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ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

NFIP Fkod-Resistnt Design Standards (44 CFR 59.1. 603 and 60.6)

CFR 59.1 U.B.C.

Appurtenant
Structure

Recommendation:

CFR 59-1

Base Flood

None.

Analysis -

CFR 59.1 has a definition of a structure that is accessory to the
insured structure on the same parcel of land. The U.B.C. has no
such definition and does not make a distinction between one
structure and another on a parcel of land.

None.

U.B.C.

Appendix Chapter
23, Division IV.

Analysis

CFR 59.1 has a definition 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 definition for the
elevation that a base flood may reach and is in fact the same
design flood.

Recommendation:

CFR 59.1

Basement

Recommendation:

None.

U.B.C.

Sec. 403.

Analysis

CFR 59.1 has a definition of basement stating that the floor of a
building below ground level on all sides is a basement The
U.B.C. defines a basement as a floor level below the first 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
first story.

None.

CFR 59.1

Breakaway Wall

UB.C.

Appendix Chapter
23, Division IV.

Analvsis

CFR 59.1 defines a b reakaway 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
defines a breakaway wall as one being below the base flood
elevation and designed to breakaway under high tides or wave
action without causing damage to the structural system, given
specific design criteria.

Recommendation: None.

C-l



ICBO UNIFORM BUILDING CODE (.B.C.) COMPARISON

NFIP Flood-Resistant Design Standards (44 CFR 59.1. 60.3 and 60.6)

CFR 59.1 U.B.C. Analysis

Building (See
Structure)

Recommendation:

CFR 59.1

Critical Feature

Sec. 403
Sec. 420.

See analysis of "structure."

See the recommendation of "structure."

AnalvsisU.B.C.

None. CFR 59.1 defines a critical feature as one that is integral and
readily identifiable part of a flood protection system without which
the flood protection would be compromised. The U.B.C.
considers al elements of a building to be important.

Recommendation:

CFR 59.1

Sec. 402
Appendix Chapter
70.

CFR 59.1 defines 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 definition 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.

Recommendation: 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.

C-2
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ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

NFiP Flood-Resistant Desian Standards (44 CFR 59.1. 60.3 and 60.6)

CFR 59 1 U.B.C Analvsis

Elevated Build ing A.

Recommendation:

CFR 59. 1

Existing
Construction

ppendix Chapter CFR 59.1 defines elevated building differently in different zones.
. Division IV. In Zones A-130 through D. the top of the elevated floor must be

above the BFE. In Zones V-130. 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.

None.

U.B.C.

Sec. 403.

Analvsis

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. defines an existing building
as one that was erected or completed prior to the adoption of the
Uniform Building Code or for one which a legal building permit
was issued,

Recommendation:

CFR 59 1

Existing Structures

The definition in CFR 59.1 and the U.B.C.'s definition are for two totally different purposes
and both are valid. Therefore, no recommendation.

U.B.C.

Sec. 403.

Analvsis

See analysis of "Existing Construction."

Recommendation: See recommendation of 'Existing Construction."

C-3
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CFR 59.1 U.B.C. Ana - g ,, 
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.m ti 4 1- C' ' S. , utIlso{,ud slides and the erosion of land along a coast or
.J~ie ;t.-. . I!"iC 4 k iun -. jir Y;J';., j shqCn>,e he U.B.C. refers to a flood-plain management
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Flood Plain or Appendix Chapter CF _4,%tefines flood-plain or flood-prone area as any land
Flood Prone Area 23, Division IV. 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. .. r. ;

Recommendation: None.

CFR S9.1 U.B.C AnalC. s . , .te 
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Recommendation: None.
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Manufactured None. CFR 59.1 defines a manufactured home as a transportable
Home .cn oia treturww4hb itJiaaache4'.J *19 r yired utiiti Y i WU ,3

including a recreational vehicle. The U.B.C. has no such
definition.

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.



ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

NFIP Flood-Resistant Design Standards (44 CFR 59. 603 and 60.6)

CFR 59 1 U.B.C. Analysis

One-Hundred-Year
Flood

Appendix Chapter
23, Division IV.

See analysis of Base Flood.

Recommendation:

CFR 59.1

Storm Cellar

Recommendation:

See recommendation of 'Base Flood."

U.B.C.

None.

Analysis

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 definition.

The U.B.C. does not intend to require a storm cellar for every building in areas subject to
severe winds. - Therefore, no recommendation.

Analysis

CFR 59.1 defines a structure as a walled and roofed building and
includes tanks for flood plain management purposes, but not for
insurance coverage purposes. The U.B.C. has two related
definitions, 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 artificially built-up piece of work, built or
constructed, in some definite manner.

Since the U.B.C. and CFR 59.1 have different purposes, no recommendation is required.

U. B.C.

Substantial
Improvement

Recommendation:

Chapter 1
Sec. 40.

Analysis

CFR 59.1 defines substantial improvement as an iprovement
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 defined in the
code.

Both of these definitions serve -different purposes. Therefore, no recommendation is required.

C-5
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Sec. 403
Sec. 420.
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IIIJr UNIFOM COPE .C.) OMARSO

NEP Flood-Resita Design Standards (44 CFR 59.1. 60.3 and 60.6)

CFR 60.3 U.B.C. Analysis

(b) (8) Appendix Chapter CFR 60.1 requires that all, anufactured homes installed in A

Manufactured 23, Divisioni4 ' " bZn es placed in sU iAhmz' finimi flridd-ad n

Home Installation that they must be elevato ad aritahored to resist flotation, cohipsd
or lateral movement. The Uniform Building Code requires that

these structures, if they are located in any flood zone, shall meet

th64appdib4e`eft 49'dkiti difief'and anchorijea:'oii d8bnW

requirements as stated in this appendix chapter.

e J ! lt r . ? . , ; z rC> ,. ¼!

Recommendation: None.

CFR 63)'!!IrI! U.B.C. Analysis

(c) (2)<>^ -<<Tgl!, A .; 1p~pendix ,Chaper Q q hat.ll pew rsidpntial structures .ad

Elevation fdr 23, Division IV. substantial myitiin' Zones have th lowesor6

Residential ' 'itea to or ibove the bas e't lo^evation. The Uniform

Structures Building Code requires that all buildings erected within an A Zone
have their lowest floor, including basement floors, located at or

abov the base flood elevation.,.,;

.3C'i:t 7tC iQ' ZEJ&i _i C>; 5 :-". '~/i'iit7D-S-' ' nc flY''r!¶s

__~~~~~~~6 R. ~~~~~~<,Analysis
5 .> r , C. A [ _ Cl ?T 33!giit R£J-iS.iUi ,5. 35. Jt. . .iUf.

(c) (3) Apendix Clwpte! , requires that al new non-residential structures and

Elevation of Non- 23, Division IV. substantial imnprovements of same within A Zones have their

Residential lowest floor elevated to or above the base flood elevation or be

StrUCtu!-S3 1 lvS ji ~,ui'u--i'.tu ou .Žu,7cGnu>'tu'r -g4csijgnC 1 b~t st~d c Sand hydrodynamic loads and buoyancy.
forces under consideration. te nform Buliiiltiidt qires

that all buildings within an A Zone have their lowest floor,

including basement floors, located at or above the base flood

elevaiQn. Any approved enclosed space below the base, flpod

eievation would have to be dsijh'ed to automatically equalkzdtit-

S: ' ' iC p~psu~r5 of the waters acting upp4r#py exterior wall surface.

Recommendation: ..1,-A 'Nqe;,v c

33. . 3. rX' :

.S .i t50;; O . r ^: ieaqi3.-' ?..i l
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ICBO UNIFORM BUILDING CODE U.B.CJ. COMPARISON

NFIP Flood-Resistnt Desian Standards (44 CFR 59.1. 60.3 and 60.6)

CFR 60.3 UB- C. Analysis

(c) (5)
Flood Openings

Appendix Chapter
23, Division IV.

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 equalize 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 equalize the
lateral pressure of waters acting on any exterior wall surfaces with
specific design criteria.

Recommendation:

CFR 60.3

(e) (4)
Piling Certification

Appendix Chapter
23. Division WV.

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 Uniforn 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.

Recommendation:

CFR 60.3

(e) (5)
Breakaway Walls

Appendix Chapter
23, Division IV.

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.

Recommendation:

None.

U-B.C. Analysis

None.

U.B.C. Analvsis

None.

C-7



ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

NFIP Flood-Resiitant DCen Standards (44 CFR 59.1. 60.3 and 60.6)

CFR 60.3

(e) (6)
Fill

Recommendation:

CFR 60.6

U.B.C.

Appendix Chapter
23, 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.

None.

U.B.C. Analvsis

(C) (2) (i)
Flood-proof Walls

Appendix Chapter
23. Division IV

CFR 60.3 requires that any residential basement in an addition or
substantial improvement that is located in an Al -30. AH, AO or
AE zone be watertight 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.

Recommendation:

CFR 60.6

None, since floodproofing of basements is allowed only in communities that have been granted

an exception by FEMA.

U.B.C. Analysis

(c) (2) (ii)

Basement Top
Floor Elevation

Appendix Chapter
'3 Division IV

CFR 60.3 requires that the top floor of any residential basement be
located no lower than 5 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.

Recommendatioin:

CFR 60.6

See recommendation of CFR 60.6 (c) (2) (i).

U.B.C.

None(c) (2) (i)
Fill

Recommendation:

Analvsis

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.

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.

C-8



iCBO UNIFORM BUILDING CODE (U.B.C.J COMPARISON

NFIP Flood-Reistant esiran Standards 44 CFR 59.1. 60.3 and 60.6)

CFR 60.6 Anaivsis -

(c) (2) iv)
Use of a
Registered
Professional

Recommendation:

CFR 60.6

Sec. 302 (b)
Appendix Chapter
'3, Division IV

Bath CFR 60-6 and the U.B.C. require the use of a registered
professional for the design of such basements.

None.

Analvsis

(c) (2) (v)
Building Inspection

Recommendation:

FEMA-55

4.1-
Environ-
mental
Forces

Sec. 305. 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.

None.

U.B.C.

Sec. 2308 (e)

Sec. 2390
Sec. 2393 (a).

Analysis

FEMA-55 recommends 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 subject to a flooding risk
reduces the risk of damage due to such a hazard prior to receiving
a building permit.

Recommendation: None.

C-9



ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

Coastal Construction Manual (FEMA-551

U.B.C.

Sec. 2311-2321
Figure No. 23-1

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.

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) as this document contains the most recent developments and is being used as

evidence for recent code changes.

U.B.C.

Sec. 1708

Sec. 2510
Sec. 2516 (g) and

(I)
Sec. 2604 (c) and

(d)
Sec. 2908 (i)
Sec. 2909 (a)

Sec. 3003

Sec. 3202
Sec. 3208
Chapter 32 Tables
Sec. 4706
Appendix Chapters
27 and 25.

Analvsis

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 Uniform
Plumbing Code requires that all piping exposed to a corrosive
environment be protected in an approved manner.

U.P.C.:
Sec. 315.

Recommendation: It is recommended that FEMA-55 address roofing and other exterior assemblies in more detail.

C-10
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4.1.1-
Wind

Recommendation:

FEMA-55

4.1.2-
Corrosion
Protection



ICHO UNIFORM BUILDING CODE U.B.C.) COMPARISON

Coastal Constructon Manual FEMA-55)

FEMA-55

4.1.3-
Water Force Data

UB-C.

Appendix Chapter
23
Sec. 2390,
Sec. 2396.

Analvsis

FEMA-55 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.

Recommendation:

FEMA-55

4.1.4
Higher Structures

Appendix Chapter
23
Sec. 2390
Sec. 396.

FEMA-55 discusses the forces on tall or large structures, requiring
an appropriate structural analysis considering wind and water
action. The Uniform Building Code does not make a distinction
between tall or large structures and all others.

Recommendation:

FEMA-55

Both are compatible. as they are based upon sound, well-established engineering principles.

U.B.C. Analysis

4.2-
Materials

Recommendation:

FEMA-55

4.2.1.1-
Wood Pilings

Chapters 24, 25,
26. 27 and 28.

FEMA-55 discusses the use of wood, steel and concrete and makes
general recommendations as to their protection in a corrosive
environment. The Uniform Building requires that any material
used be adequately protected against corrosion.

None.

U.B.C.

Sec. 2501 (a), 4
Sec. 2504 (b)
Sec. 2516 (c) 1
Table No. 25-E
Sec. 2909 (a).

Analvsis

FEMA-55 briefly discusses the use of wood pilings as foundation
system. The Uniform Building Code requires wood pilings to
meet specific design criteria and has established standards for the
preparation of wood piles.

Recommendation:

None.

U.B.C. Analysis

None.

C-l



ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

Coastal Construction Manual (FEMA-SS)

FEMA-55 U.B.C. Analysis

4.2.1.2-
Wood Beams

Recommendation:

Sec. 2303 (a)
Sec. 2516 (c) 8

and 11
Appendix Chapter
23
Sec. 2393 (d).

FEMA-55 discusses, in general terms, the use of wood beams and
their protection from a corrosive environment. The Uniform

Building Code allows the use of any structurally adequate beam

and requires adequate protection from the same environment.

None.

FEMA-55

4.2.1.3-
Other Wood
Members

U.B.C.

Sec. 2516 (c) 3, 4,
5, 8, 9, and 11

Appendix Chapter
23
Sec. 2393 (d).

Reommendation:

FEMA-55

4.2.1.4-
Preservatives

Recommendation:

Analysis

FEMA-55 states that other wood structural members are not
required to be preservative treated. The Uniform Building Code

requires that such members which are exposed to weather or

corrosive conditions be preservative treated.

FEMA-55 and the Uniform Building Code are in direct conflict, with the Uniform Building

Code requiring protection of all exposed members and FEMA-55 allowing unprotected

members. It is recommended that FEMA-55 include the protection of all members that are

exposed to these conditions.

U.B.C.

Sec. 2501 (a)
Sec. 2516 (c).

Analysis:

FEMA-55 discusses, in general terms, 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.

FEMA-55 should recommend that the wood preservatives meet the approved standards within

the jurisdiction where the project is located.

U.B.C.

Chapters 23 and
26
Appendix Chapter
23, Division IV.

Recommendation-:

Analysis

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.

The U.B.C. should discuss the use of masonry in corrosive environments.

C-12

FEMA-55

4.2.2-
Masonry



ICBO UNIFORM BUILDING CODE (U.D.C.) COMPARISON

Coastal Construcdo Manual FEMA-S5)

FEMA-55 U.B.C. Analysis

4.2.3.1-
Aluminum

Chapter 28
Appendix Chapter
23.

Recommendation:

FEMA-55

4.2.3.2-
Steel

Recommendaion

FEMA-55

FEMA-55 discusses the protection of aluminum trim, windows,
etc. in corrosive environments. The U.B.C. does not address the
use of these ypes of aluminum products in corrosive situations.

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

U.B.C.

Chapter 27
Sec. 2510.

Analysis

FEMA-55 discusses the protection of exposed steel in corrosive
environments and rcommends regular inspection and maintenance
-of sami. The U.B.C. does not discuss the protection of steel
members.

See recommendation for Section 4.2.3. 1.

U.B.C. Analysis

4.2.3.3-
Dissimilar
Materials

Recommendation:

FEMA-55

4.3.1-
Foundations

Sec. 2804 (c). FEMA-55 discusses dissimilar materials in general terms 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.

None.

U.S.C.

Sec. 2908-2910
Appendix Chapter
23, Division V.

Analysis

FEMA-55 briefly discusses different foundation systems. The
U.S.C. provides specific design requirements for different
foundation systems and requires the use of piles or columns in V
zones.

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

C-13
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4.3.1.1-
Soil Conditions

Sec. 2904-2906
Table No. 29-B.

FEMA-55 discusses, in general terms, 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.

Recommendation:

FEMA-55

4.3.1.2-
Piles

FEMA-55 should recommend the use of a licensed engineer for the classification of the soil.

U.B.C.

Sec. 2908-2910
Appendix Chapter
23, Division IV.

Recommendalion:

AnalVsis

FEMA-55 discusses 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.

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.

U.B.C.

Appendix Chapter
23, Division IV.

Analysis

FEMA-55 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.

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

FEMA-55

4.3.1.4-
Masonry Piers

U.B.C.

Sec. 2907 and
2910
Appendix Chapter,
Division IV.

Analysis

FEMA-55 discusses the use of piers as a foundation system and
provides some design criteria. The U.B.C. provides design
criteria that is to be used by a licensed engineer or architect.

Recommendation: FEMA-55 should recommend that a licensed engineer or architect design the pier foundation or

provide a reference to a document that requires such certification.

C-14
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Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

Recommendation:

FEMA-55

FEMA-55 discusses the use platform faming 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-
established engineering principles.

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 these areas may also be subject to other lateral forces.

U.B.C. Analysis

Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

Recommendation

FEMA-55 discusses the orientation and sizing of floor beams that
are exposed. The U.l.C. requires that floor beams be designed
by a licensed engineer or architect taking under consideration all
loads that it may support.

See the recommendation for 4.3.2.1.

FEMA-55 U.B.C.

4.3.2.3-
Joists and Rafters

Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

Analvsis

FEMA-55 discusses types of joists and rafters. The U.B.C. has
specific design criteria for such members.

Recommendation:

FEMA-55

4.3.2A-
Subilooring

Recommendation:

Chapter 23
Chapter 24
Appendix Chapter
23, Division IV.

FEMA-55 discusses subflooring in flood-prone areas. The U.B.C.
has specific design criteria for subflooring.

None.
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Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

Recommendation:

FEMA-55 briefly discusses the types of studs used. The U.B.C.
has specific design criteria for stud walls.

None.

U.B.C. Analysis

4.3.2.6-
Wall Sheathing

Chapter 23

Chapter 25
Appendix Chapter
23, Division IV.

FEMA-55 discusses wall sheathing and gives some design criteria.
The U.B.C. has specific deign criteria for wall sheathing.

Recommendation:

FEMA-55

FEMA-55 should recommend that an licensed engineer or architect design the wall sheathing as
other lateral loads may govern.

U.B.C. Analysis

4.3.2.7-
Wall Bracing

Recommendation:

Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

FEMA-55 discusses different types of wall bracing. The U.B.C.
has specific design criteria for wall bracing.

None.

U.].C.

Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

Recommendation:

Analysis

FEMA-55 discusses different types of roof construction. The
U.B.C. has specific design criteria for any type of roof.

None.
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U.B.C.

Sec. 2908 and
29,10,

Appendix Chapter
23, Division V.

Recommendation:

FEMA-55

Analysis

FEMA-55 discusses the use of foundation braces as an effective
lateral force resisting system. The U.B.C.requires interconnection
for all types of piles, unless proven that another system is
adequate.

FEMA-55 should recommend that a licensed engineer or architect design these braces and the
rest of the foundation system.

U.B.C. Analysis

4.3.3.1-
Knee Bracing

Recommendation:

FEMA-55

4.3.3.2-
Grade Beams

Sec. 2908 and
2910
Appendix Chapter
23, Division IV.

FEMA-55 discusses the use of knee bracing and gives, some design
criteria. The U.E.C. requires that pile foundations be designed for
lateral forces.

None.

U.B.C.

Sec. 2908 and
2910
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 recommends the use of grade beams to restrain a pile
foundation. The U.B.C. requires interconnection of all pile
foundation systems or another equivalent form of restraint.

Recommendation:

FEMA-55

FEMA-55 should recognize other methods of foundation restraint.

U.B.C. Analysis

4.3.3.3-
Truss Bracing

Recommendation:

Sec. 2908 and
2910
Appendix Chapter
23, Division IV
Appendix Chapter
24
Appendix Chapter
25.

FEMA-55 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.

None.
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Chapter 24
Chapter 26
Chapter 26
Appendix Chapter
23, Division IV
Appendix Chapter
24
Appendix Chapter
25.

Recommendation:

FEMA-55 discusses the use of shear walls to resist wind forces.
The U.B.C. requires that the lateral resisting system of a structure

be designed with all lateral loads under consideration.

FEMA-55 seems to recommend the use of reinforced concrete and reinforced masonry as the

only acceptable means of resisting wind loads. FEMA-55 should also consider the use of wood

shear walls as an acceptable method of resisting wind and water loads.

U.B.C. Analysis

4.3.4-
Connections

Recommendation:

FEMA-55

4.3.4.1-
Roof to Wall

Chapter 23
Sec. 2510
Sec. 2516-17,
Appendix Chapter
23, Division IV
Appendix Chapter
24
Appendix Chapter
25.

FEMA-55 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 incurred by the

structure.

None.

Chapter 23
Sec. 2510
Sec. 2516 and
2517
Appendix Chapter
23, Division IV
Appendix Chapter
24
Appendix Chapter
25.

Analysis

See analysis of 4.3.4.

Recommendation:

4.3.3.4-
Shear Walls

FEMA-55

None.
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FEMA-55

4.3-4.2-
Wall to Floor

Recommendation:

U.B.C.

Chapter 22
Sec. 2510
Sec. 2516 and
2517
Appendix Chapter
23, Division IV
Appendix Chapter
24
Appendix Chapter
25.

Analysis

See analysis of 4.3.4.

None.

FEMA-55

4-3.4.3-
Floor Joist to
Beam

Recommendation:

FEMA-55

4.3.4.4-
Floor Beam to Pie

U.B-C.

Chapter 23
Sec. 2510
Sec. 2516 and
2517
Appendix Chapter
23, Division TV

Appendix Chapter
24
Appendix Chapter
25.

Analysis

See analysis of 4.3.4.

None.

U.B.C.

Chapter 23
Sec. 2510
Sec. 2516 and
2517
Appendix Chapter
22, Division IV
Appendix Chapter
24
Appendix Chapter
25.

Analysis

See analysis of 4.3.4

Recommendation: None.
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FEMA-55 U.B.C. Analysis

4.3.5-
Breakaway Walls

Appendix Chapter
23, Division IV.

FEMA-55 recommends that any sheltered space beneath an
elevated structure be enclosed by breakaway walls and gives
examples of same. The U.B.C. requires that any enclosing walls
beneath an elevated structure be designed and constructed as a
breakaway wall.

Recommendation:

FEMA-55

4.3.5.1-
Types of Walls

Recommendation:

FEMA-55

4.3.5.2-
Design of
Breakaway Walls

Appendix Chapter
23, Division V.

FEMA-55 discusses different types of breakaway walls. The
U.B.C. requires that any breakaway wall be designed for specific
loads.

None.

U.B.C.

Appendix Chapter
23, Division IV.

Analysis

FEMA-55 discusses the design of breakaway walls. The U.B.C.
requires that any breakaway wall be designed for specific loads.

Recommegdatio:

FEMA-55

4.3.6-
Utilities

None.

U.B.C.

Appendix Chapter
23, Division IV

U.P.C.:
Sec. 315 (e).

Analysis

FEMA-55 discusses the protection of utilities in the "Coastal High
Hazard' zone. The U.B.C. requires that utilities be protected in
both the flood hazard zones.

Recommendation: FEMA-55 should also include the protection of utilities in the "A" flood hazard zone as they
subject to similar forces as found on the Coastal High Hazard zone.

C-20
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FEMA-55 U.B.C. Analvsis

4-3-7-
4.3.7.1
43.7.2
4.3-7-3
4-3.7.4-
Protection of the
Interior

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

FEMA-55 discusses the protection of the interior of a structure
from wind and water action. T he U.B C requires that openings
below the base flood elevation (BFE) be protected and that exterior
assemblies provide a weather-resistive baffler.

Recommendation:

FEMA-55

4.3.8-
Maintenance

Recommendation:

FEMA-55

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

U.B.C.

Sec. 104 (d).

Analysis

FEMA-55 recommends regular inspection and maintenance of
pilings, exposed connections, exposed protective devices and
utilities. The U.B.C. requires that the owner or owner's designate
maintain the structure and all devices, and safeguards required by
code in a safe and sanitary condition.

None.

U.B.C. Analysis

5.1-
General Design

Sec. 2311 and
2321
Appendix Chapter
23.

FEMA-55 discusses the lateral design criteria for larger structures.
The U.B.C. requires a lateral analysis of all buildings with no
distinction in the size of the building.

Recommendation:

FEMA-55

FEMA-55 recognizes that wind loads may govern in large structures., but should recommend
that all lateral loads be considered in the design of all structures.

U.B.C. Analysis

5.2-
Foundations

Recommendalon:

Sec. 2907 and
2910
Appendix Chapter
23, Division IV.

FEMA-55 discusses the types of foundations used an larger
structures. The U.B.C. requires that all foundations be designed
for the loads they support.

None.
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FEMA-55 U.B.C. Analysis

5.3-
Slabs-on-grade

Sec. 2623
See. 2908 (b).

FEMA-55 briefly discusses the different uses of slabs-on-grade.
The U.B.C. prescribes specific design criteria for the different

uses of slabs-on-grades.

Recommendation;

FEMA-5

5.4-
Superstructure

Rnrmmend.iw

FEMA-55

5.5-
Elevated Floors

None.

U.B.C.

Chapter 23
Chapter 24
Chapter 26
Chapter 27.

Analysis

FEMA-55 discusses some types of structural systems found in

larger buildings. The U.B.C. requires that the structural system

used be designed according to specific criteria.

None.

U.B.C.

Chapter 26
Chapter 27.

Analysis

FEMA-55 briefly discusses the use of reinforced concrete floors in

larger structures. The U.B.C. requires that any floors used in

larger structures be designed to meet specific criteria.

Recommendation:

FEMA-55

5.6-
Exterior WaUs

FEMA-55 should also discuss co posite floor systems as these are prevalent in high-rise

construction.

U.B.C.

Sec. 2309 and
2321
Appendix Chapter
24
Appendix Chapter
25.

Analysis

FEMA-55 briefly discusses the types of exterior wall systems and

their connections. The U.B.C. require that any exterior wall

system used meet specific design criteria.

Recommendation: None.
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5.7-
Professionals

Recommendation:

FEMA-55

Figure No. A-1
Number of Piles

Sec. 302 (b)
Appendix Chapter
23, Division IV.

FEMA-55 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.

None.

U.B.C.

Sec. 32 b)
Chapter 23
Chapter 29

Appendix Chapter
23, Division V.

Analvsis

FEMA-55 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 based on the applied loads and soil conditions.

Recommendation:

FEMA-55

FEMA-55 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 all situations. Also, FEMA-55 should consider the soil conditions at
the site when making design recommendations.

U.B.C. Analysis

Table No. A-1
Vertical Loads on
Piles

Sec. 302 (b)
Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

FEMA-55 provides design loads for typical one- and two-story
houses which leads to a recommended pile embedment depth. The
U.B.C. requires that an engineer or architect design the piling
system based on the applied loads and soil conditions.

Recommendation:

FEMA-55

See the recommendation for Figure No. A-1.

U.B.C. Analvsis

Table No. A-2-
Horizontal Wind
Load per Pile

Sec. 302 (b)
Chapter 23

Chapter 29
Appendix Chapter
23, Division IV.

FEMA-55 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 based on the applied loads and soil conditions.

Recommnendation: See the recommendation for Figure No. A-1.
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FEMA-55

Table No. A-3
Minimum Pile
Embedment

U.B.C.

Sec. 302 (b)
Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 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.

Recommendation: See the recommendation for Figure No. A-1.

FEMA-55

Table No. A-4
Maximum
Unbraced Pile
Height

U.B.C.

Sec. 302 (b)
Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 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.

Recommend&tiorn: See the recommendation for Figure No. A-1.

FEMA-55

Table No. A-4.1
Maximum
Unbraced Pile
Heights Supporting
Breakaway Walls

U.B.C.

Sec. 302 (b)
Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 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 soil conditions.

Recommendation: See the recommendation for Figure No. A-1.

FEMA-55

Table No. A-S
Uplift Loads per
Foot of Wall

Sec. 302 (b)
Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 provides wind loads that are to be used in the design of

the connections between floors. The Uniform Building Code

requires that an engineer or architect design the lateral resisting

system based on the applied loads.

Recommendation: See the recommendation for Figure No. A-1.
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Table No. A-6
Uplift Loads per
Pile

Sec. 302 (b)
Chapter 23
Chapter 29
Appendix Chapter
23, Division V.

FEMA-55 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.

Recommendation:

FEMA-55

See the recommendation for Figure No. A-1.

U.B.C. Analysis

Table No. A-7
Bolt Capacity of
Floor Bean
Connections

Table No. 26-E
Sec. 2510
Table No. 25-F.

FEMA-55 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.

Recommendation:

FEMA-55

FEMA-55 should also base their design tables on the materials used along with the connection
requirements.

U.B.C. Analysis

Table No. A-S
Concrete Masonry
Piers

Sec. 2303
Chapter 24
Appendix Chapter
24.

FEMA-55 provides recommended reinforcing requirements for
areas subject to high winds. The Uniform Building Code requires
that an engineer or architect design these concrete masonry piers
for any horizontal loads that it may be subjected to.

Recommendsin:

FEMA-55

Table No. A-9
Concrete Piers -

FEMA-55 should require that an engineer or architect design all concrete masonry piers or
provide a reference to a document that does require such certification rather than providing
prescriptive reinforcing requirements.

U.B.C.

Sec. 2303
Chapter 26

Analysis

FEMA-55 provides prescriptive reinforcing requirements for
structures that are subject to high winds. The Uniforn Building
Code requires that an engineer or architect design such structures
with all loads taken into account.

Recommendation: FEMA-55 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-55

Figure No. A-2
Concrete Pier
Cross Section

Recommendatign:

FEMA-55

Figure No. A-3
Grade Beams and
Slabs

U.B.C.

Sec. 2303
Chapter 26

Analysis

FEMA-55 provides two diagrams of recommended locations for
the reinforcing steel. Also, FEMA-55 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.

FEMA-55 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.

U.B.C.

Sec. 2303
Chapter 26

Analysis

FEMA-55 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 areas 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.

Recommendtio FEMA-55 should recommend that a licensed engineer or architect should design such members

based on the applied loads and site conditions.

FEMA-55

Table No. A-10
Fastener
Capacities in Shear

Sec. 2303
Tables Nos. 24-D-
1 and 24-D-2
Table No. 24-E
Tables Nos. 25-F,
G, H, , K, 0. Q.

Analysis

FEMA-55 provides specific shear capacities for nails, screws and
dowel pins. The Uniform Building Code provides specific criteria
for the design of all fasteners.

Reconmmndaton FEMA-55 should recommend the use of the shear capacity requirements in the building code of

that project's jurisdiction.

FEMA-55

Table No. 11-A
Fasteners for
Breakaway Walls

U.B.C.

Sec. 2303
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 provides specific design criteria for the fasteners for
breakaway walls. The Uniform Building Code requires that these
breakaway walls be designed in accordance with specific loading
criteria.

Recommendation: None.
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Sec. 2303
See. 2908 and
2910
Appendix Chapter
23, Division V.

FEMA-55 discusses the use 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.

FEMA-55 should recommend the use of an engineer or architect in the design of such a
foundation system or provide a reference to a document that does rquire such certification.

U.B.C. Analvsis

Sec. 2303
Sec. 2908 and
2910
Appendix Chapter
23. Division N.

FEMA-55 discusses the use of knee braces and the detailing of
snme. 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.

Recommendation:

FEMA-55

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 or provide a reference to a
document that does require such certification.

U.B.C. Analysis

Sec. 2303
Sec. 2908 and
2910
Appendix Chapter
23, Division IV.

FEMA-55 recommends that truss bracing be designed per the
following sections. The U.B.C. requires that such a bracing
system be designed by a licensed engineer or architect.

Recommendation:

FEMA-55

FEMA-55 should require the use of a licensed engineer or architect to design such a bracing
system or provide a reference to a document that does require such certification.

U.B.C. Analysis

Sec. 2303
Sec. 2908 and
2910
Appendix Chapter
23, Division V.

FEMA-55 discusses, in general terms, the use of diagonals as a
bracing element and gives some specific design examples. The
U.B.C., on the other hand, relies on a design by a licensed
engineer or architect rather than specific design criteria.

FEMA-55 should rely on the design of a licensed engineer or architect or provide a reference
to a document that does require such certification rather than providing specific design criteria.
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B.1
Knee Bracing

B.2
Truss Bracing

B.2.1
Diagonals

Recommendation:



ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

Coastal Consucti Manual (FEMA-55)

FEMA-55

B.2.1.1
Lumber Diagonals

U.B.C.

Sec. 2303
Chapter 25
Sec. 2908 and
2910
Appendix Chapter
23, Division IV.

Analysis

FEMA-5S gives specific design criteria and examples for all
conditions. The U.B.C. requires a design by a licensed engineer
or architect given the site conditions.

Rpcommendation:

FEMA-55

B.2.1.2
Thread Bar
Diagonals

FEMA-55 should rely more on the design of a licensed engineer or architect rather than give
specific design criteria.

U.B.C.

Sec. 2303
Chapter 27
Sec. 2908 and
2910
Appendix Chapter
23, Division IV.

Recommendaon:

Analysis

FEMA-55 gives recommendations for specific manufactured
product as the use of a thread bar diagonal. The Uniform Building
Code requires that these diagonals be designed by a licensed
engineer or architect based on the applied loads and site
conditions.

FEMA-S5 should not recommend a specific manufacturer and should rely on the design of a
licensed engineer or architect or provide a reference to a document that does require such
certification.

Sec. 2303
Chapter 25
Sec. 2908 and
2910
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 provides specific design criteria for struts and makes
specific manufacturer recommendations. The U.B.C. relies on a
design by a licensed engineer or architect based on the implied

loads and site conditions.

See recommendation of B.2.1.2.
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Sec. 2303
Chapter 26
Sec. 2908 and
2910
Appendix Chapter
23, Division lV.

FEMA-55 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.

Recommendation:

FEMA-55

FEMA-55 should rely upon the design of a licensed engineer or architect or provide a reference
to a document that does require such certification.

U.B.C. Analvsis

D.1
Procedure A-1

Downward Loads
per Pile

Chapter 23
Sec. 2908-2910.

FEMA-55 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
based on the tributary area supported by the pile and a reduction is
given for any group action that may be used in the system.

Recommendation:

FEMA-55

FEMA-55 should indicate that this is a design example only and not a procedure to be used for

every situation that may arise.

U.B.C. Analysis

D.2
Procedure A-2
Wind Loads per
Pile

Chapter 23
Sec. 2908-2910.

FEMA-55 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
also provides 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.

Recommendation: See the recommendation for D.1, Procedure A-k.
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FEMA-55

D.3
Procedure A-3
Minimum
Embedment of
Piles

Recommendation:

FEMA-55

D.4
Procedure A4
Maximum
Unbraced Pile
Height

U.B.C.

Sec. 2908-2910.

Analysis

FEMA-55 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 diameters of these piles based

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.

FEMA-55 should recommend that a soils engineer-by consulted and a soils report be

undertaken for each specific site as the soil conditions vary from site to site.

U.B.C.

Sec. 2908-2910
Appendix Chapter
23, Division W.

Analysis

FEMA-55 provides design equations for the calculation of
moments due to wave, current, debris impact and wind forces

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.

Recommendation: FEMA-55 should indicate the source of the equations used for the forces calculated.

FEMA-5

D.5
Procedure A-4.1
Maximum
Unbraced Height
for Piles
Supporting
Breakaway Walls

U.B.C.

Sec. 2908-2910
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 provides a means of calculating the unbraced height for

piles that support breakaway walls. The Uniform Building Code
require that the structural system be designed in accordance with
well established engineering principles with hydrodynamic and

hydrostatic loads being considered. The required loading should
be established by an investigation of the conditions at the job site

or by approved national standards.

Recommendation: See the recommendation for D.4, Procedure A-4.
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D.6
Procedure A-5
Wall Uplift Loads

Recommendation:

FEMA-55

D.7
Procedure A6
Pile Uplift Loads

Chapter 23. FEMA-5S provides an example of a method of calculating wind
generated uplift loads in the walls of a building given specific
design criteria. The U.B.C. requires that a licensed engineer or
architect consider all of the loads generated by wind forces,
including uplift forces, in the design of the structure.

FEMA-S5 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.

U.B.C.

Chapter 23.

Analvsis

FEMA-55 provides an example of a method of calculating the
uplift loads generated by wind forces per pile. The U.B.C.
requires 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.

Recommendation:

FEMA-55

FEMA-55 should require that a licensed engineer or architect design the structure with all loads
under consideration or provide a reference to a document that does require such certification.
It should also indicate that this is a design example which may not be appropriate for all
situations.

U.B.C. Analysis

D.S
Procedure B-1
Horizontal Water
Loads per Pile

Appendix Chapter
23, Division IV.

FEMA-55 provides a method of calculating lateral loads due to
wave, current drag, debris impact forces an each pile. The
Uniform Building Code requires 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.

Recommendation: FEMA-55 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-55 U.B.C. Analysis

D.9
Procedure B-2
Loads Transferred
to the Foundation
Truss Members

Chapter 23
Appendix Chapter
23, Division IV.

FEMA-55 has a brief description of a procedure to evaluate any
loads resulting 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 vertical loads.

See the recommendation for D.S.

FEMA-55

Appendix G.2
Purpose

Recommendation:

FEMA-55

Appendix G.3
Scope

U.B.C.

Sec. 102.

Analysis

FEMA-55 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 property and public
welfare for all buildings within the local jurisdiction.

None.

U.B.C.

Sec. 103.

Analysis

Scope of FEMA-55 includes only residential structures, both large
and small and the additions thereto, even though Chapter 5 in the
Coastal Construction Manual addresses larger structures which
seems to include both commercial and industrial buildings. The
scope of the U.B.C., on the other hand, includes all buildings and
miscellaneous structures within the authority of the local building

official.

Recommendation: FEMA-55 should include, within the sample Coastal Construction Code, any other uses which

may be subjected to these kinds of conditions.
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FEMA-55 U.B.C. Analysis

Chapter 4
Chapter 23
Appendix Chapter
23, Division IV.

The definitions found in the sample Coastal Construction Code in
FEMA-55 are strictly related to the design of structures subject to
flood, wave 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.

Recommendation:

FEMA-55

FEMA-55 should develop language that correlates the definition of "grade" with the U.BC.,

such as replacing the term 'adjoining" with a specific distance at which point the measurement

is taken.

U.B.C. Analysis

Appendix G.S
Elevation
Standards

Recommendatio::

FEMA-55

Appendix G.6
Loading Forces

Appendix Chapter
23, Division IV.

FEMA-55 has a provision in this section where a setback can be
established, where within same, no new construction or substantial
improvements are allowed. Also, all new construction or
substantial improvements in this provision must have their lowest
horizontal structural member supporting the elevated floor at or
above the base flood elevation. The U.B.C. does not establish a
setback where construction is not allowed. It requires that all new
construction or improvements have the lowest horizontal structural
member at or above base flood elevation.

None.

U.B.C.

Chapter 23
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 recommends that the structural design in coastal high-
hazard areas consider the effects the wind and water loads acting
simultaneous during a base 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.

Recommendaion:

Appendix G.4
Definitions

None.
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FEMA-55 U.B.C. Analysis,. . ' I 

Appendix G.6.1
Water Loads ,

Recommendation:

FEMA-55

Appendix G.6.2
Wind Loads

Appendix Chapter FEMA-55 states that the structurl ,design shall take horizontal

23, Division IV.l;Y . . water loads under consideration and shall consider specific forces,
of waves. and other forces in the anlysis. The U.B.C. requires
that the structural system shal, 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 investigation of the site conditions or approved
national standards.

None.

U.B.C. Analvsis

Chapter 23 FEMA-55 recommends that all buildings be designed to resist
Appendix Chapters wind load pressures based on ANSI Standard A 58.1-198'. The
24 and 25. Uniform Building Code.requiresthat all buildings be designed and

detailedto resist the forces due towind pressures and includes a
number of the provisions from the ANSI Standard.

Recommendation:
I r I- . .;- .

FEMA-55

: - 5 should inu l. tes 1 t eo of .A N: - S A 5 i

FrEMA-55 ,should include the latestedition of ANSI Standard A 8. 1 which is now ASCE 7-88.

U.B.C. Analysis

Appendix G.7
Foundation
Standards

Recommendation:

FEMA-55

Appendix G.7.1:
Pile Foundation
Design ' ' I

Chapter 29
Appendix Chapter
23, Division IV.

FEMA-55 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
structural calculations and designed appropriately.

None.

U.8.C.
,~ . : 2 ., :: .

Sec. 29082910
' Appendix Chapter.
23, Division [V. 

Analysis

f : FEMA*55 has some specific,.design criteria for pile, foundations.

The U.B.C. requires that the structural system, in this case the pile
f:.!-. Ioundation, be designed in accordance with well established
engineering principles 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.,

Recommendation: FEMA-55 should include a provision for soil investigations to deternine the site soil

conditions.
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FEMA-55 U.B.C. Analvsis

Appendix G.7.2
Column
Foundations

Chapters 24, 26
Appendix Chapter
23, Division [V.

FEMA-55 briefly discusses the use of masonry piers and poured-
in-place concrete piers and requires that they be reinforced to
resist both vertical and lateral loads and be interconnected. The
Uniform Building Code has specific design criteria for such piers
and also requires that they be interconnected.

Recommendation:

FEMA-55

Appendix Chapter
23, Division IV
Appendix Chapters
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 resist basic wind
speeds from 80 to 110 miles per hour.

Recommendation:

FEMA-55

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

U.B.C. Analysis

Appendix G.8.I
Connectors and
Fasteners

Sec. 2510
Appendix Chapters
24 and 25.

FEMA-55 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 fr the
applied loads and also be corrosion resistant if exposed to a
corrosive environment.

Recommendatio:

None.

U.B.C.

Appendix G.8
Anchoring
Standards

Analysis

None.
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FEMA-55

Appendix G.8.2
Beam to Pile
Connections

U.B.C.

Sec. 2510
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 has design requirements for specific beam to pile
connections with no consideration for other possibly structural
adequate connectors. The Uniform Building Code requires that
these connections be designed by a licensed engineer or architect
based on the applied loads, but does require that any connectors
that are exposed to corrosive environments be protected.

Recommendation:

FEMA-55

Appendix G.8.3
Floor and Deck
Connections

FEMA-55 should allow for other structurally adequate connections.

U.B.C.

Chapter 25.

Analysis

FEMA-55 has specific design criteria for floor and deck
connections in coastal high-hazard areas. The U.B.C. requires
that a licensed engineer or architect design these connections for
the applied loads and site conditions.

FEMA-55 should consider other structurally adequate materials than what is prescribed within

their provisions provided a licensed engineer or architect verifies the adequacy.

FEMA-55 U.B.C. Analysis

Appendix G.8.4
Exterior Wall
Connections

Recommendation:

Chapter 25. FEMA-55 contains specific design criteria for exterior wall
connections. The U.B.C. requires that exterior wall connections
be designed and detailed by a licensed engineer or architect to
support the applied loads.

FEMA-55 should recommend other types of designed exterior wall connections.

FEMA-55

Appendix G.8.5
Ceiling Joist and
Rafter Connections

U.B.C.

Sec. 2303
Sec. 2510
Appendix Chapter
23, Division IV.

Analysis

FEMA-55 requires that the roof framing and ceiling be designed in
such a manner as 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.

Recommendation: FEMA-55 should recognize other types of systems which may provide this continuous tie.
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FEMA-55 U.B.C. Analysis

Appendix G.8.6
Projecting
Members

Chapter 23
Sec_ 2510
Appendix ChWper
23, Division IV.

FEMA-55 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
designed and detailed given the applied loads by a licensed
engineer or architect.

FEMA-55 should require that all projecting members be designed by a licensed engineer or
architect.

U.B.C. Analysis

Appendix G.8.9
Roof Sheathing

Chapter 23
Chapter 25
Chapter 32
Appendix Chapter
23, Division IV.

FEMA-55 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.

Recommendation:

FEMA-55

Appendix G.10
Protection of
Openings

FEMA-55 should recognize other types of roofs if they are designed by a licensed engineer or
architect

U.B.C.

None.

Analysis

FEMA-55 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.

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-55

Appendix G. 11
Use of Space
Below the Lowest
Elevated Floor

U.B.C.

Appendix Chapter
23, Division IV.

Analysis

FEMA-55 requires that all new construction and substantial
improvements within the coastal high-hazard zone must have the
space below the base flood elevation free of obstruction or
constructed with breakaway walls. Enclosed space, may be used
only 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 portable or mobile items that can be moved in the event
of a storm to be located below the lowest floor as well as stairs
and entrances required to access the building.

Recommendation: 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.

U.B.C. Analvsis

Appendix G. 1.1
Breakaway Wall
Design

Appendix Chapter
23. Division IV.

FEMA-55 requires that breakaway walls be designed for loads as
designate 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.

Recommendation:

Appendix G.11.2
Certification of
Breakaway Walls

Appendix Chapter
23, Division IV.

FEMA-S5 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.

RecommendatiPn: The Uniform Building Code should recognize that the design of breakaway walls with a higher

loads considered May be appropriate under certain circumstances.
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FEMA-55 U.B.C. Analvsis

Appendix G. 12
Utilities

Appendix Chapter
23, Division IV.

FEMA-55 requires that all machinery servicing the building be
elevated at or above the base 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.

Recommendation:

FEMA-55

Appendix G. 13
Certification

Sec. 2303
Appendix Chapter
23, Division V.

FEMA-55 requires that all new or substantial improvements to
residential buildings in coastal 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.

Recormendation:

FEMA-55

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

U.B.C. Analysis

Appendix G.14
Reference
Documents

Chapter 23
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

FEMA-55 lists the documents used in determining the design wind
and water forces an structures and provides a reference to the
Coastal 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.

Recommendation:

None.

U.B.C. Analysis

None.
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U.B.C.

Sc. 2908-2910
Appendix Chapter
23, Division IV.

Recommendatiol.

Analysis'

FEMA-54 discusses, generally, the use and design of post

foundations. The Uniform Building Code gives specific design
criteria for such foundations.

None.

U.B.C. Analysis

Post Embedment Sec. 2507
Sec. 2516
Sec. 2908-2910
Appendix Chapter
23, Division IV.

FEMA-54 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.

Recommendation:

FEMA-54

FEMA-54 should recommend the use of a soils investigation report by a licensed soil engineer

in the design of the foundation system.

U.B.C. Analysis

Post Anchorage Sec. 2510
Sec. 2910
Appendix Chapter
23, Division IV
Appendix Chapter
25.

FEMA-54 recommends the anchorage of posts to the foundation.
The U.B.C. requires that such connections be designed by a
licensed engineer or architect with all applied loads considered.

Recommendation:

FEMA-54

Sec. 2403-2409
Sec. 2907
Appendix Chapter
23, Division IV.

Recommendation:

FEMA-54 discusses, in general terms, pier foundations in areas

subject to flood events. The Uniform Building Code has specific

design criteria for pier foundations in these same areas.

None.
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Brick in Concrete
Masonry Piers

Sec. 2403-2409

Sec. 2907
Appendix Chapter
23, Division V.

FEMA-54 discusses, in general terms, the design of brick in
concrete masonry piers and recommends that the long dimension
of the pier be placed parallel to any anticipated flood flow. The
Uniform Building Code has specific design criteria for the use
these masonry pier foundations of brick in concrete in A Zones,
but has no requirement for the placement of these piers parallel to
any anticipated flood flow.

Recommendation:

FEMA-54

Concrete Piers Chapter 26
Sec. 2907
Appendix Chapter
23, Division V.

FEMA-54 discusses, in general terms, piers as a foundation system
and gives, recommendations as to their use. The Uniform Building
Code has specific design criteria for concrete pier foundations
given the applied loads and soil conditions.

Recommendation:

FEMA-54

FEMA-54 should recommend the use of a soils engineer and soils investigation report in
determining the best type of foundation.

U.B.C. Analysis

Pier Footings

Recommendation:

FEMA-54

Shear Walls and
Diaphragms

Chapter 29
Appendix Chapter

23, Division IV.

FEMA-54 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.

None.

U.B.C.

Chapter 23
Chapter 24
Chapter 26
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

Analysis

FEMA-54 discusses, in general tens, 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. has specific design criteria for the use of
shear walls as a bracing system and does not exclude the use of
other materials, such as masonry or concrete shear walls.

Recommendation:

None.

U.B.C. Analysis

None.
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FEMA-54

Pier Foundation
Connections

Recommendation:

FEMA-54

Floor Beams

Renommendation:

FEMA-54

Cantilevers

U.B.C.

Sec. 2303
Sec. 2613
Sec. 2907.

Analysis

FEMA-54 recommends certain pier foundation connections and
gives some specific design criteria. The U.B.C. requires that
these connections be designed by a licensed engineer or architect

for the applied loads.

As these are very important connections. it is recommended that FEMA-54 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.

U.B.C.

Chapter 2S.

Analysis

FEMA-54 discusses, in general terms, the different sizes and types
of floor beams used in construction of residential structures and
gives some general design recommendations. The Uniform

Building Code requires that floor beams be designed for the
applied loads by a licensed engineer or architect and that they meet

specific design criteria.

FEMA-54 should recommend that these members and any splices of some be designed by a

licensed engineer or architect.

U.B.C.

Chapter 25
Chapter 29.

Analysis

FEMA-54 discusses, in general terms, 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
licensed engineer or architect for the applied loads.

None.

FEMA-54 U.B.C. Analysis

Floor Joist/Floor
Beam Connections

Chapter 25
Appendix Chapters
23, 24 and 25.

FEMA-54 recommends that a positive connection be developed
between the first floor joists and the floor beams supporting them
and discusses, in general terms, 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.

Recommendation: FEMA-54 should recommend the use of a licensed engineer or architect in the design of a
substantial connection.
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Figure No. 448
Protected Utility

Shaft

Recommendation:

FEMA-54

Mechanical
Equipment

Appendix Chapter
23, Division WV.

U.P.C.:
Sec. 315 (e).

FEMA-54 provides a diagram of a recommended protective utility
shaft. The Uniform Building Code requires 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.

None.

U.B.C.

Appendix Chapter
23, Division [V.

U.P.C.:
Sec. 315 (e).

Analysis

FEMA-54 discusses the elevating of all mechanical equipment
above the base flood elevation and the protection of same due to a
flood event. The Uniform Building Code requires that all
mechanical equipment either be placed above the base floor
elevation or protected against a flood event.

Recommendation:

FEMA-54

Septic Tanks

Recommendation:

FEMA-54

Building Materials

U.B.C.

Appendix Chapter
23, Division IV.

U.P.C.:
Sec. 315 (e).

Analysis

FEMA-54 discusses the protection of septic tanks during a flood
event. The Uniform Building Code requires that such equipment
be protected to prevent water from entering or accumulating within
the tank.

None.

U.B.C. Analysis

Chapters 24, 25,
26
Appendix Chapter
23,, Division IV.

FBMA-54 discusses, in general terms, the protection of different
types of building materials from a corrosive environment. The
Uniform Building 'Code requires that materials in corrosive
environments be protected in an approved manner.

Recommendation: 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 terms.
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FEMA-54 U.B.C.

Chapter 25
Appendix Chapter
23, Division IV.

Recommendation:

FEMA-54

Analysis

FEMA-54 discusses, in general terms, the treatment of wood to
protect it against a corrosive environment. The Uniform Building
Code requires that wood exposed to such environments be
protected with an approved preservative treatment.

FEMA-54 should not recommend that a designer seek the guidance of a specific manufacturer
of preservative in the guidelines. The terms should be more general.

U.B.C. Analysis

Chapter 1
Chapter 27
Appendix Chapter
23, Division IV.

Recommendation:

FEMA-54 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
requires that a structure be maintained in a safe condition which
also has been interpreted as being protected from corrosive
environments.

The U.B.C. should address the protection of steel structural elements specifically in Appendix
Chapter 23, Division IV.

U.B.C. Analysis

Chapter 24
Chapter 26
Appendix Chapter
23, Division IV.

FEMA-54 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.

Recommendation:

FEMA-54

Insulation

FEMA-54 should not recommend a specific manufacturer for these products.

U.B.C.

Sec. 1714
Appendix Chapter
23, Division IV.

Recommendation:

Analysis

FEMA-54 discusses, in general terms, the insulating of buildings.
The Uniform Building Code requires that buildings are insulated
per the requirements of the Model Energy Code and that such
insulation meets specific design criteria.

None.
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FEMA-54 U-BC. Analysis 

Chapter 4
Appendix Chapter
23, Division DI.

Recommendation:

FEMA-54 goes into much greater detail in defining the terms used
in flood-resistant construction. The Uniform Building Code goes
into much less detail in these definitions and only classifies the
hazard zones into two zones, A Zones and V Zones

None.

U.B.C. Analvsis

Chapter 1
Chapter 4
Chapter 23
Chapter 29
Appendix Chapter
23, Division IV.

Recommendation:

FEMA-54 identifies and defines 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 definitions, however, the specific water loads and
soil loads are left to the design of the engineer. Also, the U.B.C.
has only one standard which the building can be designed to and
that is the prescribed code requirements in this document.

None. Both documents serve different purposes.

C-45
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FEMA-114

3.5
Foundation Walls

U.B.C.

Chapter 23
Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-414 discusses the protection of a structure by elevating it

above its original foundation and the various methods of achieving

that. The Uniform Building Code provides design criteria for the
design of such elevated structures. However, it is only required
that these buildings be elevated above the BFE.

Recommendation:

FEMA-1 14

3.12
Extended Wall
Foundations

U.B.C.

Chapter 23
Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23, Division V.

Analysis

FEMA-114 discusses, in general terms, the design of extended
reinforced concrete masonry and reinforced concrete extended wall
foundations and provides some recommended construction
practices as well as reference to Appendix C which provides a

method for calculating the different loads that the building may be

subject to. The Uniform Building Code provides specific design

criteria for these types of foundations as well as standards of
quality of the construction materials.

Recommendation: FEMA-114 should recognize that seismic forces may govern over wind loads in certain areas of

the country and should recommend the use of a licensed engineer or architect in the design of

such structures. FEMA-114 should also recognize the latest edition of all referenced standards

within that portion of text.

FEMA-1 14

3.13
Anchorage of
Super-Structured
Foundation

Chapter 23
Sec. 2510
Chapter 29
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

Analysis

FEMA-114 provides a good discussion on the anchorage of
exterior walls and floor diaphragms to the foundation system.
Also, a number of details are provided to assist in the construction
of such an anchor. The Uniform Building Code requires that these

connections be provided and that a licensed engineer or architect
design such connections given the applied loads on the building.

Recommendation: FEMA-114 should reference the latest edition of the ACI Standard 318.

C-46
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FEMA-1 14 U BC. Analvsis

3.14
Open Foundations

Chapter 23
Chapter 24
Chapter 25
Chapter 26
Chapter 29
Appendix Chapter
23, Division V
Appendix Chapters
24 and 25.

FEMA-1 14 discusses, in general terns, the use of piers. 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-1 14

6.2
Flood Wall
Considerations

FEMA-1 14 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.

U.B .C.

None.

Analysis

FEMA-1 14 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:

FEMA-1 14

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.

U.B.C.

6.3
Techniques and
Materials

Chapter 23
Chapter 24
Chapter 26.

Analysis

FEMA-l 14 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.

Recommendation: None.
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6.5
Technical Design
Criteria

Recommendation:

FEMA-114

Chapter 23
Chapter 24
Chapter 26
Chapter 29.

FEMA-l 14 discusses specific design criteria for the materials used
in flood walls and provides specific references to ACI Standards.

It also 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, requires that a
soils investigation be done under specific conditions.

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.

U.B.C. Analysis

7.2
Closure
Considerations

Appendix Chapter
23, Division IV.

FEMA-1 14 discusses the closure of any openings in either flood
walls or exterior walls of a building and recommends that a

professional engineer be consulted for the design of such closures.
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.

Recommendation:

FEMA-1 14

7.3
Low Profile
Closures

Recommendation:

FEMA- 14

7.4
Closure Materials
and Construction

Appendix Chapter
23, Division IV.

FEMA-114 discusses the use of low profile, permanent closures
around openings which may be below grade. The U.B.C. requires
that openings below the base flood elevation shall be provided with
watertight closures designed to withstand the applied loads.

None.

U.B.C.

Chapter 23
Chapter 25
Chapter 27
Chapter 28
Appendix Chapter
23, Division IV.

Analysis

FEMA-114 discusses the types of materials used in construction of
the closures at openings in flood walls. The U.B.C. provides
specific design criteria for the use of such materials under the
applied loads.

Recommendation:

None.

U.B.C. Analysis

None.
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7.6
Technical Design
Criteria for
Closures

Chapter 23
Chapter 25
Chapter 27
Chapter 28
Appendix Chapter
23, Division IV.

FEMA-114 provides a method for calculating potential flood
forces. 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-1 14

8.2
Sealant
Considerations

U.B.C.

Sec. 1708

Appendix Chapter
23, Division IV.

Analysis

FEMA-114 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.
address the sealing of openings in walls below. the base flood
elevation.

Recommendation:

FEMA-114

Both the U.B.C. and FEMA-114 should develop some language to address acceptable water
penetration.

U.B.C. Analysis

8.3
Sealing Techniques

Sec. 1708
Appendix Chapter
23, Division IV.

FEMA-114 discusses several techniques of sealing exterior walls
that are exposed to waters due to a flood event. The U.B C. has
no such provision. The U.B.C. requires that the exterior walls be
weatherproo fed to protect the interior finish of the wall

Recommendation:

FEMA-1 14

Appendix Chapter
23, Division W.

FEMA-114 discusses a few sealing techniques for larger openings
such as windows and doors. 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.

None.
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None.

U.B.C.

8.4
Closures

Analysis

Recommendation:
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FEMA-1 14

8.5
Design Details

Recommendation:

FEMA-114

8.7
Technical Design
Criteria

U.B.C.

Appendix Chapter
23, Division IV.

Analysis

FEMA-1 14 recommends that all walls subject to flood waters be
des igned 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.

None.

U.B.C.

Chapter 23
Chapter 24
Chapter 26
Chapter 27
Chapter 28
Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-1 14 discusses the use of the materials in the structural
analysis of walls that are subject to hydrodynamic, hydrostatic and
impact loads. 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.

Recommendation:

FEMA-1 14

9.4
Permanent
Protective
Measures of
Utilities

Recomme4datio:

FEMA-1 14

9.5
Utility Relocations
to Existing Space

FEMA-114 should recognize the authority of the local building codes in the design of such
walls and should only reference the latest edition of the ACI Standards as guidelines.

U.B.C.

Appendix Chapter
23, Division IV.

U.P.C.:
Sec. 315 (e).

Analysis

FEMA- 114 discusses a number of techniques of protecting utilities
that may be subject to flood waters due to a flood event. The
Uniform Building 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.

None.

U.B.C.

Appendix Chapter
23, Division IV.

U.P.C.:
Sec. 315 (e).

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.

None.

C-SO
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9.6
Utility Relocations
to New Space

Appendix Chapter
23, Division W.

U.P.C.:
Sec. 315 (e).

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 base flood elevation or protected to prevent water from
entering the system.

Recommendation:

FEMA-1 14

9'.8
Storage Tank
Anchorage

Recommendation:

FEMA-1 14

None. FEMA-1 14 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 does not regulate such structures

None.

U.B.C.

10.4
Floating Structures

None.

Analvsis

FEMA-1 14 discusses an unusual method of flood-proofing a
structure by allowing it to rise or fall with the flood waters The
Uniform Building Code does not allow such a situation.

Recommendation:

FEMA-114

Appendix C
Forces

Recommendation:

Chapter 23
Appendix Chapter
23, Division IV.

FEMA-1 14 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.

None.
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U.B.C. Analysis

None.

U.B.C. Analysis
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E
Contingent Flood
Proofing Measures

Appendix Chapter
23, Division IV.

FEMA-102 discusses the different types of flood proofing
measures and their advantages and disadvantages in this section.
The Uniform Building Code only requires that openings below the
base flood elevation be provided with watertight enclosures.

Recommadatko

FEMA-102

F.
Flood Shields

Recommendation:

F.2
Watertight Doors

Appendix Chapter
23, Division IV.

FEMA-102 discusses the advantages and disadvantages of using
flood shields as a flood proofing method. The Uniform Building

Code only requires that openings below the base flood elevation be
provided with watertight closures.

None.

Analysis

Appendix Chapter
23, Division IV.

FEMA-102 discusses the advantages and disadvantages of using
watertight doors as a method of flood proofing the openings in the
structure. The Uniform Building Code only requires that openings

below the base flood elevation be provided with watertight
enclosures.

Recommendation:

FEMA-102

F.3
Moveable Flood
Wails

None.

Appendix Chapter
23, Division IV.

Analysis

FEMA-102 discusses the advantages and disadvantages of using
moveable flood walls as a method of flood proofing a structure.
The Uniform Building Code only requires that openings below the
base flood elevation be provided with watertight closures.

Recommendation:

None.

U.B.C. Analysis

None.
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B
Elevation Non-Fill

Chapter 29
Appendix Chapter
23, Division IV.

FEMA-102 discusses the use of fill material to elevate a structure
above the base flood elevation and provides some design
recommendations. The U.B.C. requires that fill can only be used
as an elevation technique in the A' Zones.

Recommendation:

FEMA-1 02

Appendix Chapter
23, Division IV.

FEMA-102 discusses the use of posts to elevate a structure above
the base flood elevation. The U.B.C. requires that a building be
elevated above the base flood elevation.

None.

U.B.C. Analysis

Figure No. III-7
Pile Characteristics
and Pier Walls

Chapter 24
Chapter 29
Appendix Chapter
23, Division IV.

FEMA-102 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-102

FEMA-1i02 should recommend that a licensed engineer or architect design the structure.

U.B.C. Analysis

Table No. Li-1
Requirements for
Reinforced Piers-

Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23, Division IV.

Table No. r-i of FEMA-l02 gives some minimum design
requirements for the construction of reinforced piers. The U.3.C.
has specific design criteria for the use of reinforced piers and
relies on the design of a licensed engineer or architect.

Recommendation: FEMA-102 should rely on the design of a licensed engineer or architect for the use of
reinforced piers.
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None.

C.2
Posts

U.B.C. Analysis

Recommendation:

FEMA-102
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C.6 Chapter 1. FEMA-102 recommends the regular maintenance of those

Maintenance 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.

Recommendation:

FEMA-102

None.

U.B.C. Analysis

E.1 and E.2
Waterproof Walls

Chapter 24
Chapter 26
Appendix Chapter
23, Division IV.

FEMA-102 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.

Recommendation:

FEMA&2

FEMA-102 should recognize that the local building code has authority for the design of such
structural elements and it should also provide, as a recommendation only, the latest edition of

the referenced documents listed within this section.

U.B.C. Analysis

D.3 and D.4
Concrete Slabs

Chapter 26
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.

FEMA-102 should recognize the authority of the local building code in the design of such
structural elements.

FEMA-1

D.5
Waterproofing

Sec. 1714

Chapter 24
Chapter 26
Appendix Chapter
23, Division IV.

FEMA-102 discusses three methods of waterproofing exterior
walls. The Uniform Building Code requires that walls and floors
that are impermeable to the passage of water.

Recommendatk: None.
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FEMA-102

D.6
Watertight Cores

Recommendation:

FEMA-102

U.B.C Analvsis

None. FEMA-102 discusses the waterproofing of interior walls when
such waterproofing of exterior walls is not feasible. The U.B.C.
has no provisions for this.

None.

U.B.C. Analysis

D.7
Closures and
Flood Shields

Recommendation:

FEMA-l 02

Appendix Chapter
23, Division IV.

FEMA-102 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.

None.

U.B.C. Analysis

E.5
Flood Walls

Chapter 24
Chapter 26
Chapter 29
Appendix Chapter
23, Division IV.

Recommendation:

FEMA-102

E.7
Flood Wail
Maintenance

Recommendation:

FEMA-l02 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 wails, given the applied loads.

FEMA-1'02 should recommend the use of a soils engineer in the design of such walls and
levees.

U.B.C

Chapter 1.

Analysis

FEMA-102 recommends regular inspection and maintenance of
flood walls 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.

None.
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Appendix Chapter
23, Division IV.

U.P.C.:
Sec. 315 (e).

FEMA-102 discusses a number of the techniques for the flood
proofing of utilities associated with nonresidential structures. The
Uniform Building Code requires that such utilities be either placed

above the base flood elevation or protected to prevent water from
entering within the system.

Recommendation:

FEMA-102

Appendix B
Glossary

Recommendation:

FEMA-102

B
Design Loads

None.

U.B.C.

Chapter 4
Appendix Chapter
23, Division IV.

Analysis

All of the terms found in the glossary of FEMA-102 are related to
flood proofing of structures or flood plain management. The
Uniform Building Code's definitions are much more general in
nature and terms that are not found within are referenced to the
definitions found in Webster's Third New International Dictionary

of the English Language Unabridged. Copyright 1986.

None.

U.B.C.

Chapter 23
Appendix Chapter
23, Division IV.

Analysis

FEMA-102 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
these loads with the exception of hydrostatic, hydrodynamic and
impact loads generated by flood events. Those are referenced to
either well.established engineering principles or approved national

standards.

Recommendation:

FEMA-10

C
Performance
Criteria

Recommendation:

Chapter 23
Appendix Chapter
23, Division IV.

FEMA-102 recommends specific design criteria for the structural
analysis of elements that are exposed to waters generated by a
design flood event. The Uniform Building Code has specific
design criteria for all structures, however, for the loads generated
by a design flood event, it references well-established engineering
principles in approved national standards for the design of such
structures.

FEMA-102 should recognize the authority of the local building code in this section and include

that in the recommended design of these elements.
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C
Utilities

None.

U.B.C. Analvsis
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Chapter 23
Chapter 24
Chapter 25
Chapter 26
Chapter 27
Chapter 29
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25.

FEMA-85 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.

Recommendation:

FEMA-85

FEMA-85 should discuss the authority of the local building code in the design and construction
of such elvation and anchoring techniques.

U.B.C. Analysis

Chapter IV
Design of Elevated
Foundations

Chapter 23
Chapter 24
Chapter 25
Chapter 26
Chapter 27
Chapter 29
Appendix ChLpter
23. Division IV
Appendix Chapters
24 and 25.

FEMA-S5 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 & flood. FEMA-R5 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.

Recommendation:

FEMA-85

FEMA485 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.

U.B.C. Analvsis

Chapter 23
Chapter 25
Chapter 26
Appendix Chapter
23, Division IV.

FEMA-S 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.

FEMA-S5 should consider the authority of the local building code in the recommendations of
this, section.
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FEMA-45 U.B.C. Analysis

Appendix Chapter
23, Division IV.

FEMA-85 provides criteria for the design of ground anchors to

counteract any buoyancy or drag forces that may be generated by a
flood event. The Uniform Building Code requires that all

buildings or structures erected in the flood zone be designed and
constructed to resist flotation, collapse or permanent lateral

movement due to loads from a flood event.

Recommendation: FEMA-85 should consider that other types of hold-downs may be adequate to resist these

generated forces.

C-S8
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FEMA-165 U.B.C. Analysis

Windows and
Doors

Recommendation:

Appendix Chapter
23, Division IV.

FEMA-165 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 budding. The
Uniform Building Code just requires that openings below the base
flood elevation be provided with watertight closures adequate to
support any generated loads. If such openings are used. then they
should be designed to withstand any forces generated by a flood on
the alluvial fin.

None.
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U.B.C.

Sec. 2407 (i)
Appendix Chapter
23, Division IV.

Analvsis

The MCRB briefly discusses the use of unreinforced block in non-
coastal -flood areas. The U.B.C. has specific design criteria for
the use of unreinforced block but does not allow residential
basements to be located below the BFE.

Recommendation: None, since floodproofing of basements is allowed only in communities that have been granted

an exception by FEMA.

MCRB

Ill A.2
Reinforced and
Grouted Block

U.B.C.

Chapter 24
Appendix Chapter
23, Division IV

Analysis

The MCRB briefly discusses the use 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.

Recommendation:

MCRB

II A.3
Unreinforced
Concrete

Recommendation:

See recommendation for MCRB III A.l.

U.B.C.

Sec. 2622.

Analysis

The MCRB briefly discusses the use 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.

See the recommendation for MCRB IlI A.l.

Analvsis

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.

Recommendation: See the recommendation for MCRB III A.l.
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Il A.4
Reinforced
Concrete

U.B.C.

Chapter 26
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I A.5
Stone, Cribbing
and Planking

Recommendation:

MCR

I A.6
Treated Wood
Foundations

None. 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.

None.

U.S.C.

Sec. 2907.

Analysis

The MCRB did not have enough information to discuss the use of
treated wood foundations- The UB.C. has specific provisions for
the use of treated wood foundations. but does not allow residential
basements below the BFE.

Recommendation:

MCRB U.B.C.

I A.7
Variations of
Foundations

Recommendation:

Chapter 24
Chapter 26
Chapter 29

Analysis

The MCRE briefly discusses variations in the design of
foundations used in residential basements below the BFE. The
U.B.C. has specific provisions for the design of foundations, but
does not allow residential basements below the BFE.

None.
*1

MCRB

I A.l

U.B.C.

Sec. 2903
Appendix Chapter
70

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 does not allow residential basements below the
BFE.

Recommendation: See the recommendation for MCRB III A.1.
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MCRB

111 A.9

Recmmendatoln

MCRB

III B.1
Basement Slab

U.B.C.

Sec. 2606

Analysis

The MCRB discusses the design and construction of formwork for
concrete basement walls. The U.B.C. has similar design criteria
for formwork for all types of concrete work.

None.

U.B.C.

Sec. 2623
Sec. 2904

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.

Recommendation:

MCRB

III B.2
Structural
Basement Slab

Recommendation:

MCRB

I11 B.3

Footing

Recommendation:

See the recommendation for MCRB III A. 1.

U.B.C.

Chapter 26

Analysis

The MCRB discusses the thickness of slabs used to resist water
pressure heads. The U.B.C. has specific provisions for the design
of such slabs subject to applied loads, but does not allow
residential basements below the BFE.

See the recommendation for MCRB III A.1.

U.B.C.

Sec. 2907

Analysis

The MCRB briefly discusses footing construction in residential

basement wall foundations below the BFE. The U.B.C. has
specific criteria for the design of footing, but does not allow

residential basements below the BFE.

See the recommendation for MCRB III A. 1.
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III B.4
Underdrain System
and Sumps and
Pumps

Recommendation:

MCRB

ImI B.A
Ground Surface
Slope

Sec. 2905 The MCRB discusses the use of an underdrain system in sumps
and pumps as a method of relieving the build-up of hydrostatic
head on the walls and slabs of a basement- The U.B.C. requires
that the classification of the soil at each building site shall be
determined by the building official who may require that this
determination be made by an engineer or architecL The U.B.C.,
however, does. not provide specific provisions for underdrain
systems.

None.

U.B.C.

Sec. 2905

Analysis

The MCRB discusses some techniques of site investigation and
some possible findings of the same. The U.B.C. requires that the
classification of the soil at each building site shall be determined
by the building official who may require that this determination be
made by an engineer or architect.

RecommendatiM:

m B.5B
Grading and
Surface Drainage

Sec. 2905 and
Appendix Chapter
70

The MCRB discusses grading and surface drainage provisions and
gives some minimum slopes for proper drainage. The U.B.C. just
requires, that provisions be made for the control and drainage of
surface water around the building.

Recommendation:

MCRB

III B6
Seepage Quantities

Reommendation:

None.

U.B.C. Analysis

Sec. 2303 The MCRB discusses a method of determining the size of a drain
system using Darcy's law. The U.B.C. relies on approved
national standards.

None.
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MCRB

III B.7A

Penetrations

Recommendaion:

MCRB

III B.7B
Cracks and Joints

U.B.C.

Appendix Chapter
23, Division IV.

Analysis

The M-CRB discusses the means of ceiling penetrations through
basement w~alls or slabs. The U.B.C. requires that all floor and
wall eftions be made water tight to prevent flood water
seepage.

None.

U.B.C.

Appendix Chapter
23, Division IV.

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 floors be impermeable to the passage of water with no
specific design provision, but does not allow residential basements

below the BFE.

Recommendation:

MCRB

See the recommendation for MCRB Ill A. 1.

U.B.C Analysis

III B.7C
Waterproofing

Appendix Chapter
29

The MCRB briefly discusses the limitations of waterproofing

basements below the BFE. The U.B.C. has design provisions for
the waterproofing of foundations and basement walls, but does not
allow residential basements below the BFE.

Recfmmendation:

MCRB

Ill B.8
Plumbing
Subsystems

Recommendation:

See the recommendation for MCRB I A.1.

U.B.C.

None.

Analysis

The MCRB discusses the materials and considerations in the
design of drainage subsystems. The uniform codes have no such

provisions.

See the recommendation for CRB III A. 1.
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MCRB U.B.C. Analysis

Iml B.9 Sec. 2303 The MCRB provides a means of calculating the lateral force due to
Anchorage flood water pressures. The Uniform 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.

Recommendation:

MCRB

III B.10
Concrete
Construction
Practices

Recommendation:

MCRB

See the recommendation for MCRB I A.1-

U.B.C.

Chapter 26

Analysis

The MCRB goes through a number of typical handling and
construction techniques for concrete walls and slabs. U.B.C. has
specific provisions for the handling, depositing and considerations
for concrete construction.

None.

U.B.C. Analysis

Iml B.l
Block Construction
Practices

Recommendation:

MCRB

Chapter 24 The MCRB recommends a number of construction practices for
the design and installation of concrete block walls. The U.B.C.
has specific provisions for the construction of concrete block
walls, but does not allow residential basements below the BEFE.

See the recommendation for MCRB III A.

U.B.C. Analysis

III C.1.A-D
Soil Loads

Recommrendation:

SeCs. 2904 and
2905

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 findings.

None.
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III C.1E
Soil Erosion

Recommendation:

MCRB

Appendix Chapter
70.

The MCRB provides a brief discussion as to the effects of soil
erosion on basement construction. The U.B.C. requires that
measures be undertaken by the soil engineer to limit the amount of
erosion around the building site.

None.

U.B.C. Analysis

Chapter 29 and
Appendix Chapter
70

Recommendation:

The MCRB provides a discussion 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 licensed by the state to practice soil engineering for the
determination of the lateral pressure due to the soil and backfill.

None.

U.B.C.

Section 2905

Analysis

The MCRB has a short description of how the water table affects
stresses in the soil. The U.B.C. relies on the judgement of the
engineer or architect licensed to practice soil engineering for this
determination.

Recommendation:

MCRB

III C.3
Super Structure
Loads and
Buoyancy

Recommendation:

Chapter 23 The 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 provisions.

See the recommendation for MCRB I A. I.
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III C.1.F
Backfill

MCRB

III C.2
Water Table

None.

U.B.C. Analvsis
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III C.4d
Flood Velocity

Recommendation:

MCRB

None. The M CRB discusses the effect of flood water velocity and it's
affect on r structure's structural integrity, The U.B. C. has no
such provision.

None.

U.CB.C

None.III C4e
Sediment

Analysis

The MCRB discusses flood water deposited sediment and it's
affect on a structure. The UB.C. has no such provision.

Recommendation:

MCRB

III C.4.f
Rate of Rise

Recommendation:

MCRB

m C.4.g
Hydraulic
Relations

Rcwommendatin:

UB.C.

None.

Analysis

The MCRB discusses the importance of the rate of rise of flood
waters as a consideration in the design of a structuret's ability to
withstand flood water damage. The U.B.C. has no such
provision.

None.

Analysis

The MCRB discusses the interdependence of design variables in
the analysis of site design. The U -B. C. has no such provisions.

None.

None.
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MCRB

III C.5.h
Debris, Wind,
Impact, Snow, Ice
and Other Live
Loads

Recommendation:

MCRB

V A.2.a
Building Model
Dimensions and
Loading

U.B.C.

Chapter 23

Analysis

The MCRB discusses the importance of debris and impact loading

in the design of structures near coastal areas. The U.B.C.
generally discusses live loads and defers to approved national

standards.

None.

U.B.C.

None.

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.

Recommendation:

MCRB

V A.2.b
Structural Analysis
Model

Recommendation:

MCRB

V A.2.c
Structural Plain
Concrete

None.

U.B.C.

None.

Analysis

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.

None.

None.

Analysis

The MCRB provides a model for structural plain concrete and

derives some design values. The U.B.C. provides specific

equations in design criteria, but. does not provide any models by

which to follow.

Recommendation: None.
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MCRB U.B C Analysis

V A.2.d None. The MCRB provides a model for reinforced concrete using
Reinforced ultimate strength design. The U.BC. provides specific equations
Concrete in design criteria, but does not provide any models by which to

follow.

Recommendation:

MCRB

None.

U.B.C. Analysis

V A.2.e
Plain Masonry
Block

Recommendation:

MCRB

V A.2.f
Reinforced
Masonry Block

None. 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
follow.

None.

U.B.C.

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.

Recommendation:

MCRB

V A.2.g
Flood Waters
Above Grade

Recommendation

MCRB

V A.2.h
Slab Thickness

None. The MCRB provides typical wall analyses for flood waters acting
above grade level. The U.B.C. has no such model.

None.

U.B.C.

None.

Analysis

The MCRB calculates the slab thickness in slab span for flood
water type loading.

Recommesdaon:

None.

U.B.C. Analysis

None.
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V A.2.i
Structural Slab
Design

Recommendation

MCRB

None. The MCRB provides the design example for the design of
structural'slabs given flood water conditions. The U.B.C. has no
such analysis.

None.

U.B.C.

V B.1
Weir Load Level

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.

Recommendation:

MCRB

V B.2
Buoyancy

MCRB

V B.3
Slab Venting

Recommendation:

MCRB

V B.4
Wall Loads

U.B.C.

None.

U.B.C.

None.

Analysis

The MCRB has a brief discussion of the affects of buoyancy in
residential basements. 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
bending in slabs due to flood water conditions. The U.B.C. has
no such provision, but would defer-to approved national standards.

None.

U.B.C.

None.

Analysis

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.

Recommendation:

None.

None.
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MCRB U.B.C. Analysis

V B.5
Water Infiltration
Protection

Appendix Chapter
29

The MCRB discusses the protection of basements from water
infiltzation-and gives some recommendations. The U.B.C. has
specific provisions for the protection of foundation wails and
would rely upon approved materials for such protection.

Recommendlaion:

MCRB

V .5.a
Drain or Sump
System

Recommendation:

MCRB

None. 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 proofing of
foundation walls without allowing any infiltration of water when
hydrostatic pressure caused by water table may exist, other than
that, damp proofing can be provided.

None.

U.B.C. Analysis

V B.5.b
Undrained or
Barge System

Recommendaton:

MCRB

Appendix Chapter
29

The MCRB discusses undrained or barge system type protection of
basement walls and gives, some construction details or same. The
U.S.C. requires water proofing when hydrostatic pressure may be
due to water table they occur on basement walls, other than that,
damp proofing may be provided.

None.

Analvsis

VII
Appendix A
Allowable Bearing
Pressures -

Recommendation:

Chapter 29 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 based 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.

None.
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Vill
Appendix A
Allowable Soil
Pressures Beneath
Footings

Chapter 29 The MCRB provides two charts for determining allowable soil
bearing pressure based 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.

None.

MCRB

VIII A.2.a
Soil and Water
Loading

U.B.C.

Chapter 29

Analysis

The MCRB provides specific soil and water loading design criteria
based 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.

Recommendation:

MCRB

None.

Analysis

VIII A.2.c
Water Proofing
Systems

Recommendation:

MCRB

VIII A.2.d
WaU Design

Recommendation:

Appendix
Chapter 29

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 performance criteria which
water proofing systems must meet.

None.

Analysis

Chapter 24 and
Appendix Chapter
29.

The MCRB provides an example of designing reinforced masonry
basement walls and their water proofing. The U.B.C. has no such
example, but has specific design criteria which the system must

meet.

None.
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VIII A.2.c
Slab Design

Recommendation:

MCRB

Chapter 26 and
Appendix Chapter
29

The MCRB provides specific example for the design of slabs and
their waterproofmg. The U.B.C. has no such examples, but
provides specific design criteria for those systems.

None.

U.B.C. Analysis

VII B.
Acceptable Wall
Designs

Recommendation:

MCRB

None. Thc 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.

None.

U.B.C.

VII B.I
Structural Plain
Concrete Wall

Chapter 26

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.

Recommendation:

MCRB

VIII B.2
Reinforced
Concrete Wall

Recommendation:

Chapter 26 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 standard.

None.
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MCRB

VII B.3
Unreinforced
Masonry Block
Wall

RecommendatiorM

MCRB

VIII B.4
Reinforced
Masonry Block
Wall

U .B.C.

Chapter 24

Analysis

The MCRB provides specific design cntena for unreinforced
masonry 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.

None.

U.B.C.

Chapter 24

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.

Renomendationt

MCRB

VIII B.5
Buoyancy Wall

Reommendation:

MCRB -

VIII C.6
Reinforced
Concrete Slab

None.

U.B.C.

None.

Analysis

The MCRB gives specific design criteria for the design of

buoyancy walls requird in undrained systems. The U.B.C. has

no such provisions and does not allow residential basements below
the EFE.

None.

U.B.C.

Chapter 26

Analysis

The MCRB provides specific design criteria for the design of
basement slabs and undrained sysiems based on an allowable depth

of loading. The U.B.C. has no such provisions.

Recmmmendaioa:: None.
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V11I D.1
Control Joints

Recommendation:

MCRB

Appendix Chapter
29

The MCRB provides specific water proofing provisions for wall
and slab control joints The U.B.C. does not provide specific
provisions, but has, performance criteria for the water proofing of
slabs and walls requiring water proofing.

None.

U.B.C. Analysis

VIII D.2
Sump, Pump and
Underdrain

Reommendation:

M-CRB

None. The MCRB provides specific details for the design of sump pumps
and associated underdrain system. The U.B.C. has no such
provisions.

None.

UB-C. Analvsis

VII1 D.3.a
Water Proofed
Underdrain Slab
and Wall System

Appendix Chapter
29

The MCRB provides specific design criteria for water proofing
undrained basements. The U.B.C. has no such provisions.

Recommendation:

MCRB

VIII D.3.b
Water Proofed

Drain, Slab and
Wall System

Appendix Chapter
29

The MCRB provides specific design criteria for drain basement
type systems. The U.B.C. has no such provision.

Recommendation:

None.

U.B.C. Analvsis

None.
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VIII D.3.c
Slab Wall Footing
Juncture

Appendix Chapter
29

The MCRB provides specific details for the protection of the
intersection of a slab wall and footing. The U.B.C. has no such

details.

Recommendation:

MCRB

I B.4
Flood Velocity

Recommendation:

MCRB

None.

U.B.C.

None.

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. has no such discussion and would rely on approved

national standards.

None.

U.B.C.

None.I B.5
Sediment

Analysis

Thc MCRB discusses the effects of sediment deposition on
structures due to flood events. The U. B.C. has no such

discussion.

Recommendation: None.
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Bulletin No- 85-1

Appendix Chapter
23, Division W.

FEMA Bulletin No. 85-1 defines wet flood proofing as the
intentional internal flooding of a structure in order to alleviate any
pressures 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 base flood elevation be constructed with exterior
walls and floors that are impermeable to the passage of water and
designed to meet any hydrostatic and hydrodynanic loads that may
be incurred. Other enclosed spaces such as those for building
access exits, foyers, storage and parking garages are required to
have openings to allow the equalization of pressure due to a flood
event.

FEMA Bulletin No. 5-1 should state that this method of floodproofing is only acceptable for
the retroflting of existing buildings.

U.B.C. Analysis

H.
Protection Goals

Appendix Chapter
23, Division IV.

FEMA Bulletin No. 85-1 lists a number of the components in the
protection of a building and its contents. The Uniform Building
Code does not recognize the viability of wet flood proofing in
occupiable spaces.

Recommendation:

Bulletin No. 85-1

See the recommendation of Item I in Bulletin No. 85-1.

U.B.C. Analysis

n. B
Structural
Considerations

Appendix Chapter
23, Division V.

FEMA Bulletin No. 85-1 recommends that a structure be designed
so that all of its materials, finishes, utilities. etc. be able to
withstand any forces generated by flood elements as well as the
corrosive nature of water. The U.B.C. does not recognize the
viability of wet flood proofing of occupiable spaces, but does
recommend that structural members, utilities, etc. that are exposed
to such conditions be protected.

Recommendation: See the recommendation of Item I in Bulletin No. 5-1.
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I.
Definition

Analysis

Recommendation:
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Bulletin No. 85-1 U.B.C. Analysis

Ill. C
Building Activity
and Use

Appendix Chapter
23, Division IV.

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 Uniform Building Code does

not recognize the viability of wet flood proofing in occupiable

spaces.

See the recommendation of Item I in Bulletin No. 85-1.

Bulletin No. 85-1

IV. A.1

Foundations

Recommendation:

U.B.C.

Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA Bulletin No. 85-1 discusses, in general terms, the loads

that a foundation may be subject to during a flood event under a

wet flood proofing design. The Uniform Building Code requires a

foundation to be designed for all applied loads.

None.

Bulletin No. 85-1

IV. A.2
Cavity Walls

ReommeOdiou:

U.B.C.

None.

Analysis

FEMA Bulletin No. 85-1 recommends that if cavity walls are used

in the design of a structure, that they must be made so that the

cavity space drains at a rate approximately equal to the flood rate

and that any material contained within be able to withstand the

inundation. The Uniform Building Code has no such provisions.

None.

Bulletin No. 85-1

IV. A.3
Solid Walls

Recommendation:

Chapter 24
Chapter 25
Chapter 26
Appendix Chapter
23, Division IV.

Analysis

FEMA Bulletin No. 85-1 discusses the protection of solid walls

due to any moisture permeation, especially any spalling due to

freeze/thaw conditions. The Uniform Building Code has

provisions for the protection of solid walls due to freeze/thaw

conditions and also provides specific design criteria to prevent any

spalling due to moisture penetration.

None.
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Technical Standards Bulletin: Wet Fbood Proofint. Bulletin No. 854

Bulletin No. 85-1 U.B-C. Analysis

Chapter 24
Chapter 25
Chapter 26
Appendix Chapter
23, Division IV.

FEMA Bulletin 5-1 discusses the protection of interior walls and
recommends that the same provisions for cavity walls and solid
walls be used for any such interior wals. The Uniform Building
Code does not recognize the wet flood proofing of the interior of
an occupiable space as a viable option, therefore, there are no
provisions.

Recommendation:

Bulletin No. 85-1

See the recommendation of Item I in Bulletin No. 85-1.

U.B.C. Analysis

Chapter 42
Appendix Chapter
23, Division IW.

FEMA Bulletin No. 85-1 discusses the protection of interior wall
finishes due to direct contact with flood waters. The Uniform
Building Code does not recognize the viability of wet flood
proofing of occupiable spaces, therefore, there are no provisions.

Recommendation:

Bulletin No. 5-1

IV. A.6
Floors

See the recommendation of Item I in Bulletin No. 85-1.

U.B.C.

Chapter 25
Chapter 42
Appendix Chapter
23, Division NV.

Analysis

FEMA Bulletin No. 85-1 discusses the protection of floor systems
in wet flood proofing situations and recommends that the design of
such a floor system be able to withstand a minimum hydrostatic
pressure. The Uniform Building Code does not recognize the
viability of wet flood proofing occupiable spaces, therefore, there
are no provisions.

Recommendation:

Bulletin No. SS-1

See the recommendation of Item I in Bulletin No. 85-1.

U.B.C. Analysis

IV. A.7
Ceilings and Roofs

Chapter 25
Chapter 42
Appendix Chapter
23, Division IV.

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 proofing occupiable spaces, therefore, there are no
provisions.

Recommendation: Sec the recommendation of Item I in Bulletin No. 85-1.
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ICBO UNIFORM BUILDING CODE (U.S.C.) COMPARISON

Technical Standards Bulletin: Wet Flood Proofina. Bulletin No. 8S-1

Bulletin No. 85-1 U.B.C. Analysis

IV. A.8
Building Envelope
Penetrations

Appendix Chapter
23, Division IV.

FEMA Bulletin No. 85-1 discusses the protection of any
penetrations or openings in the building's structural envelope and
provides some general design criteria. The Uniform Building
Code requires that all openings below the base flood elevation
shall be provided with watertight closures designed to withstand
the applied loads.

Recommendation:

Bulletin No. 85-1

See the recommendation of Item I in Bulletin No. 85-1.

U.B.C. Analysis

IV. A.9
Electrical Systems

Appendix Chapter
23, Division IV.

FEMA Bulletin No. 85-1 discusses the protection of electrical
utilities from any waters generated by a design flood and
recommends 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
system.

Recommendation:

Bulletin No. 8-1

IV. A.10
H.V.A.C.

Recommendation:

Appendix Chapter
23, Division IV.

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.

None.
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ICBO UNIFORM BUILDING CODE U.B.C.) COMPARISON

Tecbnical Sndardy Bulletin: Foundation WallQ enines. Bulletin No. 85-2

Bulletin No. 5-2 U.B.C. Analysis

Flood Forces

Recommendation:

Bulletin No. 5-2

Appendix Chapter
23, Division IV.

FEMA Bulletin No. S5-2 discusses the calculation of the
hydrostatic pressures generated by a flood on the exterior walls af
a structure and defines hydrodynamic forces. The U.B-C. requires
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.

None.

U.B.C. Analysis

Openings Design
Criteria

Recommendalion:

None. FEMA Bulletin No. 5-2 discusses the use of openings in exterior
walls in equalizing the pressure on either side of such wails. 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.
foyers, storage and parking garages.

See the recommendation of Item I in Bulletin No. 5-1.
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ICBO UNIfQRM BUILDING CODE (U.B.C.) COMPARISON

Technical Stndards uLb n: Breakaway Wals. Bulletin No. 85-3

Bulletin No. 85-3 U.B.C. Analysis

Appendix Chapter
23, Division IV.

FEMA Bul\le~tn No. 85-3 diSCSScs the wind and water forces that
breakaway walls may be subject t. The Uniform Building Code
requires that the structural system including breakaway walls be
designed in accordance with well-established engineering principles
and gives criteria for the design of the connections.

Recommendation:

Bulletin No. 85-3

III. Design
Approach

Recommendation:

FEMA Bulletin No. 85-3 should recognize the latest edition of the Minimum Design Loads for
Buildings and Other Structures, which is ASCE 7-88.

U.B.C.

Appendix Chapter
23, Division IV.

Analysis

FEMA Bulletin No. 85-3 gives the loads for the design of the
connections of the breakaway wall and reasons for same. The
Uniform Building Code requires that breakaway walls be designed
for two specific loading requirements in accordance with well-
established engineering principles.

None.

Bulletin No. 85-3

Design
Considerations

Appendix Chapter
23, Division IV.

FEMA Bulletin No. 85-3 discusses the design of the different
elements that make up breakaway walls. The Uniform Building
Code requires that this system be designed in accordance with
well-established engineering principles and with hydrodynamic and
hydrostatic loads considered.

Recommendation:

11. Wind and
Water Forces

U.B.C. Analysis

None.
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Technical Standards Blyln: Breakaway Walls. Bulletin No. 85-3

Technical Standards Bulletin: Wind Desian Standards. NFIP No. 1

Bulletin No. 8-1 U-B-C. Analysis

Chapter 23
Appendix Chapter
23, Division IV.

FEMA Bulletin No. 88-1 discusses the potential damage due to
high winds on structures in a coastal high-hazard area and provides
a general comparison between the three national model codes and
the NFIP regulations. The U.B.C. provides specific criteria for
the design of structures due to high winds based upon the latest
edition of the ANSI document which is now ASCE 7-88.

FEMA Bulletin No. 88-1 should refer to the latest edition of the ANSI document which is now
ASCE 7-88.

Technical Standards Bulletin: Flood-Resistant Materials. Bulletin No. 88-2

Bulletin No. S8-2 U.B.C.

Appendix Chapter
23. Division IV.

Analysis

FEMA Bulletin No. 8-2 discusses different classes of materials
which are resistant to damage due to flood events and provides a
table of materials and the related flood-resistant classification. The
U.B.C. requires that materals exposed to the weather or to water
splash be protected with an appropriate material.

None.
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ICBO UNIFORM BUILDING CODE (U B.C.) COMPARISON

Techn-Ial Sndards Ruletin: Beaaw Walls Bulletin No. 85-3

Techncal Standards Bulletin: Free of Obstruction Reauirenent in Coastal Hish-Hazard Areas. Bulletin No. 88-3

Bulletin No. 88-3 U.B.C. Analysis

Lower Area
Obstructions

Recommendation:

Appendix Chapter
23, Division IV.

FEMA Bulletin 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. discusses the same structural systems and also allows
for the storage of portable or mobile items.

None.
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Technial Standars Bulletin: Breakaway Walls. Bulletin No. 85-3

Bulletin No. 8-3 U.BC. Analysis

Perimeter
Obstructions

Recommendation:

Appendix Chapter
23, Division IV.

FEMA Bulletin No. 83 discusses and defines various
obstructions that may be found outside the perimeter of a building
in a coastal high-hazard area and how they may affect adjacent
structures. The Uniform Building Code does not regulate
obstructions which may be outside the perimeter of the building,
but does require that the structural 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.

None.

Technical Standards Buein: Free of Obstruction Recuirement in Coastal Hh-Hllazard Areas, NFIP No. 88-3

Bulletin No. 88-3 U.B.C. Analysis

Attached Perimeter
Obstructions

Appendix Chapter
23, Division IV.

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 as a part of the building. The U.B.C. would consider
anything attached to the building as being a part of the building,
even if it were outside the perimeter of the structure and would
require that the entire structural system of the building be
constructed to resist collapse of permanent lateral movement due to
any loads from a flood event.

Recommendation: None.

Technical Standar& Bulletin: Protection of Elevator Equipment in Flood-Hazard Areas, Bulletin No. 884

Bulletin No. 8-4 Analysis

Appendix Chapter
23, Division IV.

Recommendation

FEMA Bulletin No. 88-4 recommends that any equipment used for
the service of elevators be either located above the base flood
elevation or, if that is not possible, protected to prevent water
from damaging the system. The Uniform Building Code requires
that such service facilities be either placed above the base flood
elevation or protected to prevent water from entering the system.

None.

C-85

Page 3



[CBO UNIFORM BULDING CODE (U.B.C.) COMPARISON

Techical Stands Buletin: NFIP Redgirements for Below Grade Parking Garaees in Flood-Hazard Areas. Bulletin
No. 90-2

Bulletin No. 90-2 U.B.C. Analysis

Appendix Chapter
23, Division IV.

Recommendation:

FEMA Bulletin No. 90-2 discusses the flood proofing of below
grade parking garages and recommends specific code language for
the design 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
requirements and flood-resistant construction, for both the A and
Zones.

None.

Technical Standards Bulletin: Non-Residential Flood Proofing Certification Reouirements of the National Flood
Insurance Proram. Bulletin No. 90-3

Bulletin No. 90-3 U.B.C. Analysis

Appendix Chapter
23, Division IV.

FEMA Bulletin No. 90-3 discusses, in general terms, the flood
proofing of non-residential structures and requires that a
certification of the flood proofing design is provided as well as
providing a means of calculating hydrostatic and hydrodynamic
type forces. The Uniform Building Code has essentially the same
type of requirements, but requires that the structural system be
designed in accordance with well-established engineering principles
with hydrodynamic and hydrostatic loads under consideration.

Recommendation: None.

Technical Standars lleuBtin: Installtion of Mlanufactured Homes in Secial Flood-Hlazard Areas. Bulletin No. 90-4

Bulletin No. 90-4 U.B.C. Analysis

Appendix Chapter
23, Division IV.

Recommendation:

FEMA Bulletin No. 90-4 gives specific design recommendations
for the installation of manufactured homes in special flood-hazard
area. 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 TV.

None.
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NATIONAL FRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL FUEL GAS CODE (NFPA 54)

NM lood R t s Sn (44 CP)

EAA4 N 54

'Chapter 1 6D.6 The scope of the documet diffe. 44 CFR is esablishing design
stEadads for saucnes does not define utility ruiremnn found in dte
Fuel Gas Code.

Coastal Conutructlon Manual (FEMA-551

FE:MA-S AnAlLUs

The scope of e docunn differ. In FEMA 55 sctul rquirents
there we no plel raquiremen found in the Fuel Gas Code.

levated Residentia Structures (FPMA 4)

FEM U-AS NEEA 4 Th alslF

flatn
Te scope of the doments differ. The guidelines for elevated
strctues, while including mechanical equipent, does nt nclude
specifics for Fuel Gas Code use in th installation.

MracturSd o Stallatton In Flood Hrd Are2t (MA )

re scope of thie docents differ wi FEMAv 85 limited to strucural
based requirements.

Elooduroofl' No-ReIdenta Suctre, M

FEMA-102

FloodpriOOEng design for strucuwe is outside the scope of the Fuel Gas
Code.
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NATIONAL FE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL FUEL GAS CODE (NFPA 54)

Retrofittina Ff1 ~ -Pvone Struture. (FIMA 1141

EEMA.114

Chapter 9 Protection of
Utilities
9.3 Emergency Protective
Measures

NFPA 

4.2.1,
4.2.2

ALLis
Paragraph 9.3 recommends closing the main gas valve when a flood is
imminent. NFPA 54 contains requirements when nming the gas back
on in pagraphs 4.2.1. 4.2.2 and appendix D.

Recommendatwn: Add references to NFPA 54.

Alluvial Fans: Hazards and Manavement (FF.MA-1651

vAlh

The Fuel Gas Code does not evaluate environmental factors covered in

FEMA 165.

T hfaI S~tadadt Rulletin* Wet Eloodgrooting. No 35-

EF-MA-No 8S.1 wet flsth
Wac fdroig is not addreuaed in the Fuel Gas Code.

Technia tnad ultn nnnin Wl nnnaN~3.

FEMA-No. 3.2 & I'l -LI

Twe Fuel Gas Code contains no requirements for installations addressed
in 85-2.

F-MA.Nn. 8S.3

Ia=

Breakaway walls are not addressed as a par of the Fuel Gas Code.

- _. _ t. _ _ .,... .. U.._ U.-Al Awaas Nnhntcal .tanflard .uhle~in! .sree .r _~nurru~!rn . _niremonL_ £ _~~~U K E U
'La

ANu enls

No conunon requrements exist berween FEMA 8.8-3 and NFPA 54.

D-2

Manual fnr the Construction of Rqldontlal aments 1n N n.Cout-l Elo Env_:

FIA/HUD-NO.CR-997 NLFP JA 54 §A9LLA

No common requirements exist between the documents.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
STANDARD FOR THE STORAGE AND HANDLING OF LIQUEFIED PETROLEUM GASES (NFPA 5B)

NEZ lood s t (44 C.FR

FA,-44 AaLusis

Chapter 1. 60.6 The scope of the docwnents differ.

Coastal Construction Manual (FMA-S5)

The scope of the documents differ.

Elevated Rsidential Structures (FEM A S41

The sope of the docunents differ. The guidelines for Elevated
Stuures. while including mechanical equipment, does not include
specifi= for LPG useor handling.

a --- & on , E
LVmEIUIALLUFCU KlM lMShEpUjLo mu rn nni flUeJs ' P 3 t na P

FEM&-S Antlis
The scope of th documents differ.

FlooQdnrooflnu Non Residetital Stutrs (FM 1fl2}

EEXA-u na Lysa

Floodproofmg is not addressed as a part of LPG storage and handling in
NFPA 58.

Da3

lu,--- I- 01--a



NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
STANDARD FOR THE STORAGE AND HANDLING OF LIQUEFIED PETROLEUM GASES (NFPA 5)

Technical S r l et R n. .

EZNA-M:1

II Protection Goals 4-4,
4-4.3

In part IV, Guidelines for Implementation. Item 10 Heating,
Ventilating and Air Conditioning, recommends that "empty tanks.
both above and below ground, should be filled with potable water
prior to the arrival of floodwater." This is good guidance for tanks
that are open to the atmosphere, such as those used for fuel oil. but
should not apply to propane tanks. Propane tanks are never empty,
but contain residual propane vapor when "empty". The tank should
never be opened to the atmosphere as the flaunable vapor will
probably escape and create a hazard of fire. In addition, the
inroduction of water and air into the tank will cause corrosion which
can result in loss of the odorant that is added to the gas as a warning.

Recomedation: Revise FEMA 85-1 to include a caution ont LP-Gas or liquid transfer consistent with NFPA 58 philosophy and

requirements.

Retroflttina E1ood-grane Residential Structures (EMA-J19

EEMA±IA AAALWu

9A Permanent
Protective
Measures
II Protection Goals

3-2.2.6(g) NFPA 58 includes requirements for anchoring of propane tanks in
flood areas.

Recommendation: Include a reference to NFPA 58 in FEMA 114.

EEMA-±i A

3-2.2.b(g) NFPA 58 includes requirements for anchoring of propane tanks in
flood areas.

Recommendation: Imhade a referece to NFPA 5 in FEMA-165.

D-4
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
STANDARD FOR THE STORAGE AND HANDLING OF I1QUEFIED PETROLEUM GASES (NFPA 53)

Technical Sndard Betin: Wet Floodnrofnw. N 35-1

IU Protection Goals 4-4.
4-4.3

In part IV. Guidelines for Implemnentation. Item 10 Heating,
Ventilatig and Ai Conditioning. recommends that empty tanks.
both above and below ground, should be filled with potable water
puior to the arrival of floodwater." This is good guidance for tanks
that re open to the aunosphere, such as those used for fuel oil. but
should not apply to propaie an. Propane tanks are never empty,
but contain residual pzopae vapor when "empty". The tank should
never be opened to the anosphere as the flammable vapor will
probably escape and create a hard of fire. In addition, the
inuoduction of waer and air into e tank will cue corrosion which
can result in loss of the odorant thar is added to th ga as a warning.

Recommndsion: Revise FEMA 85-1 to include a cmtion on LP-Gas or liquid transfer consistent with NFPA 58 philosophy and

requirements.

Technical Standars Bullein: Foundation Wal Onening No. 85-2

£EMA 15S dUNEU S AMAIUU

3-2.2.b(g) NFPA 58 includes requirements for anchoring of propane tanks in
flood areas.

Technical Stndard Bulletin Foundation Wall Onenings No, -3

RFhlA.-Mt-3 NFPA, SS AlnAil

Breakaway walls am not addressed in NFPA 58.

Techil Sttin Free of Obsuctio eairenents T CstlH Hara Ares No. 8-

FEf-8-3 NEEA M AnSlSIS

No Common requirements exist

Manual for the Construction of Residential Bslemets L Na-Cosal Flood Environs

FIAIHfl-No~CRQ DEE aAnia
No common requirements exist between the documents.
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NATIONAL FRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE NF 70) ;

NFIP Flood Realnt Design Standards (44CFR 9.1 & 60.3)

FFM A4 NFPA 70 AnsliUA

59.1 Definitions
Recreatonal vehicle

Chapter 1 60.6

551-1 Definitions FEMA 44 definition goes into specifics pertaining to design by
specifying maimum are buil on a single chassis,NFPA 7 goes
into mot detail a to howdevehii use4 What iis used for and
how it is propeed 1 c Is

Recommendation: Elluminate the 400 square feet or lesu when meued t the lbrgest hnl prjeon" in Prgraph c) of
FEMA 44.

Elevated Regidential Structures (FEMA-54)

110-11Utility Service
P. 92, 93

FEMA-54 cautions against the results of water damage to utility
service. NFPA 70 qualifies electrical service identified for use in the
operating environment, no condlctors or equipment shall be located
in damp or wet locations; where exposed to gases fues, vapors.
liquids or other agents having;a deteriorating effect on the
conductors or equipment; nor where exposed to excessive
temperatures.

Recommendation: For FEMA-54, electrical supply conduits and cables should be suitable for the environment they are likely to
be exposed, especially in locations subject to corrosive environnts such as salt water or spray. . I 

Service Mounting
P. 92
P. 93

110-13 Secure mounting of utilities and mechanical equipment are addressed
in FEMA-54. NFPA 70 requires electric equipment to be securely
fastened to the suface on which it is mounted

Recommendation: Revise FEMA-54 to clarify that electric equipment shall be securely fatened to the surface on which it is
mounted. Wooden plugs driven into holes in masonry, concrete. platter. or smilar mis all not be used Underground
electric supply conduits or cables should not be fastened to walls, or structures in to beak-awy der o conditions.

Suggested Code revision:
NFPA 70 (110-13(a). 300-5(d)).
Add the following enen: Buildings designed with breakaway walls shall have electric savices secured to the sides of interior
piles or within flood prof enclosures attached to interior poles.

P. 92. 93 Raceways 230-8
230-32
300-5(c), (d)

Electrical service raceways entering from an underground distribution
system are recognized in FEMA-54 as vulnerable while NFPA 70
provides more specific guidelines.

Recommmsdatiom For FEMA-54, where electrical conduits supplying the structure are installed underground. the conduit should

be sealed. The sealant should be installed a a location in the system so arranged to prevenu entrance of water due to flood

conditions. Underground electrical conduits or cables should be protected against damge by burying them to a depth which
would minimize their shifting under flood conditions.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE (NFPA 70)

Elevated Resldentuasl tructures (FMA-54)

P. 92, 93 Electrical service
location

230-53
380-8

FEMA-54, while allowing for the location of electrical service, does
not detail design or location similar to NFPA 70.

Recommendation: For FEMA-54, all switches and circuit breakers shall be located so that they ca; be operaed from a readily
accessible place. They should be located so that the center of the operating handle is not more than 6 12 feet above the floor or -
platforms. Where necessary. a platform may be installed to povide accessibility where devices are located above the flood
plain.

Coastal Construction Manual (FEM1-!551

N1FEA 70 An§nis

43.6 Utilities 110-13(a)
300-5(d)

FEMA 55 recommends locating electric utility risers be located on
the sides of interior piles or away frm the ocean fmt or located
within floodproof enclosures attached o interior piles. Electrical
service secured to the strucure should be securely fastened in such a
way that the building's protective covering will not be damaged
wher electric wires are pulled away from the swuctur NFPA 70 also
requir electric equipment to be securely fastened to e surface it is
mouned on. NFPA 70 requires enclosures or raceways that may be
subject t damage to be rigid metal conduit internediate metal
conduit, Schedule 80 nonmetallic conduit ar equivalent

Recommendation: In the fifth pragaph of Section 4.3.6 of FEMA 55. inset the following as a second sentence: "Since the
enclosure or raceway for the electric utilities is subject to physical damage, it should be installed in rigid Metal conduit.
intermediate metal conduit. or schule 80 rigid nuneallic conduit".

Manutactured Home Installation IIn Food Hazard Areas (EMA-US}

NiPA 70 AanuUn

Chapter IV p. 69 Utility
srvce

110-11
110-13

Electrical service locations are required to be above flood levels in
FEMA-85 while NFPA 70 more specifically outlines performance and
material requirements.

Recommendauiw F FEMA-85, Electric equipmet shall be securely fastened to the surface on which it is nounted. Wooden
plugs driven into holes in masorwy concrete, plaster, or similar materials shall not be used. Underground electic supply
conduits or cable ahould not be fastened to walls, or stortures intxied to break-away under flood conditions. Elecrical supply
conduits amd cabis should be suitable for the environment they are likely to be exposed, especially in locations subject to
corrosive envirommi such as salt waxer or spray.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE (NFPA 70) -

_a ture H tuliatinn In Flood a (lA-3_

lUMA-8S

Chapter IV p. 69 Utility
Service

NFPA 70

230-8
300-5(c),(d)
230-32
230-53

FEMA-85 generally defines electrical mounting while NFPA 70 is
more equipment specific.

Recommendation: For FEMA.85, whir. electrical conduits supplying the structure are installed umderground, the conduit should
be sealed. The sealant shQdd be installed at a location in the system so arranged to prevent entrance of water due to flood
conditions. Underground electrical conduits or cable should be protected against damage by burying them to a depth which
would minimize their shifting under flood conditions. Means should be provided to protect electrical supply conduits emerging
from underground to the bottom of the structure from floating debris during flood conditions. All switches and circuit breakers
should be located so that they can be operated from a readily accessible place. They should be located so that the center of the
operating handle is not more than 6 1/2 feet above the floor or platforms. Where necessary. a platform may be installed to
provide accessibility where devices are located above the flood plain.

Tehia 0tnad ultn e lpnofn.N.3-
FEMAs1d

IV A.9 Electrical
SysM

110-11
110-17(b)

FEMA 85-1 recommends that electrical supply lines and equipment
be elevated above Design Flood Level or be waterproofed where
required to be installed below flood level. NFPA 70 requires electrical
supply linis and equipment to be suitable for the environment under
normal operating environmental conditions. However, if flooding is
often or anticipated due to location, including 100 year flood levels.
the electrical installation must be suitable for the expected event.

Recommendation: In the second paragrp add the following: Where electrical supply lines cannot be elevated above flood
level, they should be installed to arrange for draining away from panelboards, controllers, switches or other electrical
equipment."

E2f~all Ng AnaaIl

chapt IY
D. Wet Floodproofing

Tecbiques

110-11
110-17(b)

FEMA 102 recommends that electrical supply lines and panels be
elevated above the Design Flood LeveL whereas NFPA 70 requires
electrical installations be suitable for the environment under normal
operating. However, if the frequency of flooding is often, the
electrical code would require the electrical installation to be suitable
for that event.

Recommendation: In the fourth paragraph following the second sentence. insrt "where electrical supply lines cannot be
elevated above the Design Flood Level, they must be installed to arrange for draining away from panelboards. controllers.
switches or other electrical equipment".
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE (NFPA 70)

r n -Stuc Is IVRMA-114)

£EMA&I1t NEP 70 A si c

8.7 Technical Design
Criteria.

p. 156 Drainage System

110-3(a)(I)
110-11
410-57(b)

FEMA 114 requires pump and pump motor combination and its
associated conol devices to, be provided with watertight electrical
supply. Three-wire heavy duty U.L. listed power receptacles and wire
are rquired to be installed above possible flood water level.
NFPA 70 allows equipment ha is to be used in a specific
environment to be identified as suitable for that use by testing and
listing and labeling by a testing laboratory. NFPA 70 does not
require the esting laboratory to be U.L (Underwriters Laboratories.
ic.).

Recomdon: In the tird prrph of FEMA 114, revise the third sentenc s folows: I pr receptacle outlet nd
associed equipment should be of ic gounding type and be labeled and listed by a recognized testing laboratory.

etroetintsa lgFood-urone Raildmntlal Structures FRMA-141

EEMA1W

93 Emergency
Protective Measures

373-2(a) FEMA 114 recommends shutting off the main power in the
distuibtion panel and removing any fuses from the panelboard when
flooding is iminent and all elcrical equipment should be cleaned
and dried before restating power. NFPA 70 requires cabinets such as
used for panelboards to be of the weathrroof type where installed in
wet locations. Cabinets installed in wet locations are required to
have at least 14 inch spae between the cabinet and the strucure it is
mounted on. NFPA 70 does not address maintenance or refurbishing
elewrical equipment after being submerged during floods.

Recommendation: Refer to NFPA 70B "Electrical Equipment Maintenance.

FEMA-114 ByPAA naJIIaI

9.4 Permanent Protective
Measures
pg. 160 Utility
Connections

230-53 FEMA 114 recommends relocating electric power lines above the
flood level and install electicul 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
arranged to drain should water enter the conduit system.

Recommendafio: Add the following as a fifth sentence in Section 9A Utility Connections: Where electric service conductors
are located within flood level range, most type srvices can be installed o raise the electrical service above flood level range.

D-9
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NATIONAL FlIE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE (NFPA 70)

Alluvial Fns: }Isrds and Manauement (FFMA.16S)

EEMA-165 NFPA 70 Analysis

FEMA-165 addresses no electrical code concerns.

EEM|MZ I L _h~ZE

E;F1UA.8-2- BUM& 70

Aasth Waa~ll Oneno.v No. 8S.2.

Ansls
The National Electrical Code contains no requirements for
installations addressed in No. 85-2.

Technfral Standards Bulletin! BreakawaI Wals

EEMA--U3 NECA.7

110-13(a)
300-5(d)

Breakaway walls do not meet NFPA 70 requirements for secure
fastening of electrical equipmenL

Recommendsion: See FEMA 55 utility requirenent.

TAchnIeni Standards Bulletin! Fne Of Oh.requ ..t Reeair gnts i Coatal HFio I8- H Ed ANea. 70.

No common requiumenus exist between FEMA 88-3 and NFPA 70.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
LIFE SAFETY CODE (NFPA 101)

NFIP Flood f t Deslgn Standards (44 CFR1

tz&F1 01 A nalvrl

Chapter 1. 60.6 The scope of the documents differ.

Colstal Construrtlon Manl fFFMA-S'w

Anlnva

Breakaway wails
4.3.5.1

5-1.3.1 FEMA-55 while defining breakaway walls does not relieve the
designer from meeting fire bariern consuuction requirments.Recommendation: For FEMA-55. as a put of a required inrlosire or aeparazion must maintain hourly razing requirements. This~~~~~~~~~~~~~~~~~~

Rcom dion: EFor FEMA-55. as a part of a reqired ncbsure or separation must maintain hourly rating ireents. This
may be accomplished using masonry walls or wood stud walls discussed in 435.1 of FEMA-55.

ELMA-S NIPA 01 Amnizis

The scope of dhe dcumens differ.

Manuaured H~ome Tntibatinn Tn Flood Hazsard Areas ,(FMA 151

FEMA-S5 NFPA 101 Analysis

The scope of the documents differ with FEMA 85 lilmited to
strucrally based requirements.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
LIFE SAFETY CODE NFPA 1):

Floodurool- Nou.Residentlal Strutures FEMA-102

EEMA-M NFPA 101

p. 11. 67, 68 Watertight
Doors

FEMA 102 in ddressing watertight doors promotes their use for
daily activities. NFPA 101 in Chpter on egress and in educational
and assembly occupancies has door hardware requirements that must
be met for latching, and force to open. Key among these re
requirements for fire exit hardware.

Recommendation: In FEMA 102, p. 11 should add a paragraph to 2. Watertight Doors. 'The force to open doors as a part of

means of egress requirements should be mamined for exit doors. Latching requirements for exterior doors may include the use

of fire exit hardware in educational or assembly occupancies".

Floodorooting Non-Residential Structures FEMA-1021

NEPA-M Anslyst

p. 161 FEMA 102 in Auilding C. dr qualifies a Building Code as a

collection of regulators while not recognizing companion
standards such as the National Electrical Code, the Fuel Gas Code,
or the Life Safety Code.

Recommendation: Reword the definition of Building Code to include provisions for standards other than a Model Building Code.

Retoflittln lood rone Reidenflal Structures (FEMA 1141

NEE±A1 AAsziU

Thr are no common requirements.

Aluva Faa fzruadMamaat(FA1

,UA 1 0

The Life Safety Code does not evaluate environmental factors
covered in FEMA 165.

D-12
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
LIFE SAFETY CODE (NFPA 11)

Technical Stadards Bulletin: Et - Fj2oduroofln, Bulletin. No. 5-1

MA 1 01 A n sis

Protection of Interior
Finishes

6-5.1.2. 6-5-1.2.1.
9-33, 9-3.3.1,
9-3.3.2,9-3.3.3,
10-3.1. 11-33.1,
12-33.1, 13-3.3.1.
13-33.2. 14-3.3.1.
15-33.1, 16-3.3.1,
17-33.1, 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 water resistant ineior finishes. may
inadvertently negae the finish requirements outlined in NFPA 101.

Recmmcdaion: Techica bletin 85-1 hould qualify thie use of water resistant finishes to as to ilude, the maitnacof
interior finish requirements to a paticular occupancy s defined by other codes.

Technical Standards Bulletin: Foundatlon Wall OenIs N. 85-2

FEMA N'o. 35-2 EEL&-tlD A talv tlg

There ae no common requirements.

Tebhnicl Standiards Bullein Beaua Walls No. 3K-3

F EMA No. 35-2 1YFPA 101 AnslySIS

There ar no common requiraments.

Technical StandardS Rulletlna Free Or Obstruction Reguirements Tn Coastal Hlkh Hazard AreaS. No.
8S-LL

EEMAF Nn. - NZpA 101 AALLZLAi

There we no common requireanets.

Ma1nual for the Construction of Umtldentlml Basetments in Nnn-Castml lFlood Rnvlrongs

FIA/HUD-No.CR-997 NFPA 101 AnalnssI

No common requirements exist between the documenms.
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Nubun4 hom CcMuctioa and Sifety Sandards CSS]

National Flood Insurance Progran fRegulations for Floodolain Manazement and Flood Hazard Identification) VNFIPI

The following is a comparison between Sections 59.1 and 60.3 of the NFIP. the MHCSS and selected requirements from FEMA 85.
The definitions in Section 59.1 have been compared with the MHCSS and found to be compatible.

NFIP

§59.1
§603 (in its entirety)

MHCSS

§328D. (a)(16)

Analysis

NFl? provides a definition of a manufactured ho me consistent with the
MHCSS. Additionally. §603 of the NFIP sets forth requirements for
both recreational vehicles and manufactured homes. However, the NFT
does not address other types of factory-built or industrialized housing
(i.e., modular). Current language in the NFIP such as manufactured
home, proposed constructions and new construction' may not be
readily understood to include modular homes.

Recommendation: Revise the NFIP to include a consistent definition for modular housing. Clarify existing regulations by including
modular in the applicable code sections.

NHP MHCSS Analysis

§60.3 (a)(3) NFIP differentiates between old parks and new parks. The MHCSS
§603 (b)() provides no installation requirements. but rather requires that the

manufacturer of the home provide instructions for the site installation.

Recommendation: None.

MHCSS Analysis

NTFT §60.3 (b)(8) states in part . .. Methods of anchoring may include.
but are not limited to, use of over-the-top or (emphasis added) frame
tie to ground anchors. It 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 resist
lateral flood forces Again, the MHCSS provides no installation or
anchorage provisions.

Recommendation: It is recommended that the NTFP section be clarified to use similar language to that provided in §603 (c)(6)(iv).

B-I
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NFIP MHCSS

§60.3 (a)(3)(iii)(iv)
§60.3 (b)(8)
160.3 (c)(6)
§60.3 (c)(12)

Analysis

The requirements of NFIP §60.3 (a)(3)(iii)(iv) appear to provide the

community latitude in reviewing the appropriateness of a proposed
permit application when that latitude may not be provided by other

more prescriptive sections of the NFIP.

For example, under 160.3 (a)(3)(iii)(iv) a community may reject a permit
for an elevated doubie-wide manufactured home because the HVAC air

duct crossover connecting the two units s typically suspended below the

floor level. The community could conclude that the crossover may
become dislodged during flood conditions and permit entry of flood
waters into the floor and duct system. However, 60.3 (c)(6)(iv)

suggests that only the lowest floor (and not the duct) need be elevated
to or above the base flood elevation.

Additionally, it appears that 60.3 (a)(3)(iii)(iv) is referenced in sections

of the NFIP that contain more prescriptive and in some instances less
restrictive requirements. (See for example, 60.3 (b)(2).)

Recommendation: Option 1: Revise §60.3 (a)(3)(iii)(iv) to reflect the elevation of the 'lowest floor above the base flood elevation.'

Option 2: Revise the lowest floor above the base flood elevation' to more clearly reflect the performance requirements outlined in

160.3 (a)(3)(iii)(iv) and allow for certain unusual construction techniques in manufactured housing. Option 3: Redefine the lowest

floor to clearly include the depth of the chassis I-beam. This may help elevate many of the 'underslung' utilities above 'harm's way.'

Other Areas for Clarification or Enhancement:

MHCSS

60.3 (c)(10)
and others

Analysis

The NFIP currently provides for construction in Zones A1-30 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 FEMIA 85 'Manufactured Home
Installation in Flood Hazard Areas' provide several design tables that

when subjected to an additional flood load of 12' become inapplicable.

Recommendation: None.
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Pamet Foda Goc MM Hmtc* 4933HUm 493t3

National Flood Insurance Proam (Resulations for Floodplain Manazement and Flood Hazard identification) (NFIP

The HUD Permanent Foundations Guide provides desip methods and data for site installation of factory-buit single family dwelling

units that are transportable in one or more sections- These are considered manufactured homes built in accordance with the HUD

MHCSS-

NEP HJD 4930.3 Analysis

§59.1 The HUD Handbook contains only definitions applicable to the

construction of foundation walls and pies Sinc HUD 49303 is used as

a guide for homes built per MUD MHCSS. the definitions therein are

relevant. The NFIP definitions are generally compatible with the

MHCSS. However, the NFIP does not address other types of factory-

built or industrialized housing (ie. modular). Current language in the

NFlP such as 'manufactured home.' 'proposed construction' and 'new

construction' may not be readily understood to include modular homes.

Recommendation: Revise the NFIP to include a consistent definition for modular housing Clarify existing regulations by including

modular in the applicable code sections.

NFP HUD 49303 Analysis

§60.3 (in its entirety) 102-2C HUD 4930.3 references FEMA 85 for manufactured homes, on elevated

201-2-B foundations, and provides that homes on elevated foundations must

complywith the requirements of NFIP. Therefore, there is no

incompatibility.

Recommendation: None.

NIP HUD 4930.3 Analysis

§60.3(b)(8) 402-3.C NFP requires methods of anchoring in Zone A that are in addition to

applicable state and local requirements, for wind loading. HUD 49302

states that in hurricane zones or where severe wind pressures occur,

special treatment may be required. such as foundations that resist

geater uplift, more deeply buried foundations, or strengthened home-

to-foundation connection.

Recommendation: None.
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1989 CABO Appadt C CABO App. q

National Flood InsuranCe Prmm (Reeulations for Floodolain Manamement and Flood Haard Identification) INFIPi

Appendix C of the 1989 CABO One and Two Family Dwelling Code applies to the construction, alteration, and repair of foundation

systems and building equipment for manufactured homes installed on privately owned (nonrental) lots.

NFIP CABO AvD. C Analysis

§59.1 C-201 Tbe definitions in NFIP and CABO App. C are compatible.

Recommendation: None.

NFP CABO ADD. C Analysis

§60.3 CABO App. C does not contain any special provisions for the

installation of manufactured homes in flood hazard areas.

Recommendation: CABO Appendix C should be revised to include a reference to the NFIP for manufactured home installation in

flood hazard areas.

Suggested Code Change [or addition: Add to Appendix C Section C-101 - Scope, last §, last sentence: Refer to National Flood

Insurance Proam for installations in flood hazard areas.
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Maadnurcd Homg Iuime Model 1nAir., Manuk PAJ14JI

National Flood Insumnce Proeram (Resulations for Floodxplain Manazement and Flood Hazard Identification) INFIPi

The MHI Model Manufactured Home Installation Manual is intended as a guide to manufacturers in the preparation 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 format for manufacturers' installation manuals rather than specific
requirements.

MHI-MM

Chapter 2

Analysis

The definitions in NFI? and MHI-MNM are not incompatible.

Recommendation: None

NFP

§603 (in its entirety)

MHI-MIM

4.4.1,
45.4,
5.433

Analysis

The MHI-MlM 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 structural engineer is to be consulted to ensure
conformance to applicable federal, state, and local regulations. FEMA
85, Manufactured Home Installation in Flood Hazard Areas,' is also
referenced in MHil-MN. By referencing FEMA 85, MHI-MIM is
compatible with NFI?.

Recommendation: None

NFP

§603<b)(8)

MHI-MIM

S.k3

Analysis

NFlP 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 toading. The MHI-MEM states that
unconventional anchorage and tiedowns may be required in flood-prone
areas.

Recommendation: None.
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NFPA SOLA-197, ?4ufied Hi [bwe iO IN"PA XO1AI

National Flood Insune Prram (Reulatcins for Floodvlain Manaiement and Flood Hazard IdentificationilNFIP

NFPA 50IA-1987 covers the firesafery requirements for the installation of manufactured home and home sites. In essence, this

standard includes specific requirements for fuel supply piping. The definitions in NFIP Section 59 1 have been compared with those in

NFPA 50LA and found to be compatible.

NFIP

160.3 (in its entirety)

NFPA 501A

4-2.3

Analysis

Section 4-23 of NFPA 501A requires that manufactured home
installations, including the support system and utility and structural
conntections, be compliani with the manufacturer's instructions or the
authority having jurisdiction. Support system design is to consider the
climatic and geological conditions present at the home site. There is no
incompatibility with NFIP.

Recommendation: None.
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AS A2i-1W, Maaurd. H Ifldafiom [AM.1J

National Flood Insurance Program Regulations for Floodplain Manarement and Food Hazard Identificationl iNFIPi

The ANSI A225.1 Manufactured Home nstallations Standard is intended to be adopted 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 to single family dwelling 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 site installation using at
least one system of support and anchorage that can resist the design dead, live, and wind loads.

NTIP A=5 1 Anasis

§59.1 1-3 The definitions in the NFIP and A225.1 are generally in agreement and
therefore compatible.

Recommendation: None.

NFIP A225.1 Analnis

§60.3(in its entirety) App. G Appendix C of A225.1 refers to the National Rood Insurance Program.
However. it is stated that Appendix G is not part of the requirements of
A225.1 but rather is included only as information.

Recommendation: None.

.NFP

§603(b)(B)

A225.1

1-22

Analysis

NFIP requires methods of anchoring in Zone A that are in addition to
state and local requirements for wind loading A225.1 states that it does
not relieve the installer of a manufactured home of responsibility for
compliance with manufacturers instructions and any state and local
ordinances, codes. or regulations. There is no incompatibility.

Recommendation: None.

NEW

160.3c)(I2)(ii)

22
2-6.1.3

Analyis

NFIP requires that homes placed in an existing park or subdivision in
Zones Al-30, AH. or AE have the lowest floor at or above BFE or
supported, by piers or other foundation elements at least 36 in. above
grade. A225.1 requires that a foundation system that 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 exis

Recommendation: None.
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Manuurle Homed S Standa W

RetrofittinE Flood Prone Residential Structures FEMA 1141

The HUD Manufactured Home Construction and Safety Standards (MHCSS) are performance requirements for the construction of

factobuilt single family dwelling units that are transportable in one or more sections. This standard requires that the manufacturer

of the home provide instructions 'tar the site installation using at least one system of support and anchorage that can resist the design

dead, itve, and wind loads. The MHCSS does not include provisions for flood loads.

The requirement that the manufacturer provide one installation instruction system is the only installation implication of this standard;

it does not cover installation details. Therefore, many of the site retrofit issues of FEMA 114 are topically out of range of the HUD

MHCSS, and thus a direct comparison of those provisions is not applicable. After review, the FEMA 114 sections for which

comparisons were not made are as follows:

3.3 Foundation Walls
3.14 Open foundations technical design
3.5 Extended foundation walls
6.2 Floodwalls considerations
6.3 Floodwalls construction techniques
65 Floodwalls technical design criteria
7.2 Closures considerations
7.3 Closures low profile permanent
7.4 Closures materials and construction
7.6 Closures technical design 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
9.8 Utilities tank anchorage
C.1 Hydrostatic loads
C.2 Hydrodynamic loads
C.3 Impact Loads

Comparisons and analysis for applicable sections of FEMA 114 are as follows:

FEMA 114

3.12 Technical design
criteria -Extended wall
foundations

MHCSS

§3280.305(c)

Analysis

Section 3.12 of FEMA 114 refers to Appendix C for design loads, which
in turn refers to the three model building codes for determination of

wind loading characteristics. The wind design data presented in
Appendix C is not necessarily in agreement with the wind design criteria

in §3280.305(c) of the MHCSS. While §3280.305(c)(2)(ii) states that
HUD may establish more stringent requirements in areas with 125 nph
and greater recorded wind velocity, HUD has not been known to
establish more stringent requirements than those specified in

§3280.305(c) [25 pet lateral, 15 pet uplifti.

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 stronger recommendations against siting such homes in flood prone areas are in order. This

study should be undertaken by HUD and the manufactured housing industry.

FEMA 114

3.13 Technical design
criteria - Anchorage of
supertructure to
foundation

§328"(c)

Analysis

Section 3.13 of FEMA 114 covers the importance of the floor diaphragm
in maintaining the stability of the foundation walls and cautions against
using connections that pull out if the underside of the floor is subjected
to upward hydrostatic forces. Hydrostatic forces are not covered in the
HUD MHCSS. However, Zone 11 (hurricane) homes when designed in

accordance with §3280.305(c) are connected to the steel frame - chassis
so as to sustain 15 psf uplift. (Caution, this is not sufficient for
hydrostatic pressures in excess of 3' water column.)

Recommendation: FEMA research on the effects of hydrostatic pressure on manufactured homes has resulted in the requirement to

elevate above BFE. If HUD and the manufactured housing industry were to embark on a program to set construction standards for

homes sited in flood prone areas, a method of certification similar to the wind zone map and label used in the present MHCSS needs

to be devised to provide notice on the homes that identifies the flood intensity for which the home is constructed.
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FEMA 114

95 Utility relctions to
existing space

Not applicable. Water heaters and furnaces are installed on the main
floor. Relocation of utilities in a manufactured home is generally not
recommended. f undertaken at all, it is at geat risk of violating the
standards for fuel pipe sizing and testing, air duct sizing, etc., and is
generally not economicaL

Recommendation: None.

FEMA 114 MFHCSS Analvsis

10.4 Floating structures §3280.306(a) Section 1.4 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. The HUD MHCSS requires that
each home have provisions for support and anchoring to resist
overturning and lateral movement as imposed by the respective designloads. -

Recommendation: None, since FEMAA 114, Section 10.4. does not apply to manufactured homes.

FEMA 114 MHCSS Analysis

C4 Wind loads §32W-M(c)(I)
and (2)

MHCSS specifies that the wind design forces for homes designated for
Zone I, non-hurricane. shall be IS psf lateral and 9 psf uplift, and the
wind design forces for Zone II, hurricane, shall be 25 psf lateral and 15
psf uplift. In FEMA 114, wind zones are delineated in wind velocities
(mph) according to the A-NSI A58.1 map for 50-year recurrence. When
applying the formulas from ANSI A58.1. the resulting wind pressures in
high wind zones may exceed the MHCSS minimum pressures.

§328305(c)(2)(ii) states that HUD may establish more stringent
requirements than those specified in 13280.305(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 stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undertaken by HUD and the manufactured housing industry.
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Permanent FYmdagoas Guide, HUD Haodbook 4930.3 PHUD 493031

Retrofittine Flood-Prone Residential Structures FEMA 1141

The HUD Permanent Foundations Guide provides design methods and data for site installation of factory-built single family dwelling

units that are transportable in one or more sections. These are considered manufactured homes built in accordance with the HUD

MHCSS.

Inasmuch as the HUD MHCSS does not provide at all for site retrofit of manufactured homes, 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 of range of the

handbook and thus a direct comparison of the provisions made for those issues is not applicable. After review, the FEMA 114 sections

for which comparisons with HUD 4930.3 were not made are as follows:

3.3 Foundation Walls 8.3 Sealing techniques

6.3 Floodwalls construction techniques 8.4 Sealing closures

65 Floodwalls technical design criteria 85 Sealing design details

7.2 Closures considerations 8.7 Sealing technical design

7.3 Closures low profile permanent 9.8 Utilities tank anchorage

7.4 Closures materials and construction C.1 Hydrostatic loads

7.6 Closures technical design criteria C.2 Hydrodynamic loads

8.2 Sealants considerations C.3 Impact Loads

Comparisons and analysis for applicable sections of FEMA 114 are as follows:

FEMA 114 HUD 4930.3 Analysis

35 Extended foundation 102-2.C HUD 4930.3 references FEMA 85 for manufactured homes on elevated

walls Standards foundations.

201-2.B HUD 4930.3 provides that homes built on elevated foundations must
comply with requirements of the NFIP and to refer to FEMA 85 for

Manufactured Home Installation in Flood-Hazard Areas.

402 Chapter 4 in HUD 4930.3 makes no provision for the application of
hydrostatic, 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, hydrostatic, hydrodynamic, and impact loads

need to be included for foundation walls subjected to flooding.

Suggested Change (or addition]: (a) Change §201-2.B.2 to read: Homes built on elevated foundations in communities that are part

of the National Flood Insurance Program (NFIP) must comply with the NFIP.

(b) Change 402-3.B to add item #3: If the site is in a floodplain. hydrostatic. hydrodynamic, and impact loads must be considered.

Refer to FEMA 85 for guidance.

FEMA 114 MM 4930.3 Analysis

3.12 Technical design App. H12 The Wind Speed Map, H-12. in HUD 4930.3 corresponds with the 50-

criteria - Extended wall year mean recurrence map in Figure C-Sb of FEMA 114.

foundations
App. HI The Flood Map, H-1, in HUD 4930.3 does not provide any provisions

for hydrostatic, hydrodynamic, static loads.

Recommendation: On the flood map in HUD 4930.3. it is necessary to include a notice to design for lateral, hydrostatic,

hydrodynamic, and impact loads for foundation walls subjected to flooding. Reference to FEMA 85 will suffice.

Suggested Change [or additioni: Revise the Flood Map on Page H-1 to include the following

Nte: 1. Consult with local Building or Plannine Office to determine whether home is in the floodplain.

2. See FEMA 85 for recommended hydrostatic. hydrodynamic and impact loads to be anplied to foundation walls subiect to

H-10



HU4D 49303 Analysis

3.13 Technical desin criteria -

Anchorage o superstructure
to foundation

App. B The designs in MUD 49303 are apparently to resist wind and gravity
Loads only. No provision has been made for buoyancy. The loads given
for vertical uplift in Table B-2 of HUD 4930.3 would be ample for
approximately 1.7' water depth above the top of the foundation.

Recommendation: Include a notice in Appendix B. Table BI of HUD 49302 that additional anchorage may be required in a as
subject to flooding in order to resist hydrostatic. hydrodynamic. and impact loads.

Suggested Change for additions: Provide a note at the end of the first paragraph in Appendix B:

Note: Additional anchorage may be required to resist hydrostatic. hydrodvnamic, and impact loads in areas subject to flooding. Refer

to FEMA 85.

FEMA 114 HUD 493 Analsis

3.14 Technical design criteria -

Open foundations
203 HUD 49302 identifies unstable clays' as a possible cause for

foundation instability, while the FEMA 114 faorns cly soils for their
resistance to scouring. These provisions are incompatible.

Recommendation: Further research/study is recommended to reconcile the limits for foundations in clay soil. This study should be
undertaken in a collaborative effort by HUD. FENIA. and the manufactured housing industry.

FEMA 114 HUD 4930,3 Analysis

62 Considerations 301-1 The provision in MUD 49303. 'provide the best available routing of run-
off water to assure that buildings or other important facilities will not be
endangered by the path of a major emergency flood run-off 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 49303. Section 301-1. include a statement that adequate flood walls provide one way to accomplish the
rerouting of run-off water.

Suggested Change [or addition]: Add a sentence to the end of 301-1:

One way to accomplish rerouting of run-off water in retrofitting is to use flood walls. Refer to FEMA 114 for examples.

Note: Flood waits are not acceotable for new installations.

FEMA 114 HUD 4930.3 Analysis

9A Permanent protective
measures

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 85 for home installations in flood-prone areas in order to provide protection of

utilities

Suggested Change [or addition]: Add a Section 7004:

'DJ-4 Flood Protection of Utietits

For homes subject to floodinz verify that provisions have been made in the design to protect utilities. Refer to FEMA 85 for
methods.

&11
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FEMA 114

95 Utility relations to existing
space

HUD 4930.3 Analysis

Not applicable. Water heaters and furnaces are installed on the main
floor. Relocation of utilities in a manufactured home is generally not
recommended. If undertaken at all, it is at great risk of violating the

standards for fuel pipe sizing and testing, air duct sizing, etc., and is
generally not economical.

Recommendation: None.

FEMNA 114

10.4 Floating structures

HUD 4930.3 Analysis

HUD 4930.3 contains no provisions for floating structures.

Recommendation: None, since FEMA 114, Section 10.4, does not apply to manufactured homes.

FEMA 114 HUD 4930.3 Analysis

C.4 Wind loads 402-3,
App. H-12

Provision is made in the design charts of HUD 4930.3 for coastal and
inland wind loads. The wind velocity map presented in Appendix H-12
conforms with the 50-year recurrence map published in FEMA 114.

Recommendation: None.
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19 CABO Adx C [CABO Amj C

Retrofittin Flood-Prone Residential Structures FFEMA 1141

Appendix C of the 1989 CABO One and Two Family Dwelling Code applies to the construction, alteration and repair of foundation
systems and building service equipment for ranufactured homes installed on privately-owned (nonrental) lots. It does nor apply to the
design or construction of manufactured homes themselves. Homes built subsequent to June 14, 1976, are required to conform with
Federal Manufactured Home Construction and Safety Standards (MHCSS). Others are required to be labeled certifying compliance
with NFPA 501/ANSI 119.1. Modifications to the homes themselves are applicable only if they are otherwise not prohibited.

In its application to existing homes and service equipment CABO Appendix C provides different directions depending upon whether
the retrofit is an addition, or an alteration, or a repair. Retrofits clasified as additions are required to conform with one of the
following

* Certification under the National Manufactured Housing Construction and Safety Standards Act of 1974.

D Design and construction per the applicable provisions of the National Manufactured Housing Construction and Safety
Standards Act of 1974.

* 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 alteration 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
alterations or repairs. Nonstructural alterations or repairs that do not adversely affect any structural member can be made using
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. This standard does not cover installation details. Therefore, many of the site retrofit issues 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 those provisions is not applicable. After review, the FEMA 114 sections for which comparisons
were not made are as follows

62 Floodwalls considerations 8.3 Sealing techniques
6.3 Floodwalls construction techniques BA Sealing closures
65 Floodwalls technical design criteria 8.5 Sealing design details
7.2 Closures considerations 8.7 Sealing technical design
7.3 Closures low profile permanent 9.4 Utilities permanent protection
7A Closures materials and construction C1 Hydrostatic loads
7.6 Closures technical design criteria C2 Hydrodynamic loads
8.2 Sealants considerations C.3 Impact Loads

Comparisons and analysis for applicable sections of FEMA 114 are as follows:
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CABO ADD. C Analysis

3.5 Extended foundation walls C-503.2 Appendix C itself does not cover foundation walls; however Section C-
503.2 refers to other provisions in CABO by stating that retaining walls
used as permanent perimeter enclosure must conform to the code
provisions for foundation walls. Section R-304, Foundation Walls,
prescribes specific designs for masonry, concrete and stone foundation
walls. Reference Tables R-304.3a, 3b.] None of the prescribed designs
in the CABO Tables are usable to resist hydrostatic, hydrodynamic, or

impact loads specified in FEMA 114. Hydraulic venting of the
foundations, as provided in FEMA 114, is not specified in CABO.

R 304.5 in CABO prescribes all wood foundation wall designs. The

comparisons noted above are applicable.

Recommendation: Clarification is needed for the CABO tables to state that designs subject to flood loads require special

consideration for such loads that have not been accommodated in the tabulated designs.

Suggested Code Change [or addition]: Add a sentence to the end of JR-304A:

R-304.4 Design required: .. . accepted engineering practices. Note that desiEns subiect to flood loads require soecial consideration.

Flood loads have not been accommodated in the desiens in Tables R-304.3a and R-304.3b.

FEMA 114 CABO Arm. C Analysis

3.12 Technical design criteria -

Extended wall foundations

While CABO Appendix C is generally not applicable to foundation
design, the wind design data presented in Appendix A of CABO is in
general agreement with the wind design criteria in Appendix C of
FEMA 114. to which Section 3.12 refers.

Recommendation: None.

FEMA 114

3.13 Technical design criteria-
Anchorage of superstructure
to foundation

CABO Atm. C

C-646

Analysis

CABO C-605 requires that 'wood floor support systems shall be fixed to
perimeter foundations in accordance with this code.' CABO Figure R-
303 specifies the anchorage of sill plates to concrete foundations using
lWe bolts, 6' o.c. maximum. CABO Table R-402.3a specifies joists

secured to sills using 3-8d nails, toe nailed. No provision is made to
resist hydrostatic lift-off of the floor.

Recommendation: Clarification is needed in CABO C-605 that additional anchorage may be needed to resist hydrostatic lift in flood-

prone areas. Reference to FEMA 85 may suffice.

Suggested Code Change [or addition]: In C-605, add a sentence that follows the second sentence in the second paragraph:

... resist the wind lod stated in this code. Note that additional anchorage is needed to resist buoyancy due to flooding in those

areas where apylicable.

-14
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CABO Ann. C Analysis

3.14 Technical design criteria -
Open foundations

C602. CW3. CABO C602 (Pier Construction) specifically excludes lateral wind and
C604. C605 earthquake loads from consideration in the application of the piers

specified in this code. Note that the typical manufactured housing
foundation system uses diagonal ties that are secured to ground anchors
for lateral load resistance. CABO C603 (Height of Piers) specifies
construction details for three height ranges of pier application. Each of
these designs is to be used with the anchors and ties specified in
Sections C404 and C-605 respectively. The reliability 'of ground anchors
in flooded soils has not been demonstrated. It would be prudent at this
time to specifically disallow their use n the flood plains.

Recommendation: Oarification is needed in CABO to caution that the ground anchu- system specified is generally not rated for
flooding or for high open foundations.

Suggested Code Change [or addition]: At the end of IC-604.1, add: e use of round anchors is nermitted in the flood elain when
substantiating data are provided that satisfy the authority havine urisdiction.

FEMA 114 Analysis

95 Utility relocations to eidsting
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 risk of
violating the Standards for fuel pipe sizing and testing, air duct sing
etc., and is generally nor economical.

Recommendation: None.

FEMA 114 CABO Ann. C Analysis

9.8 Storage tank anchorage M-1914 CABO M-1914 requires that 'oil tanks be designed to resist all loads
and stresses to which they may be subjected.'

Recommendation: None.

FEMA 114 CABO Arm. C Analysis

10.4 Floating structures C-604.1
C-6042

CAB C604 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 iHCSS.

Recommendation: None, since FEMA 114, Section 10.4, does not apply to manufactured homes.

FEMA 114 CAB At C Analysis

C4 Wind loads C-SO1.1
Appendix A

CABO C-S01 requires that foundations be designed and constructed to
sustain loads specified in the CAB code.

CABO Appendix A. Wind Probability 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 (one IV) is 45 pf
lateral load and 32 psf uplift applied normal to the roof surface. Zone
III pressures are 34 psf lateral and 32 psf uplift. FEMA 114 refers to
the building code requirements that apply within a gven 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.

Recommendation: None.
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MN ufed Housim Iatute Model lataoi Manual [ill-MIMI

Retrofitting Flood-Prone Residential Structures IFEMA 1141

The MHI Model Manufactured Home Installation Manual is intended as a guide to manufacturers in the preparation 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 format for manufacturers' installation manuals rather than specific
requirements.

Direct comparisons of MHI-MIM with FEMA 114 are not applicable with regard to many of the retrofit provisions because general
site work and retrofitting of any kind is outside the scope of MHI-MIM. After review, the
FEMA 114 sections for which comparisons were not made are as follows:

3.3 Elevation on Foundation Walls
6.2 Floodwalls considerations
6.3 Floodwalls construction techniques
6.5 Floodwalls technical design criteria
7.2 Cosures considerations
7.3 Co ures low profile permanent
7A Closures materials and construction
7.6 Closures technical design 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
9.8 Utilities tank anchorage
C.1 Hydrostatic loads
C.2 Hydrodynamic loads
C.3 Impact Loads

Several of the site retrofit provisions of FEMA 114 are technically outside the scope of MHI-MIM due to the exclusionary language of
Paragraph 4.4.1 in MHI-MIM which states XYZ Corporation does not recommend siting your home in river or coastal flood-prone
areas. Special local regulations or flood insurance provisions may apply. Special elevation and anchoring techniques are required
when locating in a flood-prone area. Consult a registered professional engineer to make sure that home design and construction
conform to applicable federal, state and local regulations. Reference is made to FEMA 85, Manufactured Home Installation In Flood
Hazard Areas. In the case that some manufacturers may wish to offer manufactured homes that are factory ready for flood hazard
retrofit, the applicable comparisons of FEMA and MHI-MIM are as follows:

FEMA 114

3.5 Extended foundation walls

MHI-MIM

4A.1

Analysis

MHI-MIM recommends that homes not be sited in flood-prone areas,
and further cites the possibility that special local regulations or flood
insurance provisions might apply, and that special elevation and
anchoring techniques are required.

MIM also references FEMA 85, Manufactured Home Installation in
Flood 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.

Recommendation: None.
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MHI-MIM Analysis

112 Technical design criteria -
* Etended wal foundations

4-42,
Figure 5.3

The wind design data in FEMA 114 is not fully in agreement with the
wind design criteria in §32803t0(c) of the HUD MHaCS, to which
homes installed per MHI-MIM must comply. The MHCSS forms the
basis for the wind resistance tiedowns specified in the MEM. While
MHCSS 13280.305(c)(2)(ii) states that HUD may establish more
stringent requirements in areas with 125 mph and gmater recorded wind
velocity. HL'D has not been known to establish more stringent
requirements than those specified in §3280305(c) [25 psf lateral, 15 pa!
vertical uplift].

MNILM refers to HUD Handbook 4930.3 (1989). This has the effect of
imposing a more severe design load on the foundations and the
foundation to home connections than is required for the homes
themseles (110 mph vs. 88 mph wind velocity)

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 stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undertaken by HUD and the manufactured housing industry.

FEMA 114

3.13 Technical design criteria -
Anchorage of superstructure
to foundation

MHI-MIM

4A.1

Analysis

Generally not applicable_ MHI-MIM recommends that homes not be
sited in lood-prone areas, and further cites the possibility that special
local regulations or flood insurance provisions might apply, and that
special elevation and anchoring techniques are required.

MIM also references FEMA 85. Manufactured Home Installation in
Flood 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 11 homes (hurricane) when designed in accordance with
MHCSS §328.305(c) are connected to the steel frame - chassis so as to
sustain 15 psf uplift. (Caution, this is not sufficient for hydrostatic
pressures in excess of 3' water column4)

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 stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undertaken by HUD and the manufactured housing industry.

FEMA 114 MHl-hMM Analysis

314 Technical design criteria -
,Open foundations

4.4.1 See analysis for WFENA 14, 3.13' above Consequently no provisions are
made in MHI-MIM for special open foundations.

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 stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undertaken by HUtD and the manufactured housing industry.
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FEMA 114

95 Utility relocations to existing
space

MHI-MIM Analysis

Not applicable. Water heaters and furnaces are installed on the main
floor. Relocation of utilities in a manufactured home is generally not
recommended. If undertaken at all, it is at great rsk of violating the
standards for fuel pipe sizing and testing, air duct sizing, etc., and is
generally not economical.

Recommendation: None.

FEMA 114

10.4 Floating structures

MHI-MIM Analysis

The MHI-MIM contains no provisions for floating structures.

Recommendation: None, since FEMA 114, Section 10. does not apply to manufactured homes.

FEMA 114

C.4 Wind loads

MHI-MIM

4.4.2; and
ref HUD
4930.3,
App. H-13

Analysis

MIM cautions against installing homes in wind zones more severe than
the wind zone indicated on the data plate. It also references HUD
Handbook 4930.3, the Wind Speed Map, Appendix H-12 which
identifies many Special Wind Regions as well as many coastal areas for
which the standard and hurricane wind specifications exceed those found
on the Manufactured Home Data plate referred to in the MHI-MIM.

§3280.305(c)(2)(ii) of the HUD MHCSS states that HUD may establish
more stringent requirements than those specified in §3280.305(c) for
areas with 125 mph and greater wind velocities. Presently, HUD has not
been known to do so.

Recommendation: Further research is commended to determine if the Zone II (Hurricane) requirements in MHCSS are adequate
or if the ASCE-7 maps should be incorporated. This research should be undertaken by HUD and the manufactured housing industry.
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NFPA 5197W, Nanufatr Home 1nlticas [NFPA SDILAJ

Retrofittinz Flood-Prone Residential Structures IFEMA 1141

NFPA SOIA-19S7 covers the firesafety requirements for the installation of manufactured homes, and manufactured home sites. This
standard includes only the firefety portions of the scope previously covered by A!NSI A225.1/NFPA 50JA. The non-firesafety aspects
are published separately as ANSI A2Z5.1. Because NFPA 501A is essentially provisions for fuel supply piping and connections. a direct
comparison with the retrofit provisions of FEMA 114 are for the most part not applicable. After review, the FEMA 114 sections for
which comparisons were not made are as follows

3.3 Elevation an Foundation Walls
3.12 Design criteria-wall foundations
3.13 Design criteria-anchorage
3.I4 Design criteria-open foundations
6.2 Floodwalls considerations
6.3 Floodwalls construction techniques
65 Floodwalls technical design criteria
7.2 Closures considerations
73 Closures low profile permanent
7.4 Closures materials and construction

7.6
8.2
83
84

4 85
8.7
94
9.5
9.8

10.4

Closures technical design criteria
Sealants considerations
Sealing techniques
Scaling closures
Sealing design details
Sealing technical design
Utilities permanent protection
Utility rlocations
Utilities tanx anchorage
Floating structures

Comparisons and analysis of applicable sections of FEIMA 114 are as follows:

NFPA SOlA Analvsis

3.5 Extended foundation walls
C.1 Hydrostatic loads
C.2 Hydrodynamic loads
C.3 Impact loads
C4 Wind loads

4-2.3 Section 4-2.3 of NFPA SOLA requires that manufactured home
installations. including the support system and utility and structural
connections. be compliant with the manufacturers instructions or the
authority having jurisdiction. Support system design is to consider the
climatic and geological conditions present at the home site. There is no
incompatibility with FEMA 114.

Recommendation: None.

FEMA 114



Ax A22S.1-197, MCacurd Home Im llations. [A.1J

Retrofittine Flood-Prone Residential Structures FFEMA 1141

The ANSI A225.1 Manufactured Home Installations Standard is intended to be adopted by jurisdictions having responsibility for the
safet and health of manufactured home users and for establishing regulations applicable to manufactured home communities. These
standards are applicable to single family dwelling 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 support and anchorage 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 A225.1. Thus a direct comparison of those provisions
is not applicable. After review, the FEMA 114 sections for which comparisons were not made are as follows:

3.3 Foundation Walls
6.2 Floodwalls considerations
6.3 Floodwalls construction techniques
6.5 Floodwalls technical design criteria
7.2 Closures considerations
7.3 Closures low profile permanent
7.4 Closures materials and construction
7.6 Closures technical design 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
9.5 Utility relocations
9.8 Utilities tank anchorage
C.A Hydrostatic loads
C.2 Hydrodynamic loads
C.3 Impact Loads

Companrisons and analysis for applicable sections of FEMA 114 are as follows:

A225.1 Analysis

35 Extended foundation walls 2-3.1.2
Appendix G

Criteria are presented for the design and construction of built-up
foundation walls in FEMA 114. The foundation walls and floors 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 the building to the foundation need to be
designed to carry the additional loads.

ANSI A225.1. Section 2-3.1.2 (Evaluation), states that Each site shall be
evaluated by the authority having jurisdiction to determine: . . . (c) if
such hazards as flood erosion,. . . exist which might impair the use or
utility of the property. ANSI A225.1 Appendix G provides information
on NF1P. The reader is referred to FEMA for additional information.
No reference is made to specific FEMA documents.

Recommendation: None.

FENMA 114 Analysis

3.12 Technical desin criteria -
Extended wall foundations

Appendix B
B-4.1

Section 3.12 of FEMA 114 refers to Appendix C therein for design
loads. The wind design data presented in Appendix C is not fully in
agreement with the wind design criteria in Appendix B of A225.1 since
A22$.1 applies to homes constructed per the HUD MHCSS. Standard
A225.1 provides that the authority having jurisdiction should 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: Further research is recommended to determine if the Zone 11 (Hurricane) requirements in MHCSS are adequate
or if the ASCE-7 maps should be incorporated. This research should be undertaken by HUD and the manufactured housing industry.

B-2D
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FEMA 114

3.13 Technical design criteria -
Anchorage of superstructure
to foundation

A225.1 Analysis

Section 313 of FEMA 114 covers the importance of the floor diaphragm
in maintaining the stability of the foundation walls and cautions against
using connections that pull out if the underside of the floor is subjected
to upward hydrostatic forces. This topic is not within the scope of
A225.1 since A225. 1 does not cover home design and construction.
However. Zone H (hurricane) homes when designed in accordance with
HUD MHCSS are connected to the steel frame - chassis so as to sustain
15 psf uplift. (Caution, this is not sufficient for hydrostatic pressures in
excess of 3- water column.)

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 stronger recommendations against siting such homes in flood prone areas are in order. This
study should be undertaken by HUD and the manufactured housing industry

FEMA 114 A225.1 Analysis

314 Technical design criteia -
Open foundations

2-5 Section 3.14 of FEMA 114 describes systems of piers. columns, posts.
and piles. each of which is required to 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. A225.1 does not provide any special foundation designs
for flood-prone installations.

Recommendation: ANSI A225.1 needs to be enhanced to reference the NFlP and FEMA 85 within the body of the standard in order
to provide guidance for home installations in flood hazard areas.

FEMA 114 A225.1 Analysis

10.4 Floating structures 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 A225.1.

Recommendation: None, since FEMA 114, Section 10.4. does not apply to manufactured homes.

FEMA 114 Analysis

C4 Wind loads App. B Appendix C4 of F-EMA 114 presents a general overview of wind design
criteria as found in the model building codes published by BOCA,
ICBO. and SBCCL The wind velocity maps for 50 year recurrence and
100 year recurrence are included. Coefficients and methods, however.
are nor included. Hence. the designer will refer to the building code
required by the authority having jurisdiction. The Wind Zone Map in
Appendix B of A225.1 is that used in the HLJD MHCSS.

Recommendation: Further research is recommended to determine 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 housing industry.
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Manufatured Home Co ostkuctim and Safety Standrds [MHCSS]

Manufactured Home Installation in Flood Hazard Areas FEMA 851

The HUD Manufactured Home Construction and Safety Standards (MHCSS) are performance requirements for the construction of
factory-built single family dwelling units that are transportable in one or more sections. This standard requires that the manufacturer
of the home provide instructions for the site installation using at least one system of support and anchorage that can resist the design
dead, live, and wind loads. The MHCSS does not include provisions for flood loads.

The requirement that the manufacturer provide one installation instruction system is the only installation implication of HUD MHCSS.
This standard does not cover installation details, economics, and several other areas addressed in FEMA 85, and thus a direct
comparison of those provisions is not applicable. After review, the FEMA 85 provisions for which the comparison was not made are

as follows:

p 31
Chapter V
pg. 68
Appendix B
Appendix C

Evacuation
Economics
Jacking
Federal and State Contacts
Sources of flood Information

Comparisons and analysis for applicable sections of FEMA 85 are as follows:

FEMA 85

pg. 3 Manufactured home
characteristics

MHCSS Analysis

§3280.2 (a)(16) FEMA 85 states that manufactured homes can be designed for removal
of the steel chassis. Subsequent to the publication of FEMA 85, the
Department of Housing and Urban Development has advised
manufactured home manufacturers and design approval agencies that
the chassis shall not be removed.

Recommendation: Design methodology and construction details in FEMA 85 consider that the chassis remains attached to the home.
Therefore, only a revision to clarify that the chassis shall not be removed is appropriate.

FEMA 85

pg. 5 Conventional
manufactured home
installation techniques

Recommendation: None.

FEMA 85

pg. 8 Effects of flooding

MHCSS

§3280-306

MHCSS

§3280.306

Analysis

FEMA 85 describes typical installation techniques and is consistent with
the requirements of the MHCSS.

Analysis

FEMA 85 describes the effects of riven'ne and coastal flooding on
manufactured homes. Flood forces are not currently considered in the

MHCSS.

Recommendation: Name. Since the MHCSS require that manufacturers supply installation instructions with each home, the issues of

elevation and anchoring are outside the scope of the MHCSS.

FEMA 85

pg. 11 Regulatory requirements

MHCSS

§3282.11

Analysis

FEMA 85 describes the NFIP insurance structure and state and local
regulations regarding siting manufactured homes in flood hazard areas.
The MHCSS do not preempt the authority of states to enact regulations
regarding installation of manufactured homes.

Recommendation: None.



FEMA 85 MHCSS

pg 15 Hazards from floods §3280.2
§3280-306

Analysis

FEMA 85 defines hydrostatic" hydrodynamic, and 'debris impact'
forces. The section further defines depth,' 'velocity,' rate-of-rise,
'duration of flooding,' 'duration of flooding, 'frequency of flooding'
and 'debris lad.' The IMHCSS does not require that the manufactured
home or manufactured home foundation resist flood forces.
Consequently, MHCSS does not offer any similar definifions.

Recommendation: None. The requirements of the NllP (and FEMA 85) are not appreciably strengthened by the possible
introduction of the aforementioned 'flood" definitions into the MHCSS. The current approach of designing the foundation for flood
forces and removing the manufactured home structure frm *harm's way' appear appropriate. However, the foundation design and
structure provided by the manufacturer may perform adequately under no or very low velocity and limited rate-of-rise conditions.
Therefore, FEMA 85 could give consideration to clearly defining appropriate parameters and definitions.

FEMA 85

pg. 17 Wind hazards

MHCSS Analysis

13280.306 FEMA 85 and the MHCSS are incompatible. The issue of increased
§3280.305 (c) wind pressure at higher elevations is addressed on pg. 46 of FEMA 85.

Recommendation: None.

FEMA 85 MHCSS Analysis

pg. 19 Eevation on fill 1 32802306 FEMA 85 describes the application of fill, including suggested slopes,
minimum distances, etc. to elevate the manufactured home above flood
level. The MHCSS does not include any requirements for the
foundation design. However. requirements of FEMA 5 are generally
consistent with typical specifications provided by the manufacturer in the
manufactured home installation manual.

Recommendation: None.

FEMA 5 MHCSS Analysis

pg. 21 Elevated foundations
(piers, posts, horizontal
beams)

13280206 FEMA 85 provides general and in some instances prescriptive guidelines
for the construction of built-up and cast-in-place piers, piles, and
bracing. Although not necessarily incompatible with the .MHCSS, the
MHCSS provides performance criteria for foundations generally without
the prescription of construction materials and techniques, 7Therefore it
is possible for a manufacturer to provide a foundation design that
satisfies the MHCSS but may not satisfy FEMA 85.

Recommendation: Prescriptive pidelines in FEMA 5 are generally not incompatible because the typical foundation design provided
by the manufacturer does not address flood forces. However. designs provided by the manufacturer may be acceptable for no or very
low velocity flood forces but may not satisfy FEMA 85 requirements. Therefore. FEMA 85 should be clarified to describe under what
flood conditions the mnufacturer's design is acceptable and under what conditions the prescriptive requirements of FEMA 85 should
prevail.
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FEMA 85

pg. 28 Anchoring §3280306 FEMA 85 and the MHCSS are not incompatible. The MHCSS sets
forth minimum performance requirements for anchor resistance and
prescriptive requirements for the strapping material. FEMA 85

describes the typical application of these requirements. However,
neither document currently provides a standard to determine the
capacity of te 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 anchors and to consider the withdrawal
capacity of the anchor under saturated soil conditions. This study should be undertaken in a collaborative effort by HUD, FEMA. and
the manufactured housing industry.

FEMA 85

pg. 33 Design of elevated
foundations

§3280305
§3280.306

Analysis

FEMA 85 reiterates the design parameters of the MHCSS.
The sections are currently compatible.

Recommendation: None.

Hydrostatic forces

MHCSS

13280.305
§3280306

Analysis

FEMA 85 describes the application of hydrostatic, hydrodynamic, and
impact forces on a manufactured home. The MHCSS does not address
the application of hydrostatic forces on the floor diaphragm. However,
in Zone I and Zone II homes when designed in accordance with
§3280.305 (c), floors are connected to the chassis to resist a net uplift
force applied to the roof of 9 psf and 15 psf respectively. This design
approach does not generally consider the attachment of the floor
sheathing to floor joists to resist hydrostatic loads applied to the
underside of the home. However, this connection has some limited
resistance to these forces as well. The documents are not incompatible
in that FEMA 85 states that the only practical design approach is to
elevate the unit above flood waters.

Recommendation: None.

pg. 34 Lateral forces

MHCSS

§3280.305
§3280.306

Analysis

See above comments for hydrostatic forces.

Recommendation: None.

FEMA 85

pg. 35 Buoyancy

Recommendation: None.

MHCSS

§3280.305
13280.306

Analysis

See above comments for hydrostatic forces.
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MHCSS Analysis

pg 36 Hydrodynamic forces 43280.305
j3280206

See above comments for hydrsezatic forces.

Recommendation: None.

FEZMA 85 MHCSS Analysis

pg. 39 Impact forces

Recommendation: None.

FEMA 5

pg.39 Scour

j3280.305
13728.306

MHCSS

§3280.305
§3280.306

See above comments for hydrostatic forces.

Analysis

The MHCSS and FEMA 85 are not incompatible. However, FEMA 85
sets requirements for consideration to scour in the foundation design.
lthe MHCSS do no! contain requirements for flood forces.

Recommendation: See above recommendation for elevated foundations (FEIMA 85. pg. 21).

FEMA 85 MHCSS Analysis

pg 41 Design loads, 1328020
§3280-30,6

FEMA 85 wind, roof. and floor live and dead loads are consistent with
the requirements of the MHCSS. However, FEM2A 85 also restates
design considerations for flood forces. (See also analysis for hydrostatic
forces.)

Recommendation: None.

EEMA BS MhCSS Analysis

pg. 45 Evaluation of elevated
foundations

§328030
§328036

FEMA 85 describes maximum water velocity as a function of the angle
of the support strap and height of flood water above the floor and
concludes that elevation is the optimum strateg' 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 8S.
pg. 28 .)

Recommendation: See above recommendation for anchoring (FEMA 85, pg. 28).

FEMA SS MHCSS Analysis

pg. 45 Design fonzes and loads §3280.305
§3280.306

FEMA 85 restates the design loads of the MHCSS for determination of
the vertical member loads. The sections are currently compatible.

Recommendation: None.
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FEMA 85

pg. 48 Verticai support members
(piers)

MHCSS Analvsis

§3280305
§3280.306

(a) FEMA 85 provides general and in some instances prescriptive

guidelines for the construction of foundation components Although

FEMA 85 is not necessarily incompatible with the MHCSS, the MHCSS

provide performance criteria for the design of foundations generally

without the prescription of construction materials and techniques.

Therefore it is possible for a manufacturer to provide a foundation

design that satisfies the MHCSS but may not satisfy 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 have the bottom of the

footing at least 30 inches below grade or to the frostline, (emphasis

added) whichever is greater." The MHCSS does not require placement

of the footing below grade. However, it is the manufacturer's general

practice to require that footings be placed below the frostline.

Recommendation: (a) Prescriptive guidelines in FEMA 85 are generally not incompatible because the typical foundation design

provided by the manufacturer does not address flood forces. However, designs provided by the manufacturer may be acceptable for no

or very low velocity 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 Figure 4.32 in FEMA 85 with correct orientation of the ground anchor. (See also above recommendation for

anchoring, FEMA 85, pg. 28.)

(c) None.

FEMA 85

pg. 53 Vertical support members
(posts and piles)

MHCSS

§3280.305
§3280.306

Analysis

FEMA 85 restates the design loads of the MHCSS for determination of

the vertical member loads.
The sections are currently compatible. (See analysis for vertical support

members, FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).

FEMA 85

pg. 58 Horizontal Support
beams

MHCSS

§3280305
§3280.306

Analysis

FEMLA 85 restates the design loads of the MHCSS for determination of

the vertical member loads.
The sections are currently compatible. (See analysis for vertical support

members. FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).

FEMA 85

pg. 60 Cross bracing

MHCSS

§3280.305
§3280.306

Analysis

FEMA 85 restates the design loads of the MHCSS for determination of

the vertical member loads.
The sections are currently compatible. (See analysis for vertical support

members, FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).
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FFhlA .5 MHCSS Analysis

pg. 62 End bracing 13280.30 FEMA 85 restates the design loads of the MHCSS for determination of
13280306 the vertical member loads.

The sections are currently compatible (See analysis for vertical support
members. FEMA 85. pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).

FEMA 85 MHCSS Analysis

pg. 63 Horizontal beam §32S030 FEIMA 85 restates the design loads of the MHCSS for determination of
connections §3280306 the vertical member loads.

The sections are currently compatible. (See analysis for vertical support
members, FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).

FEMA 85 MHCSS Analysis

pg. 64 Chassis I-beam §3280305 FEMIA 85 restates the design loads of the MHCSS for determination of
connections §3230.306 the vertical member loads.

lThe sections are currently compatiblc. (See analysis for vertical support
members. FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical suppon members (FEMA 5. pg. 48).

FEMA 5 MHCSS Analysis

pg. 66 Cross bracing connections §32805m0 FEMA 85 restates the design loads of the MHCSS for determination of
§3280306 the vertical member loads.

The sections are currently compatible. (See analysis for vertical support
members, FEMA 85, pg. 49.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).

FEIA 85 MHCSS Analysis

pg. 67 End bracing connections §3280305 FEMA 85 restates the design loads of the MHCSS for determination of
§3280306 the vertical member loads.

The sections are currently compatible. (See analysis for vertical support
members, FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).

FE.MA 85 MHCSS Analysis

pg. 67 Longitudinal support §3280505 FEMA 85 restates the design loads of the MHCSS for determination of
beams connections §3280306 the vertical member loads.

The sections are currently compatible. (See analysis for vertical support
members. FEMA 85. pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85. pg. 48).
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pg. 69 Utility service §3282.11
§3282.1
Subpart H
Subpart I

Analysis

FEMA 85 requires that utilities be placed in waterproofed risers

adjacent to down stream foundation members. The MHCSS do not

contain requirements for protection of utilities where they connect to

the structure.

Recommendation: None. The MHCSS do not preempt utility service protective measures.

FEMA 85

pg. 69 Mechanical systems

MHCSS

§3282.11
§3282.1

Analvsis

FEMA 85 requires that external equipment be elevated above

anticipated flooding. The MHCSS do not contain requirements for
elevating exterior mechanical systems above the base flood elevation.

Recommendation: None. The MHCSS do not preempt external mechanical equipment elevation.

FEMA 85

pg. 70 Access and egress

MHCSS

§3280.105
§3280.106

Analysis

The MHCSS requires that each home be provided with two exterior exit

doors located remote from each other and each sleeping room be

provided with an egress window. FEMA 85 requires that a clear access

and egress path to the manufactured home be provided ... .' FEMA 85

and the MHCSS are not incompatible. However, elevation of a
structure by its very nature will reduce the ease with which egress may

be provided from the structure.

Recommendation: None.

FEMA 85

Appendix D

MHCSS

§3280.306

Calculation procedures for
elevated foundation design

Analysis

MHCSS requires that the design wind loads be increased by a safety

factory of 1.5 when used in calculating resistance to overturning and

lateral movement. Additionally, the MHCSS does not permit the
allowable stresses of materials required to resist such loads to be
inca d. 

Otherwise, MHCSS permits any calculation methods to be used in

structural analysis, provided it is in accordance with accepted

engineenng practice. Therefore, except as described above, the design

methodologies presented in FEMA 85 Appendix D to determine various

loads ae compatible with MHCSS requirements.

Recommendation: Although installations of manufactured homes are not preempted by MHCSS, FEMA 85 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 85 Chapter IV that are

based on these design methodologies may also need to be revised.



MHCSS Analwis

Appendix E 3290306

Buoyancy and drag forces

FElELA 85 and MHCSS are not incompatible since the ties designed to
resist buoyancy and drag forces are in addition to any ties required for
wind anchorage. As previously stated, MHCSS does not address 'flood
forces.' However. MHCSS does require that wind anchoring equipment
be capable of resisting a minimum allowable working load of 3150
pounds. FEMA 85 tables and calculations are based on a working load
of 2200 poufids.

Recommendation: Tables in FEMA 85 for spacing of ground anchors should be based on ground anchors with a minimum allowable
working load of 3150 pounds rather than 2200 pounds.

FEMA S5 MHcss Analysis

Appendix F §3280-306

Design worksheet

MHCSS requires that 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 does not permit the allowable
stresses of materials required to resist such loads to be increased.

Recommendation: Although installation of manufactured homes are not preempted by MHCSS, FEIMA 85 should be revised toinclude the 15 safety factor in its design methodologjes. 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 85 Chapter IV that arebased on these design methodologies may also have to be revised.
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Petmanet Founda Guide, HUD Handmook [HUD 493031

Manufactured Home Installation in Flood Hazard Areas FEMA 851

The HUD Permanent Foundations Guide provides design methods and data for site installation of factory-built single family dwelling

units that are transportable in one or more sections. These are considered manufactured homes built in accordance with the HUD

MCHSS.

FEMA 85 HUD 4930.3 Analysis

pg. 3 Manufactured home
characteristics

100-1. and 100- FEMA 85 and HUD 4930.3 describe the same general features.

2

Recommendation: None.

FEMA 85 HUD 4930.3 Analysis

pg. 5 Conventional
manufactured home
installation techniques

Figure 1.13 FEMA 85 explains that the installation instructions supplied with the
home normally do not provide for resistance to loading caused by
flooding. HUD Handbook 4930.3 is for permanent foundations, and
flooding loads are not provided for. Figure 1.13, Type 2 Tie Down in
FEMA 85 depicts an unstable wind resistance system.

Recommendation: This section of FEMA 85 should be clarified to point to specific flood load remedies elsewhere in the document.

Figure 1.13 should carry a notice that the method depicted is not stable and is not recommended for any loading - flood or not.

HUD 4930. Analysis

pg. 8 Effects of flooding 201-2 HUD 4930.1 does not provide design loads or procedures for homes in
flood-prone sites. References are made to FEMA 85, NFIP, and HUD
Handbooks 4135.2 and 4145.1.

Recommendation: None.

FEMA 85

pg. 1 Regulatory
requirements

HUD 4930.3 Analysis

FEMA 85 explains how the NFIP works together with state and local
jurisdictions. HUD 4930.3 apparently is intended to be used to assist

HUD field offices in making determinations of whether or not homes
have been installed on permanent foundations. and therefore contains

no regulatory requirements.

Recommendation: None.

FEMA 85 . HUD 4930.3 Analysis

pp. 15-18 Flood and wind hazards 201-2 HUD 4930.3 does not provide loads or design methods to abate
damages from floods- rather, it refers to FEMA 85 for that purpose.

Recommendation: None.
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HEUD 49303 Analysis

pg. 17 Wind hazards 402-3.C 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. FEMA 85 refers to the MHCSS wind
force requirements. The statement on Page 1 of FEMA 85, wind and
flood forces can be additive, thereby taxing the structure, its foundation
system. and any anchoring mechanisms,' does not appear to be a true
statement. It seems 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

Recommendation: Revise the statement on page 18 of FEMA 85 in accordance with the analysis above.

FEMA 85 HUD 49303 Analysis

pg. 19 Elevation on fill 303-2 FE.MA 85 limits the flood velocity in accordance with the fill materials
and fill cover selected- HUD 49303 requires that fill be engneered to
90% in accordance with ASINA D157, Modified Proctor Test There is
no incompatibility.

Recommendation: None.

FEMA 5 HUD 49302 Analysis

pg. 21 Elevated foundations 402 While the design methods and design loads provided in HUD 49303
would be applicable to elevated foundations, the handbook does not
provide the hydrostatic. hydrodynamic and impact loads. HUD 4930.3
references FEMA 85.

Recommendation: None.

FEIMA 85 HUD 4930.3 Analysis

pg. 28 Anchoring A6 Note NI FEMA 85 does not discourage the use of auger type ground anchors.
HUD 4930.3 requires anchorage into concrete.

Recommendation: FEMA 5 should disallow ground anchors in flood-prone installations.

FEMA 85 HUD 4930.3 Analvsis

pg 31 Evacuation techniques 602 FEMA as proposes that evacuation using quick disconnect from
foundations is a practicable strategy. HUD 493023 requires permanent
foundations and attachment thereto. The two approaches are not
reconcilable into one standard.

Recommendation: FEMA 85 should be changed to prohibit such quick disconnects, unless further study suggests that manufactured
housing be factozy-prezcd for floating.

FE SA as MUD 49303 Analysis

pg. 33 Design of elevated
foundations

402-2. 402-3 FEMA 85 relies on the HUD MMCSS for roof live loads and wind
loads. HUD 4930.3 recommends snow and wind loads from ANSI
AS.1-1982.

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 A58.1, FEMA 85 should consider requiring that the foundation designs be made using the
snow and wind loads of ANSI A58.1 as in the HUD 4930.3, even though this introduces an inconsistency with foundations designed for
one set of loads and the foundation designed for another.
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HUD 4930.3 Analysis

pp. 34-40 Flood forces and their 201-2

applicatwon

HUD 4930.3 does not provide design data or methods for homes in

flood sites. It refers to FEMA Flood Maps, HUD Handbooks 4135.1,

4145.1 and the requirements of the NFIP.

Recommendation: None.

FEMA 85

pp. 4142 Design loads

HUD 4930.3 Analysis

402.2,4023 FEMA 85 provides design charts for dead load, live load, snow load, and

wind load calculations. The charts use snow and wind loads from the

HUD MHCSS. [Homes manufactured since 1976 under the HUD

Standards are themselves certified to those loads.] HUD 4930.3 uses

ANSI A58.1-1982 for snow and wind loads.

Recommendation: Revise FEMA 85 and HUD MHCSS to incorporate ANSI A58.1 snow and wind loads.

FEMA 85 HUD 4930.3 Analysis

pg. 45 Design forces and loads
- Evaluation of elevated
foundations

FEMA 85 provides a chart to define limits of effectiveness for ground

anchors as a function of water velocity and depth of flood. The

accompanying narrative also refers to Appendix E for a discussion of

buoyancy, drag and effectiveness of ground anchors in floods. The

discussion of buoyancy appears to have overlooked 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.

Recommendation: The table on pg. 45 of FEMA 85 should either be dropped, or tests should be undertaken to substantiate that

ground anchors can perform effectively in saturated soils. Appendix E of FEMA 85 needs to 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. Also it

appears that some performance criteria is needed to enable the ground anchor designers, vendors and users to know how to determine

whether or not ground anchors can be relied upon.

FEMA 85 HUD 4930.3 Analysis

pp. 47-48 Vertical support
members

402.2, 402.3 FEMA 85 provides design charts for dead load, live load, snow load, and

wind load calculations. The charts use snow and wind loads from the

HUD MHCSS. [Homes manufactured since 1976 under the HUD

Standards are themselves certified to those loads.] HUD 4930.3 uses

ANSI A58.1-1982 for snow and wind loads.

Recommendation: Revise FEMA 85 and HUD MHCSS to incorporate ANSI A58.1 snow and wind loads.

FEMA a5 HUD 4930.3 Analysis

pg. 48 Piers App. A FEMA 85 prescribes designs for piers, and cautions that, due to the

likelihood of scouring, pier systems should not be used in areas where

flooding 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 design is not required.

While the Flood-Prone Sites exclusions provided in Section 201-2 might

be sufficient for some designers. it seems prudent that it be repeated in

the Appendices.

Recommendation: The design appendices in HUD 4930.3 should repeat the references to the FEMA documents and caution that the

designs presented have not taken flood conditions into account.

Suggested Change for addition): Add a sentence to Paragraph B, Page A-I: Note that none of the charted designs takes flood loads

into account. Refer to FEMA 85 for design loads and procedures.
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HUD 49303 Analysis

pp. 53-58 Pt and Pies App. A FEMA 85 includes provisions for pile foundations with sample load and
application chars HD 49302 lists twelve foundation designs in the
Foundation Selection Chart in Appendix A. Piles are not included.
HUD Handbook 4930.3 is not for flood resistant installations

Recommendation: None.

FEMA 85 HUD 4930-3 Analysis

Appendix E

Buoyancy and drag forces

Appendix E in FEMA 85 discusses buoyancy, drag and effectiveness of
ground anchors in floods. The discussion of buoyancy appears to have
overlooked the limits of the connection of the home to the frame. The
homes are designed either for 9 psf uplift or 15 psf uplifL This is not
sufficient for hydrostatic pressures of more than ? and 12" ultimate
respectively. The issue of whether or not ground anchors are effective
needs to be addressed convincingly.

Recommendation: Appendix E of FEMA 85 needs to be revised to make provision for the limits of floor-to-frme connections that
have been designed according to the wind uplift provisions of the HUD MHCSS. Resolve whether or not ground anchors are
permitted.
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1989 CABO Appendix C [CABO AppL q

Manufactured Home Installation in Flood Hazard Areas IFEMA 51,

Appendix C of the 1989 CABO One and Two Family Dwelling Code addresses those aspects of manufactured homes not preempted

by the HUD Manufactured Home Construction and Safety Standards (HCSS). This includes the construction of foundation and

anchorage systems for the installation of the dwelling unit on a privately-owned (nonrental) lot.

The CABO Code generally 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 those imposed by floods. It

is suggested that CABO Appendix C reference FEMA 85 in order to cover such special loads as flooding. A direct comparison of

certain sections was not made because they were beyond the scope of Appendix C of the CABO One and Two Family Dwelling Code.

After review, FEMA 85 sections for which comparisons were not made are as follows:

Overview
Hazards from Floods

Elevation on Fill
Elevated Foundations xc. Piers'
Evacuation
A. Flood Forces and Applications exc. Design Loads'
C. Bracing Support and Connections
D. Additional Design Considerations
Economics

Comparisons and analysis for applicable sections of FEMA 85 are as follows:

CABO ADD. C AnalysisFEMA 5

Pg. 22 Piers C-602

Recommendation: None.

FEMA 85

Pg. 22 Piers

CABO Atm. (

C-603

FEMA 85 limits the spacing of supporting members to ten feet on
center whereas CABO Appendix C permits the spacing to be as
specified in the manufacturer's installation instructions.

Analysis

FEMA 85 generally limits the height of built-up piers to ten feet or to
ten times their least dimension. CABO Appendix C does not set a limit
on the height of piers. However, piers constructed in accordance with
CABO C-602 are not considered to resist any lateral loads.

Note: CABO R-104.4 does set a height limit of ten times the least
dimension for unsupported masonry piers.

Recommendation: None.

FEMA 85

Pg. 22 Piers

C 2I A. C Analysis

C-502.3 FEMA 85 specifies that built-up piers should be at least 12 in. by 12 in.

and be reinforced with four No. S steel bars. In CABO. the cross
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.
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CABO Ann. C Analysis

Pk 22 Piers C-602 a) FEMA 85 requires the bottom of the pier footing to extend a
minimum of 30 in. below grade. CABO only requires the footing. to
extend a minimum of 12 in. below finished grade. Both require the
footing to extend below the frost line.

b) FEMNA 85 requires built-up piers to be laid with type M or S mortar.
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 &5 and CABO for minimum pier depths should be made depending on the fow conditions likely to be
encountered.

Suggested Code Change or addition]: In §C-602, add to the last sentence . . . wind, flood pressure, scouring or earthquake forces.

FEMA SS CABO Ann. C Analysis

Pg. 28 Anchoring nC-604 Unlike FEMA 85. CABO does not prescribe 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 presently is a
problem because there is no standard for their evaluation. It is
desirable that local building officials have available some readily
recognizable method to determine compliance.

Recommendation: None.

FEMA 85 CABO Ap. C Analysis

Pg. 41 Design Loads
Pg 45 Design Forces and

Loads

R-201.2 Design loads specified in FEMA 85 are the same as those in HUD
MHCSS whereas the design criteria for CABO is established by the
jurisdiction. As a guideline, the tables in FEMA 85 appear to be
adequate. Where records or experience indicate significant differences,
HUD may establish more stringent requirements.

Recommendation: None.

FEMA 5 CABO Arm. C Analvsis

Pg. 48 Vertical Support
Members - Piers'

C-603 FEMA 5 pier designs A. B and C do not meet the minimum css
sectional area - 128 square inches - specified by CABO. Design A is
for reinforced concrete and B is for 8' x 12' concrete block. Neither of
these piers is included in CABO. These differences can be
accommodated.

Recommendation: None.

FEMA 85 CABO Arn. C

Pg. 53 Posts and Piles

Analysis

CABO generally covers time-tested construction methods. It does not
cover seldom-used systems such as posts or pile construction methods.
The requirements are compatible as long as it is understood that CABO

-Appendix C is not applicable to flood loads.

Recommendation: Change CABO Appendix C to clarify that it does nor consider flood loads.

Suggested Code Change [or addition]: In §C-602. add to the last sentence ... wind, flood ressure. scouring. or earthquake forces.
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Manufaurd Hosing Institute Model Inalatioa Manual IMH-MDA

Manufactured Home Installation in Mood Hazard Areas FEMA 851

The MHI Manufactured Home Installation Manual is intended to assist manufacturers who are required to design at least one
acceptable foundation and anchorage method in accordance with the requirements of the Manufactured Housing Construction and
Safety Program (MHCSS). The MHCSS does not include provisions for flood loads.

Section 4A.1 of the Manufactured Home Installation Manual requires that a homeowner with a home intended to be sited in a flood
hazard area consult with a registered professional or a structural engineer to make sure that the foundation design and construction
conform to applicable federal, state, and local codes and regulations. FEMA 85 is referenced as a source for construction
recommendations. If it is assumed that every home located in a flood hazard area is to follow the recommendations made in FEMA
85, the documents are compatible by the reference alone and no further comparison is warranted.

However, a comparison is provided below in consideration that FEMA 85 may be solely intended to supplement the requirements of
the MHI design manual or the consulting engineer's design. The following sections in FEMA 85 were found to be not applicable to
the Manufactured Home Installation Manual:

pg. 31 Evacuation
Chapter V Economics
pg. 53 Vertical support members (posts and piles)
pg. 58 Horizontal Support beams
pg. 60 Cross bracing
pg. 62 End bracing
pg. 62 Connections
pg. 63 Horizontal beam
pg. 66 Cross bracing
pg. 67 End bracing
pg. 68 Jacking
pg. 70 Access and egress
Appendix B Federal and State Contacts
Appendix C Sources of flood Information
Appendix D Calculation procedures for elevated foundation design
Appendix E Buoyancy and dg forces
Appendix F Design worksheet

Comparisons and analysis for applicable sections of FEMA 85 are as follows:

FEMA 85 MHI-MIM Analysis

pg. 3 Manufactured home 4.3 FEMA 85 states that manufactured homes can be designed for removal
characteristics 4.5 of the steel chassis. Subsequent to the publication of FEMA 85, the

Department of Housing and Urban Development has ruled that the
chassis shall not be removed. MHI draft manual appears to make no
provisions for removal of the chassis.

Recommendation: Design methodology and construction details in FEMA 85 should consider that the chassis remains attached to the
home. Therefore, only a revision to clarify that the chassis shall not be removed is appropriate.

FEMA 85 MHI-MIM Analysis

pg. Conventional S.4 FEMA 85 describes typical installation techniques and is consistent with
manufactured home the requirements of the MHI-MIM. It should be noted however, that
installation techniques FEMA 85 pg. 6. Figure 1.13, Type 2 will not provide resistance to

overturning loads by the strapping method shown.

Recommendation: Clarify pg. 6, Figure 1.13, Type 2 in FEMA 8 to state that additional fastening to prevent overturning loads is
required.
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FEMA 85

pg. 8 Effects of flooding

MHI-MIM

4-5-4
4.4.1

Analysis

FEMA 85 describes the effects of riverine and coastal flooding On
manufactured homes. Flood orces are not currently considered in
MHI-MJM because siting in flood prone areas is not recommended.

Recommendation: None.

FEMA 85 MHT-MIMM Analysis

pg. 11 Regulatory
requirements

12 FEMA 85 describes the NFIP insurance structure and state and local
regulations regarding siting manufactured homes in flood hazard areas.
MHI-MIM requires coordination with the authority having jurisdiction.

Recommendation: None.

FEMA SS MhlI-MI Analysis

pg, 15 Hazards from floods 4.4.1 FEMA 85 defines hydrostatic," 'hydrodynamic,- and 'debris impact'
forces The section further defines depth.' 'velocity,' 'rate-of-rise.-
'duration of flooding,' 'duration of flooding.' 'frequency of flooding'
and debris load- MHI-MIM does not require that the manufactured
home or manufactured home foundation resist flood forces.
Consequently, MHI-MIM does not offer any similar definitions. MNI
does not recommend siting in flood prone areas.

Recommendation: The requirements of the NFIP (and FEMA 85) are not appreciably strengthened by the possible introduction of
the aforementioned flood" definitions into .MHI-MIM.

FEMA 8 MHI-MIM Analbsis

pg. 17 Wind hazards 4.42
5.4
5.4.1
5.42

FEMA ES and MHI-MIM are not incompatible; FEMA 85 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
LMHCSS.

Please note, however, that Section SA in MHI-MIM states that, '.. . the
installer should secure the home against the wind unless the local
jurisdiction permits otherwise." (emphasis added)

It appears that FEMA M5 requires the anchoring of homes against wind
loads 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 MHl Section 5.4 to
state that anchorage of the unit against wind forces is always required.

Suggested Change [or addition]: Change Paragraph 5A Aneboring Istrnctioan 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.

FEMA 85 MHI-MIM Analysis

pg 1 Eevation on fill 32
3.3
34

FEMA 85 describes the application of fill including suggested slopes,
minimum distances, 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 85 are generally consistent with typical
specifications provided by the manufacturer in the manufactured home
installation manual.

Recommendation: None.
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FEMA 85

pg. 21 Elevated foundations
(piers, pos, horizontal
beams)

Recommendation: None.

FEMA 85

pg. 28 Anchoring

MHT-MIM

4.1
4.2

Analysis

FEMA 85 provides general and in some instances prescriptive guidelines
for the construction of built-up and cast-in-place piers, piles. and
bracing. MHI-MIM provides several pier construction methods that are
primarily designed to withstand vertical loads. MHI-MIM only requires
concrete and reinforcement to be used when the pier height exceeds 80
inches. Additionally, FEMA 85 requires the footing to be a minimum of
30 inche below the frost line. MHI-MIM permits the footing to be
located directly on the soil if acceptable to the authority having
jurisdiction.

MHI-MIM Analysis

5A FEIMA 85 and MHI-MIM are compatible. FEMA 85 describes the
typical application of ground anchor requirements. However, neither
document currently provides 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 anchors and to consider the withdrawal
capacity of the anchor under saturated soil conditions. This study should be undertaken in a collaborative effort by HUD, FEMA, and
the manufactured housing industry.

EMA 5

pg. 33 Design of elevated
foundations

Recommendation: None.

FEMA 85

pg. 34 Hydrostatic forces

MHI-MIM Analysis

4.1.3 FEMA 85 reiterates the design parameters of the HUD MHCSS. The
tables provided in MHI-MIM are based on roof and wind loads specified
in the MHCSS. The sections are currently compatible.

MHI-MIM

4.4.1
5A.3

Analysis

FEMA 85 describes the application of hydrostatic. hydrodynamic, and
impact forces on a manufactured home. MHI-MIM recommends that
homes to be located in flood-prone areas be designed in accordance with
FEMA 85. Manufactured homes designed for Wind Zones I or 11 are
connected to the chassis to resist a net uplift force applied to the roof of
9 paf and 15 psf respectively. This design approach does not generally
consider the attachment of the floor sheathing to floor joists to resist
hydrostatic loads applied to the underside of the home. However. this
connection has some limited resistance to these forces as well. The
documents are not incompatible in that FEMA 85 states that the only
practical design approach is to elevate the unit above flood waters.

Recommendation: None. The current approach to elevate units above flood waters appears to be appropriate.

FEMA 85

pg. 34 Lateral forces

Recommendation: None.

MI-MIM

5A.3

Analysis

See above analysis for hydrostatic forces."
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.MHI-MIM Analysis

pg. 35 Buoyancy 5A.3

MH1

Sec above analvsis for 'hydrostatic forces.'

Recommendation: None.

FEMA S5 Analysis

pg, 36 Hydrodynamic forces 4A.1
5.43

ml

See above analysis for 'hydrostatic forces.'

Recommendation: None.

FEMA S5 Analysis

pg. 39 Impact forces 4.4.1
5.43

See above analysis for 'hydrostatic forces.,

Recommendation: None.

FEMA 5 - MHI Analysis

pg. 39 Scour 4.4.1
A3

MHI-MIM and FEMA 85 are not incompatible. However. FEMA S
sets requirements for consideration to scour in the foundation desigm
MHI-MlM does not contain requirements for flood forces.

Recommendation: See recommendation for 'clevated foundations.

FEMA 85 M W4H-Mf Analysis

pg. 41 Design loads 4.1.3 FEMA a5 and MHI-MIM wind and roof loads are consistent with the
requirements of the HUD MHCSS. However, FEMA 85 also restates
design considerations for flood forces (See also analysis for
'hydrostatic forces.?)

Recommendation: None.

FEMA R5 MHI-MIM Analysis

pg. 45 Evaluation of elevated
foundations

4.4.1
5.433

FEMA describes maximum water velocity as a function of the angle
of the support strap. and height of flood water above the floor and
concludes that elevation is the optimum strategy.' Such analysis is
based on typical construction techniques used in manufactured housing.
MHI-MIM recommends that when the home is to be located in flood-
prone areas the anchoring systems be desirned by an engineer. (See
also analysis for 'anchoring?)

Recommendation: See recommendation for 'anchoring.'

FEMA 85 MHI-MlM Analysis

pk 45 Design forces and loads 3.1.1 Both the MHMIM and FEMA 85 restate the design parameters of the
MHCSS for determination of the vertical member loads. The sections
are therefore compatible.

Recommendation: None.

E-39

FEM{A 85S



FAMHI-MIM Analysis

pg. 48 Vertical support
members (piers)

4.1
4.2.2

(a) FEMA 85 provides general and in some instances prescrintive

guidelines for the construction of built-up and cast-in-place piers, piles,

and bracing. MHI-MIM provides several pier construction methods that

are primarily designed to withstand vertical loads. MHI-MIM only

requires that concrete and reinforcement be used when the pier height

exceeds 80 inches. Additionally, FEMA 85 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.

(b) Additionally, Figure 4.32 in FEMA 85. Typical Ground Anchor

Detail,' shows incorrect orientation of the ground anchor.

Recommendation: (a) Prescriptive guidelines in FEMA 85 are generally not incompatible because the typical foundation design

provided by the manufacturer does not address flood forces. However, designs provided by the manufacturer may be acceptable for no

or vey low velocity flood forces but may not 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, Figure 4.32. See also related concerns pg. 28.

'Anchoring.')

FEMA 85

pg. 64 Chassis I-beam

MHI-MIM

5A

Analysis .

MHI-MIM provides for anchors to be used to secure the home against

wind and does not address special flood forces such as 'buoyancy.'

Since FEMA 85 recommends that the home be elevated above the flood

level, these provisions are compatible.

Recommendation: None

FEMA 85

pg. 68 Longitudinal support
beams

MHI-MIM

4.1.5

Analysis

MHI-MIM does not recommend any perimeter installation methods

which could be considered incompatible with FEMA 85.

Recommendation: None

FEMA 85

pg. 69 Utility service

MHI-MIM

Chapter 8

Analysis

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 structure but references FEMA 85.

Recommendation: None.

FEMA 85

pg. 69 Mechanical systems

MHI-MIM

84.1

Analysis

FEMA 85 requires that external equipment be elevated above

anticipated flooding. MHT-MIM states that an oil tank should be

located where it is accessible and also safe from hazards.

Recommendation: None.
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NFPA 501A-197, Manufactured Ha Infladoi [NFPA SMlA]

Manufactured Home Installations in Flood Hazard Areas FEMA 51

N'FPA 501A-1987, covers the firesafety requirements for the installation of manufactured homes and manufactured home sites. This
standard includes only the firesafety portions of the scope previously covered by ANSI A225.INFPA 5ClA The non-firesafety aspects
are published separately as AINSI A225.1. Because NEPA SOIA 15essentially prdvisions. for fuel supply piping and connections, a direct
comparison with the provisions of FEMA 85 are for the most part not applicable. After review, the FEMA 85 sections for which
compansons were not made are as follows:

Manufactured home characteristics
Conventional mh installation
Effects of flooding
Regulatory requirements
Flood and wind hazards
Wind hazards
Elevation and anchoring techniques
Elevation and ill
Elevated foundations
Anchoring
Evacuation techniques
Design of elevated foundations
Flood forces and their application
Design loads

p 45

pp 47-48
p4 8

pp 53-58
pp 52-68

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 state contacts
Sources of information
Calculational procedures
Buoyancy
Design worksheets

Comparisons and analysis of applicable sections of FEMA 85 are as follows:

NFPA SJIA Analysi

p. 69 Additional design
considerations
Utility serice

§243 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 risers. Propane and fuel oil tanks are to be
located on the downstream side of the home to afford protection from
debris impact. NFPA 501A §2-43 requires that gas outlet riser
regulators, meters, valves, or other exposed equipment be protected
against accidental damage.

Recommendation: None.
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pp 15-18
p 17
p 19
p 19
p 21
p 28

p3 1

p3 3

pp 34 40
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AMU A2.1-IM, mufactumed Home I fh m [A22.11

Manufactured Home Installation in Flood Hazard Areas IFEMA 851

The ANSI A225.1 Manufactured Home Installations Standard is intended to be adopted by jurisdictions having responsibility for the

safety and health of manufactured home users and for establishing regulations applicable to manufactured home communities. Tney

are applicable to single family dwelling 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 support and anchorage that can resist the design dead, live, and wind loads.

Some of the site installation issues of FEMA 85 are topically out of range of ANSI A225.1. Thus a direct comparison of those

provisions is not applicable. After review, the FEMA 85 sections for which comparisons were not made are as follows:

p 19 Elevation and anchoring Appendix A Bibliography

pp 58-68 Bracing support and connections Appendix B Federal and state contacts

pp 68-70 Additional design considerations Appendix C Sources of information

pp 71-75 Economics Appendix D Calculational procedures
Appendix F Design worksheet

Comnarisons and analysis for anlicable sections of FEMA 85 are as follows:

FEMA 85 A225.1

Pg. 3 Manufactured home
characteristics

1-3

- Analysis I I

FEMA 85 and A225.1 describe the same general features.

Recommendation: None.

FEMA 85 A225.1 Analysis

pg. 5 Conventional 2-1.2, 2-1.3 FEMA 85 states that the installation instructions supplied with the home

manufactured home and A225.1 are not adequate to resist flood forces.
installation techniques

Figure 1.13. Type 2 Tie Down in FEMA 85 depicts an unstable wind
resistance system.

Section 2-1.2 of A225.1 calls a manufactured home foundationsystem
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
unusual installations.

Recommendation: This section of FEMA 85 should be clarified to point to specific flood load remedies elsewhere in the document.

Figure 1.13 therein should carry a notice that the method depicted is not stable and is not recommended for any loading - flood or

not.

Effects of flooding

A225.1

Appendix B
Appendix C
Appendix I

Analysis

A225.1 does not provide design loads or procedures for homes in flood-
prone sites, nor does A225.1 provide notice that the specifications are

not applicable to installations in flood-prone sites. Appendices G and I
in A225.1 make reference to the NFIP. No specific FEMA documents,
however, are specified.

Recommendation: None.
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FEMA 

pg. 11 Regulatory
requirements

A225.1 Analysis

Appendix G FEMA 85 explains how the NFIP works together with state and local
building code jurisdictions. Appendix G of A225.1, included in A225.1
for informational purposes only, simply provides notice of the existence
of the NFIP and that manufactured housing is included in the NFIP
definition of the word building

Recommendation: None

FENLA 85

pg 19 Elevation on fill

A225.1

2-5.1

Analyss

FEMA 85 limits the flood velocity in accordance with the fill materials
and fill cover selected. Section 2-5.1.3(b) in A225.1 requires that fill be
free of grass and organic material and have a minimum bearing capacity
of 1OD pse.

Recommendation: None

FEMA 85 A225.1 Analysis

pg. 21 Elevated
foundations

Chapter 2 The design methods and design loads provided in A225.1 are not
applicable to elevated foundations, and no povisions are made for
hydrostatic, hydrodynamic and impact loads.

Recommendation: None.

FEMA 85 A225.1 Analysis

pg. 28 Anchoring 2-4A FEMA 85 does not discourage the use of auger type ground anchors.
A2251 requires that pound anchor application instructions include load
capacities for various types of sail and the standard provides a
calibration chart to determine soil quality using a torque measuring
instrument. Informanion is not provided in FEMA 5 or in A225.1 to
caution about the possible reduction in anchor resistance in saturated
soils.

Recommendation: Further study is needed to determine load capacities in saturated soils or ground anchors in flood-prone
installations.

FEMA 85 Anaiyis

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
A225.1. Evacuation might be a viable strategy for small park model
homes. It is not a viable strategy for multi-wides or for large single-wide
homes.

Recommendation: FEWA 85 should remove the recommendation for evacuation.

FEMA 85 Analysi

pg. 33 Design of elevated
foundations

Appendix B
B4.1

FEMA 85 and A225.1 use the roof live loads and wind loads from the
HUD MHCSS. A225.l states that areas where recurrent winds up to 90
miles per hour (25 ps) are experienced should use similarly designed
manufactured homes.

Recommendation: ANSI A225.I should define the specific areas where wind loads of higher magnitude than the 25 pf limit are
needed.

Suggested Standard Change [or addirionj: Change Paragraph B-4.1 Me Wind Zoe Map last sentence as follows: Consult the
authority havin jurisdiction. Note that an enlared suolementarv maop of the Gulf and Atlantic Coastal areas has been surmlied in
order to more reliably determin - the hizh wind zones. Provide such a map.
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FEMA 85

pp 34-40 Flood forces and their
application

Analysis

A225.1 does not provide design data or methods for homes in flood
sites, nor does it refer to FEMA Flood Maps or specific requirements of
the NFIP.

Recommendation: None.

FEMA 85 A225.1 Analysis

pp 41.42 Design loads Table 24.2.1 FEMA 85 provides design charts for dead load, live load. snow load, and
wind load calculations. A225.1 provides Table 24.2.1 for design loads.
The loads are nearly identical (5 psf difference in dead loads.)

Recommendation: None.

FEMA 85

pg. 45 Design forces and
loads - Evaluation of
elevated foundations

A225.1 Analysis

FEMA 85 provides a chart to define limits of effectiveness for ground
anchors as a function of water velocity and depth of flood. The
accompanying narrative also refers to Appendix E for a discussion of
buoyancy, drag and effectiveness of ground anchors in floods. The
discussion of buoyancy appears to have overlooked 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.

Recommendation: The table on p.45 of FEMA 85 should either be dropped, or tests should be undertaken to substantiate that ground
anchors can perform effectively in saturated soils. Appendix E of FEMA 85 needs to 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. Also it appears that
some performance criteria is needed to enable the ground anchor designers, vendors and users to know how to determine whether or
not ground anchors can be relied upon. Notices are needed in A225.1 to either caution that flooding is not included in the charted
loads or provide flood loads for homes to be sited in flood-prone areas, or require the application of the flood loads.

FEMA 85

pp 47-48 Vertical support
members

A225.1

Appendix B

Analysis

FEMA 85 provides design charts for dead load. live load, snow load. and
wind load calculations. The charts use snow and wind loads from the
HUD MHCSS. [Homes manufactured since 1976 under the HUD
Standards are themselves certified to those loads) A225.1 uses the same
live, snow, and wind loads as FEMA 85.

Recommendation: Rvise ANSI A225.1, Appendix B, to incorporate ASCE-7 snow and wind loads.

Suggested Standard Change or addition], Add a Paragraph:

B43 Flood Ldc

Refer to FEMA 85 for flood loading. Te loads in these Tables do not include loads attributable to floodin.
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A225.1 Analysis

pg. 4 Piers Appendix C FEMA 85 prescribes designs for piers, and cautions that. due to the
likelihood of scouring, pier systems should not be used in areas where
flooding velocity is anticipated. Appendix C of A225.1 provides designs
for pier foundations and issues no cautions concerning scouring. (Note
that overall A225.1 is not for homes sited in flood- prone as)

Recommendation: Appendix C of A225.1 should reference the FEMA documents and caution that the designs presented have not
taken flood conditions into account.

Suggested Standard Change far addition]: Add a paragraph after the itroductory paragraph to Appendix C, second colurn

Feed Dto E

Refer to FEMlA FL5 for flood desimns and design methods. These desizns do ot include loads attributable to floodinz

FEMA 85 A225.1 Analysis

pp 53-58 Posts and Piles Appendix A FEMA 5 includes provisions for pile foundations with sample load and
application charts. Piles are not included in A2.1 [A225.1 is not for
flood resistant installations.]

Recommendation: None.

FEMA 85 A225.1 Analysis

App. E Buoyancy and drag
fortes

Appendix E of FEMA 5 discusses buoyancy, drag and effectiveness of
ground anchors in loods. e discussion of buoyancy appears to have
overlooked the limits of the connection of the home to the frame. The
homes are designed either for 9 pf uplift or 15 pf 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
needs to be addressed 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 are permitted.
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APPENDIX F

COMPARISON BETWEEN THE CABO ONE AND TWO FAMLY
DWELLING CODE AND THE NEW STANDARDS

AND TECHNICAL GUIDELINES
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CABO ONE AND TWO FAMILY DWEWNG CODE (OTFDC) COMPARISON

The orescrigtive rewuirements of the CABO One and Two Family Dwellinc Code are for conventional construction
with wind ressures less than 30 gs and seismic zones 0 1 and 2.

NFIP (fReaulations for FRoodplain Managemert and Flood Hazard Identification) (44 CFR 591. 60.3 and 60.6)

59.1 - Definitions

NFP

Base Flood
Breakaway Wall
Critical Feature
Development
Elevated Building
Flood
Floodplain or Flood-Prone Area
Lowest Floor
1 00year Flood
Storm Cellar
Substantial Improvement

R-F1 

R-1 15 NFIP contains definitions which only apply to floodplain
management. OTFDC does not contain these definitions.

Recomnndaoi: None since NFIP addresses only flood-prone areas.

NFIP

Appurtenant Structure
Basement
Building
Existing Construction
Existing Structures
Manufactured Home
Structure

OTFDC

R-115 The definitions of appurtenant structure/accessory structure'
and basemenr are compatible. NFIP definition of 'building
(structure)' applies to any walled and roofed 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 OTFOC definition applies
to buildings erected before the adoplion 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 pern'anent
foundation while TFOC also contains dimensional parameters.

Recomnwmdatkio NFIP should expand definifon of manufactured home to include dimensional parameters.

60.3 Floodplain Management Criteria for ;Food-Prone Areas

NF1P

60.3(b)(8), Mannhctured Home
Installation

0TFQC

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.

Recommendadon None.
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NF1P

60.3(c)(2) Elevation for
Residential Structures

OTFDC

N/A NFIP requires the lowest floor of residential structures to be
elevated to or above the base flood level. OTFDC does not
address floodplain management or elevation of structure.

Recommendatoi None.

NF1P

60.3(c)(3) Elevation for Non-
Residential Structures; Flood-
Proof Walls for Non-Residential
Structures

Recommendaton None.

NFIP

60.3(c)(5) Flood Openings

OTFDC

N/A

OTFDC

R-311

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-residential structures.

NFIP requires fulty 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, t does require openings for crawl
space ventilation.

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

NFIP

60.3(e)(4) Pilings

OTFDC

R-301.2 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.

Recommendaion: NFIP should address snow and. seismic loads.

NFIP

60.3(e)(5) Breakaway Walls

OTFDG

N/A 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. OTFDC does not address
floodplain management or breakaway walls.

Recommendation: None.

NFIP

60.3(e)(6) Fill

OTFDC

N/A NFIP prohibits only in V zones the use of fill material to support
buildings in flood-prone areas. OTFDC does not address
floodplain management and does not prohibit the use of fill
material to support buildings.

Recommendaio None.
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60.6 Variances and Exceptions

NR'

SD.6(c)(2) W Floodproof wails
W.6(c)(2)ji) Basement Top of Floor
Elevation

60.6(c)(2)Oii) Fill
60.6(c)(2)(v) Use of a Registered
Professional

60.6(c)(2)(v) Building Inspection

OTFDC

N/A NFIP requires the basement area, together with utilities and
sanit facilities below the floodproofed 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.
OTFDC does not address floodplain management.

Recommendadii None.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The prescriptive reauirements of the CABO One and Two Family Dwellina Code are for conventional construction

with wind pressLw less than 30 sf and seismic zones 0. 1 and 2.

Elevated Residential Structures (FEMA 54)

OTFDC

R-303

FEM 54

Posts
Post Embedment
Post Anchorage
(Pages 68.71)

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.

Recommendadon None.

FEMA 54

Piers
(Page 75)

OTFOC

R-404.4 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 minina
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 safey the loads imposed.

Recommendation: None.

FEMA 54

Brick and Concrete
Masonry Piers
(Pages 75, 76)

OTFDC

R-404.4

R402.2.1
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 ft. OTFDC permits the spacing to be based on girder
span and girder spacing.

Recommendation: FEMA 54 and OTFDC are in general agreement.

FEMA 54

Concrete Piers
(Page 77)

OTFDC

R-303
R-404.4

FEMA 54 provides a general description and discussion of
poured-in-place concrete piers. TFDC does not specifically
address concrete piers. OTFDC requires foundations to be of
sufficient design to support safely the loads imposed.

Recommendation: None since both FEMA 54 and OTFDC basically require the foundation to be based on a structural

analysis.
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FEMA S

Pier Footings
(Page 77)

Recommendatorn Nore.

FEMA 54

Shear Walls and Floor Diaphragm
(Page 79)

OTFDC

R-303

OTFDC

R-303

Both FEMA 54 and OTFDC require the footing sizes 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. OTFDC
requires the foundation to be of sufficient design to support
safely the loads imposed.

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

FEA 54

Pier Foundation Connection
(Pages 84, 85)

OTFDC

R-401.2
R-601.2

FEMA 54 addresses anchorage of platform framing
construction to pier foundations. OTFOC requires the wall and
floor 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.

Recommendaiorc OTFOC should provide requirements for pier foundation anchorage.

FEMA 54

Floor Beams
(Page 86, Paragraph 2)

OTFDC

R-602.2l
Table R-
4023a

FEMA 54 provides a general discussion of built-up floor beams,
(nailing, location of splices, and size). OTFDC provides nailing
requirements and sizes based on girder span and spacing.

Recommendadow FEMA 54 should provide better nailing and splice location requirements.

FEMAS 4

Cantilevers
(Page 86, 87)

R-6DI.2 FEMA 54 describes a cantilevered beam with general
discussion of why cantilevers are used. FEMA 54 provides a
'rule of thurmb' for the length of the cantilever. OTFDC requires
the wood members to be capable of accommodating all loads
imposed.

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

FEMA 4

Floor Beam to Floor Joist
Connection
(Page 88)

OTFOG

RA-6 .2 FEMA 54 requires positive connection between the floor joists
and floor beams with a general discussion of the connection
and conneors. OTFOC requires the floor system to be
capable of accommodating all loads imposed and transmitting
the resulting loads to its supporting structural elements.

Recomnendadorw None.
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FEMA 4

Figure 4.48, Protective UtilIty
Shaft

(Page 92)

OTFDC

M-1901 FEMA 54 requires mechanical and plumbing piping serving an
elevated structure to be attached to the leward side of
posts/columns or enclosed in a protective shaft. The OTFDC

requires (1) water service and DWV to be protected from
freezing and (2) fuel piping to conform to good practice. The
OTFDC does not address flooding.

Recommendation: None.

FEMA 54

Mechanical Equipment
Page 93, Paragraph 2)

OTFDC

M-1 106
M-1306
M-1 307
M-1308

M-1602

FEMA 54 requires all mechanical equipment to be elevated
above expected floodwaters, with indoor components,
preferably Installed in attics. The OTFDC allows attic
installation, but does not specify minimum elevations for
equipment. The OTFDC does not address flooding.

FEMA 54 requires ductwork to have minimum slopes to
opening at lowest levels to allow drainage. The OTFDC does
not require such slope on air ducts, and does not address
flooding.

Recommendanon: None.

FEMA 54

Septic Tanks
(Page 93, Paragraph 3

OTFDC

P-2503
P-2506.2

FEMA 54 requires that septic tanks be floodproofed to stop
floating and potential discharge of effluent. The OTFDC
requires that septic tanks be designed to withstand all
anticipated loads.

Recommendxk None since both approach the problem from different directions. FEMA - prescriptive OTFDC -

performance.

FEM 54

Building Materials
(Pages 93, 94)

OTFDC

N/A FEMA 54 requires protection of the building materials which
may be exposed to flood waters. OTFDC does not address
flood waters.

Recommendado' None.
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FEMA requires wood exposed to the elements to be
preservative treated. OTFOC requires wood subject to decay
damage to be pressure preservatively treated or decay-resistant
wood.

Recomwendadoir FEMA 54 should include decay resistant wood.

FMA 54 OTFDC Are

Steel
(Pages 94, 95)

NIA FEMA 54 addresses the need for galvanization of steel exposed
to the elements to prevent corrosion. OTFDC does not
address corrosion protection of steel members.

Recommemdzior None.

FEMA 54

Concrete and Masonry
(Page 95)

OTFDC

R-404.14.1 FEMA 54 addresses the need to increase the durability of
reinforced concrete and masonry by the use of chemical
additives and coatings. OTFOC requires minimum corrosion
protection of joint reinforcement, anchor ties and wire fabric for
use in masonry wall construction.

Recommendaon None.

FEM 54

Insulation
(Pages 95, 96)

OTFDC

M-1706 FEMA 54 requires undertlocr exposed pipes to be insulated
with impermeable or inexpensively replaced insulation. The
OTFOC does not address flooding. It does address refrigerant
piping insulation and where it is required.

Recommendation: None.

FEMA 54

Glossary
(Pages 113-115)

OrFDC

NIA FEMA 54 contains definitions of terms which are relevant to
foodplain management. OTFOC does not address floodplain
management.

Reconwnndwior None.
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(Page 94)
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FEW 54

Performance Criteft
(Pages 125-13

OTFIDC

R-201.2

R-401.2
R-601.2
R-701.2
Appendix A
(Seismic Risk
Map, Wind
Probability
Map, and
Snow Load
Map

FEMA 54 addresses performance criteria used to design
buildings to withstand the design flood (1) whout casing
unacceptable risks to its occupats 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.

Recommendatio 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 TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The prescrptive reArements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures ess than 30 Psf and seismic zones 0 1 and 2.

Coastal Construction Manual FEMA 55)

FEMA 55

41 Flood Frequency
(Page 4-1, Paragraph 4)

OTFDC

NIA

Ads
FEMA 55 addresses the wave crest elevation that would
be present during the base (100 year) flood. OTFDC
does not address floodplain management.

ReconinmdWiorn None.

FEMA 55

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)

OTFDC

Appendix A
(Wind
Probability
Map)

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 roof. OTFDC contains a wind probability map
with wind design loads based on ANSI A58.1-1982.

Recommendaon FEMA 55 should confirm that the wind load provisions are consistent with ASCE 7-88. The 1992
OTFDC does reference ASCE 7-88.

FEMA 55

4.1.2 Salt Air Moisture and
Wind-Driven Rain
(Pages 47. 48)

OTFDC

R-309
R-404.14.1

FEMA provides general discussion of the hazards of salt
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. OTFOC does
address corrosion protection of joint reinforcement,
anchor ties, and wire fabric for use in masonry wall
construction.

Recommendation: OTFDC should address corrosion protection.

FEMA 55

4.1.3 Water, Waves, and Debris
(Page 4-8, Paragnph 4)

OTFDC

R-303 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 of 0.5 ft.
OTFOC 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.

Reconvnendad=- None.
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FEMA 55

4.1.4 Effects of Forces on Higher
and Larger Structure
(Pages 4-9)

O4TFDC

Appendix A
(Wind
Probability
Map)

FEMA 55 discusses the higher wind forues, uplift and
overturning with respect to the height of the building.
OTFDC contains a factor to increase the wind design
loads when the mean roof height is greater than 30 ft but
less than 50 ft.

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

FEMA 56

4.2 Construction Materials
(Pages 4-9)

OTFDC

Ch. 3 4,
5, 6&7

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.

Recommendation None.

FEMA 55

4.2.1.1 Pilings (Wood)
(Pages 4-9, 410)

OTFDC

R-301.2 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.

Recommendaon FEMA 55 should address snow and seismic loads.

FEW 5

4.2.1.2 Main Supporting
Members (Beams, Wood)
(Page 4-10)

OTFDC

T. R-402.3a
R-602.2.1
T. R-602.2.1a
T. R.602.2.1b

Both 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.

Recommendation: FEMA 55 should provide more specifc nailing and splice details. OTFDC should provide more specific
splice details.

FEMA 55

4.2.1.3 Other Wood
Construction Members
(Page 4-10)

OTFDC

R-309 FEMA 55 does not require preservative treatment of
miscellaneous wood members but highly recommends it.
OTFDC requires wood subject to decay to be a naturally
durable species or pressure treated.

Recomndation None.
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FE 55

4.21.4 Wood Prvatlve
(Page 4-10)

OTFDC

R-309 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 or

- pressure treated and provides a list of AWPA standards.

Recommendation: FEMA 55 should list some of the AWPA standards.

FEA 55

4.2.2 Masonry Materials and
Concrete
(Page 4-1 1)

OTFDC

R-32.2
R-304.1
R-404

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.

Recommendaiov FEMA should add reference to ACI 318.

FO 55

4.2.3.1 Aluminum
(Page 4-11)

OTFDC

R-403
R4605

R-705.2

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.

Recommendation: None.

FEMA 5

4.2.3.2 Steel
(Page 4-11)

OTFDC:

R-403
RM5
R-705

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.
OTFOC requires the steel to comply with the appropriate
standards. OTFDC does not address corrosion in coastal
environmient.

Recommendaion. OTFDC should address corrosion protection.

FEMA 55

4.2.3.3 Dissirnglr MIUas
(Page 4-1 1)

OTFDC

NIA FEMA 55 addresses the corrosion which occurs when
dissimilar metals are placed in contact with each other
(brass screws and aluminum frame). OTFOC does not
address dissimilar metals.

Recommendation None.
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FEMA 55

4.3.1 FoundationS (Design Details)
tPages -1 1, 2)~ I

OTFDC

R-303 FEMA 55 recommends foundation types which are
suitable for supporting elevated structures in coastal high
hazard areas. TFDC requires the foundation system to
be of sufficient design to support the oads imposed as
determined from the character of the soil. OTFDC does
provide minimum foundation sizes. OTFDC does not
address coastal high hazard areas.

Recommendaton: None.

FEMA 55

4.3.1.1 Soil Conditions
(Pages 4-12, 4-13)

OTFDC

R-301.4 Both FEMA 55 and OTFDC address the need to
determine the quality of the soil foundation purposes.
FEMA 55 provides commentary type information also.

Recommendation: None.

FEMA 55

4.3.1.2 Piles
(Pages 413 to 4-18)

OTFDC

R-303 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

Recommendai on: FEMA 55 should emphasize that type of pile, pile depth, and method of installation should be based on

the soil's investigation.

FEMA 55

4.3.1.3 Posts (Wood)
(Page 4-18)

OFDC

R-303 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.

Recommendaion: None.

FEMA 56

4.3.1.4 Piers
(Pages 4-18 to 420)

OTFDC

R-303
R-404.4

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
foundation 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.

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

design forces.
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FEa 55

4.3.21 Framing Mhods
(Pages 4-20, 4-21)

OTFDC

R-601.2 Both FEMA 55 and OTFOC addresses platform framing
FEMA 55 addresses pole construction and provides
commentary on the types of construction.

Reconmendadon None.

FEIM 55

4.3.2.2 Beams
(Pages 4-21, 4-22)

OTFDC

T. R402.3a
R-6022A
T. R-602.2.1a
T. R4022.1b

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 glulamV beams. OTFDC
provides nailing requirements for built-up members.

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

FEMA 55

4.3.2.3 Joists and Rafters
(Page 4-22)

OTFDC

R-602.2.1
R-6024

The title of the section in FEMA 55 is joist 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. FEMA
55 and OTFDC describe typical cross bridging methods.
FEMA 55 requires cross bridging at a maximum of 8 t
while OTFDC requires cross bridging for joists having a
depth-to-thickness ratio exceeding six at a maximum of
10 ft.

Recommenddon FEMA 55 should delete the reference to rafters.

FEtA 55

4.3.2.4 Subfloorlng
(Pages 4-22 4-23)

OTFDC

R-602.2.2
R-606.1
R-607.1.2

Both FEMA 55 and OTFDC permit the use of lumber and
plywood subflooring. 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.

Recocmnduia lb provisions, are compatible. FEMA 55 should provide some recommended nail spacing and spans.
FEMA 55 should permit the use of pauticleboard subfloors.
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OTFDC

R8402.3 FEMA 55 recognizes that 24 wood studs at 16 inches on
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.

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

FEMA 55

4.3.2.6 Wall Sheathing
(Page 4-23)

OTFO

R-402.3 FEMA 55 provides the minimum thickness and nail
spacing for plywood wall sheathing for two cases (1)
structures elevated not more than 10 ft and (2) structures
elevated more than 10 ft. OTFDC list permits plywood
and particleboard wall sheathing.

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

FEMA 56

4.3.2.7 Wall Bracing
(Page 4-24)

OTFDC

R-404.10
T. R-402.3b
T. R-402.3c

Both FEMA 55 and OTFDC permit the use of let-in
diagonal wood bracing and plywood. FEMA permits
diagonal boards. OTFDC perrmis particleboard or
approved metal strap devices.

Recommendation. 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 424 to 4-27)

QTFDC

N/A FEMA 55 discusses the use of trusses, gable roots, hip
roofs, flat roofs, gambrel roofs, roof overhangs and
porches and their performance in high wind conditions.
OTFDC does not provide details or discuss performance
of specific designs.

Recommendation. None.

FEMA 56

4.3.3 Foundation Bracing
(Pages 427 to 49)

,OTFDC

R-303 FEMA 55 addresses the need for bracing wood
foundation piles. OTFDC requires the foundation to be of
sufficient design to support safely the loads imposed.

Recommendanon: None.
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FEMA 55

4.3.3.1 Knee Bracing
(Page 4-29)

OTFDC

R-3M3 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.

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

FEMA 55 OTFDC

4.3.3.2 Grade Beams R-303
(Pages 4-29, 430)

At
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.

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

FEMA 55

4.3.3.3 Truss Bracing
(Pages 4-30, 4-31)

OTFDC

R-303 FEMA 55 recommends the use of truss bracing of the
piles when the structure is 10 11 or more above grade and
the design wind speed is 100 mph or greater. OTFOC
requires the foundation system to be of sufficient design
to safely support the loads imposed.

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

FEMA 55

4.3.3.4 hear WaIls
(Page 4-31)

OTFDC

R-303 FEMA 55 addresses only reinforced concrete or
reinforced masonry sheer walls. OTFOC does not
specifically address shear walls but does require
foundation systems to be of sufficient design to safely
support the loads imposed.

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

FEM 55

4.3.4 Connections
4.3.4.1 Roof to Wall
4.3.4.2 Wall to Floor Jost
4.3.4.3 Floor Jolt to Flor Bearn
(Pages 4-31 to 4-35

OTFD

R-303
R-401.2
R-601 .2
R-70t.2

FEMA provides commentary type language that the roof
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
roof to wall to floor to foundation be capable of
transmitting the resulting toads to its supporting structure
elements.

Recommendado None since both FEMA 55 and OTFDC require sufficient connection.
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FE 55

4.3.4.4 Floor Boew to Pile, Post,

or Pier
(Pages 4-35 to 4-4

R-303
RF601.2

FEMA 55 provides commentary type language and typical
details for floor as to pile pot, orper connetions,

but permits other methods provided t qy are designed
OTFDC requires that the interconnection be capable of
transmitting the resulting loads to its supporting structural

- elements.

Recommendation: FEMA 55 should provide some design values or wind speeds for which the connections are

appropriate.

FEMA 55

4.3.5 Breakaway Walls
4.3.5.1 Breakaway Wall Design

4.3.5.2 Design Considerations for
Breakaway Walls
(Pages 4-41 to 4-49)

OTFDC

N/A FEMA 55 permits breakaway walls to enclose the space
below the owest 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, working/ultimate strength of
fasteners, distribution of wall loads, and bracing
considerations for breakaway walls. OTFDC does not

address breakaway walls.

Recommendation None.

FEMA 5

4.3.6 Utilities
(Pages 4-50 to 4-52)

OTFDC

M-1 102
M-1106
M-1306
M-1307

M-1308
M-1901
P.2003

FEMA 55 requires all mechanical equipment to be

elevated above BFE and fuel, water service, and DWV to

be on the leeward side of posts/columns or enclosed in

shafts. The OTFDC does not address flooding. The
OTFDC does allow attic or elevated installations with

minimum clearances to combustibles and accessibility.
The OTFDC requires water service and DWV to be

protected from freezing and fuel piping to conform to

good practice.

Recommendasio None.

FE 55

4.3.7 Wind and Storm
Protection of hIntlor
(Page 4-52)

OTFDC

R-41 1 FEMA 55 provides commentary on the need to protect

the buildings from glass breakage in order to prevent
water damage. OTFDC does not address glass
breakage. OTFDC requires the windows to be tested and

certified to indicate compliance with MMA (ANSI) 101,

ANSI/NWWDA l.S.2 or ASTM D 4099.

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

pressures.
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,FEMA 55

4.3.7.1 Window Selection
(Pages 4-52, 4-53)

OTFDC

R-208.5
R-41 1

FEMA 55 addresses the importance of window selection
to reduce water infiltration. OTFDC requires the windows
to be tested and certified to indicate compliance with
AAMA (ANSI) 101, ANSIINWWDA .S.2, or ASTIM D 4099
and be capable of safely withstanding the wind loads.

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

FEM 55

4.47.2 Operable Shutters
(Pages 4-53, 4-54)

QTFDC

R-208.5
R-41 1

FEMA 55 addresses the need for shutters to protect
against wave and wind action. OTFDC requires the
windows to be tested and erified to indicate compliance
with AAMA (ANSI) 101, ANSI/NWDA LS.2, or ASTM D

4099 and be capable of safely withstanding the wind
loads.

Recommendwiow FEMA 55 should require the shutter to be designed for the wind loads.

FEMA 55

4.3.7.3 Gable and Eave Vents
(Page 4-54)

OTFDC

R-701.1
R-701 .2
R-707

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 or to assure that
they will withstand the wind loads. OTFDC requires
ventilation of the attic space based on a ratio of free
ventilating area. OTFOC requires the roof-ceiling
construction to be capable of accommodating all loads
imposed.

Recommendatont OTFDC should clarify that the ventilators that are to withstand the wind loads. This is implied in R-
701.1.

FEMA 5

4.3.7.4 Roof Materials
(Page 4-54)

OFDC

R-801.2 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.

Recommendaioe FEMA 55 shoud emphasize the need to have the roof covering to withstand the uplift from the wind.

FEMA 55

4.3.8 Maintenance
(Pages 4-54, 4-55)

OTFDC

NIA 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 butd oes require repairs or
rehabilitation to comply with the requirements of the
OTFDC for new construction.

Recommendiorn None.
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FE 55

Chapter 5 - Larger Structures
5.1 General Design Considerations
5.2 Foundations
5.3 Slabs at Grad.
5.4 Superstructure
5.5 Elevated Floors
5.6 Exterior Walls
5.7 Recommendations
(Pages 5-1 to 5-9)

Recommendation: None.

FEMA 55

Appendix A Design Tables
Figure A-I number of pile. required
Table A-I downward loads per pile
Table A-2 horizontal wind loads per pile in

80 mph winds
Table A-3 minimum embedment depth of

pile
Table A-4 maximum unbrsced height of

pihle in 80 mph winds and flood
forces

Table A-4.1 maximum unbraced height of
piles supporting breakaway walls

Table A-5 uplft loads per foot of wal in 0
mph winds

Table A6 uplift ad per pile in mph
winde

Table A-7 capacity per bolt of floor beam
connections

Table A48 concrete masonry unit piers
Table A-9 concrete piers
Figure A-2 concrete pier cro section
Figure A-3 grade beams and slabs
Table A-10 fastener capacities in shear
Table A-1I fastener schedule for breakaway

walls
(Pages A-1 to A-47)

OTFDG

N/A 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 one-
or two-famity dwellings and one-family townhouses not
more than three stories in height.

OTC
Ch. 2, 3, 4, FEMA 55 provides design tables. OTFDC is more

6, 7 & 8 performance oriented than specification oriented.

Recommendation None.
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FEb. 55

Appenix B - Bracin
B.1 knee brsng
B2 trus bng
8Ž 1 diagonals
521.1 lumber diagonals
53212 threadbar diagonals
B22 struts
153 grade beams
Table B- hordzontal water loa per pile in 80

mph winds
Table B-2 loads of tranvese trues members
Tabe B-3 allowable loads for single tdS

diagonals
Table B4 allowable loads for single 3x8

diagonals
(Pages B-1 to 8-15)

O.FC
R-303 FEMA provides various recommendations and details for

bracing methods. OTFDC is more performanrce oriented
than specification oriented.

I

Recommendior None.

FEMA 55

Appendix D - Design Equations and
Procedures
0.1 Procedure A-1: downward loads per pile
D2 Procedure A-2: horeontal wind loads per
pile
D.3 Procedure A3: minimum embedment depth
of piles
DA Procedure A-4: maimum unbraced height
of piles
D.5 Procedure A-4.1: maximum unbraced
height of piles supporting breakaway walls
D.B Procedure A-5: uplift loads per loot o walls
0.7 Procedure A6: uplift loads per pile
0.8 Procedure B-I: horeontal war kads per
pile
D. Procedure B-2: loads transferred to
foundation truss members
(Pages D-1 to D-M)

OTFDC

N/A FEMA 55 contains design equations and procedures
which are needed to evaluate individual designs. OTFDC
is more performance oriented than specification oriented.

Recommenda6o None.

FEW. 55

G-2. Purpose R-102
(Page G-1)

FEMA 55 staes 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 OTFDOC is to provide minimum
standards for the protection of 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.

Recomnmendadarr None since the intent of both FEMA 55 and OTFDC is to provide minimum requirements for structures.

F-i9
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OTFDC

R-103 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.

Recommendtio: 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.

FEMA55 OTFDC

G-4 Definitions
(Pages G-2, G-3)

R-1 15 FEMA 55 contains only definitions which re 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.

Recommendado None.

FEMA 55

G-5 Elevation Standards
(Page G-3)

OTFDC

NIA 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.

Recommendaion: None since these types of requirements are local specific and should be addressed on the local level.

FEMA 55

G-6 Determination of Loading Forces
G-6.1 Water Loads
G-6.2 Wind Loads
(Page G-3)

OTFDC

R-303
R-401.2
R-402.3
R-601.2
R-701.2
App. A
(Wind
Probability
Map)

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.

Recommendasiaev FEMA 55 should update its reference to ASCE 7-88. FEMA 55 should also address snow and seismic
loads. The 1912 OTFDC does reference ASCE 7-88.

FEA 55 

G-7. Foundation Standards
(Page G-4)

Recommendaon: None.

OTFDC

R-303 Both FEMA 55 and OTFDC require the foundations to be
designed to support the loads and forces encountered.
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FEMA 55

G-7.1 Pile Foundaon Design
(PagesG-4, 6G5

OFDC

R-303 FEMA 55, requires the pile spacing to pile diameter ratio
to not be ess than 8:1 with a madmum 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 pie foundations but requires the
foundation to be of sufficient design to support safely the

loads imposed.

Recommendaiar None.

FEMA 55

G-7.2 Column Foundation Design
(Page G-5)

OTFDC

R-30.3
R-404.4

FEMA 55 requires, reinforcing of masonry piers or poured-
in-place concrete piers. OTFOC requires piers to be of
sufficient design to support safely the loads imposed.

Recomndwiorv None.

FE 56

G-8 Anchoring Standards
s-.1 Connection and Fasteners
G-8.2 Beam to Pile Connections
G6-.3 Floor to Dock Connections
6-8.4 Exterior Wall Connections
S8.5 Coilin; JoistlRatter Connections

G-8.6 Projecting Members
(Pages G-5 to 4-6)

IOTFDC

R-303
R-401.2
R-6O1.2

R-701 2

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 OTFIDC 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 oists to floor beam/girders, exterior wail connections
and ceiling joistrafter 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.

Recommendado FEMA 55 should not prohibit toe nailing If the connection is adequate for the calculated loads. FEMA
should address snow and seismic loads.

FEMA 55

G-9 Roof Sheat
(Pages G-5, G-7)

OTFOC

R-703
R-704

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 corners, gable anr'or
roof overhang. FEMA 55 also provides commentary
language addressing the roof slopes and construction ai
points of discontinuity of the roofing surface.

Reconmdaio& FEMA 55 should permit particleboard roof sheathing provided it is of the appropriate strength and does
n deteriorate in the moist coastal environment.
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FEMA 55

G-10. Protection of Openings
(Page G-7)

OTFDC

R-208.5
R-411
R-412

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
.capable of safely withstanding the wind loads and be
tested and certified that they comply with AAMA (ANSI)
101, ANSI/NWWDA .S.2, ANSIINWWDA l.S.3 and ASTM

D 4099.

Recommendation None.

FEMA 55

G-11. Use of Space Below the
Lowest Elevated Floor

G-1 1.1 Breakaway Wall Design

Standards
G-1 1.2 Certification of

Breakaway Walls
(Pages G-7, G-8)

Recommendation None.

FEMA 55

G-12 Utilities
(Page G-8)

OTFDC

NIA

OTFDC

M-1106
M-1306
M-1307
M-1308
M-1 102

P-2016
P-2111

FEMA 55 prohibits the use of the space below the
elevated floor to be used for any other purpose than
parking or building access and be either ree 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.

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
backflow valves where these lines penetrate the building
envelope. The OTFDC does not address flooding, but
does allow backwater valves.

Recommendation None.

FEMA 55

G-13 Certification Requirements
(Page G-8)

OTFDC

R-108 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.

Recommendation FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind load, height

above grade, etc.).
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FEM& 55

G-14 Reference Docume
(Page G-8)

OTFDC Al
Chapter 26 FEMA 55 references ANSI A58.1-1982 Shore Protection

Manual by the Department of the Amry, and the Coastal
Construction Manual by FEMiX OTFDC does not
reference any of these documents.

Recommendai FEMA 55 should update its reference to ASCE 7-88.
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CABO ONE AND TWO FAMILY DWELNG CODE (OTFDC) COMPARISON

The prescnotive r2uirements of the CABO One and Two Fami Dwelling Code are for ci*ventional construction

with wind Pressurs less than 30 sf and seismic zones 0. 1. and 2.

Manufactured Home Installation in Flood Hazard Areas (FEMA 85)

FEMA 85

Chapter III Elevation and
Anchoring Techniques

Chapter IV Design of
Elevated Foundations

Appendix D Calculational Procedure
for Elevated Foundation Design

Appendix E Buoyancy and Drag

Forces
(Pages 19-101)

Recommendation: None.

fOTFOC ho

Appendix C 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 TWO FAMILY DWELLiNG CODE (OTFDC) COMPARISON

The orescriotive reourements of the CABO One and Two Family DwelIina Code are for conventional construction
with wind pressures less than 30 nsf and seismic zones 0. 1, and 2.

Floodproofina Non-Residenfial Structures FEMA 102)

FEMA 102

Chapter I - VM
Appendices A-E
(Pages 8-193)

OThGC:

NIA The OTFDC is applicable only to detached one- or to-famiY
dwellings and one-family townhouses not more than three
stories in height (residential occupancies only) therefore, FEMA
102 does not apply.

Recommendauir None.
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CABO ONE AND IWO FAMILY DWELLNG CODE (OTFDC) COMPARISON

The orescrirtive rn irements of the CABO One and Two Family Dwellina Code are for cdnventionaj construction

with wind pressures less than 30 sf and seismic zones 0 1 and 2.

Retrofitting Flood-Prone Residential Structures (FEMA 114)

FEMA 114

3.5 Elevation Onto Extended
Foundation Walls
(Pages 46-49)

OTFDC

R-103
R-303

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. OTFDC requires
alterations and repair to comply with the Code. OTFDC
requires the foundation systems to be of sufficient design to
support safely the loads imposed.

Recommendation: None.

FEMA 114

3.12 Technical Design Criteria
Extended Wall Foundations
(Pages 61-63)

Recommendaton.: None.

FEMA 114

3.13 Technical Design Criteria
Anchorage of Superstructure to
Foundation
(Pages 63-67)

OTFDC

R,303

OTFDC

R-303
R-401.2
R-601.2

Both FEMA 114 and OTFDC require the foundation system with

the increased foundation wall height to be of sufficient design
to support safety the loads imposed.

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.

Recommendaion: None.

FEMA 114

3.14 Technical Design Criteria
Open Foundations
(Pages 67-68)

OTFC

R-303 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.

` Ij ~.OTFDC addresses columns or piers and requires them to be of
sufficient design to support safely the loads imposed.

Recommendation: None.
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FEbU 114

6.2 Considerations (Floodwalls)
6.3 Construction Techniques
and Materials (Floodwalls)

6.5 Technical Design Criteria
(FlOOdwalls

(Pages 111-129)

OTFDC

N/A FEMA 114 addresses the use of foodwalls 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 floodwalLs. FEMA 114 contains design criteria
for foodwaII design which addresses materials, soils, loads,
overturning resistance, sliding resistance, and actual foundation
requirements. OTFDC does not address floodplain
management; therefore, it does not address the use of
floodwalls.

Recommendadon None.

FEMA 114

7.2 Considerations (Closures)
7.3 Low Profie Permanent
Closures

7.4 Closure Materials and
Construction

7.6 Technical Design Criteria
(Closures)

(Pages 133-142)

Recommendationv None.

FEMA 114

8.2 Considerations (Sealants)
8.3 Sealing Techniques
84 Closures (Sealants)
8.5 Design Details (Sealants)
8.7 Technical Design Criteria
(Sealams)

(Pages 145-156),

Recommendauionc None.

FEM 114

9.4 Permanent Protective Measures
(Utilities)

(Pages 160-165)

OTFDC

NIA

OTFDC

N/A

OTFDC

M-1 102
Ch 13
M-1301
M-1303
M-1305
M-1306
M-1307
M-1308

FEMA 114 addresses the use of closures (covering openings
such as doors, windows, driveways, etc.) toact as shields to
keep water away from the residence or entering the residence.
OTFOC does not address floodplain management nor does t
,address the use of closures to keep water from entering the
building.

FEMA 114 addresses the sealing, making watertight or dry
floodproofing of the structure to prevent the entry of water
during low level flooding. OTFDC does not address floodplain
management; therefore, it does not address sealing, making
watertight, or dry foodproofing of the structure.

FEMA 114 requires (1) utility connections to be above flood
level, (2) shielding for basement appliances, (3) elevated
installation for exterior appliances, 4) suspension of
underfloor/crawispace equipment, and (5) anchoring of fuel
storage tanks. The OTFDC does not address flooding. The
OTFOC does not rohibit such equipment installations but does
require minimum access and clearances to combustible
materials.

Recommendaton: None.
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FBM 114 ^ f ; 

9.5 Utility Relocations to
Existing Space 0 I 
(Pages 163-164)

OTFOC 

M-1102
Ch. 13;:

FEMA 114 addresses relocation of mechanical equipment from
-a basernqnt to the upper levels or attic. Th OFD.C does ot
address flooding, but does allow elvated installations with
access and minimum clearance to combustibles.

Recommendation: None.

FEMA 114

9.6 Utility Relocations to New
Spaces
(Pages 164-165)

OTFDC

M-1102
Ch. 13

Analysis

FEMA 114 addresses relocation of mechanical equipment
below BFE to newly constructed spaces above BFE., The:
OTFDC does not address flooding; however, it does allow
mechanical rooms which must have adequate access for
equipment and afford clearance to combustibles.

Recommendation: None.

FEMA 114

9.8 Storage Tank Anchorage
(Page 166)

OTFDC

M-1914 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.

Recomuendain None.

FEMA 114

10.4 Floating Structures
(Pages 176-177)

Recommendation None.

FEMA 114

Appendix C - Forces
(Pages 197-207)

OTFDC

N/A

OTFDC

R-201.2

R-303
R-401.2
R-601.2
R-701 .2

FEMA 114 permits floating structures as a method of
floodproofing. OTFDC does not address "floating structures.,

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.

Recommendsada FEMA 114 should update the wind speed maps to the latest editions and address snow and seismic

loads.
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CAB ONE AND TWO FAMILY DWEWNG CODE (OTFDC) COMPARISON

The prescriptive rwsrements of the CABO One and Two Family Dwellina Code are for conrvenrtionial construction
with wind pressures less than 30 oaf and seismic zones 0. 1 and 2.

Alluvial Fans: Hazards and Management (FEMA 165)

FEMA 165

Windows and Doors
(Page 10)

OTFDC

R-208.5
R-41 1
R 412

FEMA 15 prohibits openings on the uphill side d 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 of withstanding the wind loads. OTFDC requires
windows and sliding glass doos to be tested and certified in
accordance with AMA (ANSI) 101, ANSI/NWWDA LS.2

ANSIJNWWDA I.S.3, or ASTM D 4099.

Recommendaro None.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The orescnrtive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 gsf and seismic zones 0. 1. and 2.

Manual for the Construction of Residential Basements in Non-Coastal Flood Environs (MCRB)

Chapter III Basement Construction

A. Construction Types - Walls

lll.A.1 Unreinforced Block
(Page 13)

OTFDC

R-304.1
R-304.3
R-404.3.1
R405

MCRB provides commentary type language for minimum
thickness, lack of reinforcing, and lack of resistance to lateral
pressures. OTFDC provides minimum thickness of foundation
walls 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 ACIIASCE 530.

MCIRB

III.A.2 Reinforced and Grouted
Block

(Pages 13, 14)

OTFOC

R-304.1
R-404.3.2
R408
R409
R410

MCRB provides commentary and prescriptive type language for
minimum thickness, vertical and horizontal reinforcing, bond
beam, and the capacity to resist lateral loads. OTFDC requires
reinforced masonry to be designed and constructed in
accordance with BIA 'Building Code Requirements for
Engineered Brick Masonry" and ACI/ASCE 530.

Recomnendation: MCRB should reference BIA and ACIIASCE 530.

MCRB

III.A.3 Structural Plain Concrete
(Page 14)

0TFOC

R-304.3 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.

Recommendaroir None.

MCR

III.A.4 Reinforced Concrete
(Pages 14, 15)

OTFQC

R-304.1
R-304.3

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 ACI 318.
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I1A5 Cut Stone, -Rubble Stone,
and Cribbing and Planking

(Page 15)

OTFDC

R-30.3

An

MORB 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.

Recommendaio:r None.

MCt

IILA6 Treated Wood Foundations
(Page 15)

OTFDC

R-30.1
R-304.5

MCRB explains that sufficient research is not available on
treated wood foundations under looded conditions, therefore
they are not included in--the MORB. TFDC 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 floodplain management.

Recommendadomr None.

MCRB

III.A.7 Variations
(Pages 15,16)

OTFDC

NIA

An
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.

Recommnwndado None.

WM

III.A.8 Excavation and Backfill
(Pages 16-18)

OTFDC

R-303
R-304.2
R-311.3

MCR 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.

Recommrnddom None.

LAS, Forrwork
(Pages 1, 19)

OTFDC

N/A MCRB requires the forms to be substantial and sufficiently tight
to prevent leakage of cement paste, properly braced to
maintain .posifion, 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.

Recommendcdom: None.
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B. Other C truti n Features

MC 

IlI.B.1 Basement Slab
(Page 19)

OTFDC

R-603 MCRB states that basement slabs are typily twe 3 and 4
inches thick, with and without steel wire reinforcerent. OTFDC

provides minimum compressive strength, distance between
control joints with and without wire reinforcemi t: based on

thickness of slab, site preparation requirements and vapor
barrier requirements.

Recommendanion~ MCRB should provide site preparation requirements, minimum compressive strength, and yvapor barrier

requirements.

MCRB

111.8.2 Structural Basement Slab
(Pages 19, 20)

OTFDG

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.

OTFDC does not address structural btment slabs.

Recommendation: None.

MC3

III..3 Footing (Foundation)
(Page 20)

OTFDC

R.303 Both MCRB and OTFDC require the bottom of the footing to
below the depth of frost penetration and provide t typicar

footing sizes.

Recommendation: None.

MCRB

III.B.4 Underdrain Systems-Sumps
and Pumps

(Pages 20.23)

OTFDC

R-5
R-6

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.

Recommendation: None.

MCKtB

IlI.B.5.a Ground Surface Slope -
Site Investigation
(Pages 23, 24)

OTFDC

R.305
R-306

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.

Recommendation: None.

MCB

IlI.B.5.b Ground Surface Slope -
Grading and Surface Drainage
(Pages 24, 25)

Recommendation: None.

OTFOC

R-301.3 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.
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MCB

IIS.8.6 Seepage QuantitIes
(Pages 251)

OTFIG

N/A MCRB provides a 'How net analysis' to determine if the
drainage is feasible. OTFOC loes not provide sample
calculations for 'flow net analysis.'

Recommwnd afir None.

MCRB

IlI.B.7.a Penetrations, Cracks,
Joints, and 'Waterproofing' -
Utility Openings

(Page 31)

Reconimendaio None.

MCRB

IlI.B.7.b Penetrations, Cracks,
Joints, and 'Waterproofing' -
Techniques That Lessen Cracking
in Concrete

(Pages 31-34)

Recommendotow None.

MCR

1l1.B.7.c Penetrations, Cracks,
Joints, and 'Waterproofing' -
Waterproofing' Basements

(Pages 34, 35)

Recommendaror None.

il.B.8 Subsystems (Plumbing)
(Pages 35, 36)

OTFDC

R-306
P-2003.8
P-2112

OTFDC

R-603.1

OTFDC

R-305
R-306-

OTFDC

N/A

MCRB requires penetrations, through waits to be watertight
OTFDC requires waterproofing (dampproofing) of basement
walls. OTFDC requires plumbing penetrations to be watertight

MCRB provides commentary type language addressing crack
control of concrete. OTFDOC requires control joints spaced
according to slab thickness and type of wire-reirforcing.

MCRB addresses the use of drains and sump pumps. OTFOC
addresses the use of foundation drainage but does not address
sumps.

MCRB recommends the use of a 13 to 1/2 HP sump pump.
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.

Recomnndadon: None.
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OTFC

R-303IIl.B.9 Anchorage
(Pages 36, 37)

MCRB provides calculations to determine the anchorage
requirements. MCRB requires a minimum of 12 inch anchor
bolts spaed a maimum o 8 ft anchored into 2 block courses
or 16 inches with a minimum of 2 bofts per plate. OTFDC
requires a minimum of 1/2 inch anchor bolts paced a
maximum of 6 ft anchored 15 inches into masonry or 7 inches
into concrete and not more than 12 inches from corners.

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

MCRB

ii.i.10 Some concrete Construction
Practices

(Pages 37-46)

OTFDC

R-304.1 MCRB contains provisions for handling and depositing
concrete, consolidating concrete, cold weather considerations,
additives, placing reinforcement, etc. OTFDC does not coritain
the specific provisions but does reference ACi 318 which

contains similar provisions.

Recomendaiono None.

MCRB

111.B.11 Some Block Construction
Practices

(Pages 47-50)

OTFDC

R404
R-405

MCRB contains commentary type language addressing ways to
improve the waterproofing quality of concrete masonry walls.
OTFDC contains minimum requirements for all types of

masonry construction.

Recommendaton: None.

MCRB

ll.C. Loads
Il.C.1 Soil
lll.C.1.a Sand, Sift, Clay
llI.C.1.b Expansive Soils
III.C.1.c Permeability
111.C.1.d Saturation
(Pages 50-57)

Recommendatiom- None.

OTFDC

R-301.4
R-301.5
R-303

GTFDC

R-301.3

MC1

III.C. Loads
Il.C.1 Soil
11I.C.1.e Erosion
(Page 58)

MCRB contains commentary type language on soil types,
expansive soils, permeability, and saturation. MCRB contains
sample calculations. OTFDC requires the Character of the soil'
to be determined and slabs on expansive soils to be designed
and installed in accordance with PTI or WRI.

MCRB 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 foundation walls.

Recommendation: None.
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11.C. Loads
III.C.1 Soil
lIl.C.1.f Backfill Material
Related to Lateral Pressure

(Pages 58-63)

Recommendation None.

MMw

ill.l.2 Water Table
(Page 63)

Recommendadon None.

11I.C.3 Superstructure Loads
and Buoyancy

(Pages 63-71)

Recommendation: None.

Maw

111.0.4 Flood Waters
lil.C.4.d Velocity
IlLC.4.e Sediment
111.0.4.f Rate of Rise
IIC.4.g Hydraulic/Hydrologic
Relations

(Pages 72-75)

OTFOG

R-304.2

OTFDC

N/A

O1T0C

NIA

OFDC

N/A

MCRS provides commentary type language addressing lateral
pressures exerted from backlill material. OT FDC prohibts the
backfill from being placed until the wall has sufficient strength
or has been sufficiently braced to prevent damage by the
backfill.

None. The 07C does not address the water table.

MCRB contains sample calculations to determine the
superstructure loads imposed by buoyancy. OTFDC does not
provide sample calculations.

MCR provides commentary type language addressing
increased structural damage which may result from the high
velocity of 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 Hydraulkc/Hydrologic manual which could be used to
evaluate a site (i.e. for velocity of flood waters, erosion,
sediment, flood water 'depth, and watershed hydrology).
OTF0 C does not address floodplain management.

Recommendaton: None.

III.C.5 Debris, Wd, Impact, - R-20t.1
Snow, Ice, and Other Lve Loads R-20t.2
(Page 75) R-301.1

R-301.2
R-401.2
R-601.2
R-701.2

Recomnendarior MCRB should include wind, snow,

MCRB states that other than debris andl impact kbeds; wind,
snow, and ice are not considered to alter the deigns in the
MCRB. OTF C requires every building tobe designed and
constructed to support safely all loads and forces encountered.

and seismic loads.
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Chater V Basements in Floods

MCRB

V.A. Structural DeIgfnAnatysis
V.A.2 Designs, Methods, and
Tables

V.A.2.a Building Model, Dimensions,
and Loading

V.A.2.b Structural Analysis
Modei( WaIl)

V.A.2.c Structural Plain Concrete
V.A.2.d Reinforced Concrete
V.A.2.e Plain Masonry Block
V.A.2.f Reinforced Masonry Block
V.A.2.g Flood Waters Above Grade
V.A.2.h Slab Thickness (Based on
Bending)

V.A.2.i Structural S!ab Design
(Uftimate Strength Design)

(Pages 88114)

OFDC

N/A MORS contains sample structural calculations. MCRB refers to
the UBCi V.A.2.e and VA2f T doe ot" pode'

sampl calltos

Recommendaion:~ MCIRB should not reference a single model code. MCR3B should reference only natioa consensus
documents. 

MCFE

V.B. Soil/Water Load Philosophy
V.B.1 Weir Level Load
V.B.2 Buoyancy
V.B.3 Slab Bending
V.B.4 Wall Loads
V.B.5 Clay vs. Sand or Drain and
Sump vs. Sealed Barge'

V.B.5a Drained or Sump System
V.B.5b Undrained or Barge System
(Pages 114-126)

Recommendation: None.

Vil. Appendices

MC1

Appendix A-Solb Data
Alloable Be"n PUSreS
(Page 164)
Allowable Soil Pessurb
Beneath Footings

(Page 166)

Recommendation: None.

O1FDC

N/A

O1FDC

R-803 Ir

MCRB contains commentary type language addressing the
deign phiosy ofth lateralpressures exead by soi

and/r waer oadigs. FD does no6tpovd commientary

MCRB contains allowable bearing pressures for various soil
types. OTFQC assumes that the soil has a minimum of 2000
pounds per square foot.
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VIII. Building's Guide

MGRB

VlII.A. Introduction
VIII.A.2a Soil and Water
Loading on Wall Cross-Section

(Page 198)
VIII.A.2.c Waterproofing' System
(Page 206)
VIILA2.d Wall Design
(Page 209)
VIII.k2.e Slab Design
(Page 211)
VIII.B. Acceptable Wall Designs
Vll.B.1 Structural Plain Concrete
(Unreinforced

VIIL.B.2 Reinforced Concrete
VII.B.3 Unreinforced Masonry Block
Vill.B.4 Reinforced Masonry Block
Vlil.B.5 Buoyancy Wall
(Pages 212-239)
VIII.C. Acceptable Slab Designs
(Pages 240-246)
VII.D. Acceptable Control Joint
Designs, Underdrain, and
Waterproofing' and Seals

Vill.D.1 Overview and Control Joints
VII.D.2 Sump, Pump, and
Underdrain (for Drained System)

Vili.D.3 Waterproofing' and Seals
Vil.D.3.a Underdrained Slab. and
Wall System

VIII.D.3.b Drained Slab and Wanl
System

VJilIlD.3 c Slab/WalFooting
Juncture
(Pages 247-262)

Recommendatio None.

Hydraulic/Hydro4ogc ManualI
I. Introduction
i.8. Flood Warn
b.B.4 Velocity
I.8.5 Sediment
:(Pages 7-9)

Recommendadon' None.

OTFDC

Part I-
Construction

N/A

MCRB contains details and design charts for wall design, stab,
design, control joints,, sumps, and/or waterproofing. OTFDC
does contain details and design charts but not details and
design charts for basement design in flood prone areas.

MCRB contains commentary type language addressing
increased structural damage which may result from the high
velocity of flood waters and flood water deposited sediment.
OTFDC does not address floodplain management.

F47



CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The orescriotive reauirements of the CABO One and Two Family Dwelling Code are for conventional construction

with wind presures less than 30 osf and seismic zones 0. 1. and 2.

TM*hni,-l ttinfircri Ru ilitin Wat

No. 85-1

I. Definition
(Page 1)

Flondinfnn. No. 85-1

OFDC

N/A No. 85-1 provides a definition of wet floodproofing and explains
the justification for this type of floodprooflng. OTFDC does not

address floodplain management; therefore, it does not address
wet floodproofing or floodproofing of any type.

Recommendatio None.

No. 85-1

II. Protection Goals
(Page 2)

OTFDC

N/A 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 floodproofing or floodproofing of any type.

Recommendatio None.

No. 85-1

11I.B. Structural Features
(Pages 4-5)

OTFDC

R-303
R-305
R-306

No. 85-1 addresses the superstructure materials as far as their
durability, resistance to flood forces, resistance to the
deteroration 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 safely the loads imposed,
foundation drainage, and foundation dampproofing.

Recommendation: None.

No. 5-1

IlI.C. Building Aclliy and Use
(Pages 546)

0TFoC

R-103 -- No. 85-1 addresses the need to determine the feasibility of wet
floodproofing based on building activity and use. OTFDC only
addresses one type of building use which is residential.

Recommendation None since it would not be appropriate to Intentionally flood a residence.
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INo. U-1

IV.A1 Foundations
(Page 6)

Recommendaiov None.

No. 85-1

IV.k2 Cavity Wall Construction
(Pages 6-7)

OTFDC

N/A

OTFDC

NIA

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. OTFOC does not
address floodplain management; therefore, t does not address
wet floodprooflng or floodprooflng of any tpe. OTFOC does
require the foundation system to be of sufficient design to
support safely the loads imposed.

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; herefore, it does not address
wet floodproofing or floodproofing of any tpe.

Recommndaion None.

No. 85-1

IV.A2 Solid Wall Construction
(Pages 7'8)

OTFDC

R-3O5
R-306

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. TFDC does not address
floodplain management; therefore, it does not address wet
floodproofing or floodprooflng of any type. OOFOC does
require foundation drainage and foundation dampproofing.

Reconowndatwion None.

No. 85-1

iV.A.4 Interior Walls
(Page 8)

OTFDC

NIA 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 floodproofing or floodproofing of any type.

Recomnendation: None.

No. 85-1

IV.5 Interior Wail Finishes
(Page 8)

OTFDC

N/A No. 51 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 cloaned. OTFDC
does not address floodplain management; therefore. does nox
address wet floodproofing or floodproofing of any type.

Recommendation: None.
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No. 85-1

V.A.6 Floors
(Pages 8-9)

OTFOC

N/A No. 85-1 addresses the need for flor systems to be cpable of
withstanding the hydirostatic pressure gine edh bry a iater
level differential of two feet between the exteror and interior of

the structure. OTFDC does not address foplain
management; therefore, it does not address wet floodproofing
or floodproofing of any type.

Recommendation: None.

NO s-1

IV.A.7 Ceiling and Roots
(Page 9)

OTFOC

NIA No.: 85-1 addresses the the ceiling materials to be of a
type to withstand prolonged exposure to moisture and
humidity. OTFDC does not address floodplain management:
therefore, it does not address wet floodproofing or
floodproofing of any type.

Recommendatin None.

No. 85-1

IV.A.8 Building Envelope
Penetrations
(Page 10)

OTFDC

N/A No. 85-1 addresses the need for building penetrations (doors,

louvers, 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 floodproofing or floodproofing of any

type.

Recommendation None.

No 85-1

IV.A.9 Electrical System
(Pages 10-11)

OTFDC

N/A 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.

Recommendation None.

No. 85-1

IV.A.10 HVAC
(Pages 11-12)

OTFIDC

Ch. 13
M-1102

No. 85-1 requires mechanical equipment to be elevated above
BFE or enclosed for protection. The OTFDC does not address
flooding. The OTFDC would allow such installations with
minimum access and clearance to combustibles.

Recommendaion. None.
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CABO ONE AND TWO FAMILY DWENG CODE (OTFDC) COMPARISON

The Drescritve mauirements of the CABO One and Two Family Dwellina Code are for conventonal construction
With wind ressures less than 30 Ps and seismic zones 1, and 2.

Technical Standards Bulletin: Foundation Wall Ooenings. No. 85-2

No. 852

Flood Forces
[Pages 13)

OTFDG

R-303 No. 85-2 provides commentaiy type language on flood forces
(hydrostatic and hydrodynamic pressure) and formulas to
determine these pressures. OTFOC requires the foundation
system to be of sufficient design to support safely the loads
imposed, (wind, water, seismic, and snow).

Recommendatior No. 85-2 should address snow and seismic loads.

No. 85-2

Openings Design Criteria
(Pages 4-6)

OTFDC

R-31 t
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.

Recommndadn. None.
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CAWO ONE AND TWO FAMILY DWEWG CODE (OTFDC) COMPARISON

The orescrintive requirements of the CABO One and Two Family Dwellina Code are for conventional construction
with wind 6resstkes less than 30 Dsf and seismic zones 0. 1. and 2. -

Technical Standards Bulletin: Breakaway Walls. No. 85-3

No. 85-3

II. Wind and Water Forces
(Pages 2-3)

OTFDC

R-201.2
R-303
R-401.2
R-601.2
R-701.2

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.

Recommendaion: No. 85-3 should update reference to ASCE 7-88 and address snow and seismic loads.

No. 8543

Ill. Design Approach
(Page 4)

OTFDC

R-401.2 No. 85-3 requires the breakaway wall to be designed to
withstand at least 10 psf but no more than 20 psf. OTFDC does
not address breakaway walls. OTFDC requires the construction
to be capable of accommodating the loads imposed.

Recommendation None.

No. 85-3

IV. Design Considerations
(Pages 4-10)

OTFDC

R-401.2 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.

Recommendation: None.
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CABO ONE AND TWO FAMILY DWELUNG CODE (TFOC) COMPARISON

The prescrintive reauirernents of the CABO One and Two Family Dwellina Code are for conventional construction

with wind pressures less than 30 Psf ald seismic zones 0. 1. and 2.

Technical Standards Bulletin: Wind Design Standards and the NFIP. No. 88-1

No 88-1 OTFDC

Pages 1-5 R-201.2 No. 88-I addresses wind loads and references ANSI A5.1;-
R-= 1982. OTFDC contains a wind probability map, with wind

R-401.2 design loads. OTFOC requires the construction to be capabe
R.601.2 of accommodating the loads imposed.
R-71 .2
App. A
(Wind Proba-
bilty Map)

Reconmendaton No. 8I1 should update reference to ASCE 7-88. The 1992 OTFOC does reference ASCE 7-88..
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CABO ONE AND TWO FAMILY NG CODE (OTFDC) COMPARISON

The prescriotive reauirements of the CABO One and Two FanmilDwelling oeare for co ionai contruction

with wind ressrs less than 30 D and seismic zones 0., 1id 2.

Technical Standards Bulletin: Flood Resistant Materials. No. 88-2

INo. i2 OTFDC

Pages 1-7 - N/A No. 2 provides data and guidance to dtemine 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.

Recommndadom None.

F-44



CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC); COMPARISON

The orescrie requirerents of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 Psf and seismic zones 0, 1 and Z

Technical Standards Bulletin: Free of Obstruction Reauirement in Coastal High Hazard Areas. No. 88

No. 88-3

Lower Area Obstructions
(Pages 24)

OTFDC

R-201.2
R-303
R-401.2
R40t1:2
R-701.2

No. 88-3 prohibits the construction of anything except
breakaway walls, open wood latticnwork, or insect screening,
beneath the lowest horizontal structural member. OOC does
not prohibit construction provided it is capable of
accommodating al loads imposed.

Recocwwndagon None.

No. 884

Obstructions Outside the Perimeter
of the Coastal Building

(Pages 4-8)

OTFOC

R-201.2
R-303
R-401 .2
R-601.2
R-701 .2

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.

Recommendaion None.

No. -3

Obstruction Attached to But Outside
the Building Perimeter

(Page 6)

OTFDC

R-201.2

R-303
R-401.2
R-601.2
R-701 .2

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.

Recommendaion. None.
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CABO ONE AND TWO FAMILY DWEWNG CODE (OTFDC) QOMPARISON

The prescriptive reouirements of the CABO One and Two Family Dwellina Code are for conventional bcbstructiofl

with wind ressures less than 30 sf and seismic zones 0. 1. and 2.

Technical Standards Bulletin: Protection of Elevator Equipment in Flood Hazard Areas. No. 884

No. 884

Recommendations
(Page 3)

OTFDC

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
resistant models. No. 88-4 recommends that the elevator cab
auto naticaly stay above flood waters by interlocking the
controls with fior switches in the elevator shaft. OTFDC does

not address floodplain management or elevators.

Recommendaion: None.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFIDC) COMPARISON

The prescdtyive rauirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures ss than 30 oaf and seismic zones 0, 1, and 2.

Technical Standards Bulletin: NFIP Recuirements for Below Grade Parking Garages in Flood Hazard, Areas
No. 90-2

No. 90-2 0TFDC

Pages 14 N/A No. 9D-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. OTFOC does not address
floodplain management or below grade parking.

Reconmnendaon: None.
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CABO ONE AND TWO FAMILY DWELLNG CODE (OTFDC) COMPARISON

The Prescriptive reauirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 osf and seismic zones 0. 1. and 2.

Tchni-ai qtanlar4t Bulletin: Nnn-Residential Floodaroofina Certificatioh Reauirements of the National Flood

Insurance Program. No. 90-3

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
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 onty to detached one- or two-family dwelling and
one-family townhouses not more than three stories in height
(residential occupancies only) therefore, No. 90-3 does not
apply.

Recommendaton: None.
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CABO ONE AND TWO FAMILY DWEING CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Famitv Dwelling Code are for conventional construction
with wind pressures less than 30 Dsf and seismic zones 0 1 and 2.

Technical Standards Bulletin: Installation of Manufactured Homes in Special Flood Hazard Areas, No. 90-4

OTFDC

Appendix C No. 90-4 provides a summary of the National Food Insurance
Program (egulations for Foodplain Management and Rood
Hazard Identification) requirements which affect the placement
of manufactured homes in flood hazard areas. Manufactured
horse installation is addressed in Appendix C. See NCSBCS
comparison to Appendix C.

NO. 904

Pages 3.19

Reconuendadon None.
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