This is not
sufficient for hydrostatic pressures of more than 7" and 12" ultimate
respectively. The issue of whether or not ground anchors are effective
neelh to be addressed convincingly.

•

••
•

•

•

••
•

Recommendation: Appendix E of FEMA &S needs to be reviKd to make provision for the limits of noor·t~frameconnections that
have been designed according to the wind uplift provisiOns of the HUD MHCSS. Resolve whether or not ground anchors are
permitted.

&33



151B9 CABO AppcadU C (CABO App. q

Manufactured Home Instaliltion in Aood Haurd Areas fFEMA 85)

Appendix C of tbe 1989 CABO One and Two Family Dwelling Code add~ those aspects of manufactured homes not preempted
by the HUD Manufactured Home CoR5tnlction and Safety Standards (MHCSS). This includes the constOlction of foundation and
anchorage systems for the Installation of the dwelling unit on a privately-owned (nonrental) lot.

The CABO Code cenerally covers time-tested construction methods. It does not cover seldom-used systems or performance type

systems. The construction methods in CABO also do not take into consideration any special loads such as thOK impoKd by floods. It
is sUgge5ted that CABO Appendix C reference FEMA 85 in order to cover such speCial loads as flooding. A direct comparison of
cenain sectioR5 was not made because they were beyond the scope of Appendix C of the CABO One and Two Family Dwelling Code.
After review. FEMA 8S sectioR5 for wtIicb comparisoR5 were not made are as follows:

Chapter J
Chapter n
Chapter III
Chapter III
Chapter III
Chapter IV
Chapter IV
Chapter IV
Chapter V

~rview

Hazards from Floods
Elevation on Fill
Elevated FoundatioR5 exc. "Piers"
Evacuation
A. Aood Forces and Applications exc. "Design Loads·
C. Bracing Suppan and Connections
D. Additional Design Considerations
Economics

ComparisoR5 and analysis for applicable sections of FEMA 85 are as follows:

FEMA85

Pg. 22 Piers

CABOApp C

C-602 FEMA 85 limits the spacing of supponing members to ten feet on
center wtIereas CABO Appendix C permits the spacing to be as
specified in the manufacturer's iR5tallltion instf\lctions.

Recommendation: None.

FEMA 85 CABO App. C

Pg. 22 Piers C~3 FEMA 85 generally limits the height of built-up piers to ten feet or to
ten times their least dimeR5ion. CABO Appendix C does not set a limit
on the height of piers. However. piers constOlcted in accordance with
CABO C-602 are not considered to resISt any lateral loads.

Note: CABO R-404.4 does set a height limit of ten times the least
dimension for unsupponed masonry piers.

Recommendation: Noac.

FEMA85 CABOApp. C

Pg. 22 Piers C-S02.3 FEMA 85 specifies that built-up piers should be at least 12 in. by 12 in.
and be reinforced with four No.5 steel bars. In CABO. the CJ'OiS

section of a built-up pier may vary from 128 sq. in. to 16 in. by 16 in..
depending on the height. Piers designed in accordance with CABO are
required to be reinforced with four No.5 steel bars only if they are over
80 inches in height.

Recommendation: Rather than providing only one option, FEMA 85 should have the section on piers expanded to include a variety of
pier constructions as in CABO. Depending on the height requirements needed to elevate the home above the flood level, the installer
would then be provided with different pier options.



•

.- Pg. 22 Piers

CABO ADD' C

C-602 a) FEMA 85 requires the bottom of the pier footing to extend a
minimum of 30 in. below gnade. CABO only requir'e$ the footinp to
extend a minimum of 12 in. below finished gnade. Both require the
footing to extend below the frost line.

•

b) FEMA 85 requires built-up piers to be laid with type M or S monaro
In addition'to types M or S. CABO permits Type: N mortar. No
incompatibilities.

Recommendations: Since the 30 inch requirement would be excessive for piers located in areas where scouring is not a problem. two
separate requirements in FEMA 85 and CABO for minimum pier depths should be made depending on the flow conditions likely to be
encountered.

Suggested Code Change (or addition): In §C-6>2, add to the last 5entence ... wind. flood pressure. scouring. or eanhquake forces.

Recommendation: None.

•

•

.-

FEMA85

Pg.28

FEMA 85

Pg. 41
Pg.4S

Anchoring

Design Loads
Design Fort:es and
Loads

CABO ADP. C

C~

CABO ADD C

R-201.2

Unlike FEMA 85. CABO does not prescribc an installation method for
ground anchors other than to require that they be installed in
accordance with the terms of their listing and the anchor manufacturer's
instructions. Listing and labeling of ground anchors pre5ently is a
problem because there is no 5l1ndard for their evaluation. It is
desirable that local building officials have available 50me readily
recognizable method to determine compliance.

Design loads specified in FEMA 85 are the same as those in HUD
MHCSS whereas the design criteria for CABO is established by the
juNdiClion. A5 a guideline. the tables in FEMA 85 appear to be
adequate. Where record5 or experience indicate 5ignificant differenCC$.
HUD may establish more 5tringent requirement5.

•
Recommendation: None.

FEMA 85 CABO ADD' C

•
Pg. 48 Venical Suppan

Members - "Piers"
C..ao3 FEMA 85 pier designs A. B. and C do not meet the minimum Cl'05S

5CClional area - 128 square inches - specified by CABO. Design A is
for reinforced concrete and B is for 8" x 12" concrete block. Neither of
thC5e piers is Included In CABO. These differences can be
accommodated.

Recommendation: NoDe.

•
FEMA 85

Pg. S3 Posts and Piles

CABO App. C

CABO generally covers time-tested construction meth0d5. It docs not
cover 5eldom-used systems such as posts or pile construction meth0d5.
The requirements are compatible as long as it is understood that CABO
Appendix C is nOI applicable to flood loads.

•-
•

Recommendation: Change CABO Appendix C to clarify that it does nOI consider flood loads.

Suggested Code Change [or addition): In §C-602. add to the last sentence ... Wind. flood pressure. scouring. or eanhquake fOrte5.
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Manufactured HOlDe IDIt!lIatjon in Flood Hazard Areas rFEMA 851

The MHI Manufactured Home IftiWlatiOll Manual is intended to aaist manufacturers who are required to design at least one
acceptable foundation and anchorage metbod in accordance with tbe requirements of the Manufactured Housing ConstNCtion and
Safety Propam (MHCSS). The MHCSS does not include provisiom for flood loads.

Section 4.4.1 of the Manufactured Home Installation Manual requires that a homeowner with a home intended to be ,ited in a flood
hazard area COftiult with a reptered profeaioDll or a 'tNCtural enJineer to make sure that the foundation desip and constNCtion
confonn to applicable federal. state. and local codes and regula lions. fEMA 85 is referenced as I 50urce for constNCtion
recommendatiolU. If il is assumed that ~ry home located in a flood hazard area is 10 follow the recommendations made in fEMA
85. the documents are compatible by the reference alone and no funher comparison is warranted.

However, a comparison is provided below in consideration thaI FEMA 85 may be solely inlended to supplemenl the requirements of
the MHI design manual or lhe consulting enJineer's design. The following ICCtions in FEMA 85 were found to be nOl applicable to
the Manufactured Home Installalion Manual:

PI- 31
QapcerV

PI- S3
Pl-S8
Pl-60
PI. 62
Pl-62
PI. 63
PI. 66
p~ 67
Pl-68
Pl-70
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F

Evacuation
Economics
Venial ,uppon membeB (po5ts and piles)
Horizontal Suppon bealm
Croa bracing
End bracing
Conneniofti
Horizontal beam
Croa bracing
End bracing
Jacking
A=and elte"
Federal and State Contacts
Sourca of flood Information
Calculation procedures for elevated foundation design
Buoyancy and drag forca
Daipl worbbeet

Comparisofti and analysis for applicable 5eetiOfti of fEMA 85 are II foll0W5:

FEMA 85

Pl-3 Manufactured home
characteristics

MHI-MIM

4.3
4.5

FEMA 85 states lhat manufactured homes can be designed for remOYllI
of the sleel chaais. Subsequenl 10 the publication of fEMA 85. the
Depanmenl of Housing and Urtlan Developmenl has ruled that lhe
chassis 'hall nOl be removed. MHI draft manual appears to make no
provisions for remo\llli of lhe chassIS.

Recommendation: Desip methodolOlY and constNCtion details in FEMA 85 should consider thaI the chusis remains attached to the
home. Therefore. 0IIIy a reviIion to clarify tbll the chas.sis shall nOl be removed is appropnate.

FEMA 85

Pl-S Conventional
manufactured home
installation techniques

MHI-MIM

S.4 FEMA 85 describes rypic:al installation techniques and is consistenl with
the requirements of lhe MHI-MIM. 11 should be noted however. that
FEMA 85 pg. 6. Figure 1.13. Type 2 will not provide resistance to

. ovenumlng loads by the strapping method shown.

Recommendation: Clarify pg. 6, Figure 1.13. Type 2 in FEMA as to state thaI addilional faslening to prevenl avenuming loads is
required.
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.-
fEMA8S

pg. 8 Effects of flooding

Recommendation: None.

FE~8S

MHI-MJM

4.5.4
4.4.1

MHI-MJ\f

FEMA 8S describes the effects of ~rine and coastal flooding on
manufactured homes. flood forces are not currently considered in
MHJ-MJM because siting in flood prone areas i5 not recommended.

•
pg.11 Regulatory

requirements
1.2 FEMA 8S describes the NFIP insurance structure and state and local

regulations regarding siting manufactured homes in flood hazard area5.
MHI-MIM requires coordination with the authority having jurisdiction.

Recommendation: None.

Recommendation: The requirements of the NFIP (and FEMA 8S) are not appreciably strengthened by the possible introduction of
the aforementioned ·flood· definitions into MHJ-MIM.

•

•

.-
•

FEMA 8S

pg.IS

FEMA 8S

pg.17

Hazards from floods

Wind hazards

MHI-MIM

4.4.1

MHI-MJM

4.4.2
5.4
5.4.1
5.4.2

FEMA 8S defines "hydrostatic; "hydrodynamic; and "debris impact"
forces. The section funher defines "depth." "velocity; "rate-of-nse."
"duration of flooding." "duration of flooding." ·frequency of flooding"
and "debris load." MHI-MJM does not require thaI the manufactured
home or manufactured home foundation resist flood forces.
Consequently, MHI-MJM does not offer any similar definitions. MIM
does not recommend siting in flood prone areas.

FEMA 8S and MHI-MJM are not incompalible; FEMA 8S reiterates the
same lateral and uplift deSign wind pressures as the MHCSS. The
requirements of MHI-MIM are based on the design wind loads in the
MHCSS.

Please note, however. that Section 5.4 in MHI-MIM states that, •... the
installer should secure the home against the wind unless the local
jurisdiction pennits otherwise." (emphasi5 added)

It appears that FEMA 8S requires the anchoring of homes against wind
load5 under all circumstances.

•
Recommendation: It is not intended that a participant in the NFIP (i.e .. local jurisdiction) would not require that a home not be
anchored against wind loads. However. the compatibility of the documents would be enhanced by a revision to MHI Section 5.4 to
state that anchorage of the unit against wind forces i5 always required.

Suggested Change (or addition): OIange Paragraph 5.4 ADc:IIoriD& lDmuctioaL After blocking and leveling, the installer should secure
the home to resist the wind forces required in this manual or higher wind forces if required by the authority having jurisdiction.

Recommendation: None.

•

•-
•

FEMA 8S

Pi- 19 Elevation on fill

MHI-MIM

3.2
3.3
3.4

FEMA 8S describes the application of fill including suggested slopes,
minimum di5tances, etc. to elevate the manufactured home above flood
level. MHI-MIM does not include similar requirements for the
foundation design to be provided by the manufacturer. However,
requirements of FEMA 8S are generally consistent with typical
specifications provided by the manufacturer in the manufactured home
Installation manual.
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fEMA8S

PI- 21 EJeyaced fOUDdalions

(pien, pea&, horizontal
beams)

MHI-MIM

4.1

4.2
FE.'tA Il5 provi<1~ general an<1 in some instanCCl plUCliptM pi4elincs
for the constl'\lction of built-up and C&5t-in-place pien, piles. and
bracini- MHI-MIM provides several pier constl'\lction meth0d5 that are
primarily designed to withstand vertical loads. MHI-MIM only requires
concrete and reinforcement to be IISCd when the pier height exccccl$ 80
inches. Ad~itionally. FEMA 8S requires the footing to be a minimum of
30 inches below the frost line. MHI-MIM permits the footing to be
located directly on the soil if acceptable to the authority having
jurisdiction.

Recommendation: None.

fEMA8S MHI-MIM

p&.28 Anchoring 5.4 fEMA 8S and MHI-MIM are compatible. FEMA 8S describes the
typical application of ground anchor requirements. However. neither
document currently providC5 a standard to determine the capacity of the
anchoring devices. Commonly, the capacity of the anchor is determined
in unsaturated soil. It is anticipated that the withdrawal capacity of the
anchor will be reduced under flood conditions.

Recommendation: Further research/study is recommended to determine the capacity of ancho~ and to consider the withdrawal
capacity of the anchor under Slturated soil conditions. This study should be un<1ertaken in a collaborative effort by HliD. FEMA. and
the manufactured hOllSing indllStry.

fEMA8S

pg.33 Desicn of elevated
foundations

MHI-MJM

4.1.3 FEMA 8S reiterat~ the design paramete~ of the HUD MHCSS. The
tablC5 provided in MHI-MIM are based on roof and wind loads specified
in the MHCSS. The sections are currently compatible.

Recommendation: None.

fEMA8S MHI-MIM

pg.34 Hydl'05tatic forces 4.4.1
5.4.3

FEMA 8S describes the application of hydrostatic. hydrodynamic. and
impact forces on a manufactured home. MHI-MIM recommends that
homC5 to be located in flood-prone areas be designed in accordance with
fEMA 85. Manufactured homes designed for Wind Zones I or U are
connected to the chassis to resist a net uplift force applied to the roof of
9 psf and 15 psf respectMly. This design approach does not generally
consider the attachment of the floor sheathing to floor joists to resist
hydl'05tatic loads applied to the unde~ide of the home. However. this
connection bas some limited resistance to these forces as well. The
documents are not incompatible in that fEMA 85 SlItC5 that the only
practical design approach is to elevate the unit above flood _te~.

Recommendation: Noae. The current approach to elevate units above flood waters appears to be appropriate.

fEMA85

n 34 Lateral forces

MHI-MIM

5.4.3 See above analysis for "hydrostatic forces."

Recommendation: None.
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••
FEMA as

pg.3S Buoyucy

MHI-MIM

5.4.3 See above analysis for "hydrostatic forces."

Recommendation: Nooe.

fEMAas

• pg.36 Hydrodynamic forces 4.4.1
5.4.3

See above analysis for "hydrostatic forces."

Recommendation: None.

•
FEMAas

pg. 39 Impact forces 4.4.1
5.4.3

See above analysis for "hydr'05tatic forces."

Recommendation: None.

Recommendation: See recommendation for "elevated foundations."

Recommendation: None.

•

••
•

•

FEMA as

pg. 39

FEMAas

pg.4!

FEMA as

pg. 45

Scour

Design loads

Evaluation of elevated
foundations

4.4.1
5.4.3

MHI-MIM

4.1.3

MHI-MIM

4.4.1
5.4.3.3

MHI-MIM and FEMA as are not incompatible. However. FEMA as
sets requirements for consideration to scour In the foundation design.
MHI-MIM does not contain requirements for flood forces.

FEMA as and MHI-MIM wind and roof loads are consistent with the
requirements of the HUD MHCSS. However. FEMA as also restates
design considerations for flood forces. (See also analym for
"hydr'05tatic forces.")

FEMA as describes maximum water velocity as a function of the angle
of thc $Uppon strap and hcight of flood watcr above thc floor and
concludes that elevation is the "optimum stratcgy." Such analysis is
based on typical construction tcchniques used in manufactured housing.
MHI-MIM recommends that when thc home is to be located in flood
prone areas thc anchoring systcms be designed by an cnginccr. (See
also analysis for "anchoring.")

•
Recommendation: See recommendation for "anchoring."

Recommendation: None.••
•

FEMA as

pg.45 Design forces and loads

MHI-MIM

3.1.1 Both the MHI-MIM and FEMA as restate the design parameters of the
MHCSS for determination of the venial member loads. The sections
are therefore compatible.
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FEMA85

Pi. 48 Venical suppan
members (piers)

MHI-MIM

4.1

4.2.2
<a) FEMA 85 provides general and in some instances prescriptive
gyidelines for the constl1lction of built-up and wt-in-placc piers, piles,
and bracing. MHI-MIM provides several pier constl1lction meth0d5 that
are primarily designed to withstand venical loac:1s. MHI-MIM only
requires that concrete and reinforcement be used when the pier height
exceec:1s 80 inches. Additionally, FEMA 85 requires the footing to be a
minimum o( JO inches below the fra;t line. MHI-MIM permits the
footing to be located directly on the soil if acceptable to the authority
having jurisdiction.

(b) Additionally, Figure 4.32 in FEMA 85. '"Typical Ground Anchor
Detail," shows incorrect orientation of the ground anchor.

Recommendation: (a) Prescriptive gyidelines in FEMA 85 are generally not incompatible because the typical foundation design
provided by the manufacturer does not addrea flood fo=. However, designs provided by the manufacturer may be acceptable for DO

or very low velocity flood forces but may Dot satisfy FEMA 85 requirements. Therefore, FEMA 85 should be clarified to describe
under what flood conditions the manufacturer's design is acceptable and under what conditions the prescriptive requirements of FEMA
85 should prevail.

(b) Provide a revised detail with correct orientation of the ground anchor in FEMA 85, Figyre 4.32. (See also related concems pg. 28,
•Anchoring..)

FEMA 85

pg.64 Chaais l-beam

MHI·MIM

S.4

Analysis.

MHI·MIM provides for anchors to be used to secure the home against
wind and does nOI address special flood forees such as "buoyancy'-
Since FEMA 85 recommenc:1s thaI the home be elevated above the flood
level, these provisions are compatible.

Recommendation: None

FEMA85 MHI-MIM

pg.68 Lonlitudirtal suppan
beams

4.1.5 MHI-MIM does not recommend any perimeter installation meth0d5
which could be considered incompatible with FEMA 85.

Recommendation: None

FEMA 85 MHI-MIM

pg. 69 Utility service OIapter8 FEMA 85 requires that utilities be placed in waterproofed risers
adjacent to down stream foundation members. MHI-MIM does not
contain requirements for protection of utilities where they connect to
the sU'ucture but references FEMA 85.

Recommendatioft: NoDe.

FEMA 85 MHI-MIM

pg. 69 Mechanical systems 8.5.1 FEMA 85 requires that external equipment be elevated above
anticipated flooding. MHI-MIM states that an oil lank should be
located where it is accessible and also safe from hazards.

Recommendation: None.



•

••
•

NPPA S01A-l987. NaIIufactured Home lsaDatiom [NPPA SOlA)

Manufactured Home IlISU!lIations in flood Hazard Areas lFEMA 851

/I.'FPA SOlA·I987. COIIl:rs the firesafery requirements for the installation of manufactured homes and manufactured home sites. This
standard includes only the firesafery pcmions of the scope previously COIIl:red by A~SI A22S.1/NF'PA SOlA. The non-firesafery asp«tS

are published separately as A"ISI A22S.1. Because NFPA SOlA is essentially provisions for fuel supply piping and connections. a direct
comparison 1lIith the provisions of FEMA 85 are for the most part not applicable. After review. the FEMA 85 sections for which
comparisons were not made are as follCJIWS:

•

•

p3
pS
p8
pll
pp 15-18
P 17
P 19
P 19
P 21
p28
P 31
P 33
pp 34-40
pp41~2

Manufactured home characteristics
Con~ntional mh installation
Effects of flooding
Regulatory requirements
flood and 1lIind hazards
Wind hazards
Elevation and anchoring techniques
Elevation and fill
Elevated found,llions
Anchoring
Evacuation techniques
Design of elevated foundations
flood forces and their application
Design loads

P 45

pp 47~8

p48
pp 53-58
pp5~

pp 71-75
Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F

Design forces. loads. evaluation of
elevated foundations
Vertical support members
Piers
Posts and piles
Bracing and connections for
elevated foundations
Economics
Bibliography
Federal and slate contacts
Sources of information
Calculational procedures
Buoyancy
Design worksheets

Comparisons and analysis of applicable sections of FEMA 85 are as follows:

Recommendation: None.

e_
•

•

•

••
•

FEMA 85

p. 69 Additional design
considerations
Utility service

NF'PA SOIA

§2~.3 FEMA 85 recommends that the utility services. water. sewer and gas
entering a structure that has been elevated to avoid flooding be
protected using waterproof risen;. Propane and fuel oil tanles are to be
located on the downstream side of the home to afford protection from
debris impact. IIIrJ>A SOlA §2~.3 requires that gas outlet risers.
regulators. meters, val~s. or other exposed equipment be protected
apinst accidental damage.

FAI



ANSI A225.I-~. MaaIllKtlaaf Home 'Mtelletinal IAm.I)

Manufactured Home IQstallltion in Flood Hazard Areas rfEMA 8.51

The ANSI A22S.1 Manufactured Home Installations Standard is intended to be adopted by jurisdictions having responsibility for the
safety Ind health of manufactured home IISCrs Ind for establishing regulations applicable to manufactured home communities. They
are applicable to single family dwelling uni15 that are built in accordance with the HlJD Manufactured Home ConstnlCtion Ind Safety
Standards (MHCSS), which require that the manufacturer of the home provide instructions for the site Installation using at leut one
5)'$tem of suppon Ind anchorage that can resist the design dead, live, and wind loads.

Some of the site installation issues of FEMA 8.5 Ire topically out of range of ANSI A22S.1. Thus I direct comparison of thOK
provisions is not Ipplicable. After review, the FEMA 8.5 sections for which comparisons were not made are as follows:

P 19
pp S8-68
pp 68-'70
pp 71·75

Elevation Ind andIoriDg
Bracing suppon aod COIUIections
Additional design considerations
Economics

Appendix A Bibliography
Appendix B Federalaod state c:ontaeU

Appendix C Sources of infonnatiOD
Appendix D Calculational procedures
Appendix F Design worksheet

Comparisons and analysis for applicable sections of FEMA 8.S are as follows:

FEMA8.S

Pg. 3 Manufactured home
characteristia

1·3 FEMA as and A22S.1 describe the same general features.

Recommendation: None.

FEMAas

pg. 5 Conventional
manuflctured home
installation techniques

2·1.2, 2·1.3 FEMA 8.S states that the installation instructions supplied with the home
and A22S.1Ire not adequate to resist flood forces.

Figure 1.13, Type 2 lie Down in FEMA 8.S depicts In unstable wind
resistance system.

Section 2·1.2 of A22S.I calls a manufactured home foundation system
one that is constructed in accordance with the instructions supplied with
the home. Provision is made in 2·1.3 for the homeowner to design for
unlll\lll installations.

Recommendation: This section of FEMA as should be clarified to point to specific flood load remedies el5ewtlere in the document.
Figure 1.13 therein should carty a notice that the method depicted is not stable and is not recommended for any loading - flood or
not.

FE~ 8.S

pg. 8 EffectS of flooding Appendix B
Appendix C
Appendix I

A22S.1 does not provide design loads or procedures for homes in flood·
prone sites, nor does A22S.I provide notice that the specifications are
not applicable to installations in flood·prone sites. Appendices G and I
in A22S.1 make reference to the NAP. No specific FEMA documen15.
hO"M:Ver. are specified.

Recommendation: None.

&42
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fEMA85

pg. 11 Regulatory
requirements

Appendix G FEMA 85 explains how the NFIP works together with state and loc:aJ
building code jurisdictions. Appendix G of A22S.1. included in A22S.1
for informational purposes only. simply provides notice of the existence
of the NFIP and that manufactured housing is included in the NAP
definition of the word "building."

Recommendation: None.

e
FE~85

PI- 19 Elevation on fill 2-5.1 FEMA 85 limits the flood velocity in accordance with the fill materials
and fill cover 5Clected. Section 2-S.1.3(b) in A22S.l requin:s that f1Il be
free of gnss and organic material and have a minimum bearing capacity
of 1000 psf.

e
Recommendation: None.

FE~85

Recommendation: None.•

e_

PI- 21

FEMA 85

pg.28

Elevated
foundations

Anchoring

Chapter 2

24.4

The design methods and design loads provided in A225.l are not
applicable to elevated foundations. and no provisions are made for
hydl'05tatic. hydrodynamic and impact loads.

FEMA 85 does not discourage the usc of auger type pound anchors.
A22S.1 requin:s that ground anchor application instnlctions include load
capacities for various types of soil and the standard provides a
calibration chan to determine soil quality using a torque measuring
instnlment. Information is not provided in FEMA 85 or in A22S.l to
caution about the possible reduction in anchor n:sistance in saturated
soils.

•
Recommendation: Funher study is needed to determine load capacities in saturated soils or ground anchors in flood-prone
installatioQ$.

FEMA85

•
pg.31 Evacuation techniques Not applicable FEMA 85 proposes that evacuation using quick disconnect from

foundations is a practicable strategy. No such provision is found in
A22S.l. Evacuation might be a viable strategy for small park model
homes. It is not a viable strategy for multi-wides or for large single-widc
homes.

Recommendatioa: PEMA as should relllO\le the recommendation for evacuation.

FEMA85

e pg. 33 Design of elevated
foundations

Appendix B
84.1

FEMA 85 and A22S.l usc the roof live loads and wind loads from the
HUD MHCSS. A22S.1 states that areas where recurrent winds up to 90
miles per hour (25 p5f) are experienced should usc similarly designed
manufactured homes.

••
•

Recommendation: ANSI A22S.1 should define the specific areas where wind loads of higher magnitude than the 25 p5f limit are
needed.

Suggested Standard Change (or addition): Change Paragraph 8-4.1"Ibe W'1Dd Zooc Map. last sentence as follows: Consult the
authoriry having jurisdiction. Note that an enlarxcd supplementary map of the Gulf and Atlantic Coastal areas has been supplied in
order to more reliably determine the high wind lones. Provide such a map.

&43



FEMASS ~

pp 34-W Flood (0I'l:U and tbeir
application

Recommendation: None.

FEMA SS

A22.S.1 dOC$ nOI provide desiJll data or metb0d.5 for bomes in flood
sites. nor does it refer to FEMA Flood Maps or specific ~uirements 0(

tbe NFIP.

pp4142 Table 24.2.1 FEMA SS provides desiJll charts for dead load, live load. snow load. and
wind load calculations. A22S.1 provides Table 24.2.1 for desiJllloads.
The loads are nearly identical (5 psf di{{erence in dead loads.)

Recommendation: None.

FEMASS ~

pg. 45 DesiJll fortes and
loads - Evaluation of
elevated foundalions

FEMA SS provides a cban to define limits of effectiveness for ground
ancbors as a function of ....ter velocity and deptb of flood. The
accompanying narrative also refers 10 Appendix E for a discussion of
buoyancy, drag and effectiveness of ground ancbors in flood.5. The
discussion of buoyancy appears 10 bave overlooked tbe limits of the
connection of the home 10 tbe frame. The homes are desiJlled either
for 9 p5f uplift or 15 psf uplift. This is nOI sufficienl for hyd~tatic

pressures of more than 7" and 12" ultimale respectively.

Recommendation: The table on p.45 of FEMA SS should either be dropped. or tests should be undenaken to substanliale thaI ground
anchors can perform effectively in saturated soi15. Appendix E of FEMA SS needs 10 be revised to make provision for the limits 0(

floor-IC>oframe connections lhal have been designed acxordinglo the wind uplift provisions of the HUD MHCSS. Also it appears tllat
some perfOrmatICC criteria is needed to enable tbe ground anchor designers, vendors and users to know bow to determine whether or
nOI pound anchori can be relied upoc1. Notices are nceded in A22S.1 10 eilher caution lhal flooding is nOl included in the chaned
loads or provide flood loads for homes to be sited in flood-prone areas. or require lhe application of the flood loads.

FEMA SS

pp 47-48 Venical suppon
members

Appendix B FEMA SS provides design charts for dead load. live load, snow load, and
wind load calculalions. The charts use snow and wind loads from lhe
HUD MHCSS. (Homes manufaClured sance 1976 under lhe HUD
Standards are themselves ccnified 10 tb05C loads) A22S.1 uses the same
live, snow, and wind loads as FEMA SS.

Recommendalion: Revise ANSI A22S.1, Appendix B, to incorporate ASCE-7 snow and wind loads.

Sugested Standard Cba~ (or additioa): Add a Parapph:

Refer to FEMA SS (or flood loading. The loads in Ihese Tables do nOI include loads anribulable 10 flooding.
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.- FEMA85

pg.48 Piers Appendix C FEMA 85 prescribes designs for piers. Ind cautiol\$ tbat. due to the
likelihood of scouring. pier systems should not be used in areas where
flooding velocity is anticipated. Appendix C of A22S.1 proYides desip
for pier foundations and issues no cautions concerning KOuring. (Note
that overall AllS.l is not for homes sited in flood- prone lreas.)

•
Recommendation: Appendix C of A22S.1 should reference the FEMA documents and caution that the designs pruented have not
taken flood conditions into account.

Su~ted Standard Change [or addition): Add a paragraph Ifter the introductory paragraph to Appendix C. second column:

Refer to fEMA 85 for flood designs Ind design methods. These designs do nOI include loads attributable to flooding.

• fEMA85

pp 53-58 Pll'ts Ind Piles Appendix A fEMA &5 includes provisions for pile foundations with gmple load and
application charts. Piles are not included in A225.1. (A225.l is not for
flood resistant installations.)

• Recommendation: None.

.-
fEMA 85

App. E Buoyancy and drag
forces

Appendix E of fEMA 85 discusses buoyancy. drai and effectMness of
pound anchors in floods. The discussion of buoyancy appears to have

overlooked the limits of the connection of the home to the frame. The
homes Ire designed either for 9 psf uplift or 15 p5f uplift. This is not
sufficient for hydrostatic plUSures of more than 7" Ind 12" ultimate
rcspectMly. The issue of whether or not ground Inchors Ire effectM
needs to be Iddressed convincingly.

•

•

•

•-
•

Recommendation: Appendix E of fEMA 85 should be revised to make provision for the limits of floor-to-frame connections that have
been designed according to the wind uplift provisions of the HUD MHCSS. Resolve whether or not ground anchors Ire permitted.
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APPENDIX F

COMPARISON BETWEEN TIIE CABO ONE AND TWO FAMll..Y
DWELLING CODE AND TIIE NFIP STANDARDS

AND TECHNICAL GUIDELINES
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CABO ONE AND lWO FAMILY DWEWNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

NFIP (Regulations for Floodplain Management and Flood Hazard Identification) (44 CFR 59.1, 60.3 and 60.6)

59.1 • Definitions

AnalYsis
NFIP contains definitions which only apply to floodplain
management. OTFDC does not contain these definitions.

OTFDC

R-115

NAP

Base Flood
Breakaway Wall
Critical Feature
Development
Elevated Building
Flood
Floodplain or Flood-Prone Area
Lowest Floor
100·year Flood
Storm cellar
Substantial Improvement

Reco~ndation: None since NFIP addresses only flood-prone areas.e

•

•

OTFDC

R·115

NAP

Appurtenant Structure
Basement
Building
Existing Construction
Existing Structures
Manufactured Horne
Structure

The definitions of "appurtenant structure/accessory structure'
and "basemenr are compatible. NFIP definition of 'building
(structure)' applies to any walled and rooted building while
OTFDC addresses only one-and two-family dwellings. NFIP
definition of "existing construction' applies to construction
begun before the date of FIRM while OTFDC definition applies
to buildings erected before the adoption of the Code. NFIP
definition of "manufactured home' applies only to structures
transportable in one or more sections, built on a permanent
chassis, and designed for use with or without a permanent
foundation while OTFDC also contains dimensional parameters.

Reco~ndation: NFIP should expand definition of manufactured home to include dimensional parameters.

•

e_

e 60.3 Floodplain Management Criteria for Flood-Prone Areas

NAP OTFDC Analysis

•

•

6O.3(b) (8) MInlActur8d Home
Installation

RecOf711l'lend4tion: None.

Appendix C Appendix C contains provisions which apply to the
construction, alteration and repair of any foundation system
which is necessary to provide for the installation of a
manufactured home unit; construction, installation, addition,
alteration, repair or maintenance of the building service
equipment which is necessary for connecting manufactured
homes to water, fuel, or power supplies and sewage systems.
See NCSBCS comparison to Appendix C.

•
• F-1



NAP

6O.3(c)(2) Elevlltion tor
Residential Structur88

OTFDC

N/A

Analysis

NFIP requires the lOWest noor Of residential structures to be
elevated to or above the base flood level. OTFDC does not
address floodplain management or elevation of structure.

ReComJ1ILMalion: None.

NAP

6O.3(c)(3) Elevation for Non·
Residential Structures; Flood
Proof Walls for Non-Residential
Structures

OTFDC

N/A NFIP requires the lowest floor of non·residential structures to be
elevated to or above the base flood level or flood·proof the
structure that is below the base flood level. OTFDC does not
address non·residentlal structures.

RecomJ1ILMalion: None.

OTFDC

R..J11

Ana!ysis

NFIP requires fully enclosed areas below the lowest floor, other
than basements, to be provided with flood openings to equalize
hydrostatic flood forces. OTFDC does not address floodplain
management; however, It does require openings for crawl
space ventilation.

RecomJ1ILMalion: OTFDC should address openings for floodwater and equalize hydrostatic forces.

6O.3(c)(5) Flood Openings

OTFDC

R-301.2

NAP

6O.3(e)(4) Pilings

Ana!ysis

NFIP requires structures to be elevated to or above the base
flood level and anchored to resist flotation, collapse, and lateral
movement due to the effects of wind and water loads acting
simultaneously. OTFDC requires the foundation and its
structural system to be capable of accommodating all
superimposed live, dead, snow, wind, seismic and any other
loads in accordance with accepted engineering practice.

Reco1711nendarion: NFIP should address snow and seismic loads.

NAP

6O.3(e)(5) Breakaway Walls

OTFDC

N/A

An!Iy!is

NFIP requires areas below the lowest floor to be tree of
obstruction or constructed with nonsupporting breakaway walls,
open wood lattice, or insect screening intended to collapse
under wind and water loads. OTFDC does not address
floodplain management or breakaway walls.

RecOI1111Iendation: None.

NAP

6O.3(e)(6) Fill

OTFDC

N/A

Ana!ysis

NFIP prohibits only in V zones the use of fill material to support
buildings in fIood·prone areas. OTFDC does not address
floodplain management and does not prohibit the use of fill
material to support buildings.

ReC01711neMation: None.

F-2
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60.6 Variances and Exceptions

NFIP OIFDC

6O.6(c) (2)(Q Floodproof walls N/A
6O.6(c)(2)(iQ Basement Top of Floor
Elevation

6O.6(c)(2)(iiO Fill
60.6(c)(2)(iv) Use of a Registered
Professional

60.6(c)(2)(v) Building Inspection

RecOI1IInLMation: None.

Analysis

NFIP requires the basement area. together with utilities and
sanit.81Y facilities belOVt' the flOOdprooted design level , to be
watertight with walls that are impermeable to the passage of
water without human intervention. NFIP permits the basement
floor to be up to five feet belOVt' the elevation of the base flOOd.
NFIP permits the area surrounding the structure to be protected
by fill material to or above the elevation of the base flOOd.
OTFDC does not address flOOdplain management.

F-3



CABO ONE AND 1WO FAMILY DWEWNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construeti
with wind pr8SS!.!!l less than 30 pst and seismic zones 0, 1, and 2,

Elevated Residential Structures (FEMA 54)

FEMA54

Posts
Post Embedment
Post Anchorage
(Pages 68-71)

OTFDC

R-303

AnaIv!is
FEMA 54 addresses the use of wood, concrete, or steel posts
as the foundation to elevate residential structures; hole depth,
end bearing, hole size, and backfilling of posts; and anchorage
of post foundations. OTFDC does not specifically address post
foundations but does permit foundations of any type provided it
Is designed to safely support the loads imposed.

RecommendQnon: None.

FEMA54

Piers
(Page 75)

OTFDC

R~.4

An8Iy!iB

FEMA 54 describes the suitability of pier foundations and types
of pier foundations and types of pier foundations which are
suitable for the flood areas with low velocity and minimal
erosion. OTFDC does not address the suitability of any type of
foundations in any area. OTFDC requires the foundations to be
of sufficient design to support safely the loads imposed.

RecommendQlion: None.

OTFDC

R~.4

R-602.2.1

FEMA54

Brick and Concrete
Masonry Piers
(Pages 75, 76)

FEMA 54 provides minimum reinforcing, minimum dimensional
requirements, maximum height, spacing, and recommended
shape. FEMA 54 requires the piers to be filled with concrete.
OTFDC bases the height on the least dimension whether the
pier Is filled with concrete or not. OTFDC does not require
reinforcing. FEMA 55 permits the maximum spacing to be 8 ft
or 12 fl OTFDC permits the spacing to be based on girder
span and girder spacing.

RecommmdQ/wn: FEMA 54 and OTFOC are in general agreement.

OTFDC

R-303
R~.4

Concrete Pi4n
(page 17)

FEMA54 AnaIv!is
FEMA 54 provides a general description and discussion of
poured-in-place concrete piers. OTFDC does not specifically
address concrete piers. OTFDC requires foundations to be of
sufficient design to support safely the loads imposed.

RecommendDlion: None since both FEMA 54 and OTFOC basically require the foundation to be based on a structural
analysis.

F4
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.- FEMA54

Pier Footings
(Page T7)

OTFDC

R-303

Anatvs!I
Both FEMA 54 and OTFDC require the footing sizes to be
based on the properties of the soil.

Reco~ndation: None.

OIFDC

R-303Shear Walls and Floor Diaphragm
(Page 79)

FEMA54 Ana!Ysis
FEMA 54 addresses the use of plywood shear walls and floor
diaphragms to brace piles or post foundations. OTFDC
requires the foundation to be of sufficient design to support
safely the loads imposed.

Rec~ndation: FEMA 54 should address the use of shear walls and floor diaphragms as a method of bracing but
should permit the building designer to choose the method.

•

•

Recommendation: FEMA 54 should provide better nailing and splice location requirements.

AnBtvsI!
FEMA 54 provides a general discussion of bUilt-up noor beams,
(nailing, location of splices, and size). OTFDC prOVides nailing
requirements and sizes based on girder span and spaCing.

01FDC

R~1.2

R-601.2

0lFDC

R-602.2.1
Table R·
402.38

Pier Foundation Connection
(Pages 84, 85)

FEMA54

FEMA54

Analysis

FEMA 54 addresses anchorage of platform framing
construction to pier foundations. OTFDC requires the wall and
noor construction to be capable of accommodating all loads
imposed and transmitting the resulting loads to its supporting
structural elements. OTFDC does not address pier anchorage
but does address continuous masonry wall foundations.

Recommendation: OTFDC should provide requirements for pier foundation anchorage.

Floor Beams
(Page 86, Paragraph 2)

e

•

e_

OIFDC

R-«l1.2

FEMA54

cantilevers
(Page 86, 87)

AnaIvsis
FEMA 54 describeS a cantilevered beam with general
discussion of why cantilevers are used. FEMA 54 provides a
'rule at thumb' for the length of the cantilever. OTFDC requires
the wood members to be capable of accommodating all loads
imposed.

Rec~ndatioft.. FEMA 54 should delete the 'rule of thumb' or add better guidance tor the design of the cantilever.

•

e

e

FEMA54

Floor Beam to Floor Joist
Connection
(Page 88)

0lFDC

R-601.2 FEMA 54 requires positive connection between the floor jOists
and nOOl" beams with a general discussion of the connection
and connectors. OTFDC requires the noor system to be
capable of accommodating all loads imposed and transmitting
the resulting loads to its supporting structural elements.

- Recommendation: None.

• F·5



FEMA54

Figure •.<48, ProtectlYe Utility
Shaft

(Page 92)

M-1901

An8Iv!II
FEMA 504 requires mechanical and plumbing piping serving III
elevated structure to be attached to the lelward side of
postS/columns or enclosed In a protective shaft. The OTFDC
requires (1) water service and DWI/ to be protected from
treezing and (2) fuel piping to conform to good practice. The
OTFDC does not address flooding.

RecOlfll'1'JOUiarion.: None.

FEMA54

Mechanical Equipment
Page 93, Paragraph 2)

Q!fQg

M-1106
M-1306
M-1307
M-1308

M-1602

Analysis

FEMA 54 requires all mechanical equipment to be elevated
above expected ftoodwaters, with indoor components,
preferably Installed In 1I!t1CS. The OTFDC allows attic
installation, but does not specify minimum elevations for
equipment. The OTFDC does not address flooding.

FEMA 54 requires duetwor1c to have minimum slopes to
opening at lowest levels to allow drainage. The OTFDC does
not require such slope on air duets, and does not address
flooding.

RecOlfll'1'JOUiarion: None.

OTFDC

P-2503
P-2506.2

FEMA54

Septic Tanks
(Page 93, Paragraph 3

AnaIvsI8
FEMA 54 requires that septic tanks be fIoodproofed to stop
floating and potential discharge of emuent. The OTFDC
requires that septic tanks be designed to withstand all
anticil*ed loads.

RecommendaJion: None since bott1 approach the problem trom dmerent directions. FEMA - prescriptive OTFDC
performance.

FEMA54

Building Materials
(pages 93, 94)

OTFDC

N/A

Analysis

FEMA 54 requires protection of the building materials which
may be exposed to flood waters. OTFDC does not address
flood willers.

F-6
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FEMA54

Wood
(Page 94)

cm=oc
R-309

Ana!Ysie
FEMA requires wood exposed to the elements to be
preservative treated. OTFDC requires wood subject to decay
damage to be pressure preservatively treated or decay-resistant
wood.

&co1'1ll1lendarion: FEMA 54 should include "decay resistant w9<'d."

• FEMA54 cm=oc Ana!ysis

Steel N/A FEMA 54 addresses the need for galvanization of steel exposed
(Pages 94, 95) to the elements to prevent corrosion. OTFDC does not

address corrosion protection of steel members.

Rec01'1Il1IendaJion: None.

•
FEMA 54 OIFDC Analysis

Concrete and Masonry R-404.14.1 FEMA 54 addresses the need to increase the durability of
(Page 95) reinforced concrete and masonry by the use of chemical

additives and coatings. OTFDC requires minimum corrosion

• protection of joint reinforcement, anchor ties and wire fabric for
use in masonry wall construction.

Rec01'1Il1Iendarion: None.

•• FEMA54 OIFDC Analysis

Insulation M-1706 FEMA 54 requires underfloor exposed pipes to be insulated
(Pages 95, 96) with impermeable or inexpensively replaced insulation. The

OTFDC does not address flooding. It does address refrigerant
piping insulation and where it is required.

Reco1'1ll1lendaJion: None.•
FEMA54 cm=oc Analysis

Glossary N/A FEMA 54 contains definitions of terms which are relevant to
(Pages 113-115) floodplain management. OTFDC does not address floodplain

• management.

Rec01'nl1Iendarwn.: None.

•

••
• F-7



FEMA54

Performance Cr1terIa
(Pages 125-135)

OTFDC

R-201.2
R-303
R-401.2
R-601.2
R·701.2
Appendix A
(Seismic Risk
Map, Wind
Probability
Map, and
Snow Load
Map

AnItt!is
FEMA 54 addresses performance criteria used to design
bUildings to withstand the design flood (1) without causing
unacceptable risks to its occupants or to adjacent property
owners, (2) without caUSing unacceptable health hazardS to its
occupants, or (3) without sustaining damage of unacceptable
magnitude. OTFDC reqUires the construction to be capable of
accommodating all loadS imposed and transmitting the
resulting loadS to its supporting structural elements.

RtcommeMahon: FEMA 54 should includes snow and seismic loads. The use of the phrases, 'unacceptable risks',
'unacceptable health hazards", and 'unacceptable magnitude" are too SUbjective.
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CABO ONE AND lWO FAMilY DWEWNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

Coastal Construction Manual (FEMA 55)

•
FEMA 55

4.1 Flood Frequency
(Page 4-1, Paragraph 4)

OTFDC

N/A

Analysis

FEMA 55 addresses the wave crest elevation that would
be present during the base (100 year) flood. OTFDC
does not address floodplain management.

Recommendalion..· None.

Analysis

FEMA provides general discussion of the hazards of sat!
air, moisture, and wind-driven rain on wood, nails, and
connectors. OTFDC requires wood SUbject to decay
damage to be naturally durable or pressure treated but
does not address nails or connectors. OTFDC does
address corrosion protection of joint reinforcement,
anchor ties, and wire fabric for use in masonry wall
construction.

OIFDC

Appendix A
(Wind
Probability
Map)

OIFDC

R-309
R-404.14.1

4.1.1 Wind
(Page 4-1, Paragraphs 6 & 7.
Page 4-2, Figure 4-1,
Page 4-3, ParagraphS 2 & 3,
Page 4-6)

FEMA55

FEMA55

4.1.2 Salt Air Moisture and
Wind-Driven Rain
(Pages 4-7, 4-8)

Ana!ysiI

FEMA 55 references the procedures of ANSI A58.1-1982
for design with particular emphasis placed on elevation of
the roof above grade and high wind pressures at the
comers of the house, at and under roof. eaves, and at the
peak of the root. OTFDC contains a wind probability map
with wind design loads based on ANSI A58.1-1982.

Recommendalion: FEMA 55 should confirm that the wind load provisions are consistent with ASCE 7-88. The 1992
OTFDC does reference ASCE 7-88.

•

•

e_

•

RecommendtJlion: OTFDC should address corrosion protection.

e

•

FEMA55

4.1.3 Water, WrNee. and Debris
(Page 4-8, PIrIlgr1Iph 4)

01FDC

R-303

Analysis

FEMA 55 addresses the impact loads exerted on the piles
as the resut! in the movement of debris (fences, porches,
stairs, utility poles, etc.) FEMA 55 has provided for the
collision of a 300 pound object moving at surface water
velocity and decelerating over a maximum of 0.5 ft.
OTFDC requires the foundation and its structural elements
to be capable of accommodating all superimposed live,
dead, snow, wind, seismic, and all lateral loads in
accordance with accepted engineering practice.

•
RecOl'nlnendarion.· None.

-
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OTFDC

Appendix A
(Wind
Probability
Map)

FEMA55

4.1.4 Effects of Forcee on Higher
and LargerS~
(Pages 4·9)

FEMA 55 discusses the higher wind forces, uplift and
overturning with respect to the height of the building.
OTFDC contains a factor to increase the wind design
loads when the mean root height is greater than 30 fl but
less than 50 fl.

R~cOfnl'nendarion: FEMA 55 should provide velocity pressures '(pst) for varied wind speeds and bUilding height.

FEMA55

4.2 Construction Materials
(pages 4-9)

OTFDC

Ch. 3, 4,
5,6 & 7

AnBtvsis
FEMA 55 provides a general discussion of the types of
construction materials (wood, steel, concrete) and their
use in the coastal environment. OTFDC provides
requirements for the use of these materials in any
environment.

R~cOfnl'nendalion: None.

OTFDC

R-301.2

FEMA55

4.2.1.1 Pilings (Wood)
(Pages 4-9, 4-10)

AnBtvsis
FEMA 55 provides general comments on the use of wood
pilings (species and decay resistance). OTFDC does not
specifiCally address pile foundations but does require the
foundation and its structural elements to be capable of
accommodating all superimposed live, dead, snow, wind,
seismic, and all lateral loads in accordance with accepted
engineering practice.

R~cOfnl'nendalion: FEMA 55 should address snow and seismic loads.

OTFDC

T. R-402.3a
R~.2.1

T. R-602.2.1a
T. R~.2.1b

FEMA55

4.2.1.2 Main Supporting
Members (Beams, Wood)
(page 4-10)

AnIW!iI
BottI FEMA 55 and OTFDC address the use of built-up
beams and girders. FEMA 55 provides general nailing
requirements and splice location. OTFDC provides
allowable spans and nailing requirements for built-up
beams.

R~cOfnl'nendalion: FEMA 55 should provide more specific nailing and splice details. OTFDC should provide more specific
splice details.

FEMA55

4.2.1.3 Other Wood
Construction Members
(page 4-10)

An!IysiI

FEMA 55 does not require preservative treatment of
misC8llaneous wood members but highly recommends it.
OTFDC requires wood SUbject to decay to be 8 naturally
durable species or pressure treated.

R«ommmdalion: None.

F-10
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FEMA55

4.2.1.4 WoodP~e
(Page 4-10)

FEMA 55 requires wood members to be treated to resist
insect infestation, dry rot, decay fungi, and the effects of
exposure to salt air and water and provides general
discussion of wood preservatives. OTFDC requires wood
subject to decay to be a naturally durable species 0(

pressure treated and provides a list of AWPA standards.

RecOfltl'nendalion: FEMA 55 should list some of the AWPA standards.

•

.-

•

FEMA55

4.2.2 Masonry Materials and
Concrete
(Page 4-11)

OTFDC

R-302.2
R-304.1
R~

Analysis

FEMA 55 addresses the use of masonry and concrete in
the coastal environment. OTFDC provides a chart to
determine the minimum compressive strength of concrete
based on weathering potential but does not address
exposure of masonry.

Recommendation: FEMA should add reference to ACI 318.

•

--
FEMA55

4.2.3.1 Aluminum
(Page 4-11)

RecommendaJion: None.

OTFDC

R-403
R~

R-70S.2

AnaIvsis
FEMA 55 addresses the problem of corrosion of
aluminum in the coastal environment. OTFDC only
addresses the use of aluminum structurally in buildings
and references aluminum standards.

-
FEMA55

4.2.3.2 Steel
(Page 4·11)

OTFDC

R-403
R~

R-70S

Analysis

FEMA 55 addresses the problem of corrosion of
unprotected steel shapes and anchoring devices (nails,
bolts, etc.) and the need for regUlar inspection,
maintenance, and replacement of corroded metal parts.
OTFDC requires the steel to comply with the appropriate
standards. OTFDC does not address corrosion in coastal
environment.

•
Recommendation: OTFDC should address corrosion protection.

•

FEMA55

4.2.3.3 Dissi~ M8taIs
(page 4-11)

OTFDC

N/A

Analysis

FEMA 55 addresses the corrosion which occurs when
dissimilar metals are placed in contact with each other
(brass screws and aluminum frame). OTFDC does not
address dissimilar metals.

Recommendarion: None.

•-
• F-11



FEMA55

•.3.1 Foundadorw (Design Details)
(Pages 4-11,4-12)

OTFDC

R-303

Anafvsis
FEMA 55 recommends foundation types whiCh are
suitable for supporting elevated structures in coastal high
hazard areas. OTFDC requires the foundation system to
be of sufficient design to support the I08ds imposed as
determined from the character of the soil. OTFDC does
provide minimum foundation sizes. OTFDC does not
address coastal high hazard areas.

ReCOlft/'1leMarion: None.

FEMA55

4.3.1.1 Soil Conditions
(Pages 4-12. 4-13)

OTFDC

R-301.4

An8IysB

Both FEMA 55 and OTFDC address the need to
determine the quality of the soil foundation purposes.
FEMA 55 provides commentary type information also.

ReCOIft/'1IeMalion: None.

OTFDC

R-303

FEMA55

4.3.1.2 Piles
(pages 4-13 to 4-18)

An8tv!iI
FEMA 55 provides general information on types of piles,
the need for sufficient pile embedment, methods of pile
installation. OTFDC does not specifically address pile
foundations but does require the foundation system to be
of sufficient design to support the loads imposed.

ReCOIft/'1IeMarion: FEMA 55 should emphasize that type of pile. pile depth. and method of installation should be based ,-
the soil's investigation.

FEMA55

4.3.1.3 Posts (Wood)
(Page 4-18)

OTFDC

R-303

AnII!ysiI

FEMA 55 explains that wood posts are recommended in
areas subject to wave forces and/or scour and erosion.
OTFDC does not specifically address post foundations
but does require the foundation system to be of sufficient
design to support the loads imposed.

R«ommmdarion.: None.

FEMA 55

4.3.1.4 Piers
(Pages 4-18 to 440)

R-303
R-404.4

Recommmdarion:
design forces.

FEMA 55 addresses the use of piers to elevate structures
and the need for reinforcing and anchorage to the footing
in V zones and coastal A zones. FEMA 55 also prOVides
general construction guidelines. OTFDC requires the
foundBllon system to be of sufficient design to support
the loads imposed. OTFDC provides minimum guidelines
to height to the least dimension ratio for unreinforced
masonry piers.

FEMA 55 should clarity that the reinforcing, footing size, and grade beam size should be based on the

F-12
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.- FEMA55

4.3.2.1 Framing Methods
(Pages ~20, 4-21)

OTFDC

R~1.2

An8fySiB

Both FEMA 55 and OTFDC addresses platform framing.
FEMA 55 addresses pole construction and provides
commentary on the types of construction.

RecOfnJ'nendation.: None.

OTFDC

T. R~.3a
R~.2.1

T. R~.2.1a
T. R~.2.1b

FEMA55

4.3.2.2 Beams
(Pages ~21, ~22)

Analysis

FEMA 55 addresses the preferable direction of floor
beams to reduce the impact of the storm water. FEMA 55
and OTFDC addresses built-up beams and solid
members. FEMA 55 mentions "glulam" beams. OTFDC
provides nailing requirements for built-up members.

RecOI7'Ilnendation..·· FEMA 55 should provide nailing requirements for built-up members.•

•

RecOfnJ'nendation: FEMA 55 should delete the reference to ratters.

•

••

FEMA55

4.3.2.3 Joists and Ratters
(Page 4-22)

0lFDC

R~.2.1

R~.4

The title of the section in FEMA 55 is joist and ratters but
ratters are not addressed. FEMA 55 describes
manufactured wooden I-beams, recommends cross
bridging for all floor joistS located in the V·zone. FEMA
55 and OTFDC describe typical cross bridging methods.
FEMA 55 requires cross bridging at a maximum ~ 8 ft
while OTFDC requires cross bridging for joists having a
deplh-to-thickness ratio exceeding six at a maximum of
10 ft.

OTFDC

R~.2.2

R~.1

R~7.1.2

FEMA55

4.3.2.4 Subflooring
(Pages ~22. ~23)

Analysis

Both FEMA 55 and OTFDC permit the use ~ lumber and
plywood subtlooring. OTFDC also permits the use of
particleboard subfloors. FEMA 55 recommends the use
of plywood with exterior glue and annular ring nails or
deformed shank nails. FEMA 55 recommends nailing and
gluing of plywood with tongue-and-grove joints to avoid
the need for blocking and to produce a stronger
diaphragm. OTFDC permits the use of smooth common
or deformed shank nails with no mention of gluing.
OTFDC provides minimum thickness, span of subfloor,
and nail spacing.

RecOfJ'Jl1Iendatiofl: The provisions are compatible. FEMA 55 should provide some recommended nail spacing and spans.
FEMA 55 should permit the use at particleboard subfloors.•

•

•

• •
• F-13



OTFDC

R-402.3

FEMA55

4.3.2.5 Studs
(Page 4-23)

AnIIMIi!
FEMA 55 recognizes that 2X4 wood studs lit 16 inches 0
centers are commonly used and permits 2x6 wood studs
and metal studs. OTFDC addresses the use of wood
studs based on lateral unsupported stud height, spacing
of studs, and number of stories.

RecOTnI1fendarion: FEMA 55 should address the length of the stud in addition to the number of stories which the stud
supports.

FEMA55

4.3.2.6 Wall Sheathing
(Page 4-23)

An8MiB
FEMA 55 provides the minimum thickness and nail
spacing tor plywood wall sheathing fOf two cases (1)
structures elevated not more than 10ft and (2) structures
elevlled more than 10ft. OTFDC list permits plywood
and particleboard wall sheathing.

RecOTnI1fendarion: FEMA 55 should provide additional information addressing the wind speed in addition to height above
grade.

OTFDC

R-w4.10
T. R-402.3b
T. R-402.3c

FEMA55

4.3.2.7 Wall Bracing
(Page 4-24)

AnIM!I
Both FEMA 55 and OTFDC permit the use of Iet-ln
diagonal wood bracing and plywood. FEMA permits
diagonal boards. OTFDC permits particleboard Of
approved metal strap devices.

RecOTnI1fendarion: FEMA 55 should combine 4.3.2.6 Wall Sheathing and 4.3.2.7 Wall Bracing into one section and
address the design requirements fOf the wall bracing method chosen.

FEMA55

4.3.2.8 Root DetaIls
(Pages 4-24 to 4-27)

OTFDC

N/A

Anatvsis
FEMA 55 disCusses the use of trusses. gable roots, hip
roots, nat roots. gambrel roofs, roof overhangs and
porches and their performance in high wind conditions.
OTFOC does not provide details Of discuss performance
of specific designs.

Recommendation: None.

FEMA55

4.3.3 Foundlillan Enclng
(Pages 4-Z7 to 441)

OTFDC

R-303

An8Iysis

FEMA 55 addresses the need for bracing wood
foundation piles. OTFOC requires the foundation to be of
sufficient design to suppon safely the loads imposed.

Recommendation: None.
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•
R-3034.3.3.1 Knee BIKing

(Page 4-29)
FEMA 55 recommends the use of knee braces for wOOd
piles even though bracing may not be needed. OTFDC
requires the foundation to be of sufficient design to
withstand the loads imposed.

R~C011lmendaJiofl: FEMA 55 should emphasize that the wOOd foundation piles should be designed for the additional
moment introduced into the pile from the knee brace. .

FEMA55

.tt

OTFDC

R-303

FEMA55

4.3.3.2 Grade Beams
(Pages 4·29. 4-30)

Anafy!is

FEMA 55 recommends the need for lateral support of the
piles at the ground line. OTFDC requires the foundation
to be of sufficient design to withstand the loads imposed.

R~ComJ11endQtiofl: FEMA 55 should emphasize the need to design the grade beams to assure that they are actually
providing lateral support of the piles.

•

•
OTFDC

R-3034.3.3.3 Truss Bracing
(Pages 4-30. 4-31)

FEMA55

FEMA 55 recommends the use of truss bracing of the
piles when the structure is 10 tt or more above grade and
the design wind speed is 100 mph or greater. OTFDC
requires the foundation system to be of sufficient design
to safely support the loads imposed.

R~comJ11endation: FEMA 55 should emphasize the need to design the bracing members.

•

OTFDC

R-303

FEMA55

4.3.3.4 Shear Walls
(Page 4-31)

An!Iysis

FEMA 55 addresses only reinforced concrete or
reinforced masonry sheer walls. OTFDC does not
specifically address shear walls but does require
foundation systems to be of sufficient design to safely
support the loads imposed.

R~ComJ11e11dQ/jOfl: FEMA 55 should address wood shear walls for wood pile foundation.

•

OTFDC

R-303
R-401.2
R~1.2

R-701.2

FEMA55

4.3.4 ConneetJons
4.3.4.1 Root to Wall
4.3.4.2 Wall to Floor Joist
4.3.4.3 Floor JoIII to Floor Beam
(Pages 4-31 to 4-35)

An!Iysis

FEMA provides commentary type language that the root
to wall. wall to floor joist. and floor joist to floor beam
connections to be sufficient to withstand the anticipated
forces. OTFDC requires that the interconnection of the
root to wall to floor to foundation be capable of
transmitting the resulting loads to its supporting structure
elements.

R~c011ImendQtiolt: None since both FEMA 55 and OTFDC require sufficient connection.
•

•

• •
• F-15



FEMA55

4.3.4.4 FlOOr Beam to Pile, Post,
or Pier
(Pages 4-35 to~

OTFDC

R-303
R-S)1.2

An!IIy!iII

FEMA 55 provides commentary type language and typiCi
details for floor beams to pile, post, or pier connections,
but permits other methods provided they are designed.
OTFDC requires that the interconnection be capable of
transmitting the resulting loads to its supporting structural

. elements.

RecOI1I11Iendarion: FEMA 55 should provide some design values or wind speeds for which the connections are
appropriate.

FEMA55

4.3.5 Breakawsy Walls
4.3.5.1 Breakawsy Wall Design
4.3.5.2 DesIgn Considerations for
Breakaway Walls
(Pages ~1 to ~9)

Recommmdalion: None.

FEMA55

4.3.6 Utilities
(Pages 4-50 to 4-52)

Recommmdalion: None.

FEMA55

4.3.7 Wind and Storm
Protection ct InI8Itar
(page 4-52)

OTFDC

N/A

OTFDC

M-1102
M-1106
M-1306
M-1307
M-1308
M-1901
P-2003

OTFDC

R-i11

FEMA 55 permits breakaway walls to enclose the space
below the lowest elevated floor and provides commentary
type language for different types of breakaway walls.
FEMA 55 provides breakaway wall designs and details for
screening, lattice, wood stud walls, metal stud walls, and
masonry walls. FEMA 55 provides the design process for
breakaway walls and commentary type language for wind
forces, water forces, worxing/ultimate strength of
fastene~, distribution of wall loads, and bracing
considerations for breakaway walls. OTFOC does not
address breakaway walls.

AnaIvsis
FEMA 55 requires all mechanical equipment to be
elevated above BFE and fuel, water service, and OWJ to
be on the leeward side of posts/columns or enclosed in
shafts. The OTFOC does not address flooding. The
OTFOC does allow attic or elevated installations with
minimum clearances to combustibles and accessibility.
The OTFDC requires water service and OWJ to be
protected from freezing and fuel piping to conform to
good practice.

Analysis

FEMA 55 provides commentary on the need to protect
the buildings from glass breakage in order to prevent
water damage. OTFOC does not address glass
breakage. OTFDC requires the windows to be tested and
certified to indicate compliance with AAMA (ANSI) 101,
ANSVNWWDA I.S.2, or ASTM 0 4099.

RecOl1l11lendDliott... FEMA 55 should reference the window standards and require the windows to be designed for the wind
pressures.
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~

R-208.5
R-411

4.3.7.1 Window S8Iedion
(Pages 4-52. 4-53)

FEMA55 An8fySiS

FEMA 55 addresses the importance of window selection
to reduce water infitlration. OTFDC requires the windows
to be tested and certified to indicate compliance with
AAMA (ANSI) 101. ANSI/NWWDA I.S.2. or ASTM 0 4099
and be capable of safely withstanding the wind loads.

Rtc~ndarion: FEMA 55 should reference the window standards and require the windows to be designed for the wind
pressures.

•

.-

•

FEMA55

4.3.7.2 Operable Shutters
(Pages 4-53. 4-54)

OTFDC

R-208.5
R-411

An8Iy!is

FEMA 55 addresses the need for shutters to protect
against wave and wind action. OTFDC requires the
windows to be tested and certified to indicate compliance
with AAMA (ANSI) 101. ANSI/NWWDA I.S.2, or ASTM 0
4099 and be capable of safely withstanding the wind
loads.

Rtc~ndariol'l: FEMA 55 should require the shutter to be designed for the wind loads.

• FEMA55

4.3.7.3 Gable and Eave Vents
(Page 4·54)

R-701.1
R-701.2
R-707

.-
•

Rtcommmdmion:
701.1.

FEMA 55 addresses the vulnerability of vents to wind
and wind~riven rain and emphasizes the importance for
the careful selection of attic ventilators in or to assure that
they will withstand the wind loads. OTFDC requires
ventilation of the artic space based on a ratio of free
ventilating area OTFDC requires the roof-ceiling
construction to be capable of accommodating all loads
imposed.

OTFDC should clarify that the ventilators that are to withstand the wind loads. This is implied in R·

OTFDC

R~1.2

FEMA55

4.3.7.4 Roof Materials
(page 4-54)

An8Ivsi!
FEMA 55 emphasizes the need to use self-sealing,
heavyweight shingles to avoid the possible loss of roofing
material in high winds. OTFDC requires the roof covering
to be capable of accommodating the imposed loads and
provide a barrier against the weather.

Rtcol'rllftendalioft.: FEMA 55 should emphasize the need to have the roof covering to withstand the uplift from the wind.

•

•

••

FEMA55

4.3.8 Maintenance
(Pages 4-54, 4·55)

Rtcol'rllftendarion: None.

OTFDC

N/A

AnIIIy!is

FEMA 55 emphasizes the need for maintenance of all
parts of buildings exposed to the coastal environment
because of the accelerated deterioration. OTFDC does
not address maintenance but does require repairs or
rehabilitation to comply with the requirements of the
OTFDC for new construction.

•
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FEMA55

Chapter 5 - Larger Structures
5.1 GeMfal Oeeign ConaiderlltiON
5.2 Foundlltionl
5.3 Slaba at Grade
5.4 Superstructure
5.5 Elevated Floors
5.6 Exterior Walla
5.7 Recommendation.
(Pages 5-1 to 5-9)

RecommendtJliOll: None.

01FDC

NIl.

An8Iy!is

Chapter 5 of FEMA 55 addresses the design and
construction of mid- to high·riSe structures located in
coastal high hazard areas. OTFDC only addresses on&
or two-family dwellings and one-family townhOuses not
more than three stories in height.

Table /lr-7

TableA~

Table A-5

TabieM

An8Ivsis
FEMA 55 provides design tables. OTFDC is more
performance oriented than specification oriented.

0lFDC

Ch. 2, 3'.0
6 0 7 & 8

FEMA55

Table 1.-3

Appendix A DesIgn Tables
Figure 1.·1 number of pi'- required
Table A-1 downward Ioada per pile
Table 1.·2 horizontal wind Ioada per pile in

eo mph winds
minimum embedment depth of
pi'-
maximum unbraced Might of
pi'- in eo mph winds and flood
fon:M

Table 1.-4.1 maximum unbraced Might of
p1'- aupporting breakaway walla
uplift to.da per foot of wall in eo
mph winds
uplift Ioada per pile In eo mph
w1nda
capIlCity per bolt of tIoor beam
connectiona
concrete muonry unit piers
concrete pIera
concrete pier croea NCtion
grade bearna and aIabe
futeMr capIlCitiea in aMar
futener acMdule for breakaway
walla

(Pages A-l to A-47)

Table~

Table /lr-8
Figure 1.-2
Figure 1.-3
Table 1.·10
Table 1.·11

RecommendtviOll: None.
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•

•

FEMAS5

Appendix B - Bracing
B.1 knee brec:ing
B.2 truM bracing
B.2.1 diagonall
B.2.1.1 lumber dl~1
B.2.1.2 threadbar diagonall
B.2.2 ItnJta
B.3 grade beaml
Table 8-1 horizontal weer loadl per pile in 80

mph windl
Table 8-2 loadl of tranaveree truM membe~

Table B-3 allowable Ioadl for lingle 2x8
diagonall

Table~ allowable loadl for lingle 3x8
diagonall

(Pages B-' to B-' 5)

0lFDC

R-303 FEMA provides various recommendations and details for
bracing methods. OTFDC is more performance oriented
than specification oriented.

RecOI11/I1endation: None.

•

.-
•

FEMAS5

Appendix D - Design Equations and N/A
Procedures
0.1 Procedure A-1: downward loadl per pile
0.2 Procedure A-2: horizontal wind Ioadl per
pile
0.3 Procedure A-3: minimum embedment depth
of pilei
D." Procedure M: maximum unbraced height
of piles
0.5 Procedure M.1: maximum unbraced
height of pilei lupporting breakaway walll
D.6 Procedure A-5: uplift Ioadl per foot of walll
0.7 Procedure A-6: uplift loadl per pile
0.8 Procedure 8-1: horizontal weer IoadI per
pile
0.9 Procedure 8-2: lcadl traMferred to
foundation truu rnembe~

(Pages 0-' to 0-32)

Analysis

FEMA 55 contains design equations and procedures
which are needed to evaluate individual designs. OTFDC
is more performance oriented than specification oriented.

•
RecOI11/I1endation: None.

OIFDC

R-102

FEMAS5

G-2. Purpose
(Page G-')

Anafysis

FEMA 55 states that the purpose of the Coastal Code is
to provide minimum standards for the design and
construction of residential structures in Coastal High
Hazard Areas and where wave action can be expected.
The purpose of the OTFOC is to provide minimum
standards for the protection at life, limb, health, property,
environment and for the safety and welfare of the
consumer, general public and the owners and occupants
of residential buildings regUlated by the Code.

RtcOI11/I1endaJion: None since the intent of both FEMA 55 and OTFOC is to provide minimum requirements for structures.

••

•
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FEMAS5

R-103G-3 Scope
(page G·2)

Both FEMA 55 and OTFDC apply to new construction
and improvements on additiOnS to existing structures.
FEMA 55 permits improvements up to 49% of the market
value of the structure without compliance with the Coastal
Construction Code but the OTFDC requires all

. improvements to comply with the Code.

R~c~ndalion: Since market value is a variable based on location, economy, etc., FEMA 55 should require
compliance for all improvements since noncompliance of any part of the structure makes the entire structure out of
compliance.

FEMAS5

G-4 Definitions
(Pages G-2, G-3)

OIFDC

R·115

Anatvsi8
FEMA 55 contains only definitions which are related to
coastal construction. OTFDC contains definitions which
are applicable to one- and two-family dwellings in any
location. Dead load, live load, and grade have similar
definitions.

R~commendarion: None.

OTFDC

N/A

FEMAS5

G-5 Elevation Standards
(Page G-3)

AnIIIysiI

FEMA 55 prohibits new construction or substantial
improvements from being seaward of an established
setback line and requires it to be elevated above the BFE.
OTFDC does not prohibit construction in any location.

R~commendQrion: None since these types of requirements are IocaJ specific and should be addressed on the local level.

Both FEMA 55 and OTFDC require the structure to be of
sufficient strength to support the loads and forces
encountered. The loads in the OTFDC are dead, live,
snow, Wind, and seismic. FEMA 55 references ANSI
A58.1·1982 for the wind load provisions. OTFDC
contains a wind zone map with wind design loads based
on ANSI A58.1-1982. OTFDC does not specifically
address water loads.

FEMAS5

G~ Determination of Loading Forces
G~.1 Water Loads
G~.2 Wind Loads
(Page G-3)

OTFDC

R-303
R~1.2

R~.3

R-601.2
R·701.2
App.A
(Wind
Probability
Map)

R~c~ndatiotL· FEMA 55 should update Its reference to ASCE 7~. FEMA 55 should also address snow and seismic
loads. The 1912 OTFOC does reference ASCE 7~.

FEMAS5

G-7. Foundation Standards
(page G-4)

Recommmdalion: None.

OTFDC

R-303

AnIIIysiI

Both FEMA 55 and OTFDC require the foundations to be
designed to support the loads and forces encountered.
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FEMA55

G-7.1 Pile Found8llon Design
(Pages G~, G-S)

OTFDC

R-303

Anatp!!

FEMA 55 requires the pile spacing to pile diameter ratio
to not be less than 8:1 with a maximum Spacing of 12 ft.

FEMA 55 provides minimum embedment of foundation
piles based on mean sea level and BFE. FEMA 55
reqUires the piles to be analyzed as a column for the

. unsupported length. FEMA 55 provides dimensional
criteria for round and square wood piles. FEMA 55
provides commentary type language for methods of
bracing piles to resist the horizontal forces. OTFDC does
not specifically address pile foundations but requires the
foundation to be of sufficient design to support safely the
loads imposed.

•
Recommendation: None.

•

FEMA55

G·7.2 Column Foundation Design
(Page G·5)

Reco~ndaliDn.: None.

Q!tQ2

R-303
R-404.4

FEMA 55 requires reinforcing of masonry piers or poured
in-place concrete piers. OTFDC requires piers to be of
sufficient design to support safely the loads imposed.

R-303
R~1.2

R~1.2

R-701.2

FEMA55

G-8 Anchoring Standards
~.1 ConMCtion and Fate".,.
~.2 Beam to Pile ConnectiON
~.3 Floor to Deck ConnectiON
~... Exterior Wall ConnectiON
~.5 Celling JoiltlRafter ConnectioN
~.6 Projecting Members
(Pages G-5 to G~)

Anattsis
FEMA 55 requires anchorage to prevent flotation,
collapse, or permanent lateral movement during the base
flood concurrent with the 100 year design wind velocity.
Both FEMA 55 and OTFDC require the connectors to
support the loads and forces encountered but FEMA 55
prohibits the use of toe nailing. FEMA 55 provides
prescriptive requirements for the beam to pile connection,
floor joists to floor beam/girders, exterior wall connections
and ceiling joist/rafter connections. OTFDC provides
some prescriptive requirements but also requires the
construction to be capable of accommodating all loads .
and transmitting the resulting loads to Its supporting
structural elements.

Recommendation: FEMA 55 should not prohibit toe nailing If the connection is adequate for the calculated loads. FEMA
should address snow and seismic loads.•

•

.-

OTFDC

R-703
R-704

FEMAS5

G·g Root Sheathing
(Pages G-6, G·7)

FEMA 55 requires roof Sheathing to be a minimum of
15/32 inch thick plywood. OTFDC also permits
particleboard of 3/8 inch thickness. FEMA 55 requires
corrosion resistant fasteners and the application of
waterproof industrial adhesive to all bearing surfaces of
plywood used in the sheathing of comers, gable and/or
roof ovemang. FEMA 55 also provides commentary type
language addressing the roof slopes and construction at
points of discontinuity of the roofing surface.

Recommendation: FEMA 55 should permit partiCleboard root sheathing provided it is Of the appropriate strength and does
not deteriorate in the moist coastal environment.••

•
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FEMA55

G·l0. Protection at Openings
(page G·7)

OTFOC

R·208.5
R~11

R~12

FEMA 55 requires exterior openings to be designed to
withstand the appropriate windloads. OTFDC requires
glass areas in exterior walls subject to wind loading to be
.capa.bIe of safely withstanding the wind loads and be
tested and certified that they comply with AAMA (ANSI)
101, ANSI/NlhWDA I.S.2, ANSIIN'hWDA I.S.3 and ASTM
D 4099.

RecOfn11Jendalion.: None.

FEMA55

G·ll. Use of Space Below the
Lowest Elevated Floor

G·ll.l Breakaway Wall Design
Standards

G-ll.2 Certification of
Breakaway Walls

(Pages G-7, G-8)

OTFDC

N/A

AnaIy!is

FEMA 55 prohibits the use of the space below the
tlevated ft()()( to be used for any other purpose than
parking or building access and be either free of
obstructions or constructed of breakaway walls. OTFDC
does not prohibit the use of the space below the elevated
floor and does not address breakaway walls.

RecOfn11Jendalion: None.

FEMA55

G-12 Utilities
(Page G-8)

OTFOC

M·ll06
M-l306
M·1307
M-l308
M-ll02

P·20l6
P-2lll

Analysis

FEMA 55 requires all mechanical equipment to be
elevated above expected flood waters. The OTFDC does
not address flooding. However, it does allow elevated
installations with minimum access and clearance to
combustibles.

FEMA 55 requires sanitary sewer and storm drainage
systems, which have openings below the BFE, to have
backftow valves where these lines penetrate the building
envelope. The OTFDC does not address flooding, but
does allow backwater valves.

RecOfn11Jendalion: None.

OTFDC

R·1OSG-13 Certlficalion RequIrements
(Page G-8)

FEMA55 Analysis

FEMA 55 requires new and substantial improvements to
be designed by a professional engineer or architect.
OTFDC does not require design by a professional
engineer or architect. OTFDC permits alternate materials
and methods provided that the method of design or
construction is eqUivalent to that of this Code.

RecommnulJllion: FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind load, height
above grade, etc.).
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OTFOC

Chapter 26

FEMA55

G-14 Reference Documems
(Page G~)

Anatvsis
FEMA 55 references ANSI ASS. 1-1982, Shore Protection
Manual by the Departmem of the Army, and the Coastal
Construction Manual by FEMA. OTFDC does not
reference any of these documems.

RwmllnendaJion: FEMA 55 should update its reference to ASCE 7-88.

.-
•

•

•

.-
•

•

•

••
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CABO ONE AND lWO FAMILY DWEWNG CODE (OlFDC) COMPARISON

The prescriptive flQuirements of the CABO One and Two Family Dwelling Code are for conventional construct!
with wind pr8SS\118 less than 30 pst and seismic zones 0, 1, and 2.

Manufactured Home Installation in Flood Hazard Areas (FEMA 85)

FEMA 85 0lFDC

Chapter III Elevation and Appendix C
Anchoring Techniques

Chapter IV Design of
Elevated Foundations

Appendix D Calculational Procedure
for Elevated FoundatJon Design

Appendix E Buoyancy and Drag
Forces

(Pages 19-101)

R~cOlPll71endatio,,: None.

An8fvsis
Appendix C contains provisions which applies to the
construction, alteration and repair of any foundation system
which is necessary to provide for the installation of a
manufactured home unit; construction, installation. addition,
alteration, repair or maintenance of the building service
equipment which is necessary for connecting manufactured
homes to water, fuel, or power supplies and sewage systems.
See NCSBCS comparison to Appendix C.
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CABO ONE AND lWO FAMILY DWEWNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

Floodproofing Non-Residential Structures (FEMA 102)

FEMA 102 0lfDC

• Chapter I - VI N/A
Appendices A·E
(Pages 8-193)

Recommendation: None.

•

•

.-
•

•

· -

••
•

Anatysis

The OTFDC is applicable only to detached one- or two-family
dwellings and one-family townhouses not more than three
stories in height (residential occupancies only) therefore, FEMA
102 does not apply.
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CABO ONE AND lWO FAMILY DWEWNG CODE (OTFOC) COMPARISON

The prescriptive npauiremems of the CABO One and Two Family Dwelling Code are for convemionaJ construct I

with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

Retrofitting Flood-Prone ResidemiaJ Structures (FEMA 114)

FEMA 114

3.5 Elevlltion Onto Extended
Foundation Walls
(pages 46-49)

R~coml71endarion: None.

FEMA 114

3.12 Technical Design Criteria
Extended Wall Foundlltlons
(Pages 61-63)

R~coml71endarion: None.

FEMA 114

3.13 Technical Design Criteria
Anchorage of Superstructure to
Foundation
(Pages~

R~coml71endQlion: None.

FEMA 114

3.14 Technical Design Criteria
Open Foundations
(pages 67-68)

R~CO"II"DuJQtioll: None.

OTFDC

R·103
R-303

OTFDC

R-303

OTFDC

R-303
R~1.2

R~1.2

OTFDC

R-303

AnaIy!iI

FEMA 114 addresses the method of elevllting the structure by
increasing the foundlltlon wall height. When this is done,
considerlltion must be taken for the additional load imposed on
the footings and the foundation wall. OTFDC requires
a1terlltions and repair to comply with the Code. OTFDC
requires the foundation systems to be of sufficient design to
support safely the loads imposed.

Analysis

Both FEMA 114 and OTFDC require the foundlltion system with
the increased foundation wall height to be of sufficient design
to support safely the loads imposed.

Ana!ysis

FEMA 114 provides design details for the anchorage of the
superstructure to the foundation system. OTFDC requires the
construction to be capable of accommodating all loads and
transmitting the resulting loads to its supporting structural
elements.

Analysis

FEMA 114 describes three types of open foundation systems,
(piers, columns, or piles) and requires them to be designed for
the loads encountered. OTFDC does not address piles.
OTFDC addresses columns or piers and requires them to be of
sufficient design to support safely the loads imposed.
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•-
•

FEMA 114

6.2 Considerations (Fioodwalls)
6.3 Construction Techniques
and Materials (Fioodwalls)

6.5 Technical DesIgn Criteria
(Flooctwalls)

(Pages 111-129)

Recommendation: None.

FEMA 114

7.2 Considerations (Closures)
7.3 Low Profile Permanem
Closures

7.4 Closure Materials and
Construction

7.6 Technical Design Criteria
(Closures)

(Pages 133-142)

Recommendation: None.

FEMA 114

8.2 Considerations (Sealants)
8.3 Sealing Techniques
8.4 Closures (Sealants)
8.5 Design Details (Sealants)
8.7 Technical Design Criteria
(Sealams)

(Pages 145-156)

Recommendation: None.

FEMA 114

9.4 Permanem ProtectJve Measures
(Utilities)

(Pages 160-165)

Recommendation: None.

0lFDC

N/A

OTFDC

N/A

OIFDC

N/A

OTFDC

M·1102
Ch. 13
M-1301
M·1303
M·1305
M-1306
M-1307
M-1308

Anatysis

FEMA 114 addresses the use of f100dwalls to protect structures
from flooding and emphasizes that tremendous forces are
created by high water levels and velocities. FEMA 114
addresses techniques and types of materials for the
construction of fIoodwalls. FEMA 114 comains design criteria
for ~ooctwall design which addresses materials, soils, loads.
overturning resistance, sliding resistance, and actual foundation
requiremems. OTFDC does not address floodplain
managemem; therefore, it does not address the use of
f100dwalls.

Analysis

FEMA 114 addresses the use of closures (covering openings
such as doors, windows, driveways, etc.) to act as shields to
keep water away trom the residence or emering the residence.
OTFDC does not address floodplain managemem nor does it
address the use of closures to keep water from emering the
building.

Ana!YSis
FEMA 114 addresses the sealing, making watertight, or dry
f100dproofing of the structure to prevem the emry of water
during low level flooding. OTFDC does not address floodplain
managemem; therefore, it does not address sealing, making
watertight, or dry f100dproofing of the structure.

Analysis

FEMA 114 requires (1) utility connections to be above flood
level, (2) shielding for basemem appliances, (3) elevated
installation for exterior appliances, (4) suspension of
under1loor/crawlspace equipment, and (5) anchoring of fuel
storage tanks. The OTFDC does not address flooding. The
OTFDC does not prohibit such equipment installations but does
require minimum access and clearances to combustible
materials.
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FEMA 114

9.5 Utility ReIoc8tIona to
Existing Space
(pages 163-164)

M-1102
cn. 13

AnIItt!iB
FEMA 114 addresses relocation Of mechanical equipment fror
a basement to ttle upper levels or attic. The OTFDC does not
address fiooding, but does allow 8levllted Installations witn
access and minimum clearance to combustibles.

Recommendation: None.

FEMA 114

9.6 Utility Relocations to New
Spaces
(Pages 164·165)

OTFDC

M·1102
Cn. 13

Analysis

FEMA 114 addresses relocation Of mecnanical equipment
below BFE to newty constructed spaces above BFE. The
OTFDC does not address flooding; nowever, it does allow
mecnanical rooms which must have adequllte access for
equipment and afford clearance to combustibles.

Recommendation: None.

FEMA 114

9.8 Storage Tank Anchorage
(Page 166)

cm=oc
M-1914

AnMiB
FEMA 114 requires anchorage Of fuel storage tanks. The
OTFDC does not addreSs flooding. The OTFDC does require
oil tanks to resist all loads and stresses to which they are
subjected.

RecOIf'I111endarion: None.

FEMA 114

10.4 Floating Structures
(Pages 176-177)

cm=oc
NlA

AnMiB
FEMA 114 permits "floating structures· as a metnod of
floodprOOfing. OTFDC does not address "floating structures.·

RecOIf'I111endation: None.

cm=oc
R-201.2
R-303
R~1.2

R-601.2
R-701.2

FEMA 114

Appendix C - Forces
(pages 197-207)

AnalYsis
FEMA 114 addresses hydrostatic loads, hydrodynamic loads,
impact loads, and wind loads. FEMA 114 also provides
definitions, application and methodology for design. OTFDC
requires the structure to be capable of accommodating all
loads imposed and transmitting the resulting loads to its
supporting structural elements.

RecOIf'I111endatiotL· FEMA 114 should update the wind speed maps to the latest editions and address snow and seismic
loads.
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CABO ONE AND TWO FAMILY DWElliNG CODE (OTFOC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressur!! less than 30 pst and seismic zones O. 1, and 2.

AIILNial Fans: Hazards and Management (FEMA 165)

•

•

•

.-
•

•

•

••
•

FEMA 165

Windows and Doors
(Page 10)

Reco~ndalion: None.

OIFDC

R-208.5
R~11

R~12

Ana!ysiB

FEMA 165 prohibits openings on the uphill side of the structure
to prevent debris and floodwater from entering the building.
OTFDC does not address floodplain management; therefore, it
does prohibit openings on the uphill side of the structure.
OTFDC requires the glass areas subject to wind loading to be
capable or withstanding the wind loads. OTFDC requires
windows and sliding glass doors to be tested and certified in
accordance with AAMA (ANSI) 101, ANSI/NWWDA 1.5.2,
AN51/NWWDA 1.5.3, or ASTM D 4099.
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CABO ONE AND TWO FAMILY DWElliNG CODE (OlFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construe
with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

Manual for the Construction of Residential Basements in Non-Coastal Flood Environs (MeRB)

Chapter III Basement Construction

A. Construction Types - Walls

OTFDC

R-304.1
R-304.3
R~.3.1

R~

liLA.1 Unreinforced Block
(Page 13)

An8IvsII
MCRB provides commentary type language for minimum
thickness, lack of reinforcing, and lack of resistance to lateral
pressures. OTFDC provides minimum thickness of foundation
wails based on type of wall construction, depth of unbalanced
fill, soil condition, and seismic zone. OTFDC permits
unreinforced masonry to be designed and constructed in
accordance with BIA "Building Code Requirements for
Engineered Brick Masonry" and ACI/ASCE 530.

Recommendation: MCRB should reference BIA and ACI/ASCE 530.

IILA.2 Reinforced and Grouted
Block

(Pages 13, 14)

R-304.1
R-404.3.2
R-408
R~

R-410

Recommordalion.·

MCRB provides commentary and prescriptive type language for
minimum thickness, venical and horizontal reinforcing, bond
beam, and the capacity to resist lateral loads. OTFDC raquirEr.'"
reinforced masonry to be designed and constructed in
accordance with BIA "Building Code Requiremems for
Engineered Brick Masonry" and ACI/ASCE 530.

MCRB shOuld reference BIA and ACI/ASCE 530.

MatS

1II.A.3 Structural Plain Concrete
(Page 14)

OTFDC

R-304.3

An8M!B
MCRB provides commentary and prescriptive type language for
minimum thickness, lack of reinforcing, minimum compressive
strength. and limits on resistance to lateral pressure. SBC
provides minimum thickness of foundation walls based on type
of wall construction and depth of unbalanced fill.

Recommendation: None.

MatS

IILA.4 Reinforced Concrete
(Pages 14, 15)

OTFDC

R-304.1
R-304.3

Analysis

MCRB provides commentary and prescriptive type of language
for minimum thickness, reinforcing, and ability to resist lateral
loads. OTFDC provides minimum thickness and reinforcing
based on depth of unbalanced fill. OTFDC also permits
foundation walls to be constructed in accordance with ACI 318.

Recommendation: MCRB should reference ACt 318.
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MCRB

IILA.5 Cut Stone. Rubble Stone,
and Cribbing and Planking

(Page 15)

RecommendariDn: None.

MCRB

III.A.6 Treated Wood Foundations
(Page 15)

RecommendtJlion: None.

MCRB

IILA.7 Variations
(Pages 15, 16)

RecommendariDn: None.

MCRB

III.A.8 Excavation and Backfill
(Pages 16-18)

RecommendariDn: None.

MCR8

IILA.9 ForTT1WOft(
(Pages 18, 19)

Recof7'lmendariDn: None.

0lFDC

R-304.3

0lFDC

R-302.1
R-304.5

0lFDC

N/A

0lFDC

R-303
R-304.2
R-311.3

0lFDC

N/A

AnalYsis
MCRB provides commentary type language and will not
consider them any further because they are not commonplace.
OTFDC provides minimum thickness and limit on height of
rubble stone foundations.

Anatysis

MCRB explains that sufficient research is not available on
treated wood foundations under nooded conditions, therefore
they are not included in the MCRB. OTFDC contains details for
wood foundation basement walls and requires them to be
constructed in accordance with NFoPA Technical Report No.7,
however the OTFDC does not address noodplain management.

Anatysis

MCRB provides commentary type language for partially
reinforced masonry, unreinforced masonry, reinforced masonry,
structural plain concrete, and reinforced cast-in-place concrete
walls. OTFDC does not provide commentary language.

Analysis

MCRB requires all organic material to be removed from the
foundation excavation, the footings to be built on undisturbed
or property compacted soil, the bottom of the footing to be
below the depth of frost penetration, foundations on expansive
soils to be a mat or raft foundation, and backfill to be placed in
lifts and compacted in a manner which does not damage the
waterproofing or foundation wall. OTFDC contains basically the
same provisions.

Analysis

MCRB requires the forms to be substantial and sufficiently tight
to prevent leakage of cement paste, property braced to
maintain position, and removed in such a manner as not to
damage the concrete. OTFDC does not address formwork but
requires concrete to be constructed in accordance with ACI
318.

F-31



MCAB

III.B.1 Basement Sa.b
(page 19)

B. Other Construction Features

An8IV*

MCRB states that basement slabs are typically between 3 and 4
inches thick, with and without steel wire reinforcement. OTFDC
provides minimum compressive strength, distance between
control joints with and without wire reinforcement based on
thickness of slab, site preparation requirements and vapor
barrier requirements.

RecOf1fI11endalion: MCRB should provide site preparation requirements, minimum compressive strength, and vapor barrier
requirements.

.-

MCRB

III.B.2 Structural Basement Slab
(Pages 19, 20)

RecOf1fI11endalion: None.

MCAB

III.B.3 Footing (Foundation)
(Page 20)

RecOf1fI11endalion: None.

MCRB

III.B.4 Underdrain Systems-Sumps
and Pumps

(pages 20-23)

RecOf1fl11endalion: None.

MCRB

III.B.5.a Ground &nace Slope·
Site Investigation

(pages 23, 24)

RecOf1fl11endalion: None.

MCRB

III.B.5.b Ground Surface Slope 
Grading and Surface Drainage

(Pages 24, 25)

RecOf1fI11endalion: None.

OTFDC

N/A

OTFDC

R-303

OTFDC

R-305
R-306

OTFDC

R-305
R-306

OTFDC

R-301.3

An8lys8

MCRB provides commentary type language on the use of a
structural basement slab to resist water pressures up to 5 feet
above the bottom of the slab for an ·undrained system.·
OTFDC does not address structural basement slabs.

An8lys8

Both MCRB and OTFDC require the bottom of the footing to
below the depth of frost penetration and provide "typical"
footing sizes.

Analysis

MCRB requires waterproofing (subsurface drain and/or sump
pump) where hydrostatic pressure conditions exist. OTFDC
requires foundation drainage and dampproofing of foundation
walls enclOSing basements regardless of whether hydrostatic
pressure conditions exist or not.

An8lys8

MCRB provides commentary type language addressing site
investigation of the soil to determine the drainage method
needed to maintain a dry basement. OTFDC requires
foundation drainage and dampproofing of foundation walls
enclosing basements without a site investigation.

Analysis

Both MCRB and OTFDC require the finish grade to slope away
from the foundation for drainage. MCRB requires prOViSions to
be made to prevent soil erosion.

F-32



•

.- MCR8 OTFOC AnBfys!s

III.B.6 Seepage Quantities N/A MCRB provides a "flow net analysis' to determine if the
(Pages 25-31) drainage is feasible. OTFDC does not provide sample

calculations for "flow net analysis.'

RtcOf11l'nendation: None.

• MOm OIFDC AnBfys!s

III.B.7.a Penetrations, Cracks, R-306 MCRB requires penetrations through walls to be watertight.
Joints, and "Waterproofing' • P-2003.8 OTFDC requires waterproofing (dampproofing) of basement
Utility Openings P-2012 walls. OTFDC requires plumbing penetrations to be watertight.

(Page 31)

• RtcOf11l'nendalion: None.

MOm OTFDC Analysis

III.B.7.b Penetrations, Cracks, R~.1 MCRB provides commentary type language addressing crack

• Joints, and "Waterproofing' - control of concrete. OTFDC requires control joints spaced
Techniques That Lessen Cracking according to slab thickness and type of wire-reinforcing.
in Concrete

(Pages 31-34)

Rtcommendation: None.

•• MOm OTFOC Anafysis

III.B.7.c Penetrations, Cracks, R-305 MCRB addresses the use of drains and sump pumps. OTFDC
Joints, and "Waterproofing' • R-306 addresses the use of foundation drainage but does not address
"Waterproofing' Basements sumps.

• (Pages 34,35)

Rtcommendarion: None.

MOm OTFDC Anafysis

• III.B.8 Subsystems (Plumbing) N/A MCRB recommends the use of a 1/3 to 1/2 HP sump pump.
(Pages 35, 36) OTFDC does not require sump pumps. MCRB requires

sanitary sewer outlets below the flOOd level to be provided with
gate valves. MCRB requires water supply systems located in a
FlOOd Hazard Area to be deSigned and installed to prevent
contamination from flOOd waters. OTFDC does not address

• flOOdplain management.

Rtcommendation: None.

•

•
•
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MCRB

III.B.9Anc~

(Pages 36, 37)

An!Iy!is

MeRB provides caJculalions to determine the anchorage
requirements. MCRB requires a minimum of 1/2 Inch anchor
bolts spaced a maximum of 8 ft anchored into 2 block courses
or 16 inches with a minimum of 2 bolts per plate. OTFDC
requires a minimum of 112 inch anchor bolts spaced a
maximum of 6 1'1 anchored 15 inches into masonry or 7 inches
into concrete and not more than 12 inches from corners.

Reco111lnendaJion.: The MCRB should be changed to comply with current model codes.

MCRB OTFDC

III.B.10 Some Concrete COnstruction R-304.1
Practices

(Pages 37-46)

R~co111lnendaJion.: None.

AnBIy!is

MCRB contains provisions for handling and depositing
concrete, consolidating concrete, cold weather considerations,
additives, placing reinforcement, etc. OTFDC does not contain
the specific provisions but does reference ACI 318 which
contains similar proviSions.

MCRB

III.B.l1 Some Block Construction
Practices

(pages 47-SO)

R~commmdQJiolt: None.

MCR8

III.C. Loads
III.C.l Soil
III.C.l.a Sand, Sin, Clay
III.C.l.b Expansive Soils
III.C.l.c Permeability
III.C.l.d Saturation
(Pages 50-57)

Recommendalion: None.

MCR8

III.C. Loads
III.C.l Soil
III.C.l.e Erosion
(Page 58)

R~commendaJion: None.

OTFDC

R-301.4
R-301.5
R-303

OTFDC

R-301.3

AnIIIysIs

MCRB contains commentary type language addressing ways to
improve the waterproofing quality of concrete masonry walls.
OTFDC contains minimum requirements tor all types of
masonry construction.

AnIIv!I!
MCRB contains commentary type language on soil types,
expansive soils, permeability, and saturation. MCRB contains
sample calculations. OTFDC requires the ·c.haracter of the soil"
to be determined and slabs on expansive soils to be designed
and installed in accordance with PTl or WRI.

AnIIv!I!
MCRa addresses methods of inhibiting erosion by soil
treatment, seeding, and mulching. OTFDC does not address
erosion. OTFDC requires the lots to be provided with adequate
drainage and shall be graded so as to drain surface water away
from toundation walls.
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MCR8

"I.C. Loads
"I.C.1 Soil
"I.C.1.f Backfill M8lenaJ
Related to Lateral Pressure

(Pages 58~)

Recommendation: None.

MCR8

III.C.2 Water Table
(Page 63)

Recommendation: None.

MCR8

III.C.3 Superstructure Loads
and Buoyancy

(Pages 63-71)

Recommendation: None.

MCR8

III.C.4 Flood Waters
III.C.4.d Velocity
III.C.4.e Sediment
III.C.4.f Rate at Rise
III.C.4.g HydrauliclHydrologlc
Relations

(Pages 72-75)

RecOmmJ!ndation: None.

MCR8

III.C.5 Debris, WInd, Impact,
Snow, Ice, and Other Uve Loads

(Page 75)

OTFDC

R-304.2

0lFDC

N/A

OIFDC

N/A

0lFDC

N/A

0lFDC

R-201.1
R·201.2
R-301.1
R-301.2
R~1.2

R~1.2

R·701.2

Anatysis

MCRB provides commentary type language addressing lateral
pressures exerted from backfill material. OTFDC prohibits the
backfill from being placed until the wall has sufficient strength
or has been sufficiently braced to prevent damage by the
backfill.

AnatysIs

None. The OTFDC does not address the water table.

MCRB contains sample calculations to determine the
superstructure loads imposed by buoyancy. OTFDC does not
provide sample calculations.

Anatysis

MCRB provides commentary type language addressing
increased structural damage which may result from the high
velocity at flood waters. MCRB provides commentary type
language addressing flood water deposited sediment. MCRB
provides commentary type language addressing the rate of rise
of flood water causing unequal loading on basement walls
which could cause damage to the wall. MCRB references a
separate HydrauliclHydrologic manual which could be used to
evaluate a site (Le. for velocity of ftood waters, erosion,
sediment, flood water depth, and watershed hydrology).
OTFDC does not address floodplain management.

Anatvsis
MCRB states that other than debris and impact loads; wind,
snow, and ice are not considered to alter the designs in the
MCRB. OTFDC requires every building to be deSigned and
constructed to support safely all loads and forces encountered.

••
•

Recommendation: MCRB should include wind, snow, and seismic loads.
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MCRB comains sample structural calculations. MCRB refers to
the UBC in V.A.2.e and V.A.2.f. OTFDC does not provide
sample calculations.

Chapter V Basements in Floods

!!9!! ~

VA Structural o.6grVAnalysis N/A
V.A.2 Designs, Methods, and
Tables

V.A.2.a Building Model, Dimensions,
and Loading

V.A.2.b Structural Analysis
Model(WalQ .

V.A.2.c Structural Plain Concrete
V.A.2.d Reinforced Concrete
V.A.2.e Plain Maonry Block
V.A.2.f Reinforced Maonry Block
V.A.2.g Flood Waters Above Grade
V.A.2.h Slab Thickness (Based on
Bending)

V.A.2.1 Structural Slab Design
(Ultimate Strength Design)

(Pages 88-114)

Recommmdalion: MCRB should not reference a single model code. MCRB should reference only national consensus
documents.

MCR8

V.B. Soil!Water Load Philosophy
V.B.l Weir Level Load
V.B.2 Buoyancy
V.B.3 Slab Bending
V.B.4 Wall L.oIds
V.B.5 Clay VI. Sand or Draln and
Sump VI. Seated "Barge"

V.B.58 Drained or Sump System
V.B.5b Undrained or Barge System
(Pages 114-126)

VIII. Appendices

MCR8

Appendix A-$oIII 0IIa
Allowable 8eIftng ~res
(page 164)
Allowable Soilp~
Beneath FootingI

(page 166)

Recommendalion: None.

OTFDC

N/A

OTFDC

R-303

Analysis

MCRB comains commemary type language addressing the
deSign philosophy of the lateral pressures exerted by soil
and/or water loadings. OTFDC does not provide commemary
type language or address design philosophy.

Analysis

MCRB contains allowable bearing pressures for various soil
types. OTFDC assumes that the soil has a minimum of 2000
pounds per square foot.
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VIII. Building's Guide

MCR8 OIFDC

VilLA. Introduction Part III-
VIII.A.2.a Soil and Water Construction
Loading on Wall Cross-Seetion

(Page 198)
VIII.A.2.c "Waterproofing· System
(Page 2(6)
VIILA.2.d Wall Design
(Page 2(9)
VIILA.2.e Slab Design
(Page 211)
VIILB. Acceptable Wall Designs
VIILB.1 Structural Plain Concrete
(Unreinforced)

VIILB.2 Reinforced Concrete
VIII.B.3 Unreinforced Masonry Block
VIII.B.4 Reinforced Masonry Block
VIII.B.S Buoyancy Wall
(Pages 212-239)
VIILC. Acceptable Slab Designs
(Pages 240-246)
VlII.D. Acceptable Control Joint
Designs, Underdrain, and
"Waterproofing· and Seals

VIII.D.1 Overview and ContrOl Joints
VIII.D.2 Sump, Pump, and
Underdrain (for Drained System)

VIII.O.3 "Waterproofing· and Seals
VIII.O.3.a Underdrained Slab and
Wall System

VIII.O.3.b Drained Slab and Wall
System

VIII.O.3.c SIab/WalVFooting
Juncture

(Pages 247-262)

Recommmdation: None.

Anatysis

MCRB contains details and design charts for wall design, slab
design, control jOints, sumps, and/or waterproofing. OTFDC
does contain details and design charts but not details and
design charts for basement design in nOod prone areas.

•

•

••
•

MCR8

HydraulictHydrologlc Manual
I. Introduction
LB. Flood W-.
I.B.4 Velocity
I.B.5 Sediment
(Pages 7-9)

RecOf1V1Iendation.: None.

OTFOC

N/A

Anatysis

MCRB contains commentary type language addressing
increased structural damage which may result from the high
velocity of nood waters and flood water deposited sediment.
OTFOC does not address floodplain management.
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CABO ONE AND TWO FAMILY OWEWNG CODE (OlFDC) COMPARISON

The prescriptive requiremems Of the CABO One and Two Family Dwelling Code are for conventional construetl
with wind or8SStl8S less than 30 pst and seismic zones 0, 1, and 2.

Technical Standards Bulletin: Wet Floodproofing, No. 85-1

No. 85-1

I. Definition
(Page 1)

OTFDC

N/A

An8fysiI

No. 85-1 prOVides a definition of wet floodproofing and explains
the justification for this type of fIoodproofing. OTFDC does not
address floodplain management; therefore, it does not address
wet fIoodproofing or floodproofing of any type.

RecommendQ/wn: None.

No. 85-1

II. Protection Goals
(Page 2)

OTFDC

N/A

AnIIIysis

No. 85-1 explains that wet floodproofing consists of protection
of the structure, protection of interiOr finishes, protection of
mechanical and electrical systems, protection of major
equipment and machinery, and protection of contents. OTFDC
does not address floodplain management; therefore, it does not
wet ftoodproofing or ftoodproofing of any type.

No. 85-1

III.B. Structural Features
(pages 4-5)

OTFDC

R-303
R-305
R-306

Analysis

No. 85-1 addresses the superstructure materials as far as their
durability, resistance to ftood forces, resistance to the
deterioration caused by flood waters, and water resistance.
OTFDC does not address floodplain management; therefore, it
does not address durability, deterioration, or water-resistance of
the foundation. OTFDC does require the foundation system to
be of sufficient design to support sately the loads imposed,
foundation drainage, and foundation dampproofing.

RecOl'l'll'nnJdolion: None.

OTFDC

R-103

No. 1>1

III.C. Building ActtvIy and Use
(pages~

Analysis

No. 85-1 addresses the need to determine the feasibility of wet
fIoodproofing based on bUilding activity and use. OTFDC only
addresses one type of building use which is residential.

Recommendolioft.: None since It would not be appropriate to Intentionally flood a residence.
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IV.A.1 Foundations
(Page 6)

OTFDC

N/A

Anatvs!s
No. 85-1 emphasiZes the importance of the need to investigate
the influence of hydrOlogic and hydraulic conditions on the
foundation when wet floodproofing is used. OTFDC does not
address floodplain management; therefore, it does not address
wet floodprooting or f100dprooting of any type. OTFDC does
require the foundation system to be of sufficient design to
support safely the loads imposed.

• R~commendaJion: None.

No.~1 OTFDC

• IV.A.2 Cavity Wall Construction N/A
(Pages 6-7)

•
R~comJfILndaJion: None.

No.~1 OlFDC

• IV.A.3 Solid Wall Construction R-305
(Pages 7~) R-306

•
R~cOmJflLndaJion: None.

•

••
•

No. 85-1 addresses the need to drain the cavity space at a rate
approximately equal to the flood rate. OTFDC does not
address floodplain management; therefore, it does not address
wet floodprooting or floodproofing of any type.

No. 85-1 addresses the need for the interior and exterior wall
cladding to be relatively impervious to prevent the intrusion of
the floodwaters into the wall. OTFDC does not address
floodplain management; therefore, it does not address wet
f100dprooting or f100dprooting of any type. OTFDC does
require foundation drainage and foundation dampprooting.

Ana!ysis

No. 85-1 emphasiZes that the criteria for cavity wall and solid
wall construction applies to interior walls. OTFDC does not
address floodplain management; therefore, it does not address
wet f100dprooting or floodprooting of any type.

No. 85-1 addresses the need for the interior finishes to be able
to withstand inundation for a minimum of 160 hours without
damage, not be SUbject to deterioration from chemicals in the
floodwaters, and capable of being easily cleaned. OTFDC
does not address floodplain management; therefore, it does not
address wet fIoodprooting or f100dprooting of any type.
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No.8S-1

IVA6 FlOOrS
(Pages 8-9)

Recom11'IendaJion: None.

No.8S-1

IVA7 Ceiling and Roofs
(page 9)

Recom11'IendaJion: None.

No. 8>1

IVA8 Building Envelope
Penetrations
(page 10)

Recom11'IendaJion: None.

No. 8>1

IVA9 Electrical System
(Pages 10-11)

Recom11'lendaJiol1: None.

No. 8>1

IVA10 HVAC
(pages 11-12)

Recommmdcuiol1: None.

OTFDC

N/A

OTFDC

N/A

OTFDC

NlA

OTFDC

N/A

OTFDC

Ch. 13
M-1102

An!IMIi!
No. 85-1 addresses the need for floor systems to be capable ...
withstanding the hydrostatiC pressure generated by a water
level differential Of two feet between the exterior and Interior of
the structure. OTFDC does not address tIoodpiain
management; therefore, it does not address wet tIoodproofing
or f100dproofing Of any type.

AnBIysiI

No. 85-1 addresses the need tor the ceiling materials to be Of a
type to withstand prolonged exposure to moisture and
humidity. OTFDC does not address tIoodpiain management;
therefore, It does not address wet tIoodproofing or
floodprooting Of any type.

AnBIvsis
No. 85-1 addresses the need for building penetrations (doors,
lowers, vents, skylights, etc.) to be capable Of resisting
damage for a minimum of 160 hours of inundation, be
essentially nonporous, and be conducive to easy cleaning.
OTFDC does not address floodplain management; therefore, it
does not address wet floodprooting or tIoodprooting of any
type.

AnBIysiI

No. 85-1 addresses the need to prevent vulnerable electrical
components from coming in contact with the floodwaters.
OTFDC does not address floodplain management. See NFiPA
comparison to NFiPA 70.

AnBIysiI

No. 85-1 requires mechanical equipment to be elevated above
BFE or enClOsed for protection. The OTFDC does not address
tIooding. The OTFDC would allow SUCh installations with
minimum access and clearance to combustibles.
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CABO ONE AND lWO FAMILY DWEWNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 pst and seismic zones O. 1. and 2.

Technical Standards Bulletin: Foundation Wall Openings. No. 85-2

OIFDC

R-303Flood Forces
(Pages 1-3)

No. 85-2 AnaM!s
No. 85-2 provides commentary type language on flood forces
(hydrostatic and hydrodynamic pressure) and formulas to
determine these pressures. OTFDC requires the foundation
system to be IX sufficient design to support safely the loads
imposed, (wind, water, seismic, and snow).

Recommendation: No. 85-2 should address snow and seismic loads.

..

•

•

•

No.8s.2

Openings Design Criteria
(Pages 4-6)

OIFDC

R-311
Ch. 13

No. 85-2 provides the design criteria to siZe the openings
needed to allow floodwaters into an enclosure for the purpose
of equaliZing hydrostatic pressures. OTFDC only addresses
crawl space openings needed for ventilation and equipment
access.

••
Recommendation: None.

•

•

•
•

••
• F~1



CABO ONE AND lWO FAMILY DWEWNG CODE (OlFDC) COMPARISON

The prescriptive rtQUirements Of the CABO One and Two FamilY Dwelling Code are for conventional construct.
with wind pressc.ns less than 30 pst and seismic zones O. 1, and 2.

Technical Standards Bulletin: Breakaway Walls. No. 85-3

OTFDC

R·201.2
R-303
R~1.2

R-601.2
R·701.2

No.8S-3 AnaIy!iI

No. 85-3 addresses wind and flood water loads. OTFDC
requires the construction to be capable of accommodating all
loads imposed. OTFDC does not specifically address
floodwater forces but does address wind. snow, and seismic
loads. No. 85-3 references the building codes on ANSI A58.1-
1982 for information on wind loads.

R~commendQ/ion: No. 85-3 should update reference to ASCE 7.as and address snow and seismic loads.

II. Wind and Water Forces
(Pages 2-3)

No.8S-3

III. Design Approach
(Page 4)

OTFDC

R~1.2

AnBtysis

No. 85-3 reqUires the breakaway wall to be designed to
withstand at least 10 pst but no more than 20 pst. OTFDC does
not address breakaway walls. OTFDC requires the constructiOn
to be capable of accommodating the loads imposed.

R~com,"mdQ/ion: None.

No.8S-3

IV. Design Considerations
(Pages 4-10)

OTFDC

R~1.2

AnBtysis

No. 85-3 provides commentary type language and details for
various types of breakaway walls. OTFDC does not address
breakaway walls. OTFDC requires the construction to be
capable of accommodating the loads imposed.

R~commendlJlion.· None.
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CABO ONE AND TWO FAMILY DwelliNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pr8SSlK8S less than 30 pst and seismic zones 0, 1, and 2,

Technical Standards Bulletin: Wind Design Standards and the NFIP, No. 88-1

No. 88-1 addresses wind loads and references ANSI ASS.1
1982. OTFDC contains a wind probability map with wind
design toads. OTFDC requires the construction to be capable
of accommodating the loads imposed.

No. 88-1

Pages 1-5

OIFDC

R-201.2
R-303
R~1.2

R-601.2
R-701.2
App.A
(Wind Proba
bility Map)

Recommendalion.' No. 88-1 should update reference to ASCE 7-88. The 1992 OTFDC does reference ASCE 7-88.

,',

•

•

•

•

••
•

•

•
..
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CABO ONE AND lWO FAMILY DWElliNG CODE (OlFDC) COMPARISON

The prescriptive requirements at the CABO One and Two Family Dwelling Code are for conventional constructio.
with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

Technical Standards Bulletin: Flood Resistant Materials, No. 88-2

No. 88-2

Pages 1-7

Recommendation: None.

OTFOC

N/A

AnBIv!i!
No. 88-2 provides data and guidance to determine 'materials
resiStant to flood damage' and how the material should be
used to improve a structure's ability to withstand flooding.
OTFDC does not address flood resistant materialS.
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CABO ONE AND lWO FAMILY OweWNG COOE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

Technical Standards Bulletin: Free of Obstruction Requirement in Coastal High Hazard Areas, No. 88-3

"

•
•

•

•

.-
•

•

•

• •
•

No. 88-3

Lower Area Obstructions
(Pages 2-4)

Recommendation: None.

No. 88-3

Obstructions Outside the Perimeter
of the Coastal Building

(Pages 4-6)

Recommendation: None.

No. 88-3

Obstruction Attached to But Outside
the Building Perimeter

(Page 6)

Recommendation: None.

OTFDC

R-201.2
R-303
R-401.2
R~1.2

R-701.2

OIFDC

R-201.2
R-303
R-401.2
R~1.2

R-701.2

OTFDC

R-201.2
R-303
R-401.2
R~1.2

R·701.2

Analysis

No. 88-3 prohibits the construction of anything except
breakaway walls, open wood latticework, or insect screening,
beneath the lowest horiZontal structural member. OTFDC does
not prohibit construction provided it is capable of
accommodating all loads imposed.

No. 88-3 requires structures outside the perimeter of the coastal
building to be anchored to resist flotation, collapse, and lateral
movement due to combined effects of wind and water loads.
OTFDC requires the construction to be capable of
accommodating the loads imposed and transmitting the
resulting loads to its supporting structural elements. OTFDC
does not address flotation.

Anafysis

No. 88-3 explains that anything attached to the building is
considered part of the building and has to meet the same
requirements as the building. OTFDC requires the building or
structure to comply with the Code.
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CABO ONE AND lWO FAMILY DweWNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional Construetk
with wind pr9SSU1!8 less than 30 pst and seismic zones 0, 1, and 2.

Technical Standards Bulletin: Protection of Elevator Equipment in Flood Hazard Areas, No. 884

No....

Recommendations
(Page 3)

Rec011l1PIendalion: None.

01FDC

N/A No.~ recommends that the elevator·related hydraulic
equipment and elevator·related electrical equipment be located
above the BFE. No. 88-4 recommends that electricaJ
equipment that cannot be placed above the BFE to be of water
resistant models. No. 88-4 recommends that the elevator cab
automatically stay above flood waters by inter10cking the
controls with "float' switches in the elevator shaft. OTFDC does
not address floodplain management or elevators.
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CABO ONE AND lWO FAMILY DWEWNG CODE (OTFDC) COMPARISON

The prescriptive reauirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressut'88 less than 30 pst and seismic zones 0, 1! and 2.

Technical Standards Bulletin: NFIP Requirements for Below Grade Par1<ing Garages in Flood Hazard Areas,
No. 90-2

•
•

•

•

.-
•

•

•

••
•

No. 90-2

Pages 1~

Recommendalion: None.

01FDC

N/A No. 90-2 provides a summary of the National Flood Insurance
Program (RegUlations for Floodplain Management and Flood
Hazard Identification) requirements for below grade parking
garages in flood hazard areas. OTFDC does not address
floodplain management or below grade parking.
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CABO ONE AND TWO FAMILY DWElliNG CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for convemional construct.
with wind pr8S84.Ol less than 30 pst and seismic zones O. 1. and 2.

Technical Standards Bulletin: Non-Residemial Floodoroofing Cenification Reauiremems c:A the National Flood
Insurance Program. No. 90-3

No. 90-3

Pages 1-6

Rec~ndaliort: None.

OTFOC

N/A No. 90-3 provides 8 summary of the National Flood Insurance
Program (Regulations for Floodplain Management and Flood
Hazard Identification) requirements to obtain certification by
floodproofing the non-residential structure. No. 90-3 also
provides the forces that the structure would be SUbjected to
when the structure is subjected to the base flood. The OTFDC
is applicable only to detached one- or twe>family dwelling and
one-family townhouses not more than three stories in height
(residential occupancies only) therefore, No. 90-3 does not
apply.
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CABO ONE AND TWO FAMILY DweWNG CODE (OTFOC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 pst and seismic zones 0, 1, and 2.

Technical Standards Bulletin: Installation of Manufactured Homes in Special Flood Hazard Areas, No. 90-4

•

•

•

.-
•

•

•

• -
•

No. 90-4

Pages 3-19

R~commendaJion.· None.

OTFDC

Appendix C No.~ provides a summary of the National Flood Insurance
Program (Regulations for Floodplain Management and Flood
Hazard Identification) requirements which affect the placement
of manufactured homes in flood hazard areas. Manufactured
home installation is addressed in Appendix C. See NCSBCS
comparison to Appendix C.
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