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CFR 59.1

Appurtenant
Structure

Recommendgdation:

CER 59.1

Base Fleod

Recommendation:

CER 59.1

Basement

Recommendation:

CER 5% 1

Breakaway Wall

Recommendation;

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

ign Stendards (44 CFR 59.1. 60.3 and 6.6

None.

Mone.

U.B.C.

Appendix Chapter
23, Division IV.

None.

Se. 403,

Mone.

U.B.C.

Appendix Chapter
23, Division I'VY.

Mone.

Analysis -

CFR 59.1 has a definition of a structure that is accessory 1o the
insurcd structure on the same parcel of land. The U.B.C. has mo
such definition and dees not make a distinction between one
structure and another on a parcel of jand.

Analysis

CFR 59.1 has a definition of the flood to be used in the desipn of
structures within areas under the authority of the National Flood
Insurance Program (WFIP}. The U.B.C. has a definition for the
elevation that a base flood may reach and is in fact the same
design flood.

Analysis

CFR 59.1 has a definition of basement stating that the ficar of 2
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 fioar level shall
be classified as a basement unless that floor level qualifies a5 2
first story.

Analyvsis

CFR 59.]1 defines a breakaway wall as a wall, not a pare of the
structural support of the building and intended 1o callapse under
specific lateral load forces. The Uniferm Building Code wndirectly
defines a breakaway wall as onc being below the base flood
elevation and designed to breakaway under high tides or wave
action without causing damage io the structural system, given
specific design eriteria.

C-I



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

CFR 58.1

Building (See
Struecture)

Recommendation:

CFR59.1

Critical Feature

Rggmmendat_.’mn:

CFR 59.1

Development

Recommendatio:

Sec. 403
Sec. 420.

Analysis

See analysis of "structure.”

Sce the recommendation of "structure.”

None.

‘None.

UB.C.

Sec. 402
Appendix Chapter
70. '

Analvsis

CFR 59.1 defines a critical feature as one that is integral and
readily 1dcnt1ﬁablc part of a flood protection system without which
the flood protection would be compromised. The U.B.C.
considers all ¢lements of a building to be important.

Analysis

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 gradiilg on a site, but does not include mining or other
such explnratory or other drilfing.

" The U.B.C. is not intended to regulate mining, dredging. drilling operations or the storage of

cquipment or materials whereas CFR 59.1 is ‘intended to do so. Therefore, no change is

recommended.



1CBO UNIFORM BUILDING CODE (U.B.C.} COMPARISON

CFR 59.1 UB.C Analysis -
Elevated Building Appendix Chapter CFR 59.1 defines clevated building differently in different zones.
23, Division EV. In Zones A-130 through D, the top of the clevated 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 huﬂding 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 s .
allowed. "In ¥ Zones, these buildings must be elevated on piles or -

cofumns.

Recommendation: Mone.

CFR 59.1 UB.C Amalvsis

Existing o Sec. 403, CFR 59.1 defines existing construction as those structures which

Construction _ stared construction prior to the effective date of the FIRM or
before January 1, 1975. The U.B.€. defines an existing bullding
as one that was erccted or completed prior to the adoption of the
Uniform Building Code or for one which 2 legal building permit
was issued. : '

Becommendation: 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.

CFER 59.1 U.B.C. Analvsis
Existing Structures Sec. 403. See analysis of "Existing Construetion.”
Recommendation: Ses recommendation of "Existing Construction.”

C-3



ICBOANIFORM, BUILDING CODE, (U:8:6:) COMPARISOR:

v HA0 BhY phrhesdt motzef] opmetae sl T

i

CFR 59.1 U.B.C.

Flood :snox .,émhm i APPENGRO CHARIES L oix 2o 3T he definition found in GER:59, 1, nat only includes gompicte.or,
5 e 10sfi batsvsts SISO T ds o s)?  partigl dnupdation of “"-‘muy d.mzlﬁ“d by iniand or title waters,
it Yo megiod aiy Y owo I % at byt also, mud slides and the erosion of land along a coast or

pet g
Aim s ey voedoae

iE b R mmghq,gpl,g The U.B.C. refers to a flood-plain management
o 3 ras ez oy es 4 s anog cals [0 Ofdinancesthat is a separate document.

grubdined ol saevals or boey 9 vam eftﬁw b

mamevom bebegrming ol aataidios? o suli i
Bmm&nismm ai NORRud iy baue
Hurde A saol b‘:&_,m“j besold adiber b

: i ansom vnA 3HE o
B:Li o afdss

CFR %L

st ] f:ri EoiE zgmjbii!.s{? aawcdt ennnk Y al .*"
Flood Plain or Appendix Chapter CFR.59. L1d=ﬁ.nes flood-plain or flood-prone area as any land
Floed Prane Area 23, Division [V, susceptible to a fioeding event. The Uniform Building Code refers
to the flood-hazard map as published by an approved agencv and
adopted by the jurisdiction. ana
Recommendation: None.
CFR 59.1 UB.C Analysi

a0 dMH H 3r{1
gaiblivd gmmm 18 amlt.fu. AR A ‘?i ‘i \{Eamﬁtﬂnnpgrhng, buxldmg access or storage areas that are Aot m
a0y Yo nodgobs ads 02wy beslgmos T bam:am amr\;i&;@tﬁéu of applicable non-elevation design requirements. The
Siservwep gaiblind Iepsl & doifdw sao 2l w0 9bsD gaiblidd. ByGiimakes reference to the lowest floor in any building,

' ingluding basements, with the exception of enclosures used for
building access, exits, foyers, starage and parking garages. -
provided they meet"lhe enclosure requirernents found in Appendix

preoing Mnewstih viletor ove 1ol wie sobinfleh o 0 Chapter B85 |0 590 w aominiioh ad T 3
AOIBRALTIRN G O ,mm:ﬂmﬂ Ailav e fitod bos

o

Recommendation: None.
1.8 515
CFR 59.1 UrBiBineno 2 grimixil” i wbmabysissd EGh L aal EraseuE Rodelrd
Manufactured None. CFR 59.1 defines a manufactured home as a transportable
Home “ . noissyystruGiureswhei itiisiataghed-te. the; required utilitics, DO 8
mcludmg a recreational vehicle. The U.B.C. has no such
definition.
Rerommendation: 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. ‘



NFIF Flood-Resi

CFR 59.1
One-Hundred-Year
Flood

Recommendation:

CFR 59.1

Storm Cellar

Recommendgtion:

CFR 59.1

Structure

Recommendation:

CER 58.1

Substantial
[mprovement

Recommendation.:

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

ign Stand 44 CFR S9.1, 60.3 and 60.6
UEB.C. Analvsis
Appendix Chapter See analysis of "Base Flood.™

23, Division IV,

See recommendation of “Base Flood.”

UB.C Anajysis
None. CFR 59.1 defines 2 storm cellar as a space vsed to temporarily

accommadate 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 10 require a storm cellar for every building in areas subject to
severe winds. - Therefore, no recommendation.

UB.C Analysis
Sec. 403 CFR 59.1 defines a structure as a walled and moofed building and
Sec. 420. . includes tanks for flood plain management purposcs, 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 ussd or
intended for supporting or sheltering any use or cccupancy. A
structure is any antificlally built-up picce of work, buik or
consiructed, in some definite manner.

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

LB.C. Analysis
Chapier 1 CFE 59.1 defines substantial improvement as an mmprovement
Sec. 402. whose cost equals or exceeds fifty percent of the market value of

the structure with zxception given to work repairing health,
sanitary or safety code violations or alterations to historic
structures. The Uniform Building Cede considers 2 substantial
improvements as any work requiring 2 permit as defined in the
code.

Bath of these definitions serve different purposes. Therelore, ne recommendation is required.

-5



CER 60.3 UBC

(b} (8) Appendix, Chaptcr e _C R FR 60.3 requires that all manufactured homes instalied in A

Manufactured 23, Division IV, " “*Zdnés be placed in such,a wafy SFminimize A i ‘Eéfin

Home installation that they must be elevated 4nd anchored to resist flotation, coﬁaﬁse
or lateral movement. The Uniform Buildirig Code requires that
these strucmrcs.ﬁlf they are located in any flood zone, shall meet

irdientiand anchorde i B

requirements as stated in this appendix chapter.

Recommendation: None.

F bR SnBAE K 25 teiiva ovinde & aorgiab L

) (') 1 sugidne mae m i APP‘?E’CL‘E‘“ Chapter

Elevation for © 23, Davision IV. sy” sta) ntial rovem

Residential cl&atd&f 1o or aﬁove ‘the Base "i'lo "Icvauon The Uniform
Structures ‘Building Code requires that all buildings erected within an A Zone

have their lowest floor, including basement floors, located at or
above the base flood elevation.

[

anifdnsd §

CFmsog . v."'.n s

Faspstel

e dtod drowe Yo nomeg ue st BRI ¥R 11 IuIsUy
{€) (3) Aspgew‘]x;,u lgpu: Cooon Cﬁ%gg 3 requires that all new non-residential structures and
Elevation of Non- 23, Division IV. substantial improvements of same within A Zones have their
Residential lowest floor elevated to or above the base flood elevation or be

b ITGeRT o6 L 2T

SUUCURES uipa i roidel hyﬂmsﬁ'm and hzdrogynamlc loads m"d

" e Uniform Buildifig Code requis
that all buildings within an A Zone have their lowest ficor,

including basement floors, located at or above the base flood
elevation. Any approved enclosed space below the base, floo

elevation would have to be designed to automatically equalize this-
upgn,ia,;ly exterior wall sugggg

Dmriupnn B e0iRDrnen R a T

RS g
sl apedt o fied
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NFIP Flood-Resi

CFR 60.3

{c} (5
Flood Openings

Recommendation:

CFR 60.3

() (4)
PBiling Cerification

Recommendation:

CFR 60.3

{e) {5}
Broakaway Walls

Recommendation:

ICBO UNIFORM BUILDING CODE {1LE.C.) COMPARISON

B.B.C.

Appendix Chapter
23, Division IV.

None.

UB.C.

Appendix Chapter
23, Division IV.

None.

UEB.C

Apperdix Chapter
23, Davision IV.

MNone.

Desipn Standards (44 CFR $9.1, 60.3 and 60.

Amnalysis

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 2 manner as
automaticaily equalize hydrostatic flood forces an the exteror
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 2 manner as o automatically equalire the
lateral pressure of walers acting on any exterior wall surfaces with
specific design critena.

Analysis

CFR 603 requirss that any new construction or substantial
improvement m ¥V Zones be elevated on pilings and columns so
that the bottom of the lowest horizontal stmuctural member of the
lowest floor is elevated to or above the base flood level with
specific design criterta and requires cerification of the design by a
professional engineer or architect. The Umiform Building Code
requires that any new structure or addition in ¥ Zones be elevated
on pilings or columns so that the battom of the lowest horizontal
structural member of the lowest fJoor is clevated at or abave the
base flood elevation with specific design criteria and requires that
the design be by a professional engineer or architect.

Analysis

CFR 60.3 requires that any approved enclosed space below the
lowest floor in ¥ Zones be enclosed with neonsupporting
breakaway walls that are designed given the specific design criteria
found within, The Uniform Building Code requires that any walls
or partitions used to encliose any approved space below the base
fload elevation be enclosed by breakaway walls designad o
specific eriteria.



{CRO UNIFORM BUILDING CODE {UB.C.} COMPARISON

andids (44 CFR 59.1; 60.3 and §0.6)

CER §0.3

{e) (6)
Fill

CFR 60.6

(c) 2} (i) :
Flood-proof Walls

Recommendation;
CFR 60.6

© @@
Basement Top
Floor Elevation

Rmmmendim‘ :

CFR €0.6

(e} {2) (i)
Fill -

Récommenggm; n:

U.B.C.

Appendix Chiapter

23, Division TV.

Mone.

UBC.

Appendix Chapter

23, Division IV

Analysis
CFR 60.3 pl’Othll.S the use of il for strictiiral support of dny

buildings within V Zories. The Umform Building Code only
allows fill in A Zories and not in any V Zones.

Analysis

CFR 60.3 requires that any residential basement in an addition or
substantial improvement that is located in an A1-30, AH, AO or
AE zone be watertight and designed to resist hydrostatic and
hydrodynamic loads and buoyancy effects. The U.B.C. requires
that basemenits in other than rcsxdcnual uses below the BFE be-
unpcnncablc. to the pissage of water and designed to resist
hydrostatic and hydrodynamic loads.

Neone, sines flandproofing of bascments is allowed only in communities that have been granted

an exception by FEMA.

UBC.

Appendix Chapter
23 Division IV

Analysis

CFR GO 3 requires that the top floor of any residential basement be

_ located no lower than $ feet below the BFE. The U.B.C. allows

basements in othcr than residential buddmgs to be located at any
depth below the BFE provided they are designed to be

" impermeable to ‘water and resistant ta hydrosumc and .

hydrodynamic loads.

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

' Ugc

None

Analvsis

CFR 60.6 requires that the arca surrounding exterior walls below

) the BFE be protected with sloped fill 1o 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.



CFR &0.6
{e) {2} (iv)
Useofa

Registered
Professional

Recommendation:

CFR 60.5

e {2y (v}
Building Inspection

Recommendation:

FEMA-55

4.1-
Enwiren-
mental
Forces

Recommendstion:

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

UBC

See¢. 302 (b)
Appendix Chapter
23, Division IV

None.

Sec. 305.

None.

ULE.C

Sec. 2308 {e)
Sec. 2390
Sec. 2393 (a).

MNone.

ngdards (44 CFR 59.1. 60.3 and

Analvsis

Both CFR 50.6 and the U.B.C. require the use of 2 registered
professional for the design of such basements.

Analysis

Both CFR 60.6 and the U.B.C. require the inspection of the

construction of such basements to werify they are constructed 1o
the approved plans.

Analysis

FEMA-55 recommends a flood-risk analysis for the designofa
structure in coastal arsas. The provisions found in the U.B.C.
require that the design of a structure subject to a floodmg risk
reduces the risk of damage due to such a hazard prior to receiving
a building permit.

cH



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

quml_Com UCtor M nual { MA-55)

FEMA-S%

4.1.1-
Wind

Racgmmendam’ n:

4.1.2-

Corrosion’
Protegtion

Recommendation;

UB.C Anatvsis

Sec. 2311-2321 FEMA-55 refers to recommendations found in the Minimum
Figure No. 23-1 - . Design Loads for Buildings and Other, Structures IANSI §8-1-
Tables Nos, 23-F . 1982) document and other model codes for the basic wind design
G, and H, of structures. Figure 4-1, the basic wind speed map, is identical
Appendix Chapters to U.B.C. Figure No. 23-1 as both are based upon the ANSI

24 and 25. 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 1o 110
miles per hour.

FEMA-S5S should refersnce the latest edition of the Minimum Design Loads for Buildings and
other structures published by the American Society of Civii 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.

UB.C Analvsis

Sec. 1708 FEMA-55 recommends that the clements of a buiidings be

Sec. 2510 : ' protected from the corrosive environment associated with coastal
Sec. 2516 (g) and = caonstruction. It also recommends that a potential waterway path
)] into a structure be identified and scaled. The U.B.C. has specific
Sec. 1604 (cyand - provisions for the protection of exterior assemblies and matenals
(d} ' used that are exposed to such an environment. The Uniform '
Sec. 2908 (i) - Plumbing Code requires that all piping exposcd to a corrosive
" Sec. 2909 (1) : environment be protected in an approved manner.

Sec. 3003 '

Sec. 3202

Sec. 3208

Chapter 32 Tables

Sec. 4708

Appendix Chapters

27 and 25.

UPC.:

Sec. 315.

It is recommiendad that FEMA-55 address roofing and other exterior asscmblies in more detail.



ICBQ UNIFORM BUILDING CODE {U.B.C.) COMPARISON

Coastal Cons 3 sl {FEMA-S
FEMA-S5
UB.C. Analvsis
4.1.3-
Waler Force Data Appendix Chapter FEMA-55 recommends that structures located in coastal
23 environments be designed with the forces of water, waves and
Sec. 2390 debris considered. This document seis a specific impact loading
Sec. 2396. criteria and z design load based upon an accumalation of debris.
The Uniform Building Code requires the same type of structural
analysis which is based upon wellestablished mgm:crmg
principles for these environments.
Recommendation: None.
FEMA-SS U.B.C. Analysis
4.1.4- Appendix Chap'r.cr FEMA-55 discusses the forces on tall or large structures, requiring
Higher Structures i T an appropriate structural analysis considering wind and water
Sec. 1390 action. The Uniform Building Code does not make a distinction
Sec. 2396, between tall or large structures and all others.

mmendstion;

FEMA-55

4.3
Materials

Recommendation:

FEMASS

4.2.1.1-
Wood Pilings

Recommendation:

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

V.B.C.

Chapters 24, 25,
26, 27 and 28.

None.

LEC.

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

None.

Analysis

FEMA-55 discusses the use of wood, steel and concrete and makes
general recommendations as to their pretection in 2 corTosive
environment. The Uniform Building requires that any material
used be adequately protected against corrosion.

Analvsis

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



stal

EEMA.55

4.2.1.2-
Wood Beams

Ree ndaticn;

FEMA-55
4.2.1.3-

Other Wood
Members

Recommendation:

FEMA-33

4214
Preservatives

Recommendaiion;

FEMA-33

4.2.2-

Masonry

Recommendation;

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

uBC

Sec. 2303 (a)
Sec. 2516 (c) 8
and 11

Appendix Chapter
3

Sec. 2393 (d).

None.

UB.C

" Sec. 2516 (c) 3, 4,

3,8,9 and 11
Appendix Chapter
3

Sec. 2393 (d).

Analysis

FEMA-55 discusses, in general terms, the use of wood beams and
their protection from a corrosive environment. The Uniform
Building Code aliows the use of any structurally adequate beam
and requires adequate protection from the same environment.

Analysis

FEMA-55 states that other wood structura]l 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 FEBA-55 allowing uniprotecied
members. It ia recommended that FEMA-53 include the protection of all members that are

exposed to these conditions.

c
g
0

Sec. 2501 (a)
Sec. 2516 (g).

‘ An_alg;is:

FEMA-35 discusses, in general terms, the use of wood
prescrvatives in corrosive environments. The U.B.C. has specific
requirements for the use of wood prescrvatives 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,

Analvsis

FEMA-55 has a brief paragraph on the use of masonry and
concrete in corfosive environments. The U.B.C. has specific
design requirements for concrete on cortosive environments but
does not address masonry in similar situations.

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

cC-12



astal
FEMA-55

4231-
Aluminum

Recommendation;

Recommendation:

FEMA-SS
4233
Dissimilar
Materials

Recommendation:

FEMA-35

- 4.3.1-
Foundations

Recommendation;

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

1 : =

Chapter 28
Appendix Chapter
2.

Analysis

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

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

Appendix Chapter 23.

UB.C.

Chapter 27
Sec. 2510.

Analysic

FEMA-S5 discusses the protection of exposed steel in corrosive
environments and recommends regular inspection and maintenance
of samé. The U.B.C. does not discuss the protection of steel
members. ’

See recommendation for Section 4.2.3.1.

U.B.C.

Sec. 2804 (c).

None.

UB.C.

See. 2908-2910
Appendix Chapter
23, Division [V,

fusi

FEMA-55 discusses dissimilar materials in general terms and
recammends. 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 scparation.

Analysis

FEMA-55 bricfly discusses different foundation systems. The
U.B.C. provides specific design requirements for different
foundation systems and requires the use of piles or columns in ¥V
IOnes.

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

4.3.1.1-
Soil Conditions

Recommendation:

FEMA-53

4.3.1.2-
Piles

Recomm ion:

FEMA-55

4.3.1.3-
Wood Posts

Recomm: jon:

FEMA-55

43.1.4
Masonry Piers

Recommen:

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

U.B.C,

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

Analysis

FEMA-SS discusses, in genersl terms, soils conditions at the site

. and gives some general rules of thumb for the identification. The

U.B.C. has apecific requirements for the classification of soil.

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 [V.

Analysis

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 atructural calculations.

EEMA-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.

uBc -

Appendix Chapter
23, Division IV,

Analysis

FEMA-55 does not recommend the use of wood posts in either
fiood 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 usc of wood posts in A zones provided the foundation system is
designed by a licensed engineer or architect.

uB.c.

Sec. 2907 and
2910

Appendix Chapter,

Division IV,

Analysis

FEMA-SS 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 4 licensed enginecr or architect.

FEMA-55 should recommend that a licensed engineer or archnect design the pier foundauon or
provide a reference to & document that requires such certification,



EEMA-S5

4.32.1-
Framing

FEMA-55

4322
Floor Beams

FEMA-55

4.3.2.3-
Joists 2nd Rafters

Recommendaiion:

FEMA-SS

4334
Subflooring

Recomm. on:

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

Apalysis

FEMA-S5 discusses the usc platform framing in flood-prone
enviromments. The U.B.C. does not address this specific type of
framing but instead requires any such design to be based on well- -
extablished engineering principles.

FEMA-55 should recommend that the design of this type of framing system be done by a
Heensed engineer ar architect or provide a reference o a document that requires such
certification, since these areas may aleo be subject to other lateral forces.

Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

Analvsiy

FEMA-55 discusses the orientation and sizing of floor beams that
are exposed. The U.B.C. requires that floor beams be designed
by a licensed engineer or architect 1aking under consideration all
loads that it may support. '

Sece the recommendsation for 4.3.2.1.

UBC

Chapter 23
Chapter 25

Appendix Chapter
23, Division IV.

Mone.

Chapter 23
Chapter 24
Appendix Chapter
23, Division IV.

Mone.

Analysis

FEMA-53 discusses types of joists and rafters. The U.B.C. has
specific design eriteria for such members.

Analysis

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

4.3.2.5
Studs

Recomm on;

FEMA-55

4326
Wall Sheathing

Recomm ition:

FEMA-35

4327
Wall Bracing

Recomm jpn;

FEMA-§5

4.3.2.8-
Roof

Recommendation:

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

1 MA-

UB.C.

Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

None.

UB.C.

Chapter 23
Chapter 25
Appendix Chapter
23, Division IV.

Analysis

FEMA.-5% briefly discusscs the types of studs used. The U.B.C.
has specific design criteria for stud walls.

Analysis

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

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

UBC.

Chapter 23
Chapter 25
Appendix Chapter
23, Division [V.

Mone.

UBRLC. ..

Chapter 23
Chapter 25
Appendix Chapter
23, Division [V.

None.

Analysis

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

Ana ix_sis

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



FEMA-SS
4.3.3-

Foundation
Bracing

FEMA-SS

4.3.3.1-
Krnee Bracing

tion:

FEMA-S5

4.3.3.2-
Girade Beams

Recommendation:
FEMA-55

4333
Truss Bracing

Recommendation;

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

L MA-
U.B.C. Analysis
Sec. 2908 and FEMA-SS discusses the use of foundation braces as an effective
2910 latera] fores resisting system. The U_B.C.requires intsreonnection
Appendix Chapter for all types of piles, uniess proven that another system is
23, Division IV. sdequate.

FEMA-55 should recommend that & Heensed enginser or architect design these braces and the
rest of the foundation system.

LUB.C Analvsis

Sec. 2508 and FEMA-33 discusses the use of knee bracing and gives some design
2910 ) eriteris. The U.B.C. requires that pile foundations be designed for
Appendix Chapter lateral forces.

23, Division IV,

Naone.

UEB.C. ' Analysis

Sec. 2908 and FEMA-55 recommends the use of grade beams to restrain a pile
2910 foundation. The U.B.C. requires interconnection of ali pile
Appendix Chapter foundation systems or another equivzlent form of restraint.

23, Dovision IV.

FEMA-55 should recognize other methads of foundation restraint.

LE.C. ' Analvsis

Sec. 2908 and FEMA-55 mcommends & more substantial pile bracing system
2910 when the structurs is 10 feet or mare above grade or is subject to
Appendix Chapter hurricane foree winds. The U.B.C. requires that afl foundation
23, Division IV systemns be designed with all lsters] loads considered and prowvides
Appendix Chapter specific connection details for structures in eress subject to high
24 winds.

Appendix Chapter

25.

HNone.
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oastal
EEMA-53

4334
Shiéar Walls

Recommendation:

FEMA-SS

434
Connections

Recommendation:

FEMA-55

4.3.4.1-
Roof to Wall

R mé ign;

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

| (FEMA-

UB.C

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

Appendix Chapter
25.

Analysis

FEMA-55 discusses the use of shear walls 1o resist wind forces.
The U.B.C. requires that the iateral resisting system of a structure
be designed with all lateral loads under consideration.

FEMA-S5 scems to recommend the use of reinforeed concrete and reinforced masonry as the
only scceptable 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

Chapter 23

Sec. 2510

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

None.

Chapter 22

Sec. 2510

Sec. 2516 and
2517

Appendix Chapter
73, Division TV
Appendix Chapter
24

Appendix Chapter
25.

None.

Analvsis
FEMA-55 recommends that extra care is given to the design and
deuiling of all connections in a structure. The U.B.C. requires

that all connections be designed for the loads incurred by the
structure. '

Analysis

Sec analysis of 4.3.4.



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

tal Cons nual MA-55;

FEMA-S5 UBC Analvsis

4.3.42- Chapter 23 Scc analysis of 4.3.4.
Wall ta Floar Sec. 2510

Sec. 2516 and

2517

Appendix Chapter

23, Division IV

Appendix Chapter

24

Appendix Chapter

25.

Recommendation: Mone.

FEMA-55 U.B.C. Analysis

4.3.4.3- Chapter 23 See analysis of 4.3.4.
Floor Joist to Sec. 2510
Beam Sec. 2516 and
2517
Appendix Chapter:
23, Division IV
Appendix Chapter
24
Appendix Chapter
25,

Recommendation: None.

EEMA-SS UB.C Anabysis

4.3.4.4- Chapter 23 See analysis of 4.3.4
Floor Beam to Pile Sec. 2510

Secc. 2516 and

2517

Appendix Chapter

23, Division IV

Appendix Chaptar

24

" Appendix Chapter
3s.

Recommendation: None.

C-19



4.3.5-
Breakaway Walls

Recommendation:

EEMA:S3

4.3.5.1-
Types of Walls

Recommendation:
FEMA-3S
4.3.52-

Design of
Breakawzy Walls

Recommendation:

FEMA-55

4.3.6
Utilitics

Recommendztion:

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

UB.C.

Appendix Chapter
23, Division IV.

None.

UBC,

Appendix Chapter
23, Division [V.

None.

U.B.C.

Appendix Chapter
23, Division IV.

None,

UB.C

Appendix Chapter
23, Division IV

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

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 clevated structure be designed and constructed as a
breakaway wall.

_ Analysis

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

Analysis

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

Anajysis

FEMA-55 discusscs 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.

FEMA-55 should also_include the protection of utilities in the "A" flood hazard zone as they
subject to simi];r forces as found on the Corstal High Hazard zone.
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pgstal

FEMA-55
4.3.7-
4371
4372
4373
4.3.7.4

Protection of the
Interior

Recommendation:

FEMA-55

4.3.8-
Maintenznce

Recomm son;

FEMA-55

5.1-
General Design

Recomm: on;

FEMA-55

5.2
Foundations

Recomm Nt

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

oyzl] (FEMA-§5)

LEC

Scc. 1708

Sec. 2516

Sec. 3201

Sec. 3205

Sec. 4205
Appendix Chapter
23, Division IV.

Anslvsis

FEMA-3S discusses the protection of the interior of & structure
fromi wind and water action. The U.B.C. requires that openings
below the base {lood elevation (BFE) be protected and that exterior
asscmblies provide & weather-resistive barrier.

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

action.

UB.C.

Sec. 104 ).

None.

LEC

Seg. 2311 and
2321

Appendix Chapter
23,

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 dewices and safeguards required by
code in a safe and sanitary condition.

Analysis

FEMA-55 discusses the Iatera) design criteria for Targer structures.
The U.B.C. requires a lateral analysis of 2]l buildings with no
distinction in the size of the building.

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

UBRB.C

Sec. 2907 and
2910

Appendix Chapter
23, Division IV¥.

None.

Analysis

FEMA-55 discusses the types of foundations used on larger
structures. The U.B.C. requires that 2l foundations be designed
for the loads they support.



Coastal Co
FEMA-35

53-
Slabs-cn-grade

Recommendation;

FEMA-55

5.4
Siiperstructure

Recommendation:

FEMA-55

5.5
Elevated Floors

Recommendation:

FEMA-S5

5.6
Exterior Walls

R [+1] on:

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

UBC.
Chapter 23
Chapter 24

Chapter 26
Chapter 27.

None.

U.B.C.

Chapter 26
Chagier 27.

Analysis

FEMA-5S briefly discusses the differént uses of slabs-on-grade.
The U.B.C. prescribes specific design criteria for the different
uses of slabs-on-grades.

FEMA-55 discusses some types of structural systems found in
larger buildings. The U.B.C. requircs that the structural system
used be designed according to specific eriteria.

Analysis

FEMA-5S 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.

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

construction.

UBC.

Sec. 2309 and
2321

Appendix Chapter
24

Appendix Chapler
25.

None.

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.
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ICBO UNIFORM EUILDING CODE (1.B.C.} COMPARISON

FEMA-SS

57
Proiessionals

Recomm 1314

FEMA-S5

Figure No_ A-1
Number of Piles

Recommendation:

FEMA-SS
Table No. A-1

Wertical Loads on
Piles

Recommendsfion;

FEMA-SS
Tabis No. A-2

Horizontal Wind
Load per Pile

Recommendation:

U.B.C. Anatysia
Sec. 302 (b} FEMA-55 recommends the use of design prafessionals in the

Appendix Chapter design and construction of larger siructures in areas subject to

23, Division IV. wind and watcr action. The LB €. rcquires a licensed engincer
or architect for the design of such buildings.

None.

UB.C. Anglysis

Sec. 302 (b] FEMA-55 recommends a certain number of piles which is

Chapter 23 dependent upon the dimensions of the supported structure. The

Chapter 29 U.B.C. roquircs that an engineer or architect design the pifing

Appendix Chapter system bazed on the applicd loads and soil conditions.

23, Division IV.

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

U.B.C. Anslysjs
Sec. 302 (b) FEMA-35 provides design loads for typical one- and two-story

Chapter 23 houses which Ieads to & recommended pile embedment depth. The
Chapter 29 U.B.C. requires that an enginger or architect design the piling
Appendix Chapter sysicm based on the applied loads and soil conditions.

23, Division IV,

See the recommendation for Figure No. A-1.

UB.C. Analvsis

Sec. 302 (b) FEMA-55 provides wind design loads for typical one- and twao-
Chapter 23 story houses which keads to the design of the bracing of the piles.
Chapter 29 The U.B.C. requires that an engineer or architeet design the piling
Appendix Chapter system based on the applicd loads ard soil conditions.

23, Division IV.

See the recommendation for Figure No. A-1.



Table No. A-3
Minimum Pile
Embedment

Recommendgation:

FEMA-5%

Table No. A4
Maximum
Unbraced Pile
Height

Recomm ion:

FEMA-55

Table No. A-d.1
Maximum
Unbraced Pile
Heights Supporting
Breakaway Walls

Recomm o

FEMA-S55

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

Recommendation:

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

MA.-

U.B.C.

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

Analy _sis

FEMA-55 provides the minimum embedment length of piles based
on the loads provided. The U.B.C. requires that an engincer or
architect design the piling system based on the applied loads and
soil conditions.

See the recommendation for Figure No. A-1.

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.

See the recommendation for Figure No. A-1.

UB.C

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

Mulgsis

FEMA-S5 provides a table of the maximum unbraced pile heights
that support breakaway walls. The U.B.C. requires that an
engineer or architeet design the piling system based on the applied
loads and soil conditions. .

See the recommendation for Figure No. A-L.

UB.C.

Sec. 302 (M)
Chapter 23
Chapter 29
Appendix Chapter
23, Division TV,

Analysis

FEMA-55 provides wind loads that are to be used in the design of
the connections between ficors. The Uniform Building Code
requires that an engineer or architect design the lateral resisting
system based on the applied loads.

See the recommendation for Figure No. A-1.
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taf

FEMA-55
Table No. A-6

Uplift Loads per
Pile

Recommendation;

FEMA-55
Teble No. A-7
Bolt Capacity of

Floor Beam
Connections

Becommengation;

FEMA-53
Teble No. A-8

Concrete Masonry
Fiers

Recommendstion:

EEM.A-55

Table No. A9
Concreic Piers

Recommendation:

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

nuaf (FEMA-.
UB.C. Analysis
Sec. 302 (b) FEMA-55 provides & table of loads to be used in the design of the
Chapter 23 connestion of the floor beams to the piles. The Uniform Building
Chapter 25 Code requires that an engineer or architect design the lateral
Appendix Chapier resisting systemn based on the applied loads.
23, Division [V.

Sec the recommendation for Figure No. A-1.

UB.C. Analvsig

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

FEMA-55 provides bolt capacities based on the type of cennection.
The U.B.C. provides design loads based on the material in which
the bolts are used.

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

U.RB.C. Analysis
Sec. 2303 FEMA-55 provides recommended reinforcing requirsments for

Chapter 24 areas subject to high winds. The Uniform Bueilding Code requires
Appendix Chapter that en engineer or architect design these concrete masonry piers
4. for any horizoatal loads that it may be subjected to.

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 then providing
prescriptive reinforcing requirements.

U.B.C Analysis
Sec. 2302 FEMA-S5 provides prescriptive reinforcing requirements for

Chapter 26 structures that are subject to high winds. The Uniform Buillding
Code requires that an engineer or arehitect design such structures

with all loads taken into account.

FEMA-5S should require that an engineer or architect design all conerete piers based on the
Joads gencrated by such winds rather that provide preseriptive reinforeing requirements or
provide & reference to a document that does require such centification.



FEMA-55
Figure No. A-2

Concrete Pier -
Cross Section

.
Recomm :

FEMA-55
Figure No. A-3

Grade Beams and
Slabs

Recommendation:

FEMA-35

Tabie No. A-10
Fastener
Capacities in Shear

Recomm 083

FEMA-55
Table No. 11-A

Fasteners for
Breakawsy Walls

Recommendation;

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

| (FEMA-
UB.C. Analysis
Sec. 2303 FEMA-55 provides two diagrams of recommended locations for
Chagpter 26 the reinforcing steel. Alsa, FEMA-55 rccommends the use of No.

3 ties at 16 inches on center as the shear feinforcement for the -
concrete pier. The U.B.C. requires that all concrete picrs be
designed for both flexure and shear stresses.

FEMA-55 should recommend that a licensed engineer or architect design the concrete picr
rather than provide specific design recommendations for all situations or provide a reference to
a document that does require such certification.

UB.C. Analysis
Sec. 2303 FEMA-55 provides a diagram for the recommended lacation of the

Chapter 26 stec] reinforcing in grade beams and other specific design cniteria.

. Also, thia figure contains specific reinforcing requirements for
slabs located in aress subject to these conditions. The Uniform
Building Code requires such structural members be designed by 2
licensed engineer or architect based on the applied loads and

conditions of the site.

FEMA-55 should rccommend that a licensed cngineer or architect should design such members
based on the applied loads and site conditions.

UuBcC Analysis

Sec. 2303 FEMA-55 provides specific shear capacities for nails, screws and
Tables Nos. 24-D- dowel pins. The Uniform Building Code provides specific criteria
1 and 24-D-2 for the design of all fasteners.

Table No. 24-E

Tables Nos. 25-F,
G H,ILLK O, Q.

FEMA-55 should recommend the use of the shear capacity requircmcnl.é in the building code of
that project’s jurisdiction.

U.B.C. Anglysis
Sec. 2303 FEMA-55 provides specific design criteria for the fasteners for

Appendix Chapter
23, Division IV,

breakaway walls. The Uniform Building Code requires that these
breskaway walls be designed in accordance with specific loading
criteria. '

None.



FEMA-S5

Appendix B
Bracing

Recommendation:

FEMA-55

B.1
Knee Bracing

Recommendation:

EEMA-55

B.2
" Truss Bracing

Recommendgation;

FEMA-55

B.2.1
Disgonals

Recommendation;

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

14 A~
UBC Analvsis
Sec. 2303 FEMA-33 discusses the use of pile bracing. The U.B.C. requires
Sec. 2508 and that u lateral resisting pile aystem be designed with wind loads,
2910 water and wave action under consideration.
Appendix Chapter
23, Division IV.

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

UBcC Analvsis

Sec. 2303 FEMA-55 discusses the use of knee braces and the detailing of
Sec. 2908 and same. The Uniform Building Code requires that such connections
25914 and braces be designed by a licenszd engineer or architest with
Appendix Chapter wind, water and wave action under consideration.

23, Division IV.

FEM A-55 should recognize the use of other forms of bracing as well 25 requiring the use of 2
licensed engineer or architect in the design of such & system or provide a reference to a
document that does require such certification.

U.B.C. Analysis

Sec. 2303 FEMA-55 mcommends that truss bracing be designed per the
Sec. 2908 and following sections. The U.B.C. mquires that such a bracing
2910 system be designed by a licensed engineer or architect.
Appendix Chapter :

23, Division IV.

FEMA-55 should require the use of & Licensed engineer or architect to design such a bracing
system or provide a reference o 3 document that does require such certification.

UBC. Analysis

Sec. 2303 FEMA-55 discusses, in general terms, the use of diagonals as a
Sec. 2908 and bracing slement and gives some specific design ezamples. The
291G U.B.C., on the other hand, relies on a design by a2 Heensed
Appendix Chapter engineer or architect rather than specific design criteria.

23, Division IV.

FEMA-55 should rely on the design of a Iieensed engineer or architect or provide a reference
to & document that does require such certification rather than providing specific design criteria.
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iCBO UNTFORM BUILDING CODE (U.B.C.) COMPARISON

EEMA-55

B21.1
Lumber Diagonals

EEMA-55
B212

Thread Bar
Diagonals

Recommendation;

FEMA-55

B.2.2
Struts

uBc Analysis
Sec. 2303 FEMA-SS gives specific design criterid dnd examples for all
Chapter 25 conditions. The U.B.C. requires a design by & licenséd engineer

Scc. 2908 and
2910

Appendix Chapter
23, Division IV.

or architect given the site conditions.

FEMA-55 should rely more on the design of & licensed engineer of architect rather than give
specific design eriteria.

UBC. Andlysia

Sec. 2303 FEMA-55 gives recommendations for specific manufactured
Chapter 27 product as the use of a thread bar diagonal. The Uniform Building
Sec. 2908 and Code requires that thesc diagonals be designed by a licensed

2910 enginser ar architect based on the applied loads and site

Appendix Chapter conditions. '

23, Division IV.

FEMA-5$ should not recommend a specific manufacturer and should rely on the design of &
licensed engineer or archilect or provide a reference to a document that does require such
certification.

UBs.C Analvyjs

Sec. 2303 FEMA-55 provides specific design criteria for struts and makes
Chapter 25 specific manufacturer recommendations. The U.B.C. reliés ona
Sec. 2908 snd design by a licensed engineer or architect based on the implied
2910 . loads and siie conditions.

Appendix Chapter

23, Division [V.

Se: recommendation of B.2.1.2.
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FEMA-53

B.3
Grade Beams

Recgmm 30N

FEMA-55

D.1

Procedure A-1
Downward Loads
per Pile

Recommendation;

FEMASS

D2

Procedure A2
Wind Loads per
Pile

Recommendation:

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

| (FEMA-
URB.C. Anzlvsis
Sec. 2303 FEMA-S5 discusses the at-grade supports of a piling system by
Chapter 26 cenzin materials. The U.B.C. reguires such a design to be by 2
Scc. 2908 and licensed enginecr or architect based on the applicd loads and site
200 conditions. '
Appendix Chapler
21, Division IV.

FEM A-55 should rely upon the design of a Ticensed engineer or architect or provide a reference
to & document that does require such certification.

UBCLC. Analvsis
Chapter 23 FEMA-55 provides & simplistic 2pproach ta calculating the

Sec. 2908-2910. dewnward loads per pile. [k also assumes certain dead and Lve
loads without providing justification for the fgures. The U.B.C.
requires that the engineer or architect base the design dead and
live loads on the vse of the structure.  Also, the load per pile is
based on the tributary ares supported by the pile and & reduction is
given for any group action that may be used in the system.

FEMA-55 should indicate that this is a design example only and not & procedurs to be used for
every situation that may arise.

U.B.C. Analvsis
Chapter 23 FEMA-55 provides a simplistic procedure for the calculation of the

Sec. 2908-2910. wind loads per pile given a specific design sttustion. The U.B.C.
provides two methods, normal foree method and projected area
method for celculating the wind loads on any given building. It
also provides the means for calenlating loads genersted &t roaf
eaves, ridges, overhangs and also on miscellaneous structures and
provides criteria for calculating the loads on lseward elements.

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

DA

Procedure A-3
Minimum
Embedment of
Piles

Recoit ion;

FEMA-55

D4

Procedure A-4
Maximum
Unbraced Pile
Height

Recomm on:

FEMASS

D.5

Procedure A-4.1
Maximum
Unbraced Height
for Piles
Supporting
Breakaway Walis

mm bon:

U.B.C.

Sec. 2908-2910.

FEMA-55 gives the design procedure for two types of piles in two
different types of soil. These procedurés come up with an
embedmient 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 minkmum embedment depth of piles.

FEMA-5S 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. 1508-2910
Appendix Chaprer
23, Division V.

Analysis

FEMA-55 provides design cquations for the calculation of
moments duc to wave, current, debris impact and wind forces
which ultimately lcads to the allowable bending moment of piles
and thén 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 estabiished by an investigation of the
conditions at the site.

FEMA-55 should indicate the soufce of the equations used for the forces calculated.

U.B.C

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

Analysis

FEMA-55 provides a means of calculating the unbraced height for
piles that support breakaway walls. The Uniform Building Code
requires that the structural system be designed in accordance with’
well established engineering principles with hydradynamic and
hydrosumc loads being considersd. The required loading should

be eatablished by an investigation of the conditions at the job site
or by approved nationsl standards.

See the recommendation for .4, Procedure A-4.
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FEMA-SS

D&
Procedure A-S
Wall Uplift Loads

FEMA-S5

D.7
Procedure A-6
Pile Uplift Loads

Recommendation:

FEMA S5

D.E

Procedure B-1
Horizoatel Water
Lozds per Pile

Recommendation:

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

i (FEMA-.
UB.C Analysis
Chapter 23, FEMA-55 provides an example of 2 method of caloulating wind

genermied uplift leads in the walls of 8 building given specific
design criteris. The U.B.C. requires that a licensed enginser or
architect consider all of the loads generated by wind forces,
including uplift forces, in the design of the struchure.,

FEMA-55 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 zll
situations.

LLB.C. Analvsis
Chapter 23. FEMA-55 provides an example of a methad of caleulating the

uplift loads generated by wind forces per pile. The U.B.C.
requires that a Lieensed engineer or architect design the piling
system for wind generated uplift loads depending on the design of
the structure and the site conditions. *

FEMA-55 should require that a licensed engineer or architect design the structure with all loads
under consideration or provide a reference to a dacument that does require such certification.

It shouid also indicate that this is & design exampie which may not be appropriate for all
situations. '

LB.C. Analvsis
Appendix Chapter FEMA-55 provides & method of caleulating laters] loads due to

23, Division I¥. wave, current drag, debris impact forces on each pile. The
Uniform Building Code requires that the piling be designed in
accordance with well established engineening principles and with
hydrodynamic and hydrostatic Ivads under consideration. The
required loading should be established by an investigation of the .
site conditions or approved national standards.

FEMA-55 should require that & licensed engineer or architect consider these forces in the
design of the building or provide a reference to a document that does reguire such certification.
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Ma_lg_si_s

FEMA-55 has a bricf description of a procedure to evaluate any -
loads.resulting from jateral forces which may be transferred to
horizontal or diagonal bracing members. The U.B.C. requires that
» compiete load path be identified and designed for both lateral
and vertical loads.

See the recommendation for D.8.

FEMA-35 UB.C

D.9 Chapier 23
Procedure B-2 Appendix Chapter
Loads Transferred 23, Division IV,
to the Foundation

Truss Members

Recomm ion;

FEMA-SS UB.C
Appendix G.2 Sec. 102.
Purposc

Recomm on: Mone.

MA-55 U.BC.
Appendix G.2 Sec. 103,
Scope

o bon;

Analysis

FEMA-55 recommends that this sample Coastal Construction Code .
supplement the local building code with the more restrictive
requircments governing. The purpose of the U.B.C. is to provide
minimum standarda for the protection of property and public
welfare for all buildings within the local jurisdiction.

Analxm

Scope of FEMA-S5 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
sctms to include both commercial and industrial buildings. The
scope of the U.B.C., on the other hand, includes ali buildings and
miscellaneous structures within the authority of the local building
official.

FEMA-55 should include, within the sampie Coastal Construction Code, any other uses which
may be subjected to these kinds of conditions.
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oastal Cons

EEMA-SS

Appendix G4
Definitions

Recommendation;

EEMA-55
Appendix G .5

Elevation
Standards

Recomm fion:

EEMA-55

Appendix G.6
Loading Forces

Recommendafion;

ICBO UNIFORM BUILDING CODE {U.B.C.} COMPARISONM

nual (FEMA-

Chapter 4

Chapter 23
Appendix Chapter
23, Division IV,

Analysis

The definitions found in the sample Coastal Construction Code in
FEMA-55 are strictly velated 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 thosc arc compatible with
the Uniform Building Code. However, the definition of "grade™ is
in conflict with ¥.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.

FEM 4-55 should develup language that correlates the definition of “grade™ with the U.B.C.,
such as replacing the term "adjoining” with a specific distance at which point the measurement

is taken.

UB.C

Appendix Chapter
23, Division IV.

MNone.

UB.C.
Chapter 23

Appendix Chapter
23, Division [V.

None.

Analysis

FEM A-55 has a provision in this section where 2 setback can be
catablished, where within zame, no new construction or substantial
improvements are allowed. Also. ail rew comstruction or
substantizl improvements in this provision must have their lowest
horizontal structural member supporting the elevated floor at or
sbove the base flood elevation. The U.B.C. does not establish a
setback where construction is not allowed. [t requires that ali new
construction or improvements hawe the lowest harizontal structural
member at or above base flood efevation.

Analysis

FEMA-SS recommends that the structural design in coastal high-
hazard aress comsider the effects the wind and water loads acting
simultancous during & base flood on all building components. The
U.B.C. states that the structural system shall be designed in
accordance with well sstablished engineering principles with
hydrodynamic and hydrostatic loads under consideration and that
the required loading shall be established by an investigation of the
conditions &t the site or approved rational standards.
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oasta_l

FEMA.-55

Appendix G.6.1 .. .

Water: Loads .

Recomm tion;

EEMA-3S

Appendix G.6.2
Wind Loads

FEMA-S5
Appendix G.7

Foundation
Standards

R o 'H

FEMA-55

Appendix G.7.1-

Pile Foundmon :
Design -~ =5
Recommengation;

' ... Appendix Chapter
.23, Division

24and 25, o

UB.C.

 Sec. 2908:2910 -

UB.C.

- t.lut th_e tguctural syst.e bha 1gnod in accordancc with well
S eauhhshed enginecring pnncrp es and with hydrodynamic and
. hydmsuu:: ioads under consideration and that the loading shal! be
established by an investigation of the site conditions or approved

.. nationa| standards.

- Nong.
UB.C. alxsis
Chapter 23 FEMA-55 recommends that all byildings be designed to resist
Appendix Chapters wind load pressures based on ANSI Standard A 58.1- 1982." Thc
o Um{orm ‘Building Code requires that all buildings be desngncd and,,‘_

R T eLaLied: i wmd pressures and mclu
e u,-_numbcr o,f the prov:smns from the ANSI Standard.

- FEMA-S5.should include.the latest gdition of ANSI Standard A 58.1 which is now ASCE 7-88.

uBC. Analysis

Chapter 29 FEMA-55 requires that all structures: built in the coastal high: .

hazard area be designed and detailed to resist latcral Torbes due 16"

Appendix Chapter

‘23, Division [V. 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

= FEMA-SS has some sppmﬁc desngn cnu:na far pile. foundauon S
.. The:U:B.C. requires that.the structural system, in this cass the pnle
;- foundation, be designed in accordance with well established
: -engineering principles and take into consideration hydrodynarmc
- -and hydrostatic loads. Alsc, the required loading and dcslgn shall
be.cstablished by an investigation of the site conditions or
. - approved national standards..

FEMA-55 should include a provision for soil investigations to. determine the site soil..-
conditions. ' ;
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FEM&-55
Appendix G.§

Anchoring
Standards

Recommendation:

FEMA-S5S
Appendix G.8.1

Connectors and
Fasteners

Recommendatiog:

U.B.C.

Chapters 24, 26
Appendix Chapter
23, Division V.

None.

UEB.C.

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

Anglvais

FEMA-55 briefly discusses the usc of masonry piers and paured-
in-place concrete piers and requires that they be reinforced to
resist both vertical and lateral laads and be intcrconnected. The
Uniform Building Code bas specific design criteria for such piers
and also requires that they be interconnccted.

Analvsis

FEMA-55 requires that the entire structural system be tied together
to prevant flotation collapse or a permaneat lateral movement due
to & base flood event concurrent with the one-hundred-vear design
wind velocity. The U.B.C. reguires that the structural system of a
buildixg or structure shall be tied together to resist the flotation,
collapse, or permanent laterz] movement due to loads to flacding
equal to the base fiood elevation. Another provision requires that
the structure be designed and tied together to resist basic wind
speeds from 80 to 110 miles per howur.

The UI.B.C. should consider one-hundred-year design wind velocities concorrently with the base

floor elevation forces.

Sec. 2510
Appendix Chapters
24 ard 25,

None.

Analvsis

FEMA-55 requires that these conrections be adequate for the laads
applied and also, if exposed, shall be protected zgainst corrosion.
The U.B.C. also requires that connections be adequate for the
applied loads and slso be corrosion resistant if exposed to a
corrosive environment.
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FEMA-55
Appendix G.8.2

Beam to Pile
Connections

Recommendation;

FEMA-55
Appendix G.8.3

Floor and Deck
Connections

Recommendption;

FEMA.SS
Appendix G.8.4

Exterior Wall
Conne_cl.ions

FEMA-35
Appendix G.8.5
Ceiling Joist and
Rafter Connections

Recomm iom:

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

U.B.C. Analysis

Sec. 2510 FEMA-55 has design requirements for specific beam to piie
Appendix Chapter connections with no consideration for other possibly structural
23, Division V. adequate connectors. The Uniform Building Code requires that

theac connections be designed by a licensed engineer or architect
bascd on the applicd loads, but does require that any coanectars
that are exposed to corrosive environments be protected.

FEMA-5S should allow for other structurally adequate connections.

UBC. Analvsis
Chapter 25. 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.

‘ U.E.C. alvsis

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 1o -

_support the applied loads.

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

UB.C. A.na!xs.‘;s

Sec. 2303 FEMA-55 requires that the roof framing and ceiling be designed in
Sec. 2510 such @ manner as to provide a continuous lie across the rafters and
Appendix Chapter thet an adequate connection to the exterior walls be provided. The
23, Division IV, Uniform Building Code requires that these connections be designed

by a licensed engineer or architect for the appiied loads.

FEMA-55 should recognize other types of systems which may provide this continuous tie.
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Recomm

FEMA-SS

Appendix G.8.9
Roof Sheathing

Recommendation:

FEMA-55
. Appendix G.10

Protection of
Openings

Recommendabion:

UBC.

Chapter 23

Sec. 2510
Appendix Chapter
23, Division IV,

Analvsis

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 & Hcensed
engineer or architect.

FEMA-5S should require that all projecting members be designed by a licensed engineer or

architect.

LE.C.

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

Anslysis

FEMA-35 has specific design criteria for roof sheathing on
buildings in the coastal high-hazard arcas 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.

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

zrchitect.

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—SS
Appendix G. 11
Use of Space

B:ch!w the Lowest
Elevated Floor

Rgcommendgm' 1%

EE Q-SS
Appcndl.x G.11.1

Breakawny Wal_l
Design

Recommendation:

Appendix G.11.2

Centification of
B__mkn_wa)j Walls

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

U.B.C.

Appendix Chapter
23, Division IV.

algsis

FEMA—SS requires that all new construction and substantial
unprovements within the coastal I'ugh-hazard zonc ‘must have the
space below the base ﬂood elcvanon free of obstrucuon or”
construcu:d with breaknway walls Enclosed space. may be used
on]y for vehicuiar parking or access to the buddmg The U.B.C.
mqmres that the space beiow the base flood elevation in coastal
high- -hazard zones be free of obstrucnon ‘éxcept that it allows the
storage of portable or mobile items that can be movcd in the event
of a storm o be located below the lowest floor as well as stairs
and entmnccs required to access the bu1ldmg ‘

FEMA-55 should not allew enclosed space for vehicular parkmg unless it is provided by
breakaway wa.lls and shouid n:cogmzc that portable or tcmporary storagc of Ilcms can be

located mere

UB.C.

Agppendix Chapter

23, D_iv'g:lion v.

None.

UB.C.

Appendix Chapter
23, Division IV.

M_glx_sis

FEMA-55 requires that breakaway walls be designed for loads as
dcalgnawd by the Junsd:cuon and gives some design
recomincndations for the design ‘of the' pxlcs that support the
bmknway walls. The Uniform Building Codc requires that
breakaway walls be designed for specnﬁc eriteria and includes
lhuc Toads in Ihc dcs:gn af thc pxle systcm

FEMA-S55 allows the use of breakaway walls designed for greater
loads than twenty pounds per square foot if designed by a licensed
;rchltect or engineer. ‘The Uniferm Building Code does not allow
the use of: breakaway walls that are demgncd above twenty pounds
per square foot.

The Uniform Building Code shouid recognize that the design of breakaway walls with a thhcr
loads com:d:red may be appmpnatc under cenam cm:umstanccs
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ogstal

FEMA-55

Appendix G.12
Utilities

FEMA-S5

Appendix .13
Cerntification

Recommy son:

EEMA-S5

Appendix G.14
Reference
Documents

Recomm. H

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

UB.C.

Appendix Chapter
23, Division IV.

None.

LEC

Sec. 2303

Appendix Chapter
23, Division IV,

Analysis

FEMA-55 requires that all machinery servicing the building be
clevated at or above the base flocd clevation (BFE) or that any
system befow the BFE be provided with protection from water
penetration. The U.B.C. requires that rew or replacement utifities
that service the building be placed above the base flood elevation
or protected against water penctration.

Analvsis

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 &l such structures be designed and detailed by 2 licensed
engincer or architedt.

FEM A-55 should require a design by a licensed engineer or architect or provide & reference to
4 docurnent that does require such certification.

LBC.

Chapter 23
Appendix Chapter
23, Division [V
Appendix Chapiers
24 and 25.

None.

Analysis

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 nationa] standards.
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FEMA-54 -

Pasts

Recommendation:

MA-54

Post Embedment

Recommen :

EEMA-54

Past Anchorage

Recommendation:

FEMA-54

Piers

Recommendation;

" Sec. 2908-2910

Appendix Chapter
23, Division TV.

None.

U.B.C.

Sec. 2507

See. 2516

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

algsxs
FEMA-S4 dlscusscs gcncrally the Use and des1gn of post

foundanons Thé Uniform Bunldmg Code gives specific design
crilenia for such foundations.

Analysis

FEMA 54 ducusscs some general codistruction prictices for post
foundauons Thé Uniform Building Code tequires a design by a
licensed engineer or architect and prov:des specific design cntena
for tiése foundations.

FEMA-54 ;hdqlﬂ recommend the use of a sails investigation report by a licensed soil engineér
in the design of the foundation system.

Uu.B.C.

Sec. 7510

Sec. 910
Appendix Chaptet
23, Division IV
Appendix Chapter
s,

MNone.

UBcC.

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

None.

Anaix"g"i's
‘FE'MA-SII recommends thé anchorage of posts to the foundation.

The U.B.C. requires that such cdnnections be designed by a
licerised engineer or architect with all applied loads considered.

Analysis
FEMA—54 discusses, in general terms, pief foundations in areas

subject to flood events. The Uniform Building Code has specific
design criteria for pier foundations in these same arcas.
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Elevated Residentipl Siryctures (FEMA-54)

FEMA-54 L.E.C

Brick in Concrete Sec. 2403-2409

Masonry Piers Sec. 2907
Appendix Chapter
23, Division IV.

Recommendation: None.

EEMA-S4" UBC

Concrete Piers Chapter 26
Sec. 2307
Appendix Chapier

Recommendation;

EEMA-54

Pier Footings

HEecommendation;

FEMA-54

Shear Walls and
Diaphragms

Recomm fon;

23, Davision [V.

Analvsis

FEMA-54 discusses, in geaeral terms, the design of brick in
concrets masonry piers end recommends thar the long dimension
of the pier be placed parzllel to any anticipated flood flow. The
Uniform Building Code has specific design criteria for the use
these masanry pier foundations of brick i conerste in A Zones,
but has no requirement for the placement of these piers peraliel o
any anticipated flood flow.

Anajysis

FEMA-54 discusses, in general terms, piers 2 a foundation system
and gives recommendations as to their use. The Uniform Building
Code has specific design criteriz for concrete pier foundations
given the appiied loads and seil conditions.

FEMA-54 should recommend the use of & soils engineer and soils in#cs:igatian report in
determining the best type of foundation.

UB.C.

Chapter 2%
Appendix Chapter
23, Division IV.

Mone.

UB.C.

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

Mone.

Analysis

FEMA-S4 discusses, in general terms, the sizing of pier foctings
in the foundstion system and gives z recommendation that 2 soils
cngineer be cansulied prior to the design of such & footing. The
Uniform Building Code has specific design eritenia for the design
of the footings and smbedment and reguires & soils investigation.

Analysis

FEMA-54 discusses, in general terms, the use of wood shear walls
and wood floor diaphragms to transfer any horigonial 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 a5 a bracing system and does not exclude the use of
other materisls such as masonry or concrele shear walls.
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Aﬁé_lgsis

FEMA-54 U.BC.

Pier Foundation Sec 2303 FEMA;54.rbcq;nrﬁmds céﬁai_h;.p'ici: foundation cpnn'a‘ct'ipns 'a_:n,d

Corinections Sec. 2615 gives some apecific design ériterid. The U.B.C. requires that
Sec. 2907. these. connections be designed by & licensed engineer or aichitect

for the applied loads.

Recommendation: As these are very important connections, it is recommended that FEMA-54 recommend the use
of a liccneed engineer or architect in the design of these connections and that it should
recognize that other connestions may be more adequate for the same purpose.

EEMA-54 UB.C. Analysis

Floor Beams Chaptm:' L3 FEMA:S54 discusses, in general Lerms, the different sizes and types

: of fioor beams used in construction of residential structures and
gives some gcncnl dcslgn recommendations. The Uniform
Building Code r:qu:.rcs that floor beams be designed for the
applied loads by a licensed engincer or architect and that they meet
specific design criteria. :

Recommengdition: FEMA-5¢ should recommend that these members and any gplices of somé be desigried by a
licensed engineer or srchiteet.

FEMA-S4 UB.C Analysis

Cantilevers _ Chipter 15_' FEMA-54 discusses, i general terms, the use of a cantilevered.
Chapter 29. ~ fioor ared to reduce the number of piles in the foundation system

" The U.B.C. requircs that a pile foundation system be design by 2
licensed engineer or architest for the applied loads.

Récommendation; None.

FEMA-54 UB.C. Analysis

Floor Joist/Floor Chapter 25 B FEMA-54 recommends that 8 positive confettion be developed

Beam Connections Appendix Chapters betweén the first flodr joists and the floor beams supporting them

' 23, 24 and 25. and discusses, in gencral terms, the usage of straps as the
connection. The U.B.C. requires that approved anchors be
installed to provnde a continuous tie from the rodf 1o the
foundation system and that these connectians be designed by a
licensed engineer or architect.

R mengdation: FEMA-54 should recommend the use of a licensed engineer or architect in the design of a

substantial conmection.
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Elevated Residenth

EEMA-54

Figure No. 4 48
Protected Utdity
Shaft

Recomm ion:

FEMA-54

Mechanical
Equipment

Recommendation:

FEMA-54

Septic Tanks

Recommendation:

FEMA-54

Building Materiais

Recommendation:

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

(FEMA-54

UB.C.

Appendix Chapter
23, Division IV.

U.pC.:
Sec. 315 {e).

None.

UB.C.

Appendix Chapter
23, Division [V.

U.pC:
Sec. 315 {e).

Mone.

UB.C.

Appendix Chapter
23, Division IV.

UP.C.:
Sec. 315 (e).

Mone.

UE.C.

Chapters 24, 25,
26

Appendix Chapter

23, Davision [V

Analysis

FEMA-54 provides 2 diagram of 2 recommended protective utility
shaft. The Uniform Building Code requires that mechanical and
clectrical systems be either placed above the base fload elevation
or protected to prevent any water from entering the system’s
components during & flood event.

Analysis

FEMA-54 discusses the clevating of all mechanical equipment
above the base flood elevetion and the pretection of same due to a
flood avent. The Unifarm Building Code requires that all
mechanical equipment either be placed above the base {loor
clevation or protected against a flond event.

Analysis

FEMA-54 discusses the protection of septic tanks dunng a fleed
event. The Uniform Building Code reguires that such equipment
be protected to prevent water from entering or aceumulaling within
the tank.

Analysis

FEMA-54 discusses, in general terms, the protection of different
types of building materials from & corrosive environment. The
Uniform Building Code requires that materials in corrosive
environments be protecied In an approved manner.

FEMA-54 should not recommend that the designer use specific mamufacturers or industrial
groups for the protection of their products. The wording should be in general tenms.
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Elevated Residentia] Structyres (FEMA:-54

FEMA-54 U.B.C.

Waood Chapter 25 .
Appendix Chapter

Recommendation;

EEMA-54

Stecl

Lsmdsm&

FEMA-54

Conerete and
Masonry

Recommendation:

FEMA-54

[ngulation

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

22, Division V.

Ana_ixsis

FEMA-54 discusses, in gencral terms, the treaiment of wood 1o
protact 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 shouid not recommend that a designer seek the guidance of a specific manufacturer
of preservative in the guidelines. The terms should be more general. :

UB.C.

Chapter 1
Chapier 27
Appendix Chapter
23, Division IV.

Analysis
FEMA-54 discusscs the protection of steel structural members that
are exposed to & corrosive environment. The U.B.C. does not
have a specific requirement for the protection of steel. Rather, it
requires that a structurc be maintained in a safe condition which
also has been interpreted as being protected {rom corrosive
environments,

The U.R.C. should address the protection of steel structural elements specifically in Appendix

Chapter 23, Division IV,

UB.C

Chapter 24
Chapter 26
Appendix Chapter
23, Division IV.

~ Analysis

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
comosive environments. The Uniform Building Code has specific
design criteria for the use of chemical admixtures in reinforced
concrete and masonry construction.

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

Sec. 1714

Appendix Chapter
23, Division TV,

None.

ﬁgalx' gis

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.
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FEMA-S4

Glossary

FEMA-54

Performance
Criteria

Recommendation:

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

MA-

Chapter 4
Appendix Chapier
23, Dvisien IV.

Nene.

UERB.C

Chapter 1
Chapter 4
Chapter 23
Chapter 29
Appendix Chapter
23, Divisien I¥.

Analysis - .

FEMA-54 goes into much greater dewail in defining the terms used
in flood-resistant construction. The Unifarm Bueilding Code goes
into much less detail in these defimitions and only classiftes the
hazard zonea into fwo zones, A Zones and ¥V Zanes.

Analysis

FEMA-54 identifies and defines loads which buildings may be
subject ko during a floed event and then provides three siandards to
which a building may be designed to. The U.B.C. has these
different load definitions, howewver, the specific water loads and
soil loads are left to the design of the enginesr. Also, the U.B.C.
has only one standard which the building can be designed o and
that is the prescribed code requirements in this document.

Mone. Both documents serve different purposes,
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FEMA-114

3.5
Foundation Walls

Recommendation:

EEMA-114

3.12
Extended Wall
Foundations

FEMA-114

313

Anchorage of
Super-Structured
Foundation

UB.C

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

Mone.

U.B.C.

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

Analysig

FEMA-114 discusses the protection of a structure by elevating it
above its original foundation dind the various methods of achieving
that. The Uniform Building Code provides design criteria for the
design of such elevated structurcs. However, it is only required

that these buildings be elevated above the BFE,

Analysis

FEMA-114 discusses, in general terms, the design of extended
reinforced concrete masonry and reinforced concrete exiended wall
foundationa and provides some recomnmended construction
practices as well as reference to Appendix € 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.

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

within that portion of text.

UB.C.

Chapter 23

Sec. 2510

Chapter 29
Appendix Chapter
23, Division IV
Appendix Chapters
24 and 25,

Anglysi

FEMA-114 provides a good discussion on the anchorage of
exterior walls and floor diapliragms to the foundation system.
Also, a number of details are pravided to assist in the construction
of such an anchor. The Uniform Building Code requires that these
conriections be provided and that a licensed engineer or architest
design such connections given the applied loads on the building.

FEMA-114 should reférence the latest edition of the ACI Standard 318.
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Retrofitting Flood-Prone Residential Structures (FEMA-T14)

FEMA-114

314
QOpen Foundations

Recommendation:

FEMA-114
6.2

Fiood Wall
Considerations

Recommendation:

FEMA-114
6.3

Techniques and
Materials

Recommendation;

UBC. Analvsis

Chapter 23 FEMA-114 discusses. in general terms, the vse of piers. columns
Chapter 24 and ptles as 2 foundation system in flood-prone areas. The
Chaper 25 Uniform Building Code requires that piles or columns be used in
Chapter 26 V Zones only and gives specific design criteria for the use of
Chapter 29 same.

Appendix Chapter

23, Division IV

Appendix Chapters

24 and 25.

FEMA-114 should discuss the use of 2 seils engineer and soils report in determining the
embedment length of piles and the soil-bearing pressure in floed-prone areas.

UB.LC. Analysis
None. FEMA-114 discusses the use of fiood walls m the protecticn of

residential structures. The U.B.C. requires that such buildings are
tlevated above the base flood elevation ard has no provisions for
such retrofitting of existing residential structures.

It i5 recommended that the U.B.C. develop some provisions for the retrofitting of existing
buildings or at least refer to approved national standards.

UB.C Analysis

Chapter 23 FEMA-114 discusses the different 1ypes of flood walls and the
Chapter 24 materials wsed in their construction. The U.B.C. provides specific
Chapter 26. design criteria for the materials used in walls.

None.
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FEMA-114

6.5
Technicel Design
Criteria

-

Recommendation;

FEMA-114
1.2

Closure
Considerations

Recommendation:

FEMA-114
7.3

Low Profile
Closures

FEMA-114

7.4
Closure Materials
and Construction

UB.C.

Chapter 23
Chaper 24
Chapter 26
Chapter 29.

Ana]zsis .

FEMA-114 discusses specific design criteria for the materials used
in ﬂood walls and prov:des specific references to ACI Standards.

It also provides a good discussion of the adequacy of the sail at the
site to bear the applied loads. The U.B.C. provides specific
deaign criteria for the design of walls, and also, requires that a
soils investigation be done under specific conditions.

FEMA-114 shouid recognize the authority of the local building codes, rathe-r than recommend
the usc of standards which may not be recognized by the jurisdiction.

UB.C

Appendix Chapier
23, Division IV.

Mone.

UB.C.

Appendix Chapler

23, Division IV.

Nane.

U.VEI.C.

.Cﬁapter ]

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

None.

nlxsis

FEMA-I 14 discusses the closure of any openings in either flood
walls or exterior walls of & building and recommcnds that a
professaonnl engineer be consulted for the design of such closures.
The U.B.C. requires that openings below the base flood clevation
shall be provided with water-nght closures designed to withstand
the applied loads.

FEMA-114 discusses the use of low profile, permanent closures
amund openings which may be below grade. 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.

Anai!sis

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.
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id

Ma-11

FEMA-114

1.6

Technical Design
Cntena for
Closures

Recommendation:

EEMA-114
82

Sealant
Considerations

Recommendation:

FEMA-114

£3
Sealing Techniques

Recommendation;

FEMA-114

4
Closures

Recommendation:

U.B.C.

Chapter 23
Chapter 25
Chapter 27
Chapier 28
Appendix Chapler
23, Division [V.

Anslvsig

FEMA-114 provides 2 method for calculating patential flood
forces. The U._B.C. recomumends the use of well-established
engineering principles andfor approved national standards and
provides the allowable stresses for such materizls used.

FEMA-114 should recognize the authority of the local building codes in determining the
allowable siresses for such matenals.

UB.C

Sec. 1708
Appendix Chapter
23, Division IV.

Analysis

FEMA-114 discusses the problem of sealing differsat types of
walls from water penetration. The U.B.C. requires that such walls
be designed to withstand hydrostatic and hydrodynamic loads
during the oceurrence of flooding, but not necessarily o resist the
penetration of the water due to the flood event. it does. however,
address the sealing of apenings in walls below the beass fload
elevation.

Both the U.B.C. and FEMA-114 should develop some language 1o address acceptable water

penctration.

UBC.

Sec. 1708

Appendix Chapter
23, Division IV.

None.

LB.C

Appendix Chapter
23, Division IV.

Mone.

Analvsis

FEMA-114 discusses severz] 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 walis be
weatherproofed to protect the interior finish of the wall.

Analysis

FEMA-114 discusses a few scaling techniques for lzrger openings
such as windows and doors. The U.B.C. requires that openings
below the base Hood elevation shall be provided with water-tight
closures designed to withstand the appliad loads.
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8.5
Design Details

FEMA-114

8.7
Technical Design
Criteria

FEMA-114

9.4
Permanent
Protective
Measures of
Utilities

FEMA-114

9.5
Utility Relocations
to Existing Space

ICBO UNIFORM BUILDING CODE {U.B.C.} COMPARISON

UB.C.

Appendix Chapter
23, Division V.

None.

U.B.C.

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

EMA-114

Mﬁw /81

FEMA-114 recommends that all walls subject to flood walers be
designed for hydrodynamic, hydrostatic and impact loads due to
the flood event. The U.B.C. also reguires that such wails be
designed to withstand the same applied loads.

Analysis

FEMA-114 discusses the use of the materials in the structural
analysis of walls that are subject to hydrodynamic, hydrostatic and
impact loads. The U.B.C. has specific design criterta for the use
of such materials end requires that they are also designed for these
same appiied loads. SR

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

UB.C.

Appendix Chapter
23, Division IV.

U.P.C.
Sec. 315 (¢).

None.

UBcC

Appendix Chapter
23, Division IV.

upbC.:
Sec. 315 (e).

None.

Analxs_is

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 eithier be placed above the base flood ¢levation or
protected to prevent water from entering or accumulating in the
system due to a flood event.

Analysis

FEMA-114 discusses methods of protecting different utilities from
flood events using existing space within the structure. The U.B.C.
just requires that new or replacement electrical and mechanical
equipment be ¢ither placed above the base flood elevation or
protected to prevent water from entering the systermn.
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FEMA-134

9.6
Utility Relocations
to New Space

Recommendation;
FEMA-114
9.8

Storage Tank
Anchorage

Recomm SOIL:

FEMA-114

104
Floating Structures

Recommengdation:

FEMA-114

Appendix C
Forces

Recommendation:

Appendix Chapter
23, Division IV.

U.PC.:
Sec. 315 (g).

Mone.

Mone.

Mone.

LB
Chapter 23

Appendix Chapter
23, Division I¥.

Naone.

Anaiysi

FEMA-114 discusses the protection of utilities by relocating them
to new additions that are above or protected from the base fleod
event. The Uniferm Building Code just requires that new or
replacement electrical and mechanical equipment be either placed
above the base flocd clevation or protected 1o prevent waler from
entering the system.

Anaiysiz

FEMA-114 discusses methods of anchoring fuel tanks in the event
that the buoyant force may lift the tank during a flocd event. The
Uniform Building Code does not regulate such structures.

Analvsis

FEMA-114 discusses an unusual method of ﬁamd-pmaﬁng 2
structure by allowing it to nsc or fall with the Aood watars. The
Uniform Building Code does not allow such a situarion.

Analysis

FEMA-114 discusses the methods for caleulating 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
sit= conditions for hydrasiatic, hydrodynamic and impact loads, bt
has a specific methedology for calculating wind lfoads.
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Contingent Flood
Proofing Measures

Recomm H

F.1 :
Flood Shields

Recommendation;

EEMA102

F.2
Watertight Doors

n . m . » -
FEMA-1I
F.3
Moveabie Flood
Walls

m son:

LBC.

23, Division IV.

" None.

UBC.

Appendix Chapter
23, Division IV.

None.

U.B.C.

Appendix Chapter
23, Division IV.

None.

UBC.

Appendix Chapter
23, Division IV,

MNone.

FEMA-102 discusses the different types of flood proofing
meéasures 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.

Analysis

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 thic base flood elevation be
provided with watertight closures.

Analysis’

FEMA-102 discusscs 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. :

Am!.ggj s

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

C-52



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

Elevation Non-Fill

Recomm: jon:

FEMA-102

c.2
Posts

Recommendation:

FEMA-1072
Figure No. TI-7

Pile Characteristics
and Pler Walls

FEMA-102
Table No. II-1

Reqguirements for
Reinforced Plers:

Recomm oD

U.B.C.

Chapter 25
Appendix Chapter
23, Division TV,

MNone.

U.B.C.

Appendix Chapter
23, Division I¥.

Mone.

UE.C.

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

Analysig -

FEMA-102 discusses the use of fill material to clevate a structure
above the basc flood elevation and provides some design
recommendations. The U.B.C. requires that fif] can oaly be used
as an elevation technique in the "A™ Zones.

Anafysis

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

Analysis

FEMA-102 discusses the general characteristics of piles znd pier
walls and their advantages and disadvantages. The Uniform
Building Code provides specific design criteria for the design of
piers and picr walls, but relies on the design of 2 licensed engineer
or architect.

FEMA-102 should recommend that # licensed enginecr or architect design the structure.

UEBC

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

Analysis

Table No. -1 of FEMA-102 gives some minimum design
requirements for the construction of reinforced piers. The U.B.C.
has specific design criteria for the use of reinforced piers and
relies on the design of & licensed engincer or architect.

FEMA-102 should rely on the design of a licensed engineer or architect for the use of

reinforeed piers.

C-53



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

FEMA-102

C.6
Maintenance

Recomm

FEMA-102

E.1 and E.2
Waterproof Walls

Recomm tion:

=10

D3sand D.4
Concrete Slabs

Recommendgtion;
- FEMA- 102

D.5

Waterproofing

Recommendation:

Chapter L.

None.

U.B.C.

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

Analysis

FEMA-102 recommends the regular maintenance of those
structuril elements thit are ¢xposed to flood events. ' The' Uniform
Building Code requires that all buildings and structures be
misintained in 4 safe and sanitary condition.

Anialysig

FEMA-102 discusses the use of différent building materials in the
cofistiliction of waterproof walls and gives some simple design
tecommiendstions. The Uniform Building Code has specific design
criteria for the use of these construction materials.

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.

Chapter 26

Chapter 29
Appendix Chapter
23, Division IV.

Analysis

FEMA-102 discusses, in general térms, two methods of resisting
uplift forces in corcrete slabs due to a flood event and provides
design recommendations as to the relief of such uplift forces. The
Uniform Building Code provides specific eriteria for the design of
suchi slabs a5 well as requiring that they resist upliff and buoyancy
type forces.

FEMA-102 should recognize the autherity of the local building code in the design of suck

structural elements.

U.B.C

Sec. 1714
Chapter 24
Chapter 26
Appendix Chapter
23, Division IV.

None.

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.
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FEMA-102
D&

Watertight Cores

Recommendstion:

FEMA-102
B.7

Closures and
Flood Shields

Recommendation:

EEMA-102

E.5
Flood Walls

Recommendation;

FEMA-102
ET

Flood Wall
Maintenance

Recommendation:

None.

None.

usec

Appendix Chapter
23, Division I¥.

Mone.

UB.C

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

pod Environments (MCRRB]

Analysis

FEMA-102 discusses the waterproofing of intericr walls when
such waterproofing of exterior walls is not feasible. The U.B.C.
has no provisions for this.

Apnalysis

FEMA-102 diseusses the use of closures and flood shields as a
means of protecting openings below the base flood elevation and
provides several detsils for different types of openings. The
Uniform Building Code requires that openings below the base
flood elevation be provided with a watertight closure.

Ansglvsis

FEMA-102 discusses the different types of foed walls that can be
used to protect structures from flood events and gives some
general design recommendations. The U.B.C. provides design
eriteria for the design of flood walls. given the applied joads.

FEMA-102 should recommend the wse of a scils engineer in the design of sueh walls apd

lavess.

UBC

Chapter 1.

None.

Analysis

FEMA-102 recommends regular inspection and maintenance of
flood walls and ievees to maintain thelr structurai integrity. The
Uniform Building Code requires that e[t buildings and structures
be maintained in & safe and sanitery condition.
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Appendix B
- Glossary

..
Recomm H

FEMA-102

B
Design Loada

FEMA-102

Criteria

Recommendation:

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

UuB.C.

Appendix Chapter
23, Division IV.

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

None.

U.B.C

Chapter 4

Appendix Chapter -

23, Division IV.

None.

UBC
Chapier 23

Appendix Chapier
23, Division IV,

None.

UB.C,

Chapier 23
Appendix Chapter
23, Division IV.

Environments. MCRB

Analysis

FEMA-102 discusses & number of the techniques for the flood
proofing of utililies associated with nonresidential structures. . The
Uniform Building Code requires that such utilitics be either placed
above the base flood elevation or protected to prevent waler from
entering within the system. )

Analvsis

All of the terms found in the glossary of FEMA-102 are related to
flood proofing of structures or flood pigin management. The
Uniform Building Code’s definitions aré much more general in
nature and terms that are not found within are referenced to the
definitions found in Webster's Third New Internarional Dictionary
of the English Language Unabridged, Copyright 1986.

Analysis

FEMA-102 provides a general definition of the design loads that
may occur on a structure located ini 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 evénts. Those are referenced to
either well-established engineering principles or approved national
standards. .

Anslysis

FEMA-102 recommends specific design criteria for the structural
analyzis of clements that are cxposed to waters gericrated by a
design flood event. The Uniform Building Cade has specific

design criteria for all structures, however, for the loads generated

by & design flood event, it references well-established engineering
principies in approved national standards for the design of such
structures.

FEMA-102 should recognize the authority of the loca) building code in this section and include
that in the recommended design of these clements.

C-56



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

Chapter 1T
Elevation and
Anchoring
Techniquea

R m n:

FEMA-85
Chapter IV

Design of Elevated
Foundations

FEMA8S
Appendix D

Calculation
Procedure

Recomm ion:

Chapter 23 FEMA-85 discusses 8 number of techniques of elevating and
Chapter 24 anchoring manufactured homes in areas that are subject to flood
Chapter 25 events. The Uniform Building Code has specific design criteria
Chapter 26 for the design of most of these methods of elevaling or anchoring a
Chapter 27 manufactured home, However, some of the metheds would have
Chapier 2% to rely on the discretion of the building official.

Appendix Chapter

23, Division TV

Appendix Chapters

24 and 25,

FEMA-85 should discuss the authority of the Iocal building code in the design and construction
of such elevation and anchering technigues.

LLB.C. Analvsis
Chapier 23 FEMA-85 provides methods for calculating the hydrostatic and

Chapter 24 hydrodynamic loads generated by floods as well as certain
Chapter 25 condilions that may sccur that could effect manufzetured homes in
Chapier 26 the event of a flood. FEMA-8S also provides specific design
Chapter 27 eriteria for the sizing of the structural members that efevate

Chapter 2 marnufactured homes, as weil as methods of protecting utilities that

Appendix Chapter serve the manufactured homes. The Uniform Building Code
23, Diwvizion IV provides specific design criteria for the structural design of the
Appendix Chapters supports of manufactured homes, but defers ro well-sstahlished
24 and 25. engineering principles or approved national standards for the

calculation of hydredynamic or hydrostatic loads by Heensed
engineer or architect.

FEMA-85 should recognize the awthority of the local building code m the design and sizing of
the structural clements supporting manufactnred homes and should recommend that 2 licensed
engineer or architect be utilized i such design.

UBcC. Analvsis
Chapter 23 FEMA-85 provides recommended procedures for the design of

Chapter 25 specific structural elements supporting the manufactured home.
Chapter 26 The Uniform Building Cade provides 5pecxﬁc criteria for the
Appendix Chapter design of such members.

23, Division IV.

FEMA-8S should consider the authority of the local building code in the recommendations of
this section.

c-57



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

Appendix E
Buoyancy and
Drag Forces

Recommendation;

EMA-85)
U.B Kok 'l . Analysis
Appendix Chapter FEMA-8S provides criteria for the design of ground anchors to
23, Division IV. counterac( any buoyancy or drag forces that may be gencrated by a

flood event. The Uniform Building Code requires that il
buildings or structures erected in the flood zone be designed and
conatructed to resist flotation, collapse or permanent literal
movement due to loads from a flood event.

FEMA-8S should consider that ather types of hold-downs may be adequate to resist these
gencrated forces. :

058



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

Alluvigl Fang: g M ent A1

FEMA-165 Us.cC. Analyais -

Windows and Appendix Chapter FEMA-163 recommends that the designer avoid the: placement of
Doors 23, Division IV. openings on the uphill side of the structure on alluvial fans to

prevent debris and flood water from entering a building. The
Uniform Building Code just requires that openings below the base
flood elevation be provided with watertight closures adeguate to
support any generated loads. If such openings are used, then they
should be designed to withstand any forces gencrated by a flocd on
the alluwial fan.

Recomm Hon; None.
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Al
Unreinforced
Block

Recommendation;

MCRB

A2
Reinforced and
Grouted Block

Recommendation:

MCRB

IHA3
Unreinforced
Concrete

Recommendation:

MCRB

1m A4
Reinforced
Concrete

Rgﬂmmgn_dation:

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

_Analvsis

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

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

an exception by FEMA.

U.B.C.

Chapter 24
Appgﬁdix Chapter
23, Division IV

Analysis

The MCRB briefly discusses the use of reinforced and grouted
biock in non-coastai {lood areas. The U.B.C. has specific criteria
for the use of reinforced and grotited block. but does riot allow
residential basements below the BFE.

See recommendation for MCRB Il A1

Sec. 2622.

Analzs is

The MCRB briefly discusses the use of unreinforced concrete in
residential basement walls ifi non-coastal flood areas. The U.B.C.
has specific provisions for the use of plain {unreinforced) concrete,
but does not allow residential baserents below the BFE.

See the recommendation for MCRB IH A.1.

Chapter 26

Analysis

The MCRB briefly discusses the use of reinforeed concrete tn
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 baséments below the BFE.

See the recommendation for MCRB 1T A1
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Stone, Cribbing
and Planking

MCRB

o A6
Treated Wood
Foundations

Recomm Qn:

MCRB
I &.7

Varistions of
Foundations.

Recommendation:

MCREB
AR
‘ltggmmengg@' o:

None.

Scc. 2807,

None.

UBC

Chapter 24
Chapter 26
Chapter 29

None.

U.B.C.

Sec. 2903
Appendix Chapter
70

Anzlysis

The MCEB briefly discusses the use of cut stone rubble stane and
even cribbing and planking in older residential homes and does not
recommend its use & a construction material below the BFE. The
U.B.C. does not have such provisions.

Analysis

The MCRBE did not have enough information to discuss the use of
treated wood foundations. The U.B.C. has spesific provisions for
the use of treated wood foundations. but does net allow residential
bascments below the BFE.

Analvsis

The MCRB 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.

Analysis

The MCRB discusses specific requirements for sxcavation, grading
and backfilling residential basement walls. The U.B.C. has
specific provisions for excavation, grading and backfilling
bazement walls, but dees not allow resideniial basements below the
BFE.

See the recommendation for MCRB I A.1.
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HI A.9 Sec. 2606 ) The MCRB diécusscg 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.

Recommendation: None.
MCRB uBcC Analysis
m B-1 Sec. 2623 The MCRB discusses the types of slibs used in basement floors
Basemnent Slab Sec. 2904 ~ below the BFE. The U.B.C. has specific eriteria for slabs-on-
grade, but does not allow residential basements below the BFE.
Recommendation: See the recommendation for MCRB 111 A.1.
MCRE U.B.C. Arialysis
mB.2 Chapter 26 The MCRB discusses the thickness of slabs used to resist water
Structural : pressure heads. The U.B.C. has specific provisions for the design
Basement Slab of such slabs subject to applicd loads, but docs not allow
residential basements below the BFE.
~ Recommen ation; Sec the recommendation for MCRB [IT A.1.
MCRB UB.C Analvsis
N B.3 _ Sec. 2907 The MCRB briefly discusses footing construction in residential
Footing basement wall foundations below the BFE. The U.B.C. has
. specific criteria for the design of footing, but does not allow
residential bascments below the BFE.

Recommendation; Sec the recommendation for MCRB 111 A.1.
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mB4
Underdrain System
and Sumps and
Pumps

Recommendation:

MCRB
0l B.5A

Ground Surface
Slope

Recommengation:

MCRB
I B.5B

Grading and
Surface Drainage

Rerommendstion:

MCRE

I B.&
Secpage Quantities

Recommendation;

Naone.

Sec. 2905

None.

UB.C

Sex. 2905 and
Appendix Chapter

.70

None.

UB.C

Sec, 2303

None.

Analysis

The MCRE discusses the use of an underdrain system mn sumps
and puraps-as a method of relieving the build-up of hydrostatic
head on the walls and slabs of 2 basement. The U.B.C. requires
that the classification of the soil at each building site shall be
determined by the buliding official who may require that this
determination be made by an engineer or architest. The U.B.C.,
hoywever, docs not provide specific provisions for underdrain
systems.

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 sach building site shall be determined
by the building official who may require that this determinarion be
madec by an engineer or architeat.

The MCRB discusses grading and surface drainage provisions and
gives some minimum slopes for proper dreinage. The U.B.C. just
requires that provisions be made for the control 2nd drainage of
surface water around the building.

Analysis
The MCRB discusses & method of determining the size of a drain

system using Darcy’s law. The U.B.C. relies on approved
nationa] standards.
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MCRB

I B.7A
Penetritions

Recommendation;

o

1l B.78
Cracks and Joirits

. L i . .
Recomm :

MCRB

me7c
Waterproofing

mBs
Plumbing
Subsysteris

UB.C. . Analysis
Appendix Chapter The MCRB discusscs the means of ceiling penietrations through

23 Division IV, basefient walls or siabs. The U.B.C. requires that ali fldor and -

wail penetrsuons be made water nght to prevent flood water

SWP“SC
None.
Appcndlx Chapter The MCRB gwcs i Rirly detailed description of Lcchmqucs to
23, Division V. lcsscn cracking in concrete. The U.B.C. Jjust rcqutrcs that exterior

wakls and ficors be unpcnneable ta the passag_c of watet with no
specxﬁc design provizion, biit does not allow residential basemerits
below the BFE.

See the recommendation for MCRB i A1

UB.C Analysig
Appendix Chaﬁtéf Thc MCRB bneﬂy discusses lhe hm1tat10ns of waterpmot‘mg

29 bns ctits below the BFE. The U B.C. hds des:gn provisions for
the wltcrpronfmg of foundatmns and basement walls, but does not
allow residential basements below the BFE.

Sée thie recommendation for MCRB m A.1.

U.B.C. Analysis

Noise. The MCRB disciisses the materials and considerations in thé
dengn of drainage subsystems, The uniform codes have no such
provisions,

See the recommendatior for MCRB I Al
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MCRE

o B.10
Concrete
Construction
Practices

Recommendation:

MCRB

1 B.11
Biock Construction
Practices

.

Recommen n;

=
0
&

Il C.1.A-I
Soil Loads

Recommengdgtion:

Analvsis

The MCRB provides a means of calculating the lateral force due to
flood water pressurcs. The Uniform Bullding Code has a very
general statcment 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.

See the recommendation for MCREB 11T A1

UBC

Chapter 26

None.

BC

Chapter 24

Analvsis

The MCRE goes through & number of typical handling and
construction technigues for concrete walls and slabs. U.B.C. has
specific provisions for the handling, depositing and considerations
for concrete construction. )

Ivs13

The MCRE recommends & pumber of construction practices for
the design and installation of conerete block walls. The ULB.C.
hes specific provisions for the construction of concrete block

walls, but does nat allow residential basements below the BFE.

See the recommendation for MCRB I A.

u.B.C.

Secs. 2904 and
2905

None.

Analvsis

The MCRR has specific provisions for the classification of the soil
that may be found at the site. The U.B.C. relics on an engineer
or architect licensed by the state to conduct a therough sitz
inveatigation for these particular items and to provide 2 report with
the findings.
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MCRB UBs.C . Analysis
m C.1E Appendix Chapter The MCRB provides & brief discussion as to the effects of soil
Soil Erosion 70. crosion ori basement construction. The U.B.C. requires that

measures be underta.kcn by the soil engineer to limit the amount of
¢rasion around the building site.

Recommenggtion: None.

MCRE UBC Anslysia

mCc.LF Chap;cr 2% and The MCRB provides a discussion as to the means of calculating

Backfiil ~ Appendix Chapter the latcrni pressure due to soil and the backfill behind basement

‘ 7¢ walls. The U.B.C. relies on the Judgcment of an engineer or .
i architect licensed by the state to pracncc soil engineering far the

detcrrnmauon of the lateral pressure duc to the soil and backfill.

Recommendation: None.

MCRB UBc. Analvsis

mc2 Section 2905 The MCRB has a shont description of how the water table affects

‘Water Table stresscs in the soil. The U.B.C. rclies on the Judgcm:m of the
engincer or architect hcensed to practice sml engmccnng for this
determination.

Recommendation: None.

MCRB uBC Analysis

ncs Chapter 23 The MCRB provides examples of calculating super imposed loads

Super Structure on the basement fouridation walls and footings. The U.B.C. does

Loads and nat allow residential basemcnts below the BFE, thercfore, there

Buoyancy are no such provisions.

Recomm tion: See the recommendation for MCRB THL A.1.
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MCRE

M C.4.d
Flood Velocity

Recommengation:

MCRE

Il Céde
Scdiment

Recommendation:

MCRB

i C4.g
Hydraulic
Relstions

Recomm iom;

Mane.

None.

None.

MNone.

None.

None.

None.

nod Environments (MCRB)

Analysis
The MCRB discusses the effect of floed water velocity and it's

affect on & structure's stryctural integrity. The U.B.C. has no
such provision.

Analysis

The MCRE discusses flood water deposited sediment and t's
affect on a structure. The U.B.C. has no such provision.

Analysis
The MCRE discusses the importance of the rate of rise of flood
waters. a3 a consideration In the design of a structure’s ability 1o

withstand flood water demage. The U.B.C. has no such
provision.

Apajyais

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

I C.5.h

Debria, Wind,
Impact, Snow, Ice
and Other Live
Loads

[Frhie] [' M

MCRB

VAla
Building Model
Dimensions and
Loading

z
&

(o

VA2Db
Structural Analysis
Model

Recomm on:

MC

&

VAle
Structural Plain
Concrete

None.

None.:

Ncne.

None.

None.

None.

Mone.

_;)_L_nl_;lx_s.is

Th:: MCRR 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 appmvcd national

standards.

: Aml!sis

The MCRB provides & cross section of & typical basement wall
being loaded by flood water. The U.B.C. has no such sketch or
provision.

Analysis

The MCRB provides an analysis model of a loaded beam and it's
spplicability in flood water desngn The U.B.C. has no such
pmvumn .

Analysis

The MCRB provides a model for structural plain concreu: and
derives some design values. The U.B.C. provides specific
equations in design eriteria, but.does not provide any models by
which to follow.
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Recommendation:

=

CRE

VAlce
Plain Masoary
Block

Recommendstion:

Masonry Block

=
&

C

VAlg
Flood Waters
Above Grade

Recommengation:

Recomm SO

None.

Hone.

None.

None.

None.

LBC

Mone.

Wone.

None.

None.

Analysis
The MCRB provides 1 model far reinforecd concrete using
ultimate strength design. The U.B.C. provides specific cquations

in design criteria, but does not provide any models by which to
fallaw.

Analvsis
The MCRB provides s 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.

Analysis
The MCRB provides 2 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.

Analysie

The MCRE provides typical wall analyses for flood waters acling
above grade level. The U.B.C. has no such model

Analysis

The MCREB calculates the siab thickness in sleb span for floed
water type loading.
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Structural Slab
Design

&
&

<
w
—

Weir Load Level

VB4
Wall‘Loads

None.

None.

None.

None.

None.

NOI'IE

None.

Analysis

The MCRB provides the design example for the design of
structural ‘slabs given flood water conditions. The U.B.C. has no
such analysis.

Analysis

The MCRB gives consideration to weir type effect of windows in
the design of structures for flood water conditions. The U.B.C.
has no such consideration, but would defer to approved national
standards. '

nalysis

The MCRB has a brief discussion of the aﬂ'e_cl._q of buoyancy in
residential basements. The U.B.C. has no such provision, but

would defer to approved national standards.

“The MCRB is a very brief discussion s to the treatment of
‘beading in slabs due to flood water conditions. The U.B.C. has

no such provision, but would defer 1o approved national standards.

Analysis
The MCRB bricfly discusses wall design due to flood water

conditions. The U.B.C. has no such provisions, but would defer
to approved national standards.
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VBS
Water Infiltration
Protection

<
&

[

VBSa
Dirain or Sump
System

kol

mim o1

=
&

c

VIl

Appendix A
Allowable Bearing
Pressures

None.

None.

Mene.

U.B.C.

Appendix Chapter
29

Neone.

UBC

Chapter 29

None.

The MCRB discusses the protection of basements from water
infiltration-and gives some secommendations. The U.B.C. has
specific provisions for the protection of foundation walls and
would rely upon approved materizls for such protection.

Analysis

The MCRB provides & discussion of drain or sump system type
protection of basements which assumes some infiltration of water.
The U.B.C. has provisions which requirs the water procfing of
foundation walls without allowing any mfiltration of water when
hydrostatic pressure caused by water table may exist, other than
that, damp proofing can be provided.

Analysis

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

Anzlysis

The MCRB provides a table of allowable bearing prassures based
on consistency of soil as determined by the classification and
ideatification of the seil. The U.B.C. has no such specific
provision based on the consistency of soil, but determines the
ailowable foundation pressure based on the class of the material.
Both are acceptable means of determining the allowable bearing
pressure.
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A}':ipcndix- A
Allowable Soil
Pressures Bencath
Footings

Recommendation:

VI A.2.é
Soil and Water
~ Loading

Recomme tion;

VIILA2Ze
Water Proofing
Systems

Récommeéendggtion;

MCRB

VIII A.2.d
Wall Design

Recommendation:

None.

Chapter 29

None.

uB.C.

Appendix
Chipier 29

None.

Chapter 24 and
Appendix Chapter
29.

None.

Anslysis

Thé MCRB providés two ¢hants for determining allowable soil
bearing pressure based on the cohesiveness of the sail and the :
Mdm or depth of the footing, ‘The U.B.C. has no such tables, but
would defer to approved national standards.

Analysis
The MCRE provides specific soil and water loading design ctiteria
bised on the type of soil in which the structure is located. The

U.B.C. does nat contain speeific soil and water loading design
criteria, but would defer to approved national standards.

ll!ll

The MCRB provides two cross seétions of bascment construction.
a1 exampies of driined and undmmed systemis with construction
recommendations. The U.B.C. has no specific design criteria for
these types of systems, but contains performance criteria which
waler proofing systems must meet.

The MCRB pro\udes an example of designing reinforced masonry
basément walls and their water proofing. The U. B.C. has no such
¢xample, but has specific design criteria which the system must
meet.
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Recommengdation:

MCRB

VIII B.
Acceptable Wall
Designs

Recommendation:

MCRB

Vil B.1
Structural Plain
Concrete Wall

Recommendation:

MCRB
Y1 B.2

Renforced
Concrete Wall

None.

Nane.

LEBC

Chapter 26

None.

uBcC

Chapter 26

None.,

Analysis

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

Analysis

The MCRB discusses s number of provided structural design
curves for basement walls given an equivalent fuid loading
condition for different types of comstruction materiala. The
U.B.C. has no such design curves. but provides specific design
eriteriz for each construction material.

Anaiysis

The MCREB provides specific charts for the design of structural
plain conerste walls given an cquivalent fiuid loading condition.
The U.B.C. would rely upon the determination of structural
capacity by a Hcensed engineer or architect 2nd approved national
standards.

Anafvsis

The MCRB provides specific design criteria for reinforced
conerete 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 architest and approved national standard.
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Recomnmiendation:

Vl]] B.S )
Buoyancy Wnll

VI C.6
Remforccd .
Corwreu: Siab

UB.C.

Chapier 24

None.

U.B.C.

Chapter 24

None.

None,

UBC.
Chigpter 26

) Iﬁo’nﬁ.

Analxsls

. licénsed engmeér or aréhltect and approvcd national standards.

'The MCRB prov1dcs speclﬁc des:gn cnlcna for remforccd

masanry block wails gwcn an cquwalcm fluid loadmg condmon :

"The U.B.C. has no such pmvns:ons and would, rely on the dCSIgn
: of 8 Jic
'sumdards

sed ctiginder or architest dnd appraved national

'The MCRB gwes R L S .
o buoymcy walls rcq u-ed m undramed systems The u. B C. has

provisions and does not allow residential basements bclow

A 'il':';'is'

The MCR.B provndes specxﬁc de i "n cnlena for the design of
baseme'nt slabs and undrained systcms based on an allowable depr.h
of loading. The U.B.C. has no such prov:smns

e
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MCRB

viiipl
Control Joints

Recomin M

MCRE
VI D.2

Sump, Pump and
Underdrain

Recomm ion:

MCEE

VIID3a
Water Proofed
Underdrain Slab
and Weall System

Recommendation:

MCRR

WIHI D.3.b
Water Proofed
Drein, Slab and
Wall System

Recomm 00;

U.B.C.

Appendix Chapter

29

None.

None.

MNone.

LEBC.

Appendix Chapter
29

None.

LB.C.

Appendix Chapter
23

Maone.

Analysis
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
slahs and walls requining water procfing.

Anglysis
The MCRB provides specific details for the design of sump pumps

and associsted underdrain system. The U.B.C. has no such
Provisions.

Analvsis

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

Anzlvsis

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

C-75



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

VI D3¢
Slnb Wall Footing
I uncturc

Recommendation:

IB4
Fload Velocity

5
B

w
A

Sediment

Recommecdton

U.B.C.

Appendix Chapter
29

None.

MNone.

None.

None.

None.

alxsi

The MCRB provides specific details for the protection of the
mtcraccnon of a sjab wall and. focung Thc U.B.C. has no such
detnla

A:;glxsis

The MCRB discusses the effects of high velocities of flood waters
and the mcreascd potenual for damage to structures in their path.
Th U.B.C. has no such discussion and wauld rely on approved
naticnal standards.

Analysis
The MCRB discuases the effects of sediment depasition on

structures due to ﬂood evens.  The U.B. C. has no such
discussion.
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Bulletin No_ 85-1

i
Definition

Recommendafion:

Bulletin No. 85-1

1I.
Protection Goals
Recommendgation;

Bulletin No. &5-1
me

Structural
Considerstions

Recommendation:

LEBC

Appendix Chapter
23, Division TV,

Analysis

FEMA Bulletin No. 85-1 defines wet flood proafing as the
intentional internat fooding of & structure 1 order te alieviate any
pressures due to & 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
wills and floors that are impermeabie to the passage of water and
designed to meet any hydrostatic and hydrodynamic loads that mey
be incurred.  Other enclosed spaces such as those for building
dccess exits, foyers, stomge and parking garapes are required to
have apenings to allow the equalization of pressure due to & fiood
ewent.

FEMA Bulletin No. 35-f should state that this method of fioodproofing is only accepiable for
the retrofitting of existing buildings.

U.B.C.

Appendix Chapter
23, Division IV,

Analysis

FEMA BuHetin No. 85-1 bists a number of the components in the
protection of & building and its contents.  The Uniform Building
Code does not recognize the viability of wet food prooiing in
accupiable spaces. '

See the recommendation of Item [ in Bulistin No. 85-1.

I.B.C.

Arppendix Chapler
23, Diwvision [V.

Analysis

FEM A Bulletin No. 85-1 recommends that a structure be designed
so that all of its materials, fnishes, utililies, eke. be abie 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 proviing of occupiable spaces, but docs
recommend that structurs]l members, wtilities, ete. that are expesed
to such conditions be protected.

See the recommendztion of Iiem Iin Bulletin No. 85-1.
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Bulletin. No. 85-1

u. ¢
Building Activity
and Use

Recom .

Bulletin No_85-1
V. Al
Foundations

Bulletin No. 85-1

v. A2

Cavity Walis

Bulletin No. 85-1
V. A3

Solid Walls
Recommendation:

‘U.B.C;

Appendix Chapter
23, Division IV.

aig gis

FEMA Bulletin No. 85-1 discusses how the activilics 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
apaces.

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

U.B.C.

Chapter 29
Appendix Chapter
23, Division IV.

None.

None.

None.

U.B.C.

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

None.

Anaiysis

FEMA Bulletin No. 85-1 discusses, in generaf terms, the loads
that a foundation may be subject to' during a flaod event under a
wet flood proofing design. The Uniform Building Cade requires a
foundation to be designed for all applied loads.

A"nah;r g_qg'

FEMA Bulletin No. 85-1 recommends that if cavity walls arc used
in the designof & structure, that they must be made so that the
cavily space drains at a rate approximately equal to the flood rate
and that any mateml contiined within be able to withstand the
inundation. The Uniform Building Code has no such provisions.

Analysis

FEMA Bulletin No. 85-1 d:scusses the protection of solid walls
dug to any moisture permeation, especially any spalling due to
freeze/thaw conditions. The Uniform Building Code has
provisions for the pmwctmn of solid walls duc to freeze/thaw
conditions and also pmwdes specific design criteria to prevent any
spallmg dué 1o moisture penciration.
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Bulletin No_ 85-1 UBL. Apalysis

V. A4 Chapter 24 FEMA Bullctin 85-1 discusses the proteclion of interior walls and

Interior Walls Chapter 25 recommends thet the same pravisions for cavity walls and solid

. Chapter 26 walls be used for any such mterior walls. The Uniform Building
Appendix Chapter Code does not recognize the wet flood proofing of the interior of
23, Division IV. an occupizble space as & viable option, thersfore, there are no
provisions.

Recommendstion: See the recommendation of Item 1 in Bulletin No. 83-1.

Bulletin Mo, 85-1 UB.C. Analysis

V. A5 Chapter 42 FEMA Bulletin No. 85-1 discusses the protection of interior wall

Interior Wall Appendix Chapter finishes duc to direct contact with flood waters. The Uniform

Finishes 23, Divixion IV. Building Code does not recognize the viability of wet flood

proafing of accupiable spaces, therefore, there are ne provisions.

Recommend sfion: Ses the recommendation of Itern | in Bulletin No. 85-1.

Eulletin No. 85-1 UR.C Analysis

V. A6 . Chapter 25 FEMA Bullztin No. 85-1 discusses the protection of flocr systems

Floors Chapter 42 in wet fload proofing situations and recommends that the design of
Appendix Chapter such a fioor systern be able to withstand & minimem hydrostatic
23, Division IV. pressure. The Uniform Building Code does not recognize the

viability of wet fload proofing occupiable spaces, therefore, there
are NO Provisions.

Recommendation: See the recommendation of Item I n Bulletin No. 85-1.

Bulletin Mo. 85-1 U.B.C. Analvsis

w. A7 Chapter 25 FEMA Bulletin No. B5-1 discusses the protection of ceilings and

Ceilings and Roofs © Chapter 42 roofs and any cther related features from any waters due to 3 flood
Appendix Chapter event. The Uniform Building Code doe not recognize the wiabily
23, Division [V, of wet flood proofing accupiable spaces, therefare, there are no

provisions.
Recommendation: See the recommendsation of Iem I in Bulietin No. 85-1.
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Bulletin No. 85-1

IV. A8

Building Envelope
Penetrations
Recommendation:

Bulletin No_ 851

V. A9
Electrical Systéma

R_"mm _ H

Bulletin No. 85-1

IV. A10
HV.AC.

Recomme

usc
Appendix Chapter

23, Division IV.

alg.sis

.FEMA Bulletin No. 85-1 discusses the protectiofi of any

peneirations or openings in the buxldmg s structural envelope and
provides some general design eriteria.  The Uniform Building
Code requires that al] openings below the base flood elevation
shall be provided with watertight closures designed to withstand

“the applied loads.

Sec the recommendation of Item 1 in Bulletin No. 85-1.

Appendix Chapier
23, Division V.

None.

UB.C.

Appendix Chapter
23, Division IV.

None.

Analvsis

FEMA Bulletin No. 85-1 discusses the protection of electrical
utilitics from sny waters generated by a design flood and
recommends that standby electrical power be availabie in case of
an emergency. The Uniform Building Code requires that new or
replacement clectrical equipment be either placed above the base
flood elevation or protected to prevent water from entering the
system.

&al!s;

FEMA Bulletin No. 85-1 discusses the protection of heating,
vennlatmg and air conditioning equipment from waters duc 10 a
design flood. The Uniform Building Code requires that such
cquipment be cither placed above the base flood elevation or
protected to prevent water from entering the system.
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ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

Flood Forces

Recommendation;

Cpenings Design

Criteria

Recomm tian:

None.

Mone.

Analysi

FEMA Bulletin No. 85-2 discusses the caleulation of the
hydrostatic pressures generated by a fload on the exterior walls of
a structure and defines hydrodyramic forces. The U.B.C. requires
that the structural system of the building be designed in sceordance
with well-established engineering principles with consideration of
the hydredynamic and hydrostatic loads generated by 2 floed
event.

Analysis

FEMA Bulletin No. 35-2 discusses the use of openings in exteriar
walls in equalizing the pressurc on cither side of such walls. The
U.B.C. does not recognize wet floed preofing as a viable method
of protecting &n occupiable space in a structure, but aflows
openings for other spaces such as those for building access, exits,
foyers, storage and parking garages.

See the recommendstion of Item I in Bulletin No. 85-1.
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ICBO UNIFORM BUILDING CODE (U.B.C.) COMPARISON

Bulletip No. 5.3

1. Wind and
Water Forces

MMM

Bulletin No, 85-3

HI. Design

Ap_proach
Recommendation;

Bulletin No. 85-3

Design
Considerations

.
mm M

Appendix Chapter
23, DiVilion iv.

breakaway walls may be subject to. . The Unifarm Building Code
requires that the structural system including breakaway walls be
designed in accordance with well-gstablished engineering principies
and gives criteria for the design of the connegtions. '

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.

UB.C.

Appendix Chapter
23, Division IV.

None.

UB.C.

Appendix Chapter
23, Division IV.

None.

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

FEMA Bulletin No. 85-3 discusses the design of the different
clements that make up breakaway walls. The Uniform Building
Code requires that-this system be designed in accordance with
weli-¢stablished enginecring principles and with hydrodynamic and
hiydrostatic loads considered. ‘

c-82



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

Bulletin No. 88-1 UB.C. Analysis

Pages 1-5 Chapter 23 FEMA Bulletin No. 88-1 discusses the pmﬁntia:l damage due ta
Appendix Chapter high winds on structures in a coastal high-hazard area and provides
23, Division IV. a generzal comparisan between the threc national medel 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.

Recommendation: FEMA, Bulletin No. 88-1 should refer to the latest edition of the ANS] document which is now
ASCE 7-88.

Bulletin No, 88-2 UE.C. Analyeig
Pages 1-7 Appendix Chapter FEM A Bulletin No. 88-2 discusses diffcrcn.t classes of materials
33, Davision IV, which are resistant to damage due to flood events and provides a

tabie of materials and the refared {lood-resistant classification. The
U.B.C. requires that materials exposed to the weather ot to waler
splash be protected with an appropriste material.

Recomm on: Nane.

{-33



Bulletin No, 88-3

Lower Area
Obatructions

Recommengation:

UB.C.

Appendix Chapter

- 23, Division IV.

None.

Analysis

FEMA. Bulletin No. 88-3 discusses the varigus structurai elements
that may be found below the lowest floor of a building in a Zone.
The U.B.C. discussesthe same structural systems and alse allows
for the storage of portable or mobile items.
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ICBO UNIFORM BUILDING CODE (U.B.C.} COMPARISON

Bulletin No. 883 U.B.C. Analysis
Perimeter ) Appendix Chapter FEMA Bulletin No. 88-3 discusses and defines various
Obstructions 23, Division IV. obsiructions that may be found outside the perimeter of a building

in a coastal high-hazard arca and how they may affect adjacent
structures. The Uniform Building Code doss 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 permancnt latersl movement duc lo any loads
in the fleed which may also be caused by obstructions outside the:
perimeter of the building.

Recomm 3Qm; None.

Bulletin No. 88-3 U.R.C. Analysis
Antached Perimeter Appendix Chapter FEMA Bulletin No. 88-3 generally discusses any obstruction
Obstructions 23, Division IV, which may be attached to, but located outside, the penmeter of the

building. For example, acoess stairs, and recommends that it be
considered as @ part of the building. The U.B.C. would consider
anything attached 1o the building &5 being a pant of the building,
even if it were outside the perimeter of the structure and would
require that the entire structural system of the buliding be
canstrucied to resist callapse of permanent lateral movement due to
any loads from a flood event.

Recommendation: None.

Bullctin No, 884 UB.C Analysis
Page 3 Appendix Chapter FEM A Bulletin No. 384 recommends that any equipment vsed for
23, Division [V, the service of elevators be either located above the base flood

clevation or, if that is not possible, protected to prevent warer
from dameging the system. The Uniform Building Code requires
that such service facifitics be either placed abhove the base flood
elevation or protected to prevent water from entering lhe sysiemt.

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

Bulietin No_90-2 UB.C Analysis

Papes 1-4 Appendix Chapter FEMA Bulletin No. §0-2 discusses the flood proafing of below
23, Division IV, grade parking garages and recommends specific code language for

the design of same, in both A and Zongs. The Uniform Buiiding
Code has specific requirements for the design of below grade
parking garages provided they meet specific enclosure

: requm:mcms and ﬂood—reslsl.ant construction, for both the A and
Zones.:

Recommendation: Nome.

Bulletin No. 90-3 UBLC. alysis
Pages 1-6 - Appendix Chapter FEMA Bulletin No. 90-3 discusses, in general terms, the flood
23, Division IV, proofing of non-residential structures and requires that a

centification of the flood proofing design is provided as well as
providing a means of caleulating hydrostatic and hydrodynamic
type forces. The Uniform Bmld:ng Code has essentiaily the same
type of mqum:mcm.s but requires that the structural system be
dulgned in accordance with well-established enginesring principles
with hydrodynamic and hydrostatic loads undet consideration.

Recommendation; = None.

Bulletin No, 904 uBc Analysis

Pages 3-19 Appendix Chapter FEMA Bulletin No. 90-4 gives specific design recommendations
23, Division IV. for the installation of manufactured homes in special flood-hazard

areas. 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 V.

Recommendation: None.
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KATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL FUEL GAS CODE {NFPA 54)

The scope of the documents differ. 44 CFR iz establishing dasign
sumdards for struactives does not define utility requirements found in the

The scope of the documents differ. In FEMA 55 structural requirements
there are no parallel requirements foud in the Fuel Gas Code.

Analysis

The scope of the documents differ. The guidelines for elevatsd
structireq, while including mechanical equipment, does not include
specifics for Fuel Gas Code use in the installation,

The scope of the documents differ with FEMA 85 mited o structural
bared requirements.

Analysis

Floodproofing design for structures is outside the scope of the Fuel Gas
Code. _



NATIONAL FIRE PROTECTION ASSGCIATION CODE COMPARISON
NATIONAL FUEL GAS CODE (NFPA 54)

E

Chapter 9 _mecucn of Plngnph 9.3 recommends closmg the main gas valve when a flood is
Utilities imminent. NFPA 54 contains requirements when tumning the gas back
93?;ncrgg;cy?;ptpq;tiv¢ onmplrlg:q:hs421 4.2.2 and appendix D.

o
S ot
o

Recommendation: Add references 1o NFPA 34. |

The Fuel Gas Code does not evaluate environmental factors covered in
FEMA 163. '

Wet floodproofing it not addressed in the Fuel Gas Code.

The Fuel Gas Code contains no requirements for installations addressed
in 85-2,

Breakawsy walls are not addressed as a part.of the Fuel Gas Code.

Mo common requiremenis exist between the. docurnents.
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: NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
STANDARD FOR THE STORAGE AND HANDLING OF LIQUEFIED PETROLEUM GASES (NFPA 58)

Chapter 1, 50.6 The scope of the documents differ.

The scape of the documerns differ.

The scope of the documents differ. The guidelines for Elevated
Souctures, while including mechanical squipment, does not include
specifics for LPG use or handling.

Floodproofing is not addressed as a part of LPG siorage and handling in
NFPA 58,
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. NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
STANDARD FOR THE STORAGE AND HANDLING OF LIQUEFIED PETROLEUM GASES (NFPA 58)

In part IV, Guidslines for Implementation, Item 10 Heating,
Ventilgting znd Air Conditioning, recommends that "empty tanks,
both sbove &nd below ground, should be filled with polable water
prior to the arrival of floodwater.” This is good guidance for tanks
that sre 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 shouid
never be opened to the atmosphere as the flammable vepor will
probably escape snd create a hazard of fire. In addition, the
inoduction of water end air into the iank will cause corrosion which
can result in loss of the odorant that is added 10 the gas as a warning.

Recommendation: Revise FEMA 85-1 o include a caution on LP-Gs or liquid transfer consistent with NFPA 58 phllosophy and

requirements.

94 Permanent 3-2.2.86(g)
Proleciive

Meapmres

I Protzction Goals

NFPA 58 includes requirements for anchoring of propane tanks in
flood sreas.

Recommendation: Include a reference 10 NFPA 58 m FEMA 114.

NFPA 58 includes requirements for anchoring of propane tanks in
flood areas. ‘

Recommendaiion: Ieclede 4 reference to NFPA 58 in FEMA-1635.
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NATIONAL FIRE PROTECTION ASSOCIATION COBE COMPARISON
STANDARD FOR THE STORAGE AND HANDLING OF LIQUEFIED PETROLEUM GASES {(NFFA 58}

In part IV, Guoidelines for Implementation, Item 10 Heating,
Ventilating and Air Conditioning, recommends that "smpry tanks,
both sbave and below ground, should be filled with potable water
peior o the srrival of floodwater.” This is good guidance for tamks
thas are open to the atmosphere, such as those used for fuel oil, but
should not spply 10 propans Lmks. Pmpme lnks are never empty,
bul contain residual propane vapor when "empty”. The tank should
never be opened o the armosphere as the flammable vapor will
probably escape and create a hazard of fire. In addition. the
introduction of water and air inlo the tank will cause corrosion which
can result in loss of the odorant that is added to the gas a5 & waming.

Recommendation: Revise FEMA 85-1 1 include a caution on LP-Gas or Iiquid transfer consistent with NFPA 58 philosophy and

requirements.

No commeon requirements exist betwesn the docuntents.



NATIONAL FIRE PROTECTION ASSOCIATION CODE CQ
_ NATIGNAL ELECTRICAL CODE (NFPA 70y

59.1 Definitions 551-1 Definitions FEMA 44 definition goes into specifics perummg o des:gn by
" Recreational vehicle : . spec:.fymg maximum area buill “NFPA

C R mtomoredeuﬂumhowmev
Chapter 1, 60.6 hownlspropelled.

Rccamndanon Elliminate the "400 square fee.t or len when measured at t.he lurgect honzmml pro;ecnon in Pu-guph (c) of
FEMA 44.

Utility Service 110-11 FEMA-54 cautions sgainst the results of water damage to urility
P. 92,93 . ' service. NFPA 70 qualifies’ electrical service identified for use in the

opemmg environment, no conductors or equ:pment ‘shall be located
in damp or wet locations; where exposed to gases, fumes, vapors,
liquids or other- agents hnvmg a deteriorating -effect on ' the
conductors ' ‘or equlpme_m nor where expuled to excessive

Recommendation: For FEMA-54, elecirical supply conduits and cablu should be suitable for the environment they are likely 1o
be exposed, upecully in locations subject o corrosive anvuomnenu such as-salt water or spray. ' :

Service Moummg 110-13 : Secure mounting of utilities and mechanical equipment are addressed
P.92 o in FEMA-54. 'NFPA 70 requires électric equipment to be securely
P.93 fmuwdmdwuwfmonwhmhnmmunwd. o

Recommendation: Revise FEMA-54 ©o clmfy that electric equipment shall be sacu:ely fastened to the surface on which it is
mounted, Wooden plugs driven into holes in masonry, concrete, plaster, or similar materials shall not be used. Underground
elecmcmpplycmdmuorcahleushouldmtbefntawdmwnlh msmmmmﬂndmlxuk--w;ymd:rﬂoodcondmm

Suggested Code revision:

NFEPA 70 {110-13(a), 300-5(d)}.

Add the following sentence: - Buildings designed 'nth breakaway walls shall have electru: services secm'ed o the stdns of intetior
pﬂummmmﬂoodpwfmhmumhedmmurpo]u : :

VP. 92, 93 Racewnys 230-8 Elocmaal service racewsys entering from an underground distribution
' 230-32 sysiem are recognized .in FEMA-54 as vulnenble wlule NFPA 70
300-5(c), (d) p'ov:du more specific gmdelum -

Recommendation: FotFEMASd.whuadmcdemdmuwpplmﬂunmmmmmmmmMﬂwmmmmu
be sealed. The sealant shouldbemsuﬂedn:lounonmthesyswmmmmgedwpwmt enmence of water due 10 flood
conditions. Underground elecmical conduits or cables should be protected: ugaum dunnge by burymg them 10 a depth which
wouldmuummeﬂwush;hngmderﬂoodcmﬂ:m



MNATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTRICAL CODE (NFPA 700

P. 92, 93 Electrical service 230-53 FEMA.54, while allewing for the location of electrical service, does
location 380-8 not detail design or location similar (o NFPA 7.

Recommendation: For FEMA-54, alt switches and circuit breakers shall be located so that they can be operated from 2 resdily
accessible place. They should be Jocazed so that the center of the operating handls {s not more than & 1/2 feat sbove the floor or -
platforms. Where necessary, a piatform may be installed to peovide accessibility where devices are locatad above the fiood
plain.

FEMA-55 NFRA T dnalzsls
43.6 Ualities 110-13{a) FEMA 35 recommends locaing electric wility risers be locared on
300-5(d) the sides of interior piles or away from the ocean Font or located

within floodproof enclosures awached to interior piles. Electrical
service securad 10 the structure should be secursly fastened in such &
way that the building's protective covering will not be damaged
whete slectric wires are pulled away from the strucnzre. NFPA 70 also
requires electric equipment to be securely fastenad to the surface it ix
moimted on. NFPA 70 requires enclosures or raceways that mzy be
subject to damage to be rigid meisl comduit intermediate metal
conduit, Schedule 83 nonmetallic conduit are equivalent

Recommendation: In the fifth paregraph of Section 4.3.6 of FEMA 55, insert the following as & second semtence: “Since the
enclosure or raceway for the electric utlities is subject to physical dumage, it should be instailed in rigid metal conduir,
intermediate metsl conduit, or schedule 20 nigid nonmetallic conduit™.

Chapter IV p. 69 Unility 110-11 Electrical service locations are required to be above flood levels in
service 119-13 - FEMA-85 while NFPA 70 more specifically outlines performance and
material requirements.

Recommendation: For FEMA-85, Electric equipment shall be securely fastened to the surface on which it is mounted. Wooden
piugs driven into holec in masonry, concrete, plasier, or simila materials shall not be used. Underground slecmic supply
conduits or cables shonld not be fastened 1o walis, or structures intended 1o break-awny under flood conditions. Electrical supply
conduits snd cabies shovid be suitable for the environment they are likely 0 be exposed, especiadly in locations subjed: 1o
corrosive environments such as salt weler or spray.



NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
- NATIONAL ELECTRICAL CODE’ (NFPA 70) :

Chapter IV p. 69 Utility 230-8 FEMA 85 generally defines electrical mounting wlule NFPA 70 is
Service - 300-3(c),{d) more equipment specific. '

230-32

230-53

Recommendation: For FEMA-85, whero electrical conduits supplying the structure are installed underground, the conduit should
be sealed. The sealant should be installed at & location in the system so arranged to prevent entrance of water due to flood
conditions. Undugmmd 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 1o protect electrical supply conduits emerging
from underground to the botiom of the stuchre from floating debris during flood conditions. All switches and circuit breakers
shouldbelocnedsoﬂmﬂleycmheopauedfmmamdﬂy accessible place. 'l'heysl'buldbelocnedsotlmthecenmoflhe
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 davices are locatad above the flood plaii.

IV A9 Electrical 110-11 FEMA 83-1 recommends that electrical supply lines and equipment
Systzm 110-17(b) be clevated above Design Flood Level or be wlwrpmofed where
' required to be instalied below flood level. NFPA 70 requires electrical
supply lines and equipment to be suitable for the environment under
normal operating environmental conditions. However, if flooding is
often or anticipated due to locaticn, including 100 year flood levels,
the elecirical installstion must be suitable for the expected event.

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

Chapter IV 110-11 FEMA 102 recommends that electncai supply lmes and pmels be
D. We Floodpreofing 110-1%b) elevaied above the Design Flood Level, whereas NFPA 70 requires
Techniques clectrical matallations be snitable 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.

Recomndanan In the fourth paragraph following the second sentence, insert "where electrical supply lines cannot be
cievaied above the Design Flood Level, they must be installed 10 arrange for draining away from panelboards, conwollers,
switches or other elecirical equipment”.



NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECI‘RICAL CODE (NFPA T0)

8.7 Technical Design 1310-3(a}(1}
Criteria, 110-11
p. 156 Dmainage System 410-57(b)

FEMA 114 requires pump and pump motor combination and i
associated conrol devices o be provided with watertight elecrrical
supply. Three-wire heavy duty U.L. listed power receprscles and wire
are tequired 1o be installed above passible flood water level.

NFPA T8 allows equipment that is to be used in a specific
environment to be identified as suitable for that use by testing and
listing and Isbeling by a testing laboratory. NFPA 70 does not
require the testing Iaboratory to be UL, (Underwriters Laboratories,
Ine.).

Recommendarion: In the third pamagraph of FEMA 114, revise the third sentence a5 follows: "“The power receptacle cutlet and
associated equipment should be of the grounding rype s be Iabeled and listed by & recognized testing laboratory.

FEMA 114 recommends shutting off the main power in the
disribution panel and removing any fuses from the panelboard when
Aooding is imminent and all electrical equipment should be cleaned
and dried before resioring power. NFPA T requires cabinets such as
used for panelboards to be of the westherproof type where installed in
wet locations. Cabinets installed in wet locations are requirsd to
have at least 1/4 inch space barwesn the cabinet and the structure it is
mounted cn. NFPA 70 does not sddress maintenance or refurbishing
electrical equipment after being submerged during floods.

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

EEMA-11s NFPA 70
9.4 Permanen: Protective 230-53
Measures .

PE- 160 Udiliny

Connections

Analysis

FEMA 114 recommends relocating electric power lines sbove the
ficod level and install electrical conductors in waterproofed conduits.
NFPA 7O does not sddress clearance heights abowe flood levels,
howewer, it does require conduits sxposed to the weather to be
arranged to drain should water enter the conduit system.

Recommendation: Add the following as a fifth sentence in Sscton 9.4 Utiliy Comnections: ™Where electric service conductors
are located within flood level range, most type services can be installed 1o raise the eiecmrical service above flood level range.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
NATIONAL ELECTI!ICAL CODE (NFPA 10)

FEMA- 165 addresses rio elecirical cide coniceris.

' The National. Elecwical Code contiins 1o requiremerits for
installitions addressed in No. 85-2.

110-13(s) Breakaway walls do not meet NFPA 70 requirements for secure
300-5(d) fastening of elécirical equiprment.

Recommendasion: See FEMA 35 wility requirements.

No common requirements exist between the documents.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
LIFE SAFETY CODE {NFPA 101}

Chapier 1, 60.6 The scope of the documents differ.

Coastzl Copsiruction Mangs) (FEMA-SS)

FEMA-SS NFEEA 101 : Analysis

Breakaway walls 5-1.3.1 FEMA-55 while defining breskaway walls does not relieve the
4.3.5.1 designer from mieeting fire barriers constraction requiremnents.

Recommendation: For FEMA-55, es = part of a required enclonure or separation must maintain howrly rating requirements. This
may be sccomplished using mazonry walls or wood stud walis discuxsed in 43.5.1 of FEMA-55.

EEMA-34 NFPA 101 Analysis
The scope of the documents differ.

The scope of the documents differ with FEMA 85 lilmited 1w
structeraily based requirements.
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
LIFE SAFETY CODE (NFPA 101 -

p. 11, 67, 68 Watertight FEMA 102 in addressing watertight doors promotes their use for
Doors daily activities. NFPA 101mChlpt=t50negressmdmeduc|mnal

and assembly occupancies has door hardware requirements that must
be met for lawching, and force to apen. Key among these are
requirements for fire exit hardware.

Recommendation: In FEMA 102, p. llshouldaddapungrnphmz Watertight Doors. “The force to open doors as & part of
means of egress reguirements should be maintained for exit doors, m:huurequlrmnts for exierior doors may include the use
of fire exil hardware in educational or assembly occupancies”. _ _

p. 161 . FEMA 162 in w qualifies & BﬁﬂdLng 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: Revrord the definition of Building Code to include provisions for standards other than a Model Building Code.

The Life Safety Code does not evaluate environmental factors
covered in FEMA 165. '
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NATIONAL FIRE PROTECTION ASSOCIATION CODE COMPARISON
LIFE SAFETY CODE (NFPA 101)

6-5.1.2, 6-5.1.2.1, FEMA 85-1 while encouraging water resistant interior finishes, may
Protection of Interior 933, 9331, insdvertently negate the finish requirements outiined n NFFA 101.
Finishes 9-3.3.2,9-3.3.3,

18-3.1, 11-33.1,

12-3.3.1, 13-3.

Recommendation: Technical bulletin 85-1 should qualify the use of water resistant finishes to 15 to inclnda the maintensnes of
interior finish requiraments 1o & particular occupancy ax dafmed by other codes.

There #re T.0 COMMON requUirements.

There are Ro common requirements.

No common requirements exist berwesn the documents.
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Manufactured Tiome Construction and Safety Standands [MHCSS]

National Flood Insurance

lations for Floodplain Management and Flood Hazard Identification) {NFIP

The following is a comparison berween Sections 59.1 and 60,3 of the NFIP, the MHCSS, and selected requirements from FEMA 85.
The definitions in Section 5%.1 have been compared wath the MHCSS and found 1o de compatible.

NEIP MHCSS

§55.1 §3280.2 (a)(16)
§60.3 {in its entirety)

Analysis

NFIP prowides a definition of & "manofactured home™ consistent with the
MHCSS. Additionaity, §60.3 of the NFIP sets forth requirements for
both recreational vehicles and manufactured homes. However, the NFIP
does not address other types of factory-built or industmaiized housing
(i.e., modular). Current language in the MNFIF such as "manufactured
home,” "proposed consiryction,” and “new construction” may oot be
readily understood to include modular homes.

Recommendation: Revise the NFIP 10 include a consistent definition for modutar housing. Clarify existing regulations by including

modular in the applicable code sections.

NFIP MHCSS
§60.3 (a)(3)

§60.3 (b)(B)

Recommendation: None.

NEIE MHCSS

£603 (b)(B)

Analysis

NFIF differentiates berween old parks and new parks. The MHCSS
provides no installation requirements, but racher requires that the
manufzcturer of the home provide instructions for the site instaifation.

Analysis

MFIP §60.3 (D)(B) states in.part ™. . . Methods of anchoring may include,
tut are nat limited o, use of over-the-1op or (emphasis added] frame
tie 1o ground anchars.” It is presumed from this section that 20
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. Agrin, the MHCSS provides no installation or
anchorage provisions.

Recommendation: It is recommended that the NFIF ssction be clarified to use similar language to that provided in 603 [£)}{6){I).
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%

$60.3 (a)(3)(iii)(iv)
§60.3 (b)(8)

§60.3 (c)(6)

§60.3 (e)(12)

Analysis. .

The requirements of NFIP 5603 {a)(3)(ifi)(v) appear to provide the
community latitude in reviewing the appropriateness of 2 proposed
permit application when thart latitude may not be provided by other

. more prescriptive sections of the NFIP.

For example, under §60.3 (a)(3){iii){iv) &4 community may reject & permit
for an cievated double-wide manufactured home because the HVAC air
duct crossover COnecting the two units is tj'pig:ally suspended below the
floor level. The community could conclude that the crossover may
become disiodged during flood conditions and permit entry of flood
waters into the floor and duct system. However, $60.3 (¢)(6)(iv)
suggests that only the lowest floor (and not the duct) aeed be elevated
to or above the base lood elevation.

Additionally, it appears that §60.3 (a)(3)(iii)(iv} is refersnced in sections
of the NFIP that contain more prescriptive and in some instances less
festrictive requiremients. {See for example, $60.3 (b)(2).) -

Recommendation: Option 1: Revisg $60.3 (a)(3)(iii)(iv) to reflect the eievation of the "lowest floor above the base flood slevation.”
Option 2: Revise the “lowest floor above the base flood clevation” to mare clearty reflect the performance reguirements outlined in
§60.3 (a)(3)(iii){iv) and allow for certain vnusual construction technigues in manufactured housi:ig, _Qption 3 Redefine the "lowest
Root* to clearly include the depth of the chassis I-beam. This may heip clevate many of the *undersiung" utilities above "harm's way.”

Other Areas for Clarification or Enhancement:
NFIP : MHCSS
§60.3 (c)(10)

and others

Recommendation: None.

Analysis

The NFIP currently provides for construction in Zones A1-30 and AE
on the communities’ FIRM pravided that the cumulative effect will not
increase the water surface elevation of the base flood by more than one
foor. :

FEMA rteference documents such as FEMA 85 "Manufactured Home

Instailation in Flood Hazard Areas” provide several design tables that
when subjected 10 an additional flood load of 12" become inapplicable.
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Re)

Jations for Floodplain Management and Flood Harard Identificati

The HUD Permancnt Foundations Guide provides design methods and data for site installation of factory-built single family dwelling
units that are transpartabis in onc ar more sections. These are considersd manufactured homes built in accordance with the HUD

MHCSS.

NEIP 4930.3

§59.1

Anatysi

The HUD Handbook conmins onty definitions applicable to the
construction of foundation walls and picrs. Since HUD 4930.3 is used as
a guide for homes built per HUD MECSS, 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 (i.c., modufar). Current language in the
WNFETF such as "manufactured home,” “proposed construction” and "new
construction® may not be readily wadersiood o include modular homes.

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

modular in the applicable code sections.

NFIP LD 49303
§60.3 {in its entirety}: wz-2.C
201-2.B

Recommendation: None.

NETP HL/D» 4530.3

§60.3(b)(8) ' 402-3.C

Recommendation: None.

Analysis

HUD 4530.3 refersnces FEMA 85 for manufactured homes on etevated
foundations, and provides that homes on elevated foundations must
comply with the requirements of NFIP. Thercfore, there is oo
incomparibility-

Analysis

MFIP mequires methods of anchering in Zone A that are in addition to
applicable state and local requirements for wind loading. HUD 45303
states that in hurricane zones or where severe wind pressures OCcur,
special treatment may be vequired, such as foundations that resist
greater uplift, more deeply buried foundations, or strengthened home-
to-foundation connection.
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Appendix € of the 1989 CABO One and Two Farm]y Dwethng Codc apphes to the construmon. alteration, and repalr of FOundanon
systems and buﬂdmg equ:pment t‘ur manufactured homcs msta]led on pnyately owncd (nonrental) lots o

NEIR CABO App C Apalysis

g59.1 C-201 The definitions in NFIP and CABO App. C are compatible.

Recommendatlon None.

NFIP S CABO App. C - ggaugis'
§60.3 - : : CABO App. C does not contain any special provisions for the
. mstallatlon of manut‘actun:d homes in flood haz.ard arcas.

Recommendation: CABO Appendix C should be revised to inéludc a reference 1o the NFlP {og_ maqgfgpgpr;q h‘_’_'?'? “‘5"?"-?‘@."' in’
ﬂoodhmrg_arcas. ' ' : _ i St el SR 1

Suggested Code Change {or addition]: Add o Appendix C Section C-101 - Scope, last §, last sentence: Refer to National Flood
Insurince Pm‘ m for ms:allanons in I‘lood hazard areas. S R o




The MHI Model Manufactured Home Installation Manual is intended as a guide to manufacturers in the pr:péxatiun of the specific
installation instruetions that are required under Federzl law to accompany the shipment of the homes. The preface to the manual
further states that the manuai provides a suggested outline and format for manufacturers” installation manuals rather than specific
fequirements. *

NFIP _ MHI-MIM Analysis
$50.1 Chapter 2 The definitions in NFIP and MHI-MIM are not incompatible.

Resommendation: MNone

NFIP MHI-MIM Analysis

%60.3 (in i1s entirety) 441, The MHI-MIM recommends against siting a manufactured home in
454, riverine or coastal flood-prone areas. It further states that special local
5433 regutations or flood insurance provisions may apply, and thar special

elevation and anchoring are required in flood-prone areas. A mgistered
professional or siructural enginesr is to be consuited 1o ansure
conformance 10 applicable federal, state, and local regulations. FEMA
85, "Manufacrured Home Instailation in Flood Hezard Areas,” is also
referenced in MHI-MIM. By referencing FEMA 85, MHI-MIM is
comparible with NFIP.

Recommendation: None

NFIP MHI-MIM Analysis
60 3(b)(E) 5433 NFIP requires that homes placed within Zonz A be anchored to resist

flosation, callapse, or lateral movement, in addition to state and focal
requirements for wind loading The MHI-MINM stares thar
unconventional anchorage and tiedowns may be required in flood-prone
areas.

Recommendation: None.
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. NPPA SU:I A-I%J’, Manufs o L e I s i A mﬂ]

N’FPA 501A~1987 covers the t' msafcty r:qunrements for lhe mstaiiauon of manufaﬂurcd home and homc sites. In cssence, this - - .
standard mcludﬁ spec:t’ ¢ rcqum:mems for fuel supply piping. The definitiors in NFIP Settion $9.1 hdve been compamd with those in
NFPA 501A and found to be compatible.

NFIP NEPA 5014 Andivsié

8603 (in its entirety) 423 Section 4-2.3 of NFP.A 501A requires that manufaclured home

ms:allatlons. |ncludmg the support systcm and unhty and structural
ennnecuons, be nornphant with the n anufacmrer‘s instructions or the
" autherity havlng jurisdiction. Suppon sysu:m deslgn is 1o consider the
C nd geological conditions present at the home site. There is no
1nmmpanblmy with NFIP.

Recommendation: Noic.



AMSI AZ25.1-1987, Manufzctored Home Iesallations [AZ25.1]

The ANSI AZ25.1 Manufactured Home Installations Standard is inteaded to be adopted by jurisdictions having responsibility for the
safety and bealth of manufactured home users and for establishing regulations applicable to manufactured home communities. These
standards are applicable 1o single family dwelling units that are built in accordance with the HUD Manufactored 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.

NFIP A225.1

§55.1 1-3

Recommendation: None.

NEIP A1
£60.3(in its entirery) App. G

Recommendation: None.

NEIP A3

S603(b)E) 2.2

Recommendation: None.

§60.3(c)(12)(ii) 2613

Recommendation: None.

Analysis

The definitions in the NFIP and A225.1 are generaily in agreement and
therefore compatible.

Analysis

Appendix G of A225.7 refers to the National Flood [nsurance Program.
However, it is stated that Appendix G is not pant of the reguirsments of
#225.1 but mther s includad only as information.

Analysis

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

Analysis

NFIP requires that homes placed in an existing park or subdivision iz
Zones A1-30, AH, or AE have the lowest floor at or above BFE of
supporzed by piers or other foundation elements at least 36 in. above
grade. A225.1 requires that a foundation system that places the botiom

. of the main frame members more than 3 ft. above ground be designed

by registered enginesr or architect and be approved by local avthority
having jurisdiction. No incompatibility exists.
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Retrofitting Flood Prone Resi sidential Structures (FEMA 114]

The HUD Manufactured Home Construction and Safety Standards (MHCSS) are performance n:quuements for the construction of
factor}r-bmlt smglc Earmly dwellmg um:s “that are :ransponabte m onc or more s:ctmns Tp;.? s:andard requires lhil the manufacturcr

of the home provide instructions for the site installation using at Icas: one system of suppon and anchorage that un l'!:Sl.st the dsngn
dcad lwc, and wind loads. 'I'he MHCSS does not mciude pmnons for ﬂood Ioads

The requirement that the manufacturer provide onc installation instruction system i3 the only installation |mpl:catmn of this standard;
it does not cover installation details. Therefore, many of the sne retrofit issues of FE\&A 114 are topically out of range of the HUD
MHCSS, and thus a direct comparison of those provisions is not appl:cable Af:er rewew the FEMA 114 secnons for whlr:h
compansons were not madc are as follows. ‘

33 Foundation Walls 8.2 Sealants considerations
314 Open foundations technical design ' g3 Sealing techniques "
35 Extended foundation walls 84 Sealing closures
6.2 Hoodwalls conmdemlons _ 85 Sealmg dcsngn details
6.3 Floodwalls constructmn techniques . 87 Sealing technical dcsxgn
&5 Floodwalls techmcal desn;n criteria 94 Utilities permanent protectlon
72 Closurcs conmderanons : ' 98 Unilities tank anchorage
© 1.3 Closuzes low pmi‘ e permanent : Cl Hydmstanc loads
74 Closurcs matcnals and construction C.2 Hydmdynamlc Ioad.s
76 Closures technlcal design mtena ) C3 lmpact Loads

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

FEMA 114 MHCSS Anaiysis

3z Technical design §3280.305(c} Sectmn 3.12 of FEMA 114 refers to Appendix C for design loads, which
criteria ~ Extended wall in tutn n:fers 1o the three modei building codes for dstetmination of
founéauor;s wind loadmg characteristics. The wind design da:a prucnted in

Appendlx Cis not ncccssanly in agreement with the wind dcsugn criteria
in §3280 305(:} of the MHCSS. While §3280. 305(:)(2)(n) states that
HUD rnay cstabhsh more stnngent rcqulrcmenls in areas with 125 mph
and greater 1 recorded wind velocity, HUD has not been known to’
subhsh more s:nagcnt requirements ¢ !han those speclf'ed in

§3280 305(c) [25 psf lateral, 18 psf uphft]

Recommendation: Further research/study is recommended to dclermmc a) if the wind d:mgn eriteria in MHCSS is adequate for
areas of high wind veloc:t]r and/or b} if stronger r:comm:ndauons against siting such homes n flood prone areas are in nrder This
study should be underaken by HUD and the’ mnufactured hnusmg mdusrry

EEMA 114 MHCSS Anatysis

313 Technical design ’ §1280.305(c) Section 3.13 of FEMA 114 covers the importance ¢ of the floor diaphragm
critenia — Anchorage of : in mammmng the stability of the foundat:on walls and cauuons against
Superstructuse to using connections that pull out if the underside of the floor is subjected
foundation’ to upward hydrostatic forces. Hydrostatic forces arc not covered in the

HUD MHCSS. However, Zone 11 (hurvicane) homes when designed in
accordance with §3280 305(:) are connected 10 the stee] frame : chassis
s0 as 10 sustain 15 psf uplift. {Caution, this is not sufficient for
hydrostatic pressures in excess of 3° water colut_nn )_

Recommendation: FEMA research on the effects of hydrostatic pressure on manufactured homes has resulted in the requirement to
eievate above BFE. If HUD and the manufactured housmg industry were 10 embark on a program to set construction standards for

hames sited in flood prone areas, a method of :eruf cation similar 1o the wind zonc map and label used in the pres:m MHCSS necds
to be dcwsed o pmde notice on the homcs that n:lentnﬁes the flood InicnSlty for which mc home is construc:ed



FEMA 114 : MHCSS

85 Lititity relocations to
exisHng space

Recommendation: None.

FEMA 114 MHCSS

104 Floating structures §32B0.306{a)

Analysis

ot applicable. Water heaters and furnaces ace installed on the main
floor. Relocation of uriities in a manufactured home is generaily not
recommended. I undertaken at all, it is at great risk of violating the
standards for fuel pipe sizing and testing, air duct sizing, e, and is
generally not economical. '

Aunalvsis

Scction 104 of FEMA 114 describes a system of floats and collars that
contro! the buoyant movement of the structure that can be used in areas
of low wind andfor water velocity. The HUD MHCSS requires that
each home have provisions for support and anchOring to resist
overtumming and lateral movement as imposed by the respective design
icads. -

Recommendation: None, since FEMA 114, Section 10:4, does not apply to manufactured homes.

FEMA 114 MHCSS
C4 Wind loads : §3280305(c3(T)
and (2}

Analysis

MHCSS specifies that the wind design forves for homes designated for
Zone |, non-hurricane, shall be 15 psf lateral and 9 psf uplift, and the
wind design forces for Zane H, hurricane, shall be 25 psf lateral and 15
psf wplift. In FEMA 114, wind zones are delineated in wind velocities
{mph) according to the ANS] ASE.1 map for 5S0-year recurrence. When
applying the formulas from ANSI AS8.1. the resulting wind pressures in
high wind zones may sxceed the MHCSS minimum pressures.

§3280.305(c)(2}(ii) stetes that HUD may establish more stringent
requirements than those specified in §3280.305(c) for areas with 125
mph and greater wind welocities,

Recommendation: Further ressarch/study is recommended to determune: 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 HUDY and the manufactured housing mdustry.

BES



Permancat Foundations Guide, HUD Handbook 49303 [HUD 49303)

etrofitting Flood-! e Residential Structures MaA 114

" The HUD Permanent Foundations Guide provides design methods and data for site installation of factory-buikt single family dwelling
units that are transportable in onc or more sections. These are considered manufactured hames 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: '

33 Foundation Walls 83 Sealing techniques

6.3 Floodwalls construction techniques g4 Sealing clasures

65 Floodwalls technical design criteria B3 Sealing design details
72 Closures considerations 8.7 Sealing technical design
73 Closures low profile permanent 28 Lltilities tank anchorage
74 Closures materials and constiuction (o Hydrostatic loads

76 Closures technical design criteria Cc2 Hydrodynamic loads
8.2 Scalants considerations C3 Impact Loads -

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

FEMA 114 : H 4930.3 Analysis
is " Extended foundation 102-2.C HUD 4930.3 references FEMA 85 for manufactured homes on elevated
walls Standards foundarions.
201-2B HUD 49303 provides that homes built on eievated foundations must

comply with requirements of the NFIP and 1o refer to FEMA 85 for
Manufacturcd Home Inszailation 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 49303, it is advisable to includs in HUD
49303 either complete design provisions for flooding, or a notice that additional lateral, hydrostatic, hydrodynamic, and impact loads
need 10 be included for foundation walls subjected to flooding. .

Suggesied 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 compiy with the NFIP."

(b) Change §402-3.B 10 add item #3: [f the site is in a floodplain, hvdrostatic, hvdrodynamic, and impact loads must be considered.
Refer 1o FEMA 85 for guidance.

FEMA 114 HUD 4930.3 Analvsis
3 Technical design App. H12 The Wind Speed Map, H-12, in HUD 4930.3 corresponds with the 30
criteria — Extended wall year mean recurrence map-in Figure C-5b of FEMA 114.
foundations .
App. H1 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 necessery 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 addition]: Revise the Flood Map on Page H-1 to include the following:

Note: 1. Consubt with local Buiidin; lanning Office to determine whether home is in the floodplain.
e FEMA 85 for recommended rostatic, hvdrodynamic, and impact loads to be applied to foundation walls subject t

* fiood,
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FEMA 114 ’ BUD 45303 Analysis

3313 Technical design critena — App. B The designs in HUD 4930.3 are apparently to resist wind and gravity
Anchorage of superstructure lpads only. No provision has been made for buoyancy. The loads given
to foundation for vemical upliit i Table B-2 of HUD 4930.3 would be ample for

approximately 1.7 waicr depth above the top of the foundation.

Fecommendation: Include a notice in Appendix B. Table Bl of HUD 4%30.3 thar additional anchorage may be required in areas
subject to flooding in order 1o resist hydrostatic. hydrodynamic, and impact loads.

Supgested Change [or addition]: Provide a note at the end of the first pamgraph in Appendix B:

Nore: Additional anchorage mav be required to resist hydrostatic, bydrodvnamic, and impact loads in areas subject 1o Rooding. Refer
to FEMA RS, :

FEMA 114 HUD 4930.3 Analvsis
314 Technical design criteria — 203 HUD 4930.2 identifics “unstable clays® as a possible cause for
Open foundations foundation instability. while the FEMA 114 favors clay soils for their

resistancs 10 scouring. These provisions are incomparible.

Recommendation: Further research/fstudy is recommended to peconcile the limits for fovndations in clay soil This study shouid be
undertaken in a collaborative <ffort by HUD, FEMA, and the manuiactured housing industry.

FEMA 114 CHUD 4930.3 Analysis
6.2  Considerations 3011 The provision in HUD 4930.3, “provide the best avaitable routing of run-

off water 1o assure that buijldings or other important facitities will not be
endangered by the path of a major emergency food run-off which would
occur if the site storm drainage is exceeded,” does not provide notice
that this might requirs the use of Mood walls. FEMA 114 discusses the
fact that flood wall design is dependent upon the type of flooding
expected.

Recommendation: In HUD 4930.3, Section 30I-1, include a statement that adequate Food wails provide one way to accomplish the
rerowting of run-off water.

Suggested Change [or addition|: Add a sentence 1o the end of §301-1:
One way to accomplish rerouting of run-off water in retrofitting is 1o_use flood walls. Refer tp FEMA 114 for examnles

Mote: Fiood walls are not acceptable for new installations.

FEMA 114 HUD 49303 Analvsis
94  Pcrmanent protective Chapter 7 There is no provision in HUD 4930.3 for flood protection of utilities.
measures The overali emphasis of this publication is on structural aspects. The

seope of Chapter 7 (Final Check) is limited to foundation design.

Recommendation: In HUD 4830.3, 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

004 Flood Protertion of Litifities
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FEMA 114 HUD 4930.3 alysis
95  Utility relocations to existing Not applicable, Water heaters and fumaces are instzlied on the main
space ' floor. Relocation of utilities in a manufactured home is generally not
recommended, If undertaken at all, it is ar great risk of violating the
standards for fucl pipe sizing and testing, air duct sizing, etc., and is
generally not economical. ’

Recommendation: None.

FEMA 114 !—_{U;}_ 4930.3 Analysis

104  Floating structures HUD 4930.3 conlans no provisions for floating structures.

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

FEMA 114 4930.3 Ar_lalﬁis
C4  Wind ioads 402-3, Provision is made in the design charts of HUD 49303 for coastal and
App. H-12 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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198% CABO Appeadix C JCABO App. C]

Retrofitting Flood-Prone Residential Structures IFEMA 114

Appendix C of the 1989 CABO One and Tan Family Dwelling Code applies to the construction, alteration and repair of fouadation
systems and building service equipment for manufactured homes installed on privately-cwned {nonrental} lots. It does not apply to the
design or construction of manufactured homes themssives. Homes built subsequent to June 14, 1976, are required 1o conform with
Federal Manufzctured Home Construction and Safety Standards (MICSS). Others are required 1o be labeled certifying compliznee
with NFPA 501/ANSI 119.1. Modifieations to the homes themselves are applicable only if they are otherwise not prohibited.

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

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

- Diesign 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 ocal jurisdiction.

Alterations or repairs may be made to any manufactuped home Or 10 its building service squipment without requiring the existing
manufactured home or its building service equipment to comply with other provisions in CABO provided the alteration or repair
canforms to that required for new construction, and provided that no hazard to life, health, or safety will be crested by the additions
alterations or repairs. Nonstructural alterations or repairs that ¢o not adversely affect amy structural member can be made using
material equivaient to the materials used in the manufacture of the home subject to appreval of the authority having jurisdicticn.

The requirement that the manufacturer provide one installation instruction system is the oniy insiaflation implication of the HUD
MHCSS. This standand does not cover installation details. Therefore, many of the siie rerrofit issues of FEMA 114 are topically not
applicable to HUD MHCSS, and consequently, to the extent that CABO relies dirscily on the HUD Standard, not applicable ta
CABQ. Thus 2 direct comparison of those provisions is not applicable. After review, the FEMA 114 sections for which comparisons
were not made are as foliows: '

6.2 Floodwalls considerations 83 Sesling techniques

6.3 Floodwalls construction techniques 8.4 Sealing closures

65 Floodwalls technical design criteria " B85 Scaling design details

7.2 Closures considerations 8.7 Sealing technical design

73 Closurss low profile permanent 94 Uilities permanent protection
74 (losures matenrals and construction C.1 Hydroseatic loads

76 Qlosures technical design criteria C2 Hydrodynamic loads

82 Secalants considerations C.3 Impact Loads

Comparisons and analysis for appiicable sections of FEMA 114 are as follows:
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FEMA 114 CABO App.C

35 Extended foundation walls C- 503.2 :

Analﬁis

Appendix C itself does not cover foundation walls; however Section C-
503.2 refers o other provisions in CABO by stating that utumng walls
used as permanent perimeter enclosure must conform to the code
provisions for foundation walls. Section R-304, Foundation Walls,
pmscnbr.t specific designs for masonry, concrete and stone foundation
walls [Reference Tables R-304.3a, 3b. None of the pmscnbed designs
in the CABO Tables are usable to resist hydrostatic, hydfodynamic, or
xmpact ‘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 de.sxgns The
comparisons noted above are applicable. -

Recommendation: Clant‘ cation is needed for the CABO tables to state that designs subject to flood loads require spcmal
consideration for such loads that have not bc:n m:ommodated in the tabulated designs. ..

Suggested Code Change {or addition]: Ac_l_d a sentence tq the npd of §R-304.4:

R-204.4 Dengn required: . . . accepled engineering practices. Note that designs subject to flood Ioads Egg ﬁmal constdemnon
Flood loads have not been accommodated in the demms in Tablas R-'.Wl 3a and R—304 3b o

FEMA 114 - C‘ABQAEQ. c

3.12  Technical design ¢riteria -
' Extended wall foundations

Recommendation: MNone.

FEMA 114 CABO App. C

313 Technical design criteria - C-605
Anchorage of superstructure i
to foundation

Aﬁagis

While CABO Appendix C is generally not applicable to foundation
design, the wind design data presented in Append'ix Aof CABO is in
gencral agreement with the wind design criteria in Appendix Caf
FEMA 1M, 10 wh:ch Section 3.12 n:fr.rs

CAHO C-605 requires that “wood floor support systems shall be fixed 1o
perimeter foundations in accordance with this code.” CABO Figurs R-
303 specifies the anchorage of sill plates to concrete foundations using
%# bolts, 6' o.c. maximum. CABO Table R-402.3a specifies joists
secured to sills using 3-&:! ualls toe nmled ‘No pr-:mslon is made 1o
resist hydmtauc lifi-off of the ﬂoor

Recommendation: Clanﬁcanon is nieeded in CABO C-605 that additional anchorage may be necded to resist hydrostatic 1ift in flood-

prone areas. Reference to FEMA 85 may suifice.

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

. resist the wind load stated in llns cade. @E gng; _qgu!unal anchorag is needgd {0 resist buoy_aggx du: Lix] floading in thnse

ness where aggi;gmg_ N
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FEMA 114 CABO App: C

314 Technical design criteriz — 602, C-603,
Open foundations C08, C-605

Analysis

CABD €602 (Pier Tonstruction) specifically excludes lateral wind and
earthquake lnads from consideration in the application of the piers
spetified in this code. Note thar the typical manufactured housing
foundation system uses diagonal ties that are secured to ground anchors
for lateral load resistance. CABO C-603 (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 tics specified in
Sections {604 and C-605 respectively. The reliability of ground anchors
in flooded soils has not been demonsirated. It would be prudent at this
time 1o specifically disallow their use .o the flood plains.

Recommendation: Clarification is needed in CABO o caution that the ground ancho- system specified is generally not rated for

flooding or for high open foundations.

Sugg:stod Cnde Change [or addition]: At the end of §C—604 1 a.ctd. The use of eround anchors is permitied in the flood plain when

FEMA 114 CABO App. C

95  Utiliry relocations 1o existing
space

Recommendation: Mone.

FEMA 114 CABO &pp. €
98  Storage tank anchorage M-1914

Recommendation: MNone.

FEMA 114 LABO App. C
104 Floating structures C-6M.1
' C-604.2

Mot applicable. Water heaters and fumaces are instalied on the main
floor of manufaciured housing Relocation of utilities in a manufactured
home is generally not recommended. If undertaken at all, it is at risk of
viglating the Standards for fuel pipe sizing and resting, air duct sizing,
zic.. and is generaliy not economical.

Aunalviis

CARO M-1914 requires that “oil tanks be designed to resist 2il loads
and stresses (0 which they may be subjected.”

alysis

CABO C-504 mquirss that the home be anchored to the ground.
Utilization of a foating confined, tethered system described in FEMA
114 is a violation of this standard and the HUD MHCSS.

Recommendation: None, since FEMA 114, Section 104, does not apply o manufacturzd homes.

FEMA 114 CABO App C
C4  Wind loads C-501.1
Appendix A

Recommendation: Nons.

Analysis

CABQ C-501 requires that foundations be designed and constructed 1o
sustain loads specificd in the CABO code.

CABG Appendix A, Wind Probability Map, specifies wind pressures in
four zones. No wind velocities and no coefficients are shown. The wind
prassures specified in the coastal zone of Florida (Zone V) is 45 pef
lateral load and 32 psf wplift applied normal to the roof surface. Zone
111 pressures are 34 psf lateral and 32 psf uplift. FEMA 114 refers to
the building code requirements that apply within a ven jurisdiction. It
is assumed that the wind load provisions of these two standands are
compatitle since FENMA 114 referenees the three model building codes
and the CABO Code is a compilation of data from the three model
codes.
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Manufactured Housing Institute Model Ingtaftation Manual [MHI-MIM)

Retrofitti oo~ e Residential Structures [FEMA 114

The MHI Model Manufactured Home Installation Manual is intended as 2 guide (o manufacturers in the preparation of the specific
installation instructions that are required under Federal law to decompany the shxpmcnt of the homes. The Preface to the manual
further states that the manual provides a suggested outlinc and formar for manufacturers’ installation manuals rather than specific
requircments.

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

3.3 Elevation on Foundation Walls 8.3 Sealing techniques -

62 Floodwalls considerations 84 Sealing closures

6.3 Floodwalls construction techniques ' 85 Sealing design details

65 Floodwalls technical design criteria B.7 Scaling technical design

7.2 Closures consideraiions %4 Utilities permaneni protection
7.3 Closures low profile permanent 28 Utilities tank anchomge -
74 Closures materiais and construction Ci1 Hydrostanc loads

7.6 Closures technical design criteria C2 Hydrodynamic loads

B2 Sealants considerations 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 Corporalion does not récommend siting your home in river or coastal flood-prone
arcas. Special local regulations or fiood insurance provisions may apply. Special clevation and lnchonng techniques are reguired
when locating in a fiood-pronc area. Consult a registered pmfesslonal engineer 1o make sure that home design and construction
conform to appiicable federal, state and local regularions.” Reference is made to FEMA 85, Manufactured Home Instaliation In Flood
Hazard Areas. In the case that some manufacturers may wish to offer inanufactured homes that are factory ready for fload hazard
retrofit, the zpplicable comparisons of FEMA and MHI-MIM are as follows:

FEMA 114 MHEMIM Anaivsis
35  Extended foundation walls 44.1 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 clmnon and
anchoring technigues are required.

MIM also references FEMA 85, Manufactured Home Installation in

Flood Hazard Areas, and recommends thai the homeowner consult with

a professional engineer to assure that a home |nstalled in a fiood hazard

arca conforms with applicable federal, state, and Tocal codes and
guiauons

Recommendation: None.
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FEMA 114 : MH-MI Analysis

312 Technical design critera — 42, The wind design data in FEMA 114 is not fully in agreement with the
Exiended wall foundztions Figure 5.3 wind design criteria in §3280305(¢) of the HUD MHCSS, to which

homes instalicd per MHI-MIM must comply. The MHIZSS forms the
basis for the wind resistance tiedowns specified in the MM, While
MHCSS §3280.305(c)(2}(ii) states that HUD may establish more
stringent requirements in areas with 125 mph and greater recorded wind
velocity, HUD has not been known to establish more stringent
requirements than those specified in §3280.305(c) [25 psf lateral, 15 psf
vertical wplift}.

MIM refers 1o HUD Handbook 4930.3 (1989} This has the effect of
impasing a more severe design load on the fowndations and the -
foundation to home copnections than is required for the homes
themseives. (110 mph vs. B8 mph wind welocity)

Recommendation: Further research/fstudy is recommended to determine: a} if the wind design criteria in MHCSS is adequate for
areas of high wind velocity: and;for b) if stmanger recommendations against siting such Homes in flood prone areas are in order. This
study should be undertaken by HUL and the manufactured housing industry.

EEMA 174 MHI-MIM Analysis

313 Technical design criteria — 441 Generally not applicable. MHI-MIM recommends that homes not be
Anchorage of superstructure sited in flood-prone areas, and further cites the possibility that special
to foundation local regulations or flood insurance prosisions might apply, and that

special elevation and anchoring technigues are required.

MIM alsa references FEMA 85, Manufactured Home Installation in
Flood Hazard Areas, and recommends that the homecwner consult with
a professional engineer vo assure that a home instaited in a flood hazard
area conforms with applicable federal, state, and focal codes and
regulations.

However, Fone I homes (hurricane)} when designed in accordance with
MHCSS $3280.305(c) are connected to the steel frame - chassis so as to
sustain 15 psf uplift. (Caution, this is not sufficient for hydrostatic
pressufes in excess of 3" warer column.}

Recommendation: Further researchfstudy is recommended to determine: a) if the wind design criteria in MHCSS is adequate for
areas of high wind velocity; andfor b} if stronger recommendations againsi siting such homes in flood prone areas are in order. This
study should be undertaken by HUD and the manufactured housing induskry.

FEMA 114 MHI-MIM Analysis
3.34 ‘Technical design criteria — 441 Sez analysis for "FEMA 14, 3,137 above. Consequently no provisions arc
Open foundations 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/for b) if stranger recommendations againse siting such homes in flood prone areas are in order. This
study should be undértaken by HUD and the manafactured housing industry.
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FEMA 114 AHI.

95  Utility reiocations to existing
space
Récommendation: None.

FEMA 114 MHEMIM

104 Floating structures

Analysis

Not applicable. Water heaters andj_fumac_esxgm installed on the main
floor. Relocation of utilities in a manufactured home is generally pot
recommended. If undertaken at all, it is al great risk of violating the
standards for fuel pipe sizing and :esnng, air duct sizing, etc., and is
generally not economical.

Analysis

The MHI-MIM contains no provisions for floating structures.

Recommendation: None, since FEMA 114, Section 10.4, does not &pply to manufaciured homes.

EEMA Li4 MHI-MIM

C4 Wind loads 4.4.2; and
ref HUD
4930.3,
App. H-13

Analysis

MIM cautions against installing homes in wirid zones more severs 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 exeed those found
on the Manufactured Home Data plate referred to in the MHI-MIM.

§3280.305(c)(2)(il) of the HUD MHCSS states that HUD may establish.
more stringent requirements than those specified in §3280.305(c) for
arcas with 125 mph and greater wind velocities. Presently, HUD has not
been known to do so.

Recommendartion: Further research is recommended to determine if the Zone (Humcan:} requirements in MHCSS arc adcquale
or if the ASCE-7 maps should be lnmrporned This research should be undertaken by HUD and the manufactured housing industry.
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NFPA 501A-1987, Manufactured Home Instaliztions {NFPA S01A]

Rerrofitting Flood-Prone Residential Structures TFEMA 114]

NFPA 501A-1987 covers the firesafety requirements for the instailation of manufactured homes and manufactured home sites. This
standard includes only the fresafery portions of the scope previously covered by ANSI A225,1/NFPA 5014, The non-firesafety aspects
are published separately as ANSL A225.]. Because NFPA S01A is essentially provisions for fuel supply piping and connections, a direct
comparison with the retrofic provisions of FEMA 14 are for the mosz pa.n not applicable. After review, the FEMA 114 sections for
which comparisons were not made are as follows:

33 Elevation on Foundation Walls 7.6 Clasures technical design criteria
3.12 Design criteriz—~wall foundations 82 Sealants considerations

3.13 Design criteiz~anchorage 8.3 Sealing 1echniques

3.14 Design criteria~open foundations - 84 Scaling closures

6.2 Floodwalls considerations ¥ 85 Sealing design details

6.3 Floodwalls construction technigues ’ 8.7 Scaling technical design

65 Floodwalls techmical design criteria %4  Utilities permanent protection
72 Closures considerations 235 Unility relocations

7.3 Closures {ow profile permanent 9.8 Lhilities tanx anchorage

74 Closures materials and construetion 104 Floating structures

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

EEMA 114 NEPA SQIA Analysis

15  Extended foundation walls 4-2.3 Section 4-2.3 of NFPA 501A requires 1hat manufzetured home

C.1  Hydrostaric loads insiattations. including the support system and wtility and structural

C.2  Hydrodmamic loads connections, be compliznt with the manufacturer's instructions or the
C3 Impact loads authority hasing junsdiction. Support system: design is to consider the
C4  Wind loads : climatic and geelogical conditions present ar the home site. There is no

incomparibility with FEMA 114,

Recommendarion: None.
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R:tr_oﬁtt' ] ood_- one._ e_sj&em_';il Structures FE'\{A 114

The ANSI A225.1 Manufactured Home Installations Standard is intended to be adopted by jurisdictions haviag responsibilicy for the
safety and health of manufactured home users and for e.stabh.!.'hmg regulanons apphcable to manufactured home communities. These
standards are applicable to single family dwclllng units that are built in accordance with the HUD Manufactured Home Construction
and Safcty Standards (MHCSS), which require that the manufacturcr of the home provide lmtrucuons t'or the sne mstallatlon using at
I=ast one sysiem of support and anchorage that can resist the deslg;n dr.ad 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 companson of those provisions
is not appllmhle After review, the FEMA 114 ucuons far wmch :ompansons were not made are as follows:

33 Foundation Wails

6.2 Floodwalls considerations

6.3 Floodwalls construction

technigues

65 Floodwalls technical des:gn cmcna

7.2 Closures considerations

73 Closures low profile permanent
74  Closures materials and construction
76 Closures technical design cmena

82 Scalants cnnsmeranons

8.3 Sealing techniques

84 Sciling closures

85 Sealing demgn details

8.7 Sealing techmml desngn

9.4 Unlmes perrnlnem protection
95 Uul:ty relocations

9.8 Ultilities tank anchoragw_c

Cl1 Hydmstauc loads

C2 Hydrodynamic toads

€3 Impact Loads

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

FEMA 114

35  Extended foundation walls

Recommendation: None.

FEMA 114

3.12  Technical design criteria -
Extended wall foundations

A2251

2312
Appendix G

Appendu B
B4.1

Analgg‘ is

Criteria are presented for the design and construction of built-up
foundannn walls in FEMA 114. The foundation walls and floors are
rcqulrcd o wlthstand the added hydmstauc pressures and prcmsmn
needs 10 be made for hydrostatic relief by means of venis, 1'si per sf of
Roor area. Connectlons from the building to the foundation ‘need to be
des:gned 10 carry the addmonal loads.

ANSI A225 1. Section 2-3.1.2 (Evaluation), states that *Each site shall be
evaluated by the authority havmg Junsdlcnon to determine: . (o) if
such hazards as ﬂood ¢rosion, . . . exist which might impair 1 thc use or.
urility of lhe propcrty 'ANSL A225.1 Appendu G provides mformat:on
on NFIP. The reader is n:fcmd 1o FEMA for additional mformauon.
No reference is made 10 speclﬁc FEMA documcms

alysis

Sectlon 3.12 of FEMA 114 refers to Appendix C therein for design
loads. The wind design data pr:sented in Appendix C is not fully in
agreement with the wind design criteria in Appendix B of A225 1 since
A225.1 applics to homes constructed per the HUD MHCSS. Standard
A235.1 provides that the authority having jurisdiction should be
:onsulled 1o determme whether recurrent wind velocities exceed 90 mph,
and that the manufactured homes should be dcs;gned for the recurrent
wind. Specﬂ‘ c data is not pmwnded either for wind or for floodmg.

Recommendation: Further rescarch is recommended to determine if the Zone II (Hurricane) requirements in MHCSS are adequate
or if the ASCE-? maps should be incorporated. Tms rw.-.arch shouid be undertaken by HUD and the manut‘actun:d hous:ng industry.
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FEMA 114 A235.1 Analysis

313  Technical design criteria — Section 3.13 af FEMA 114 covers the importance of the floor diaphragm
Anchorage of superstructure in mamtaining the stability of the foundation walls and cautions againxst
to foundation using connections that pull aut if the underside of the floor is subjected

to upward hydrostatic forces. This topic is not withia the scope of
AZIS1 since AZ25.1 does nto: cover home desigm and construction.
However, Zone I (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 ts not sufficient for hydrostatic pressures in
excess of 3" water column.)

Recommendation: Further research/study is recommended to determine: a) if the wind design cafreria in MHCSS is adequate for
areas of high wind velocity, and/or b} if stronger recommendations agasnst siting such homes in flood prone areas are in order. This
study should be underaken by HUD and the manufactured housing mdustry.

FEMA 114 A225.1 Analysis
3.14 Technical design critera - 25 Section 3.14 of FEMA 114 describes systems of piers, columns. posts,
Open foundations and piles, each of which 5 required to resist “zll facets of Ioading,

including water loads, wind loads, structurai dead ioads, and design Iive
loads." FEMA's Coastal Consiruction Manual is referenced for details
of pile design. A2325.1 does pot provide any special foundation designs
for flad-prone installations.

Recommendation: AMNSE A225.1 needs to be enhanced to reference the NFIP and FEMA 85 within the body of the standard in order
to provide guidance for home installations in fleod harard areas.

FEMA 114 A5 1 Analysis
104 Floating structures Section 10.4 of FEMA 114 describes a system of floats and collars that

control the buoyant movememt 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 AZIS 1 Analysis
C4 Wind loads App. B Appendix C.4 of FEMA 114 presents a general overview of wind design

critenia as found in the model building codes published by BOCA,
ICBO, and SBCCL The wind wvelocity maps for 50 yzar recurrence and
100 year recurrence are included. Coefficients and methods, however,
are not included. Hence, the desigmer will refer to the butiding code
mequired by the authority having jurisdiction. The Wind Zone Map in
Appendix B of A225.1 s that used in the HUD MHCSS.

Recommendation: Further research is recommended to determine if the Fone II (Hurricane) reguirements in MHCSS are adeguate
or if the ASCE-T maps shouid be incorporated. This research should be uadertaken by HUD and the manufaciured housing industry.
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Manufactured Home [nstallation i Fiood Hazard Areds [FEMA 5]

The HUD Manufac:umd Home Construction and Saf::y Standards (MHCSS) are performance requirements for the construction of
faciory-built smgle family dwelling units that are tmnsportable in one or more sections. This standard requires that the manufacturer
of the home provide instructions for the site installation using at least onc system of support‘and anchorage that can resist the design-
dead, live, and wind loads, The MHCSS does not includé provisions for flocd loads.

Thé requircment that thé manufacturer provide one inistallation indtruction system is the only installation implication of HUD MHCSS.
This standard does not cover installation details, économics, and several other aréas addressed in FEMA 85, and thus a direct
comparison of tho& provisions is not appllmble Aft:r fevicw, the FEMA 85 provisions for which the comparison was not made are
as follows:

pg M Evacuation '

Chapter V Economics

pg 58 © Jacking

Appendix B Federal and State Contacts
Appendix C Sources of {lood Information

Comparisons and analysis for applicable sections of FEMA B35 are as follows:

FEMA 85 MHCSS Analysis
pz. 3 Manufsctured home §3280.2 (a}(16) FEMA 85 States that manufactured homes can be deéigned for removal
characteristics : of the steel chassis. Subsequent to the publication of FEMA 85, the

Dcpanmcn: of Housing and Urban Development has advised
manufactured home manutciurers and demgn approval agencies that
the chass:s shail not be removed.

Recommeadation: Design methodology and construction details in FEMA 85 consider that the chassis remains attached to the home.
Therefore, only a revision 1o clarify that the chassis shall not be removed is appropriate.

EEMA 85 MHCSS  Analysis
PE- 5 Conventionat §3280.306 FEMA 85 describss typical installation techniques and is consistent with
manufactured home the requirements of the MHCSS.

installation technigues

Recommendation: None.

FEMA 85 MHCSS Andlysis
pE 8.  Effects of Nooding §3280.306 FEMA 85 describes the cffects of riverine and coastal flooding on
: manifictured homes. Flood forces are not currently considered in the
MHCSS.

Recommeéndation: MNoae. Sinee the MHCSS require that manufacturers supply installation instructions with each home, the issues of
clevation and anchoriag are cutside the scope of the MHCSS,

FEMA 8BS MHCSS Analysis
pe. 11 Regulatory tequirements §3282.11 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 instaliation of manufacturcd homes.

Recommendation: None.



FEMA 85

pE 15 Hazards from floods

MHCSS

§32802
$3280.306

Analysis

FEMA 85 defines "hydrostatic,” "hydradynamic,” and “debris impact”
forces. The saction further defines “depth,” “velocizy,” “tate-of-rise,”
“duration of floading,” "duration of flooding.” "frequency of floading™
and “debris [cad.” The MHCSS does not require thar the manufactered
home or manufaciured home foundation resise flood forces.
Consequently, MHCSS does not offer any similar definitions

Recommendation: None. The requirements of the NFIP {and FEMA 85) arc not appreciably strengthened by the possible
introduction of the aforementioned “flood” definitions into the MHCSS. The current approach of desigming the foundation for flood
forces and remowing the manofactured home structure from “harm’s way” appear appropriate. Howewer, the foundation design and
structure provided by the manufacturer may perform adequately under a0 or very low velocity and limited rate-of-rise conditions.
Therefore, FEMA 85 could give consideration 10 clearly defining appropriate parameters and definitions.

FEMA 85

pg- 17  Wind hazands

Recommendation: None.

FEMA &S

pg- 19 Elevation on fill

Recommendation: None

FEMA 85

pe 21 Elevated foundations
{piers, posts, horizontal

beams}

MHCSS

£3280.306
§3280.305 {c)

MHCSS

§3280.306

MHCSS

§3280.306

Analvsi

FEMA &5 and the MHCSS are incompatible. The isswe of increased
wind pressure at higher elevations is addressed on pg. 46 of FEMA 85,

Analvsis

FEMA 85 describes the application of fill, including suggested slopes,
minimum distances, etc. o elevate the manufactured home above Tood
level. The MHCSS does mot include any requirsments for the
foundstion design. However. requirements of FEMA B5 arc generafly
consistent with typical specifications provided by the manufacturer in the
manufaciured home installation manual.

Analvsis

FEMA, 25 provides general and in some instances prescriptive guideiines
for the constrection of built-up and casi-in-place pters, piles, and
bracing. Although not necessarily incompatible with the MECSS, the
MHECSS prowvides performance cntenia for foundations generally without
the prescription of construction materials and techniques. Therefore, it
is passible for a manufacturer (o provide a foundation design that
satisfies the MHCSS but may not saeisfy FEMA 85

Recommendation: Prescriptive guidelines in FEMA 85 are generally not incompatible because the typical foundation design provided
by the manufacturer does not address flood forees. Howewver. designs provided by the manwfacturer may be acceptable for no or very
low velocity flood forees but may not satisfy FEMA &5 requirements. Therefore. FEMA BS should be clarificd to describe under what
flood conditions the manufacturer's design is acceplable and under what conditions the prescriptive requirements of FEMA 85 should -

prevail
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FEMA 85 MHCSS Analysis

pg. 28 Anchoring §3280.306 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 -1
describes the typical application of these requirements. Hcmcver
neither document currently provides a standard o determine the
capacity of the anchoring devices. Commoaly, the capacity of the anchor
is derermined in unsaturated soil. It is anticipated that the withdrawal
capacity of the anchor will be reduced under flood conditions.

Recommendation: Further research/study is mcommcndcd to delermme 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 cffort by HUD, FEMA, and
the manufacturcd housmg industry.

FEMA 85 MHCSS Analysis
Pg 33  Design of eimtcd_ $3280.305 FEMA 85 reiterates the dﬁign parameters of the MHCSS.
foundations . .- §3280.306 - The sections are currently compatible.

Recommendation: None.

FEMA 85 MHCSS nalysis

pg- 34 Hydrostatic forces §3280.305 - FEMA 85 describes the application of hydrostatic, hydrodynamic, and
§3280.306 impact forces on a manufactured home. The MHCSS does not address

the application of hydms:anc forces on the floor diaphragm. However,
in Zone [ and Zone {1 hqmqs when designed in accordance with
§3280.305 (¢}, Noors 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 gencrally consider the attachment of the floor
sheathing to floor joists 10 resist hydrostatic loads applied to the
underside of the home. However, this connection has some limited
resistance 1o these forces as well. The documents are not incompatible
in that FEMA BS states that the oniy practicat design approach is to
clevate the unit above flood waters.

Rccom_mcnd.a_tiom None.

FEMA &5 MHCSS Anglysis
pg- 34 Laterai forces $3280.305 See above comments for hydrostatic forces.

§3280.306

Recommendation: None.

FEMA 85 MHCSS Analysis
Pg 35  Buoyancy §3280.305 Sec above comments for hydrostatic forces.
§3280.306 '

Recommendation: None.
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FEMA 85 MHCSS Analysis

pg- 36  Hydrodynamic forces §3280.305 See above comments for hydrostatie forces.
$3280.306

Recommendation: None.

FEMA 8BS ) MHCSS ~ Analvsis
pz. 39 Impact forces §3280.305 - See above comments for hydrostatic forces.
§3280.306:

Recommendation: None.

pe. 3%  Secour §3280.305 The MHCSS and FEMA 85 are not incompatible. Howewer, FEMA &5
§3280.306 sets requirements for consideration to scour in the foundation design.

The MHCSS do nor contain requirements [or flood fomes.

Recommendation: Sec above recommendation for elevated foundations (FEMA 85 pg. 21).

FEMA 85 MHCSS Analysis

pg- 41  Design loads §3280.305 FEMA 85 wind, mof. and floor kive and dead loads are consistent with
§3280.306 the requirements of the MHCSS. However, FEMA 85 also mostates
design considerations for flood forees. (See also analysis for hydrostatic
forces.)

Recommendation; None.

A ES MHCSS Analvsis
pe. 45  Evaluation of clevated §3280.305 FEMA 85 describes maximum water velocity as a function of the angle
foundations §3230.306 of the support strap and height of flood water above the fioor and

concludas that elevation is the "optimum strategy.” Such analysis is
based on typical construction techniques used in manufactured housing
The MHCSS does nat require the manufacturer 1o design the home or
foundation for flood forces. {See also analysis for apchoring, FEMA 85,

pg. 28.)

 Recommendation: See¢ abowve recommendation for anchoring {FEMA 25, pg. 28).

FEMASS MECSS Analysis
pg. 45 Dresign forces and loads §3280.305 FEMA 85 restates the design loads of the MHECSS for determination of
§3280.306 the vertical member Ioads. The sections are corrently compatibie-

Recommendation: None.
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FEMA 85 - ' MHCSS Andlyiis.

pg. 48 ' Ventical support meémbers §3280.305 - (a) FEMA 85 providés gencral aid in some instances prescriptive
" {piers) ) : §3280.306 © guidelings-for the construction of foundation components. Although
' - : ~ ..+~ FEMAB8S i not necessarily incompatible with the MHCSS, the MHCSS
provide performarce criteria for the design of foundations generally
without the prescription of construction miaterials and technigques.
Therclore, it i possiblé for & manufacturer to provide a foindation
design that satisfies the MHCSS but may not satisfy FEMA 85

(b) Additionally, Figure 4.32 in FEMA 85, "Typical Ground Anchor
Detail,” shows incotrect orientation of the ground anchor. -

- () FEMA 85 stares, *. .. all picr designs must have the bortom of the.
footing at least 30 inches betow grade or to the frostline, (cmphasis
added) whicheveér is greater.” The MHCSS does not require placement
of the footing beiow grade. However, it is the manufacturer’s general
practice to require that footings be placed below the frostline. .

Recommendation: (a) Prescriptive guidelides in FEMA 85 are generally not incompatible because the typical foundation design
provided by the manufactirer does not address flood forces. However, desipns provided by the manufacturer may be accepiable for no
or very low velocity flood forces but may hot satisfy FEMA 85 requirements. Therefore, FEMA 85 should be clarificd to describe
under what flood conditions (if any) the manufaéturer’s design is acceptable and under what conditions the prescriptive requirements
of FEMA &S should prevail.

o) Provide a revised Figure 4.32 in FEMA 85 with correci orientation of the ground anchor. (Ser also above recommendation for
anchoring, FEMA 85, pg. 28.) ’

(3] None.

FEMA 85 : MHCSS Analysis.

pg. 53 Vertical support members  §3280.305 FEMA 85 restates the design loads of the MHCSS for determination of
(pasts and piles) §3280.306 the vertical member loads.

The sections are curréntly compatibie. (Sce analysis for vertical support
~ members, FEMA 85, pg. 48.)

Recommendation: Seé above recommendation for vertical support members (FEMA &S, pi. 48).

FEMA &S - ‘ MHCSS Analysis
pg. 58 Horizontal Support - §3280305 - . FEMA 8S restates the design loads of the MHCSS for determination of
beams . -§3280.306 the vertical member ioads.

The sécticns are citrently compaiible. (Se¢e analysis for vertical support
members, FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical Support members (FEMA 85, pg. 48).

FEMA 85 MHCSS Analvsis

pg 60  Cross bracing $3280.305 - FEMA 8BS restates the design loads of the MHCSS for determination of
$3280.306 thé vertical member loads. )

The sections are curretitly compatibie. (See analysis for vertical support
membets, FEMA 85, pg. 48.)

Recommendation: See above recommiendation for vertical support members (FEMA 85, pg. 48).
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pg- 62  End bracing §$3280305 FEMA 85 restates the design loads of the MHCSS for determination of
32801306 the vertical member loads.

The sections are currently compatible. (See analysis for vertica support
members, FEMA 85, pg. 48.)

Recommendation: See abowve recommendation for vertical support members (FEMA 85, pg. 48).

FEMA 85 - MHCSS Analysis
pg 63 Horizontal beam §3280.305 FEMA BS restates the design loads af the MHCSS for determination of
connections $32BD.306 the vertical member loads.

The sections are currently compatible. {See analysis for vertical supporn
members, FEMA 85, pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).

FEMA BS MHCSS Analvsis

peE. 54 Chassis I-beam §3230.305 FEMA 85 restates the design loads of the MHCSS for determination of
CONNECLIons £3280.306 the vertical member loads.

The sections are currently compatible. (Sce analysis for vertical support
members, FEMA, 85, pg. 48.)

Recommendation: See above recommendation for vertical suppont members (FEMA 85, pg. 48).

FEMA B MHCSS Anaiysis
pg. 66  Cross bracing connections §3280305 FEMA 85 restates the design loads of the MHCSS for determination of
$3280.306 the vemical member loads.

The sections are currently compatible. [See analysis for vertical suppart
members, FEMA 85, pg. 48.)

Recommendation: Sec above recommendation for vertical support members (FEMA 85, pg. 48).

EEMA BS MHCSS Analysis
pg- 57  End bracing connections §3280305 FEMA 85 restatzs the design Ioads of the MHCSS for determination of
§3280.306 the vertical member Ioads.

The sections are currently compaiible. (Ses analysis for vertical support
members, FEMA 85, pg. 48.)

Recommendarion: See above recommendation for vertical suppont members (FEMA B5, pg. 48).

FEMA 85 MHCSS Amnalysis
pg- 67  Longitudinal support §3280.305 FEMA 85 restates the design loads of the MHCSS for determination of
beams connections §3280.306 ) the verzical member loads.

The sections are curremly compatible. [See analysis for verticel support
members, FEMA 83, pg. 48.)

Recommendation: See above recommendation for vertical support members (FEMA 85, pg. 48).
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pg. 69 - Utility service

§328211

: §3281.1
Subpan H

Sobpart |

Analviig

- FEMA &5 requires that utilifies be placed in: w'arcrpmofed fisers

adjacent to down stream foundauon members. The MHCSS do not
contain requirements for protection of wtilities whére they connett o
the structure.

Recominendation: None. The MHCSS do ot préempt utility service protective measures.

FEMA 85

pg. 69 Mechanical systems

MHCSS

328214
§3282.1

- Analysis

FEMA 85 requu'cs that éxternal equipment be sievated above
anticipated fiooding.- The MHCSS do not contain requirements for
elevatinig exterior mechanical systems above the base flood elevation.

Recommendation: None. The MHCSS do fiot preempt externil méchanical equipment cievation.

FEMA 85

pg. 70 Access and sgress

Recommendation:  None.

FEMA BS
Appendix D

Calculation procedures for
elevated foundation design

MHCSS

§3280.108
§3280.106

MHCSS

§3280.306

© Analysis _' -

The MHCSS requires that sach home be provided with two exterior exit

" doors lpcated remote from each other and éach slécping room be

prmnded with an egress window. FEMA &5 requires that "a r:lear access
and egress path to the manufactured home be provided . . " FEMA 85
and the MHCSS are not mcompatlble However, ¢iévation of a
structure by ils very nature mll reduce-the case wnh which cgress may
be provided from the struclun:

M

MHCSS requm:s that the design wind loads be mcreased by a safety
factory of 1.5 when used in caléulating resistance 1o mrenurmng and
laterat movement. Addmonally. the MHCSS does Rot permit the
allowabie stresses of maxenals required to resist such loads to be
lricn:ased._

Othermsc, MHCSS permits any calculation methods to be used in
striictural analysis, provided it is in decordance with acecpied
engmocnag practice. Therefore, except as described above, the design
methodologles pressated in FEMA 85 Appendix D to determine various
loads are oompauble with MHCSS reqmremems

Recommendation: Although installations of manufactured homes &re not precmpted by MHCSS, FEMA 85 should be revised to
include the 1.5 safety factor in ils design methodologcs [t should also prohibit any increases 10 the basic allowable stresses of
-materials required to resiii ovtrtummg and lateral movement due 0 wind loads. Cerain tables in FEMA 85 Chapter [V that are
bascd on these design methodolopn miay, aiso need to be revised,
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FEMA 85 MHCSS
Appendix E $3280.306

Buoyancy and drag foroes

Analysis

FEMA 85 and MHCSS are not incomparible since the ies designed o
resist buoyancy and dreg forces are in addition 1o any ties required for
wing anchorage. As previously stated, MHCSS does not address "flood
foroes™ However, MHCSS does require tha: wind anchoring equipment
be capable of resisting a minimum aliowable working load of 3150
pounds. FEMA 85 tables and calculations are based on a woridng load
of 2200 pouids.

Recommendation: Tables in FEMA 85 for spacing of ground anchors should be based on ground anchors with & minimum allowable

working load of 3150 pounds father than 2200 pounds.

FEMA 85 MHCSS
Appendix F §3280306
Design worksheet

Analysis

MHCSS requires thal the design wind loads be increased by & safery
factor of 1.5 when used in calculating resistance to overturming and
lateral movement. Additionally, MHCSS does not permit the aliowable
stresses of materials required 1o Tesist such foads 10 be increased.

Recommendation: Although installation of manufactured homes are not preempied by MHCSS, FEMA 85 should be reviced to
inctude the 15 safety factor in its design methodologies. [t should aiso prohibit aay increases 1o the basic allowable stresses of
materals required 1o resist overturning and lateraf movernent due to wind loads. Certzin tables in FEMA 55 Chapter J¥ that are
based on thess design methodologies may also have 1o be revised.

E-22



The HUD Permanent Foundations Guide provides design methods and data for site installation of factory-built single family dwelling
unils that are tmnsportablc in one or more secxlons These are considered manufactured homes bmlt in accordance with the HUD

MCHSS.
FEMARS HUQ 4930.3
pe 3 Manufactured home 100-1. and 100—

characteristics 2

Recommendation: None.

EEMASS HUD 49303
o] Conventional Figure 1.13

;p;nnnf_actured home
ins;allatio_n techniques

Analysis

FEMA 85 and HUD 4930.3 describe the same general features.

Analygis :

FEMA 85 explains that the installation instructions supplied with the
home normally do not provide for resistance to !oadlng caused by
flcoding. HUD Handbook 49303 is for permanent found.auons. and
flooding Ioads are nat provided for. Figure 113, Type 2 Tie Down in
FEMA 85 depicts an unstable wind resistance system.

Recommendation: This section of FEMA 85 should be clanﬁed ta pomt to specific flood load remedics elsewhere in the document.
anurc 113 should carry a notice that the method d:plcled is nOl stable and is not recommended for any loadmg flood or not.

FE_ZM_ 83 BHUD 4930.3
PE- 8 Effects of flooding 201-2
Recommendation: None.
_ MA RS HUD 4930.3
pE- Il Regulatory
requircments
Recommendation: None.

FEMA 85 . o 4930.3

pp. 15-18  Flood and wind hazards 2012

Recommendation: None.

Anpalysis

HUD 4930.1 does not provide design loads or procedurss for homes in
nood-pmne sites. References are made to FEMA 85, NFIF, and HUD
Handbouks 4135.2 and 41451, '

Analﬁls

FEMA &5 explains how the NFIP works :ogethcr w:th state and local

]unsducnons HUD 4930.3 apparentiy is intended to be used 10 assist
HUD feld offices in making determinations of whether or not homes
have been installed on permanent foundations. and therefore contains
no regulalory requlremems : : =

Analysis

HUD 4930.3 does not provide loads or design methods to abate
damages from floods; rather, it refers to FEMA 85 for that purpose.



FEMA 85 HLUD 4230.3 Analysis

pg 17 Wind hazarde 402-3.C HUD 49303 does not provide for the resistance of severe hurricane
wind [oads. It prefers 1o the Institute for Disaster Research publication.
Mobile Homes in Windstorms. FEMA 85 refers to the MECSS wind
force requirements. The statement on Page 18 of FEMA &S, “wind and
flood forces can be additive, thereby taxing the stmecture, its foundation
system. and any anchoring mechanisms,” does not appear ta be a trus
statement. it seems zhat it would be reasonable to design each
companent mdvidually for wind and for flood, using whichever load
praduces the more critical design [or the componsnt.

Recommendation: Revise the statement ot page 18 of FEMA 85 in accordance with the analysis above.

FEMA 85 HUD 4930.3 Analysis
pg 9 Elevation on fill 332 FEMA &5 limits the flood velocity in accordance with the fll materials

and [l cover selected. HUD 4930.3 requires thas bl be engineered to
90% in accordance with ASTM D557, Modified Proctor Test. There is
no incompatibiiity.

Eecommendation: None.

FEMA 8BS HUD 4930.3 Analysis
pg 21 Elevated foundations 42 While the design methods and design foads provided in HUD 45303

would be applicable to elesated foundations, the handbook does not
pravide the hydrostatic, hydrodymamic and impact ioads. HUD: 4930.3
references FEMA 85.

Recommendation: None.

FEMa, 85 HLUD 4930.3 Analvsis

pE- 28 Anchoring A-6 Note NTL FEMA 85 does not discourage the use of auger type ground anchors.
: BUD 45303 requires anchorage into conceete.

Recommendation: FEMA 85 should disallow ground anchors in fisod-prone installations.

h!

FEMA BS HUD 4930.3 Analvsis
PE 31 Evacuation technigues 602 FEMA 85 propasss that evacuation using quick disconnect from

foundations is a practicable strategy. HUD 49303 requires permanent
foundations and attachment there1o. The rwo approaches are not
reconcilable into one standard.

Recommendation: FEMA 85 shouid be chenged to protibit such quick disconnects, unless. further study suggests that manufactured
housing be factory-prepared for floating.

FEMA RS : HUD 4930:3 Analysis
pg 33 Design of clievated 402-2, 402-3 FEMA 85 relies an the HUD MHCSS for moof five loads and wind
: foundations loads. HUD 49303 recommends snow and wind loads from ANSI
AS58.1-1982.

Recommendation: While the manufactured homes built to the HUD MHCSS pave generally less conservarive design values for wind
and snow loads than recommended in ANSI AS8.1, FEMA 85 should consider requiring that the foundation designs be made using the
snow.and wind foeds of ANSI AS8.L &s in the HUD 4930.3, even though this introducts an incansistency with foundarions designed for
fie Set of loads and the foundation designed for another.
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FEMA 85 . HUD 49303 - Aualwis
pp- 340 Flogd forces.and their . 2012 . ) HUD 4930.3 does not provide design data or methods for homes in
- application - o flood sites., 1t refers 10 FEMA Flood Maps, HUD Handbooks 4135.1,
) . 41451 and the requirements of the NFIP. . . oo

Recommendation: None.

FEMA 85 . HUD 49203  Analysis
pp. 4142 Design loads 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 (0 those loads.) HUD 4930.3 uses
ANSI A58,1-1982 for snow and wind loads.

Recommendation: -Revise FEMA 85 and HUD MHCSS to incorporaie ANSI A58.1 snow and wind loads.

FEMA 85 ' HUD 49303  Analysis
pg 45 Design forces and loads -~ . - . : FEMA 85 provides a charn to define limits of effectiveness for ground
) - Evaluation of elevated anchors as a function of water velocity and depih of flood. The
foundations accompanying narrative also refers to Appendix E for a discussion of

buoyancy, drag and cffectiveness of ground anchors in floods. The
discussion of buoyancy appears to have overigoked 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 cffectively in saturated soils. Appendix E of FEMA 85 needs to be revised 10 make provision for the
limits of Noor-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 nepded to enable the ground anchor designers, vendors and users 1o know how 1o determine
whether or not ground anchors can be relied upon.

FEMA 85 HUD 4930.3 Analysis
pp. 47-48  Vertical support T 4022, 4023 FEMA 85 provides design charts for dead load, live load. snow load, and
members wind load calculations. The charis use snow and wind loads from the

HUD MHCSS. jHomes manufactured since 1976 under the HUD
Standards are themselves certified to thase loads.] HUD 4930.3 uses
ANSI AS8.1-1982 for snow and wind loads. .

Recommendation: Revise FEMA 85 and HUD MHCSS to incorporate ANSI AS8.]1 snow and wind loads.

FEMA 8 HUD 49303 Analysis

pg 48 Piers App. A FEMA BS prescribes designs for piers, and cautions that, due 1o the
. likelihood of scouring, pier systems should not be used in areas where

flooding velocity is anticipated. Appendix A of HUD 49303
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 sufficicnt fof some designers. it seems prudent that it be ‘repeated in
the Appendices.

Recommendation: The design appendices in HUD 4930.3 should repeat the references 10 the FEMA documents and caution that the
designs presented have not taken flood conditions into aceount.

Suggested Change Jor addition]: Add a sentence 1o Paragraph B, Page A-1: Note that none of the charted designs takes flood loads
into_account. Refer to FEMA BS for design loads and procedures. -
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FEMA &S HLD 45303

pp- 5338  Posts and Piles APp- A

Recommendation: Noae,

FEMA 8§ HUD 4930.3
Appendix E
Buoyancy and drag forces

Analysis

FEMA, 85 includes provisions for pile foundations with sample load and
appiication charts. HUD 49303 lists twelve foundation designs in the
Foundation Selection Chart in Appendix A. Piles are not included.
HUD Handbook 49303 is not for flood resistant installations.

Anglvsis

Appendix E in FEMA 85 discusses buoyancy, dreg and effectiveness of
ground anchors in floods. The discussion of buoyancy appears 1o have
overiooked the limits of the connection of the home 1o the frame. The
homes are: designed either for 9 psf uplift or 15 psf uplift. This is not
sufficient for hydrostatic pressures of maore than 7" and 12* uitimate
respectively. The isswe of whether or not ground anchors are effective

needs 1o be addressed convincingly.

Recommendation: Appendix E of FEMA &5 needs 1o be revised to make provision for the limits of floor-to-frame connections that
have been designed arcording to the wind uplift provisions of the HUD MHCSS. Resolve whether or not ground anchors are

permitted.
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1569 CABO Appendiz C [CABO App. C]

Manuf_actun& Home [astallation in Figod H aznrd Areas [FEMA 85].

Appenduc C of the 1989 CABO One and Two Farmly chumg Cocie addresses those aspects of manufactured homes not preempted
by the HUD. Manufactured Home. .Construction and Safety Standards (MHCSS) This includes the construction of foundation and
anchorage systems for Lhe installation of the dwelling unit on a pnvatcty-owned (nonrental) lot.

The CABO Code gcnerally covers tnmc-te.stcd construction methods It does not cover seldom-used systems or performance type
sgstcms The construction methods in CABO also do not.take into consideratian any spegial 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 B85 sections for which comparisons were not made arc as follows: . .

Chapter [ - Ovemew
.. Chapter [I Hazards from ﬂmds
- Chapter fIl - Elevation on Fill

Chapter [ Elevated Foundations exc. 'P;ers

Chapter I Evacuation

Chaprer IV A. Flood Forces and Applications exc. "Dr.slgn Loads®
" Chapter IV C. Bracing Support and Connections

Chapter IV D. Additional Design Considerations

Chapter V Economics .

Comparisons and analysis for applicable sections of FEMA 85 arc as follows:

FEMA 85 ' CABO App. C  Analysis

Pg 22 Piers 602 FEMA, &5 limits the spacing of supporting members to ten fect-on-

center whereas CABO Appendix C permits the spacing to be as
spg;lf jed in the manufacturer’s installation instructions.

Recommendation: None.

FEMASS CABO App. € Analysis
Pg 22 Piers C-503 FEMA B85 generatly limits the height of built-up piefs to ten feet or to

ten times their least dimension. CABO Appendix C dogs not set a limit
on the-height of piers. However, picrs constructed in accordance with.
GH.BO C-602 are not consldered 10 resist any latr.ral ioads.

: Nac: CABO R-404.4 does set a heighe hmn of ten times the least
dimension for unsupported masonry piers,

Recommendation: Mone,

FEMA 85 CABO App. C  Analysis
Pg 22 Piers C-502.3 FEMA BS specifies that built-up piers should be at least 12 in. by 12in. .

and be reinforced with four No. § steel bars. In CABO, the cross
section of: & 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 stecl bars only if they are over
B0 inches in helgm

Recommendation:  Rather than providing only ong optlan. FEMA 85 should have the section on piers expanded 10 include a variety of )

pier constructions as in CABO. Depending on. the height requirements needed to elevate the home above the flood lcvci the mstallcr
would then be provided with differcat pier options. .
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FEMA 85

Pg. 22 Picrs

CABRO App. T
C-502

Analvsis

a} FEMA 85 requires the bottom of the pier footing to extend a
minimum of 30 in. below grade. CABO only requires the foorings 1o
extend 2 minimum of 12 in. below finished grade. Both require the
foating to exzend below the frost liste.

b) FEMA 85 requires built-up piers to be faid with type M or § mortar.
In addition"to types M or 5, CABO permits Type N mormar. No
incompatibilities.

Recommendations: Since the 30 inch requirement would be excessive for piers located it arsas where scouring (s aot a problem, two
separate requirements in FEMA 85 and CABO for minimum picr depths should be made depending on the flow conditions likely 10 be

Pz. 53 Posts and Piles

encounlersd.

Suggested Code Change for addition]: In §C-602, add to the last sentence . . . wind, food pressure. scouring, or sarthquake forces.

FEMA 85 CABO App. © Analysis

Pg 28 Anchoring C-604 Unlike FEMA, 85, CABC does not prescribe an installation method for
ground anchors other than 1o require that they be installed in
accordancs with the terms of their listing and the anchor manufaciurer's
mstructions. Listing and labeling of ground anchors preseatly is a
problem because there is no standard for their evaivation. It is
desirabie that local building officials have available some readily
recognizable method to determine compiiance.

Recommendation: None.

FEMA 85 CABO app. € Anaiysis

Pz 41 Design Loads . R-201.2 Design loads specified in FEMA 85 are the same as those in HUD

Pg 45 Deesign Forces and MHCSS whereas the design cotena for CABO is established by the

Loads jurisdiction. As a guideline, the tables in FEMA BS appear to be

adequate. Where records or experience indicate significant differences,
HUD may eswablish more stringent requirements.

Recommendation: None.

. FEMA 85 CABO app. © Anajysis
Pg. 48 Verical Support C503 FEMA, 85 pier designs A. B, and C do not meet the minimum cross
Members - "Piers” sectional area — 128 sguare inches — specified by CABO. Design A is

for reinforced concrete and B is for 8° x 127 concrete block. Maither of
these piers is included m CABQ. These differences can be
accommodated.

Recommendarion: Noee.

FEMA 85 CABO App. C Analysis

CABU generally covars nime-tested construction methods. [t does not
cover scldom-used systems such as posis or pile construction methods.
The requirements are compatible as long as it is understood that CARC
Appendix C is noi applicable to flood Ipads.

Fecommendation: Changs CABD Appendix C to clarify that it does nor consider flood loads.

Suggested Code Ci;angc [or addition}: In $C-602, add 10 the last senrence . . . wind. flood pressure, scouring, or earthquake forces.
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Manufactured Housing Institute Model Installation Manual [MHI-MIM]

The MHI Manuflcmmd Home [nsnl.lauon Manual is intended to assist manufacturers who are required to design at least ong
aceeptable foundation and anchorage method in sccordance with the requirements of the Manufactured Housing ¢ Construcuon and
Safely Program (MHCSS). The MHCSS does not inciude provisions for flood toads.

Section 4.4.1 of the Manufactured Home [nstallation Manual requim that a homéowﬁer with a home intended to be sited in a flood
hazard arca consult with a registered pmfenslona] or a structural engineer to makc sure that the foundation design and construction
conform 1o applicable federal, state, and local codes and regulatlons FEMA 85 is referenced as @ source for construction
recommendations. I it it assumed that every hame located in & flood hazard area is to follow the recommendations made in FEMA
85, the documents are mmpanbic by the refercnce alone and no funhcr comparison is warranted.

However, a comparison is provided below in considcrmcn that FEMA 85 may be solely intended to supplement the requirements of
the MHI design manual or the consulting enginesr's design. 'I'he Iollowmg sections in FEMA 85 were found to be not applicabdle 1o
the Manufactured Humc lnstallatlon Manual: .

Ps 31 : " Evacyation

Chapter V. - Economics

pg 53 Vertical support members (posts and piles)
pg. 58 Horizoatal Support beams

pg. o0 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 cgress

Appendix B Federal and State Contacts

Appendix C Sourres of flood Information

Appendix D Calcwlation procedures for elevated foundation design
Appendix E Buoyancy and drag forres

Appendix F Design warksheet

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

FEMA 85 MHIMIM Analysis
PE 3 Manufactured home 4.3 FEMA 85 states that manufactured homes can be designed for removal
charactenstics 45 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 remaved. MHI draft manual appears to make no
provisions for removal of the chassis.

Rcccmmcndauon Design methodology and construction details in FEMA 85 should consider-that the chassis remains attached to the
home 'I'hcml‘ore, oaly a revision io clnnfy that the chasszs shall not be removed is appropriate.

EEMA 85 MHI-MIM Analysis
PE 5 Conventional 54 ) FEMA 85 describes typical installation techniques and is consistent with
) manuiaciured home ' ) the requirements of the MHI-MIM. [t should be noted however, that
instzilation 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 113, Type 2 in FEMA 85 o state that additional t'as:emng to prevent overturning loads is
required.



FEMA &5 MHT-MDM Analysis
Pz 8 Effects of flooding 454 FEMA £S5 describes the effects of riverine and coastal flooding on
44.1 manufactured homes. Flood forces are not currently considered in

MHIL-MIM because siting in flood prone areas is not recommended.

Recommendation: None.

FEMA BS MHLMIM Anajysis
pe 1f Regulatory 12 FEMA &S describes the MFIP insurance structure and state and local
reguirements regulations regarding siting manufactured homes in flood hazard areas.

MHI-MIM requires coordination with the authority having jurisdiction.

Recommesndation: None.

EEMA 85 MHL-MIM Amnalysis

pg 15 Hazards from floods 44.1 FEMA 85 defines "hydrostatic,” “hydrodynamic,” and "debris impact”

. forces. The section fursher defines "deprh. “velocity," "rate-of-rise,”
“duration of fleeding,” “duration of flocding.” “[requency of looding”
and "debris joad.” MHI-MIM does not reqguire that the manufactured
home or manufactured home foundation resist flood forces.
Consequently, MHI-MIM does not offer any similar definitions. MM
does not recommend siting in flood prone areas.

Recommendation: The requirements of the WNFIP (and FEMA 85) are rot appreciably sirengthened by the pessible introduction of
the aforementioned *flaod” definttions inta MEHI-MIM.

FEMA 85 MHLMB Analysis

pg. 17 Wind hazards 442 FEMA 85 and MHI-MIM are not incompatible; FEMA &5 reiterates the
54 same lateral and uplifi design wind pressures as the MHCSS, The
54.1 requirements of MHI-MIM are based an the design wind Ioads in the
542 MHCSS.

Please note, however, that Section 5.4 in MHI-MIM states that, ". . . the
installer should secure the home against the wind uniess the local

junisdicrion permits otherwise.® (emphasis added}

It appears that FEMA B3 requires the anchoring of homes against wind
loads wnder all circumstances.

Recommendation: It is not intended that a participant in the NFIP (i.e.. local jurisdicrion) would not require that a home aot be
anchored against wind loads. However, the compatibility of the documents would be enhanced by a revision to MHI Section 54 10
state that anchorage of the unit against wind forces is always required.

Suggested Change or addmon] Ch:.ngt Pangmph 54mm Alter blockmg and Il:m:]mg. lhc msraH:r shuu]d SECUTE
the home to resist ¢ d foree: i i X

FEMA, 85 MHLMIM Analysis

pg. 1% Elevation on fill 3z FEMA, BS describes the application of fill incdluding suggested slopes,
33 minimum distanoes, <tc. 10 elevate the manufaciured homs above flood
34 level. MBI-MIM does not inciude similar reguirements for the

foundation design to be provided by the manefacturer. Howewes,
requirements of FEMA 85 are generally consistent with typical
specifications provided by the manufacturer in the manufactared home
inszallation manual.

Recommendation: None.



FEMA &

FE 21 Elevated foundarions

(piers, posts, hanzon!al'

. beams)

Recommendation: None.

FEMA 85

pi- 8 Anchoring

4.1
42

MHI-MIM

54

Ana!ygis

FEMA 85 provides general and in some instances prescriptive guldclmas

- 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. Addgitionally, FEMA 85 requires the footing to be a minimum of
30 inches betow the frost line. MHI-MIM permits the footing to be
located dircctly on the sail if acceptable to the authority having
jurisdiction.

FEMA 85 and MHI-MIM are compatibie. FEMA 85 describes the
typical application of gmund 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 soit. It is anticipated that the withdrawal capacity of the
a_nchor will be reduced under flood conditions.

Recommendation: Further research/swudy is recommended to determine ihe capacity of anchors and to consider the withdrawal )
capacity of the anchor under saturated soil condltlons Tl'us study should be undertaken in a collaborative effort by HUD, FEMA, and

the manufactured housing industry.

EEMAES
pg. 33 Design of elevated

foundations
Recommendation: Nene:
FEMA 85

P M Hydrostatic forces

MHI-MIM

4.1.3

 MHLMIM.

44.1
543

Analysis

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 cufrently compatible.

FEMA BS describes the application of hydrostatic, hydrodynamic, and
impact forces on a manufactured home. MHI-MIM recommends that
homes. to be located in Aood-prone arcas be designed in accordance with
FEMA BS5. Manufactured homes designed for Wind Zones 1 or Ii are

~_connected 1o the chassis to resist a net uplift force applied to the roof of
- % 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 applicd to the underside of the home. However, this
connection has some limited resistance 1o these forces as well. The
documents are not incompatibie in that FEMA 85 states that the only
practicai design approach is |0 eievate the unit above flood waters.

Recommendation: Mone. The current approach to elevate units above flood waters appears to be appropriate.

FEMA 85
" N ‘Laieral forg;e_s ‘

Recommendation: None.

. MHLMIM

543

Analysis

o See above analysis for "hydrostatic forces.”

E-38



FEMA E5

PE 35 Buoyancy
Recommendation: None.

FEMA BS

pE- 36 Hydrodynamic forces

Recommendation: None.

FEMa &5
pg 3% Impact forces

Recommendation: None.

FEMA 85

PE 39 Scour

543

441
543

44.1
543

MEI

441
543

Analysis

Sze above analysis for “hydrastatic forces™

Analsis

See above analysis for “hydroszatic forces.”

See above analysis for "hydrostatic forces”

funalvsis

MHI-MIM and FEMA 85 are not incompatible. However, FEMA %5
sels requirements for consideration to scour in the foundation design.
MHI-MIM does not contain requirements for flood forces.

anmméndation: See recommendation for "elsvated foundations.”

pE-41 Design loads

Recommendation: None.

FEMA 8BS

PE 45 Evaluation of elevated
foundations

MHI-MIM

413

MHE-MIM

44.3
5433

Recommendation: See recommendation for "anchoring”

FEMA 85

PE. 45 Diesign forces and loads

Recommendation: None.

MHEEMI
3’-1-1

Analvsis

FEMA B5 and MHL-MIM wind and roof loads are consistent with the
requircments of the HUD MHCSS. However, FEMA 85 also restates
design considerations for flood forces. (See aiso analysis for
“hydrostatic forces.™)

Aqalvsis

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 thar slevation is the "optimum strategy.” Such analysis is
based on fypical construction techniques used in manufaciured houwsing.
MHI-MIM recommends that when the home is to be located in food-
prone areas the anchonng systems be designed by an engineer. (See
also analysis for "anchoring™)

lvsis
Bath the MHI-MIM and FEMA 85 restane the design parameters of the

MHCSS for determination of the venical member loads. The sections
are thersfore compatible.
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FEMA S

PE- 48 Ventical support
s ‘mimbers (piers)

4.1
4227

; ﬂpa!ﬁ: is

(a) FEMA B5 provides general and in some instances gresm’igl_’rs;e

- guidelines for the construction of buil-up and cast-in-place piers, piles,

and bracing. MHI-MIM provides several pier construction methods that

' afe primarily designed to withstand vertical foads. MHI-MIM only

requires that concrete and reinforcement be used when the pier height
exceeds 80 inches. Additionally, FEMA 85 requires the footing 1o 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. o ' ' ‘ '

{b) Additionally, Figure 4.32 in FEMA 85, “Typica! Ground Anchor
Detail,” shows incorreet orientation of the ground anchor. '

Recommendation: (a) Prescriptive guidelines in FEMA &5 are generatly not incompatible because the typical foundation design
provided by the manufacturer doss not address flood forces. However, designs provided by the manufacturer may be acceprable for no
or very low velocity flood forces but may not satisfy FEMA 85 requirements.  Therefore, FEMA 85 shoutd 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 Prewil.

(b) Provide a rmsed detail with correct orientation of the ground anchor in FEMA &5, Figure 4.32. (See also relatéd concerns pg. 28,

"Anchoring.")

FEMA &

pe. 64 Chassis I-beam

Recommendation: None

FEMA 85

pg. 68 Longitudinal support
becams

Recommendation; None

FEMA &5

pe. 69 Utility service

Recommendation: Nowe.

FEMA 88

pg. 69 Mechanical systems

Recommendation; None.

. MELMIM

54

 MHI-MIM

415

MHI-MIM

Chapter 8

MHLMIM

85.1

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. o

Analysis '

. MHI-MIM doss not recommend any perimeter installation methods

which could be considered incompatible with FEMA 85.

Analysis

FEMA 85 requires that utilities be placed in waterproofed risers
adjacent to down stream foundation members. MHI-MIM does not
coritain requirements for protection of utilities where they connect to
the structure but refercnces FEMASS.  — ~ © ~ © '

Analysis

FEMA 85 requires that external equipment be elevated above
anticipated flooding. MHI-MIM states that an oil tank should be
located where it is accessible and atso safe from hazards.



NFPA S01A-1567, Mapufactured Home Installations [NFPA SOLA]

Manufactured Home Installations in Flood Hazand Arzas [FEMA 85]

NFPA 501A-1987, covers the firesafety mequirements for the installation of manufactured homes and manufactured home sites. This
stanidard includes caly the firesafety portions of the scope previously covered by ANSI A235.1 FNFPA 501A. The non-firesafety aspects
are published separareiy as ANSI A225.]. Because NFPA 501A is essentially provisions 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 whick
compariscns were not made are as follows: ) .

p3 Manufactured home characieristics
PS5 Conventional mh instaliation

p8 Effects of flooding

pll Regulatory requirements

Pp15-18  Flood and wind hazards

P17 Wind hazards

p1e Elevation and anchoring rechniques
ple Elevation and fill

pl Elevated foundations

pa8 Anchoring

pil Evacuation technigques

p 33 Design of elevated foundations

pp 340  Flood forces and their application
ppdl42  Design loads

p4s Dresign forees, toads, evaluation of
elevated foundations

pp 4748 WVertical support members

p 48 Piers

PP 5358 Posts and piles

pp 58-68 Bracing and connections for
elevated foundations

pp 71-75 Eronomics

Appendix A Bibliography

Appendix B Federal and siate contacts
Appendix C Sources of information
Appendix D Calculational procedures
Appendix E Buoyancy

Appendix F Dresign worksheets

Comparisons and analysis of applicable sections of FEMA &5 are as follows:

FEMA 85

p- 69

NEPA 5014
Additional design §243
considerations

Uility senice

Recommendation: Nons.

Analysis

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 dowmnstream side of the home to afford protection from
debris impact. NFPA 501A §24.3 requires that gas outlet risers,
regulators, metars, vaives, or ather exposed eguipment be protected
against accidental damage.



ANSI AZ2S.1-1987, Manufactured Home [nctallations [A225.1]

. Manufar:turcd Home l_allation i ood Hmrd Areas [FEMA 851

The ANSI A225.1 Manufactured Home Installations Standard is intended.to be adopted by jurisdictions having responsibility for the.
safery and health of manufactured home users and:for establlshmg rcgulanons applicabie-to- manufactured-home communitics, They
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 ms:allanon usmg at least one
system of support and anchorage that can resist the design dead, live, and wind ioads.

Some of the site installation issues of FEMA 85 are lopically out of range of ANSI A225.1. ‘Thus a direct.comparison of those
provisions is not applmb!c Aﬂcr Teview, l.he FEMA 85 scct:cns for which comparisons were not madc are -as follows:

p 19 Elcvanon and anchormg - ' Appendix A Blhllogmphy

pp 5868  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 -

Comparisons and analysis for applicablc sections of FEMA 85 arc as foliows:

FEMA BS Lo AZIS - Analysis
Pg 3 . Manufactured home 1-3 FEMA 85 and A225.1 describe the same general features.
characteristics o ' oL . B S R

Recommendation: None.

EEMASS ~ - = . CA251 - Apalsis
pg.5 - ° Conventional ' = 1. 2122137 - - .FEMA 85 states that the installation instructions supplied with the home
-manufactured home * e and A2251 are not adequate to resist flood forces.

‘instaliation techniques = - ‘
B ' o v Figur: L 13 Type 2 Tie Down in FEMA 85 depicts an unstable wind
resistance System.

Section 2-1.2 of A225.1 calls a manufaciured home foundation system -
one that is constructed in accordance with the instructions supplicd with
thg home. Provision is mads in 2-1.3 for the homeowner to design for
unusual instailations.

Recommendation: This section of FEMA 85 should be clarificd to point 1o specific flood load remedies elsewherc in the document.

Figure 1.13 therein should carry a notice that the method depicted is not stable and is not recommended for any lcading ~ flood or
not.

FEMA BS o AZIS1 Analysis

pg B Effects of flooding Appendix B . A225.1 docs not provide design loads or procedures for homes in flood-
Appendix C prone sites, nor does A225.1 provide notice that the specifications are
Appendix [ not applicable to installations in ﬂood-pmne sites. Appendices G and I

in A225.1 make reference to the NFIP. No specific FEMA documents,
however, arc spcciﬁed.

Recommendation: None.



FEMAES

pe 1l ilegulator}-
reguirements
Recommendation: None

FEMA 85

#&19 Elevation on fitl

Recommendation: None.

FEMA 85
pg- 21 Elevared
foundations

Recommendation: None.

FEMA 85

PE 23 Anchoring

AZ5]

Appendix G

a2251

251

AL
Chapter 2

A5

24.4

Analysis

FEMA &5 explains how the NFIP works together with state and Jocal
building code junsdictions. Appendix G of A225.1, included in A225.1
for informational purpases oaly, simply provides aotics of the sxistence
of the NFIF and that manufactured housing is included in the NFIP
definition of the word "building ~

Analysis

FEMA 85 limits the flood velocity in accordance with the fill materials
and fiil cover selected. Section 2-5.1.3(b) in AZ25.1 requires that fill be
frec of grass and organic material and have a minimum bearing capacity
of 1060 psf.

Analysis

The design methods and design loads provided in A225.1 are nor
applicable 10 elevared Foundations, and no provisions are made for
hydrostatic, hydrodynamic and impact loads.

Analysis

FEMA 85 does not discourage the use of auger type ground anchors.
AZ2251 requires thar groend anchor application instructions include load
capacities for various rypes of sail and the standard provides.a
calibration chart to determine soil quality using a torque measuring
instrument. [nformation is Aot provided in FEMA 85 ar in A225.1 to
Caution about the possible reduction in anchor resistance in saturated
501is.

Recommendation: Further study is needed to determine Joad capacitias in saturated soils or ground anchers in flood-prone

insiallations.

FEMA &S

FE- 31 Evacuation techniques

AnS1

Not applicable

Anabwsis

FEMA E5 proposes that evaceation using quick disconnsct from
foundations is a practicable sirategy. No such provision is found in
AZ25.1. Evacuation might be a viable strategy for small park model
homes. It is not a viable sirategy for multi-wides or for large single-wide
homes.

Recommendation: FEMA 85 should remove the mecommendation for evacuation.

FEM4, 85

pe-33  Design of elevated
foundations

AdaS 1

Appendix B
B4.1

Analysis

FEMA 85 and AZ25.] use the roof live lnads and wind loads from the
HUD MHCSS. A226.1 states thar artas whers recurrent winds up 1o 90
miles per hour (25 psf) are experienced should use similarly designed
manufzctursd homes.

Recommendation: ANSI A225.] should define the specific areas where wind loads of higher magnitude than the 25 psf Eimit are

needed.

Suggested Standard Change [or addition]: Change Paragraph B-4.1 The Wind Zone Map, last sentence as follows: Consult the

apthotity having junsdiction. Note that an enfarged supplementary map of the Gulf and Arantic Coastal areas has been supmlied in
omder to more reliablv determin . the high wind zones. Provide such a map.
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PP 34-40 Flood forces and their
application

Recommendation: None.

EEMA RS A225.1

pp 4142 Design loads Table 2-4.2.1

Recommendation: None.

FEMA 85 AZ2]

PE- 45 Deesign forces and
loads - Evaluation of
clevated foundations

nalysis

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.

Analysis

FEMA 8S provides design charts for dead load, live load. snow load, and
wind load calculations. A225.1 provides Table 2-4.2.1 for design loads.
The loads are nearly identical (§ psf difference in dead loads.)

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 1o have overjooked 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 77 and 12" ultimate respectively.

Recommendation: The table on p.45S of FEMA 85 should either be dropped, or tests should be undentaken to substantiate that ground
anchors can perform effectively in sarurated 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 wplift provisions of the HUD MHCSS. Also it appears that
some performance criteria is needed to enable the grtiuhd anchor designers, vendors and users {0 know how to determinc whether or
not ground anchors can be relied upon. Notices are needed in A225.1 o zither caution that flooding is not included in the charted
loads or provide flood loads for homes 1o be sited in flood-prone areas, or require the application of the flood ioads.

FEMA 85 A225 1
pp 4748 Vertical suppon Appendix B
members

Analysis

FEMA 85 provides design chans for dead load. live load, snow joad, 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: Revise ANSI A225.1, Appendix B, to incorporate ASCE-7 snow and wind loads.

Suggested Standard Change [or addition}: Add a Paragraph:

B43 Flood Loade

Refer 1o FEMA BS for flood loading. The loads in thess Tables do not include loads attrihuta_ble to flooding.



FEMA 35 AZ2S51 Analysis
pE- 48 Fiers Appendix C FEMA 85 prescribes designs for piers, and caurions that. due 1o the

likelihood of scouring, picr systems should not be used in arcas whers
flooding velocity is anticipated. Appendix C of A225.1 provides designs
for pier foundations and issues no cautions concemning scounng. {(MNote
that overall A¥35.1 is not for homes sited in food- prone areas )

Recommendation: Appendix C of A225.1 should reference the FEMA documents and caution that the designs pmcnn:d bave not
taken {lood conditions into account.

Suggested Standard Change {or addition]: Add a paragraph after the introduciory paragraph to Appendix C, second column:

Picod Desipne

Refer 10 FEMA 85 for flood desi

FEMA &S A2251 Analysis

Pp 53-58 Posts and Piles Appendix A FEMA 85 includes provisions for pile foundations with sample load and

&pplication charts. Piles are not included in A225.1. [A2351 is not for
floog resistant instailations.]

Recommendation: None.

FEMA &5 A225.1 Analysis
App. E Buoyancy and drag Appendix E of FEMA BS discusses buoyancy, drag and effectiveness of
forces. ground anchors in floods. The discussion of buoyancy appears to have

overiocked the limits of the connection of the home to the frame, The
homes are designed either for 3 psf uplift or 15 psf uplift. This is nor
sufficient for hydrostatic pressures of more than T 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 limirs of floar-to-frame connections that have
been designed according 1o the wind uplift provisions of the HUD MHCSS. Resolve whether or not ground anchors sre permitted.



APPENDIX F
COMPARISON BETWEEN THE CABO ONE AND TWO FAMILY

DWELLING CODE AND THE NFIP STANDARDS
AND TECHNICAL GUIDELINES

45



CABQ One and Two Family Dwelling CodefNFiF {F!e-gulatmns for Floodplain Management

and Flood Hazard Identification) .. ........ ittt e e e e F-1
CABO One and Two Family Dwelling Code/Elevated Residential Structures (FEMA 54} .. ... .. F4
CABO One and Two Family Dwelling Code/Coastal Construction Manual (FEMAS5) . ........ F-a

CABC One and Two Family Dwelhng Code/Manufactured Home Installation in Fiood
Hazard Areas (FEMA BS} . . ... it et et e e e e F-24

CABO One and Two Family Dwelling Code/Floodprecfing Non-Residential
Structures FEMA 102) .. ... ... . coiveniniinnn. e e ... F-25

CABQ One and Two Family Dwelling Code/Retrofitting Flood-Prone Residential
Structures (FEMA 114) ... .. . i e e e e e S F-26

CABO One and Twa Family Dwelling Code/Aliuvial Fans: Hazards and
Management (FEMA 188) ... ... it o i i ittt e et naneas F-29

CABC One and Two Family Dwelling CodefManual far‘me Construction of
Residential Basements in Non-Coastal Flood Ervirons {(MCRB) . .........cvienenvnnnnn F-30

CABO One and Two Family Dweﬂlng CodefTechnical Standards Bulletin: Wet :
Floodpraofing NO. Bo-1 .. ... i it et e e e e F-38

CABO One and Two Family Dwelling Code/Technical Standards Bulletin: Foundation
Wall Openings, NO. B5-2 . ... .. it ittt e e e ] F-d1

CABO One and Two Famﬂy Dwailing Code/Technical Standards Bulletin: Breakaway
Walls, NO. BS-8 .. i e e e e e P ve.. P42

CABO Cne and Two Family Dwelling Code/Technical Standards Builetin: Wind Design
Standards and the NFIP, NO. 88-1 . ... ... i it it e et e e inanans F43

CABO One and Two Family Dwelling Code/Technical Standards Bulietin: Ficod
Resistant Materials, No, B8-2 . .. ... ... i i i i e it e i e F-44

CABO One and Two Family Dwelling Code/Technical Standards Bulletin; Free of
Obstruction Requirements in Coastal High Hazard Areas, No. 883 ........... e ... Fa5

CABO One and Two Family Dwelling Code/Technical Standards Bulletin: Pratection
of Elevator Equipment in Flood Hazard Areas, No. 884 ..................... e F46

CABC One and Two Family Dwalling Code/Technical Standards Bulletin: NFIP Requirements
for Below Grade Parking Garages in Flood Hazard Areas, No. 93-2 . ........ e F47

CABCO One and Two Family Dwelling Code/Technical Standards Bulletin: Non-Residential
Ficodproofing Certification Requirements of the National Flood insurance
Program, NO. 80-3. ... .. oiiuicn e frearaaaaa. e rra i aa e NP F-48

CABQ One and Two Family Dwelling Code/Technical Standards Bulletin: Installatmn of
Manufactured Homes in Special Flood Hazard Areas, NO. 90-3 ... ... ... . it innnnn. F-49



CABQ ONE AND TWO FAMILY DWELUNGV CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABQ Cne and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 psf and ssismic zones 0 f,andg

NFIP_{Requlations for Fioodplain Manag- ement and Flood Hazard Ildentification) {44 CFR 598.1. 60.3 and 60.6)

58.1 - Dafintions )

NFIP OIFDC Anaiysis

Base Flood R-115 NFIP comains definttions which only apply to floodplain
Breakaway Wall _ management. OTFDC does not contain these definttions.
Critical Feature

Development

Elevated Building

Flood

Floodplain or Flood-Prone Areg

Lowaest Figor

100-y&ar Flood

Storm: Cellar

Substantial (mprovement

Recommendation: Wone since NFIP addresses only flood-prongs areas.

NEP OTEDG Ansiysis

Appurtenant Structure R-115 The definitions of "appurtenamt structure/accessory structure®
Baserment and “basement” are compatible. NFiP definition of *building
Building {structure)* applies 1o any walled and roofed building while
Existing Construction OTFDC addresses only one-and two-family dwalings. NFIP
Exsting Structures definition of "edsting construction® applies to construction
Manufactured Home begun before the date of FIRM while OTFDC definition appiles
Structure to buildings erscted befora the adoption of the Code. NFIP

definition of "manufactured home® applies only to structures
transportable in one of more sections, bullt on a permanent
chassis, and designed for use with or without a permanert
feundation while OTFOC also contains dimensional parameters.

Recommendation: NFIP should expand definition of manufactured homa to inciude dimensional parametars.

60.3 Floodplain Management Criteria for Fiood-Prone Areas

NFIP ' OTFDC Analysis
60.3({b) (8} Manufactured Home Appendix C Appandix C contains provisions which apply to the
Installation _ construction, atteration and repair of any foundation system

which is necessary to provide for the installation of a
manufactured home untt; construction, installation, addition,
alteration, repalr or maintenance of the building service
equipment which is necessary for connecting manufactured
homas 1o water, fusl, or power supplies and sewage systams.
See NCSBCS comparison to Appendix C.

Recommendation: None.
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'NEIP

60.3(c)(2) Elevation for -
Resndarmal Stmclures

Recommendation: None.

NAP

60.3{¢)(3) Elevation for Non-
Hasldentlal Structures; Flood-
Proof Walis for Non-Flesndential
Slructures

Recommendation: None.

L il
60.3{c)(8) Fiood Opanings

N/A

N/A

R-311

NFIP requlres the lowest floor of residéntial structures to be

“slevated to or above the base ﬂood lovel QTFDC does not

addrass ﬂoodplaln managemem or alavamon ot structura

Analysis

NFIP requires the lowest floor of non-residential structures to be
elevatad to or above the base fiood level or flood- -proof the
structure that is below the base flood level. OTFDC does not
address non-residential structures.

Analysis
NFIP requires fully enclosed areas below the lowest fioor, other .
than basements, ta be pravldad wrtn ﬁood opemngs to equalize
hydrostatic fiood forces. - OTFDC does not address floodplain

managemant, however, it does require openings for craw!
spaca vemllanon

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

60.3(e){4) Plli_ngg

QTFDC
R-301.2

Analysis

NFIP requires structures to be elevated to or above the base
flood level and anchiored 1o resist ﬂotatlon collapse and lateral
movement due 16 the effects of wind and water loads acting
simuttanecusly. OTFDC. requires the foundation and its
structural system to be capable of accommodating all
supanmposed kve, dead, snow, wind, seismic and any other
loads in accordance with accepted enginearing practice.

Reconunendation: NFIP should address snow and seismic loads.

60.3(e)(5) Breskaway Wells

£0.3(e)(6). Fill

Recommendation: None.

N/A

N/A

Analyss

NFIP requires areas balow the: lowest ﬂoor to be free of
obstruction or constructad with nonsupporting breakaway walls,
open wood. lattice, or insact screening intended to collapse
under wind. and water loads. OTFDC doés not address
fioociplain management or breakaway walis.

Analysis

NFIP prohibits only in V.zones the use of fili material to support
bulidings in flood-prone argas. OTFDC doas not address
flocdplain managemam and does not prohibit the use of fill
matearial to support bulldings



60.6 Variarnces and Excaptrons
NFIP

SO8{0{2)1{) Floodproof walls
BQ.6{c)(2){it Basement Top of Floor
Eievation

BOB(c){2) (i) Fill

BO.6{c) (@) Use of a Registerad
Profassionat

60.6(c)(2)(v) Building Inspection

Recommendation: None.

OTFDC
NiA

Analysis

NFIP requires the basement area, togsther with utilities and
sanitary facilities below the floodproofed design level , 1o be
watertight with walls that are impermeable to the passage of
water without human imtervantion. NFIP permits the basement
floor to be up 1o five feet balow the elevation of the base fiood.
NFIP permits the area surmounding the structure to be protacted
by fill material to or above the elavation of the base flood.
OTFDC does not address floodplain managamant.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The grescngsnre mr&ments of the CABC One and. Two Famity. Dwallmg Coda are for. conventsonal c:anstructuon
ith wi and seismic zonés 0, 1, and 2.

Elevated Residential Structures (FEMA 54)

Fosts R-303 FEMA 54 addresses the usé of wodd, concrate, of Steal posts
Post Embedmaent ' as the foundation 1o alevaie residential structures; hole depih,
Post Anchorage ‘ end bearing, hole Size, and beckfilling of posts and anchorage
(Pages €8-71) : of post foundations. OTFDC does not spacifically address post

foundations but does permit ‘foundations of any type providad it
is designed to safely support the loads imposed.

Recommendaiiori: None.

Piers " R404.4 FEMA 54 describes the suitability of pier foundations and types

{Page 75) . of pier foundations and types of pier foundations which are
: ' o suitabie for the flood areas with low veloctty-and minimal
erosion. OTFDC does not addréss the suitability of any type of
foundations in any area. OTFDC requires the foundations 1o be
of sufficient design to support safely the loads imposed.

Recommendation: NoOne.

Brick and Concrate R-404 .4 . FEMA 54 provides minimum réinforcing, minimum dimensional
Masonry Piers R-G602.2.1 requirements, maximum Height, spacing, and recommended
(Pages 75, 76) shape. FEMA 54 requifes the piers to be filled with concrete.

OTFDC bases the height on fhe least dimension whither the
piar is filiéd with concrete or not. OTFDC does not requiré
reinforcing. FEMA 55 permits the maximum spacing to be 8 ft
or 12 ft. OTFDC permits the spacing to ba based on girder
span and girder spacing.

Recommendation: FEMA 54 and OTFDC are in géneral agreemant.

Concrete Piers R-303 FEMA 54 provides a general description and discussion of
(Page 77) - R-404 4 poured- in-place concrete piers, OTFDC does not specifically

addrass concrete piers. OTFDC requires foundations to be of
sufficient design to supporn 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 5¢ OTFDC Analysis

Pier Footings R-303 Both FEMA 54 and OTFDC requirs the footing sizes to bs
{Page 77} based on the properties of the sail.

Recommendation: None.

FEMA 54 OTFDC Analysis
Shear Walls and Floor Diaphragm R-303 FEMA 54 addresses the use of plywood shear walls and fioor
(Page 79) diaphragms to brace piles or post foundations. OTFDC

requires the foundation to ba of sufficient das:gn to support
safely the toads imposaed.

Recommendation: FEMA 54 should addrass the usa of shaar walls and fioor diaphragms as a method of bracing but
should permit the building designer to choose the method.

FEMA 54 OTFDC Analysis
Pier Foundation Connection R-401.2 FEMA 54 addresses anchorage of piatform framing
{Pages B4, B5) - R-8012 construction to pier foundations. OTFDC requires the wall and

ficor construction 1o be capable of accommeodating all loads
imposed and transmitting the resulting loads to #5 supporting
structural glaments. OTFDC does not address pier anchoraga
but doas address continuous masonry wall foundations.

Recommendarion: OTFDC should provide requirements for pler foundation anchorage.

FEMA 54 OTFDC Analysis

Floor Beams R-502.2.1 FEMA 54 provides a genaral discussion of bullt-up fioor beams,

{Page 86, Paragraph 2 Table R- {nailing, location of splices, and size). OTFDC provides nailing
' 402 3a requiremernts and sizes based on girder span and Spacing.

Recommendarion: FEMA 54 should provide better nailing and splice location requiremems.

FEMA, 54 OTEDG Analysis
Cantilevers R-601.2 FEMA 54 describes a cantilevered beam with general
(Page 86, 87} discussion of why cantilevers arg used. FEMA 54 provides a

‘nile of thumb® for the iength of the cantilever. OTFDC requires
the wood members to be capable of accommaodating all loads
imposed.

Recornmendarion: FEMA 54 should delste the “rule of thumb® or add better guidance for the design of the cantilever.

- FEMA 54 OTFDG Analysis
Floor Beam 1o Floor Joist "-801.2 FEMA 54 requires positive connection between the fioer jcists
Connection and floor beams with a general discussion of the connection
(Page 88) and connectors. OTFDC requires the floor system to be

capable of accommodating all loads impessd and transmitting
the resufting loads to s supporting structural elemants.

Recommendation: MNong,
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FEMA 54

Figure 4.48, Protective Utility
Shaft
(Page 92).

Récormmndm’on: None.

FEMA 54

Mechanical Equipment
Page 93, Paragraph 2)

Recommendarion: None.

FERMA 54

Septic Tanks
{Page 93, Paragraph 3

g

M-1901

P-2503
P-2506.2

FEMA 54 requirgs mechanical and plumbing piping sgrving an

‘eigvated structura to He attacned 1o the leeward side of

posts/columns or enclosed in a protective shal’t The OTFDC
requirgs (1) water service and DWV 1o be protected from
freezing and (2) fuel piping to conform to good practice. The

‘ OTFDG does not address ﬂoodmg

Analysis

FEMA 54 requires all mechanical equipment to be elevated
above expected floodwaters, with indogr componants,
preferably installed in attics. The OTFDC allows attic

instaliation, but does not specify minimum elevations for
equipment. The OTFDC does not address flooding.

FEMA 54 requires cuctwork to have minimum slopes to
opening &t lowest levels to allow drainage. The OTFDC does

" not require such sicpe on air ducts, and does not address

flooding.

Analysis

FEMA 54 requiras that septic tanks be ficodproofed to stop
floating and potential discharge of effluent. The OTFDC
requires that septic tanks be designed to withstand all
anticipated loads.

Recamzndaﬁm- None since both approach tha probiem from different directions. FEMA - prescriptive OTFDC - -

parformance.

FEMA 54

Building Materials
{(Pages 93, 94)

'Recommendation: None.

N/A

Analysis

FEMA 54 requires protection of the building materials which
may be exposed 10 flood waters. OTFDC does not address
fiood waters.
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FEMA 54

Wood
(Page 94)

R-309

Andlysis

FEMA requires wood exposed 10 the alements to be
preservative treated. OTFDC requires wood subject to decay
damage to be pressure preservatively treated or decay-resistant
woad.

Recommendazon- FEMA 54 should include "decay resistant wood."

FEMA 54

Stesl
{Pages 94, 95}

Recommendation- Nons.

FEMA 54

Conerate and Masonry
{Page 95)

Recommendazion: Nong.

FEMA 54

[nsulation
{Pages 85, 98)

Recommendation: MNone.

FEMA S4

Glossary
{Pages 113-115)

Recommendation: None.

oTrnG
N/A

OTFDC
A-4p4.14.1

OTFDC
M-1706

N/A

Analysis

FEMA 54 addresses the need for gaivanization of stesl axposed
10 the elements to prevent comosion. OTFDC does not
address commosion protection of steel membars.

Analrsis

FEMA 54 addresses the need to increass the durability of
reinforced concrate and masonry by the use of chamical
additives and coatings. OTFDC requires. minimumy coerosion
protaction of joint reinforcement, anchor ties and wire {abric for
use in masonry wall construction.

Analysis

FEMA 54 requirss underticor exposed pipes to be insulated
with impermeable or inexpaensively replaced insulation. The
OTFDC does not address flooding. It does address refrigarant
piping insulation and whare it is required. '

Analysis
FEMA 54 comtains definitions of tarms which are retevart to

flocdplain managemert. OTFDC does not address fioodpiain
managamaent.



Peﬁormanoa Criteria R 201 2

(Pages 125-135] ) R-303"
R-401.2
R-601.2

R-701.2

Appendix A
{Selsrmc Risk
Map, wind
Probability
Map, and
Snow Load
MEP

FEMA 54 addresses performance criteria usad 1o design
bmlclings 10 withstand the design ﬂood (1) without causing
unacceptable risks to fts occupants or 19 adja nt property
ownars, (2) without causing unacceptable health hazards to its
occupants, of (3) without sustaining damage of unacceptabla
magnitude. OTFDC raqulres the construction to be capabie of
accommodatmg all loads imposed and transmitting the
rasulting loads to its supportmg structural elements.

Recommendation: FEMA 54 should !nctudas snow and seismic loads.. The use of the phrases, unacceptabla risks®,
*unacceptable heahh hazards®, and unacceptabla magnitude” are too subjective. :

F-8



CABO ONE AND TWO FAMILY DWELLING CODE {OTFDC) COMPARISON

The it

rraments of the CABO One and Two Fami

Dweiling Code are for conventional construction

with mnd pressures less than 30 psf and seismic zones 0, 1, and 2.

Coastal Construction Manual {FEMA 551

FEMA 55 OTFDC

4.1 Flood Frequancy N/A

{Page 4-1, Paragraph 4)

FEMA 55 OTFDG
4.1.1 Wind Appendix A
{Page 4-1, Paragraphs 6 & 7. {wind
Page 4-2, Figura 4-1, Probability
Page 4-3, Paragraphs 2 & 3, Map)

Pags 4-5)

Analyss

FEMA 55 addrasses the wave crast alevation that would
be pressnt during the basa (100 year) flood. OTFDC
does not address floodplain management.

Analysis

FEMA 55 referances the procadures of ANS! A58.1-1982
far design with particular emphasis placed on elevation of
the roof above grade and high wind pressures at the
corners of the housa, &t and undsr roof eaves, and =t the
peak of the rool. OTFDC contains a wind probability map
with wing design loads based on ANSE AS8.1-1382.

Recommendation: FEMA 55 should confirm that the wind [oad provisions are consistert with ASCE 7-88. The 1932

OTFDG does refarence ASCE T7-BS.

FEMA 55 OTFDC
4.1.2 Salt Air Moisture and R-309
Wind-Driven Rain R-404.14.1

(Pages 4-7, 4-8)

Recommendarion: OTFDC should address comosion protection.

OTFDC
R-303

FEMA 55

4.1.3 Water, Wavea, and Debris
{Page 4-8, Paragraph 4]

Reconumendation: None.

Analysis

FEMA provides general discussion of the hazards of salt
air, moistura, and wind-driven fain on wood, nails, and
connectors. OTFDO requires wood subject to decay
damage to be naturally durable or prassure traated but
does not address nails or connectors. OTFDC does
address comosion protection of joint reinforcamsnnt,
anchor ties, and wire fabric for use in masonry wall
construction.

Analysis

FEMA 55 addresses the impact loads exerted on the pilas
as the result in the movement of debris (fences, parches,
stairs, wtiity poles, eic.) FEMA 55 has prowided for the
collision of a 300 pound object moving at surface water
velocily and decelarating over a maximum of 0.5 fi.
OTFDC nequires the foundation and its structural slements
to be capable of accommodating all superimpaosed ive,
dead, snow, wind, seismic, and all lataral lgads in
accordance with accepted engineering practica.



FEMA 55 : ‘%QQ

414 E!‘facts of Forces on ngher Appendix A
and Larger Strucmns ' ‘ (Wind
{Pages 4-9) . ' ' ~ Probabllity

~ Analysis
FEMA 55 dlscussos the hagner wind forces, upiift and

© overtuming with respect to the halgm of the building.

OTEDC contains a factor to Incraasa tne wind -design

' Ioads when the mean roct height is graa:ar than 30 ft but
' Iess than 50 ft.

Recommendarion: FEMA 55 should prowda velocity pressuras (psf) for varied wind speads and bunldmg hatgm

FEMA 55 ~ omEDC
4.2 Construction Materials Ch. 3, 4,
(Pages 4-9) _ 5647

Recommendation: None.

FEMASS -  QmRe
42.1.1 Pilings (Wood)  R3012

{Pages 4-9, 4-10)

Analysis

FEMA 55 provldas a general discussion of the types of
construction materials (wood, steel, concrete) and their
use in the coaslal environment. OTFDC provides
requirements for the use of these matanals inany .
anvironmert.

Analysis
FEMA 55 provides general comments on the use of wood

- pilings {species and decay rasistanco) OTFDC ‘does not
'spacrﬁcally address pile foundations but does require the

foundation and ks structural elements to be capable of
accommodating all superimposed five, dead, snow, wind,
seismic, and al lateral loads in accordance with accepted
enginsaring practics. :

Recommendation: FEMA 55 should addrass snow and seismic Ioads

4.21.2 Main Supporting o T. R402.3a

Members (Beams, Wood) R60221

{Page 4-10) T. R60221a
- T. R-602 21b

Both FEMA 55 and OTFDC address the use of built-up
beams and girders. FEMA 55 provudes general nailing
requirements and spllca tocation. OTFDC provides

. allowabie spans and nailing raquuamems for buiit-up

beams.

v

Recommendarion: FEMA 55 snould provide more speciﬂc nalling and splice details. OTFDC should provida more specd“c

splice details.

FEMA 55 QTFDC
42.1.3 Other Wood R-309
Construction Membars

(Page 4-10)

Recommendation: Nona.

Analysis

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 prassure treated.
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FEMA 55 CIFDC
4.2 1.4 Wood Preservative R-309
(Page 4-10)

Analysis

FEMA 55 requires wood members 1o D& treated 1o resist
insect infestation, dry rot, decay fungi, and the sffacts of
exposure to salt air and water and provides general
discussion of wood preservatives. 'OTFDC requires wood
subject 10 decay 1o be a naturally durable species or
prassure treated and provides a list of AWPA standards. .

Recommendation: FEMA 55 should list some of the AWPA standards.

FEMA 55 OTFDC
422 Masonry Materials and R-302.2
Concreta R-304.1
{Page 4-11) R-404

Recommendation: FEMA should add refarence to AGI 318.

FEMA 55 OTEDC
4231 Aluminum R-403
(Page 4-11) R-605
R-705.2
Recommendation: Nong.
FEMA 55 OTFEDC
4.2.3.2 Sleal R-403
(Page 4-11) R-605
R-705

Recommendarion: OTFDC shouid addrass comrosion protection.

FEMA 55 OTFDC
4.2.3.3 Dissimilar Metals NfA
{Page 4-11}

Recommendation: Naona.

Analysis
FEMA 55 addrasses the use of masonry and concrets in
the coastal anvironment. OTFDC provides a chart o
determina the minimum compressiva strength of concrete
based on weathering potential but does not address -
sxposure of masonry.

Analysis

FEMA 55 addressas the problem of comosion of
alurninum in the coastal environmeant OTFDC only
addresses the use of aluminum structurally in builldings
and referances aluminum standards.

Analysis

FEMA 55 addresses the problem of cormosion of
unprotected steel shapes and anchoring devicas {naiis,
bolts, etc.) and the need for regular inspection,
maintenance, and replacement of comoded metal pans.
DTFDC raquires thea stesl to comply with the approprigte
standards. OTFDC does not address corrosion in coastal
grvironmaent.

Analysss

'FEMA 55 addresses the corrosion which ogours whan
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dissimilar metals are placed in coniact with each other
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address dissimilar metals.



FEMA%

4. 31 Foundatm (Desegn Dataals)
(Pagas 4-11 4-12} T

Recommendarion: None.

FEMA 55

4.3.1.1 Soil Conditions
(Pages 4-12, 4-13)

Recommendation: Nene.
FEMA 55

4.3.1.2 Piles
(Pagss 4-13 10 4-18)

R-303

R-301.4

R-303

Analysis

FEMA 55 recommends foundailon types whlch are
sunable for suppomng nlevated ‘'structures in coastal high

- hazard ‘areas. OTFDG requlras the: tou clatlon systam to

be of sutficient desngn 10 support the ioads imposed as
determined from the character of the soil. OTFDC does .
provide minimum foundation sizes. OTFDG does. not
address coastal hlgh nazard areas

Both FEMA 55 and OTFDC address the nead to

determine the quality of the soil foundatlon purposes.
FEMA 55 provlcles commemary type mforma:lon also

Analysis

FEMA 55 provides general information on types of piles,
the need for sufficient piie embadment methods aof pile
installation. OTFDC does not specrfcally addrsss pile
foundations but does require the toundation system to bs
of sufficient design 10 3uppor: tha ioads |mposad

Recommendation: FEMA 55 should emphasize thet type of pile, pile depth, and method of installation should be based on

the soil's’ mvesﬂgailon

EEMA 55

4313 Posts (Woocl)
(Page 4-18) :

-Recommendation: Ndne.

FEMA 35

4314 Piers
(Pages 4-18 10 4-20)

R-303

R-303

 R-404.4

Analysis

FEMA 55 explains that woad posts are racommended in
areas subject to wave forces andfor scour and erosion.
OTFDC dogs not Specmcalty address pcst toundatuons
but does raquira the foundation system 10 ba of summem
demgn to suppon the Ioads |mposed

Analysis

FEMA 55 addresses the usa of piers to alevate structures
and the need for ramforcmg and anchorage to the footing
in V zones and coastal A zones. FEMA 55 also prov:das
general construction guidelines. OTFDC requires the
foundation system to ba of sufficient design to support
the loads imposed. OTFDC provides minimum guidslines
10 height 10 the laast dimension ratio for unrainforced
masonry piers.

Recommendation: FEMA 85 should clarify that the reinforcing, footing size, and grade beam size should be based on the

design forces.
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FEMA 55

4.3.2.1 Framing Methods
{Pages 4-20, 4-21)

Recommendation: None.

FEMA 55

4.3.2.2 Beams
(Pages 4-21, 4-22)

A-601.2

OTFDC

7. R-402.3a
A-602.2.1

T. R-8022.1a
T. R-6022.1b

Analysis

Both FEMA 55 and OTFDC addresses platform framing.
FEMA 55 addresses pole construction and provides
commentary on tha types of construction.

Analysis

FEMA 55 addresses the preferable direction of fioar
beams to reduca the impact of the stonm water. FEMA 55
and OTFDC addresses built-up beams and solid
membars. FEMA 55 mentions “glulam® beams. OQTFDC
provides nailing requiremerds for buit-up members.

Recommendation: FEMA 55 should provide nalling requiramsnts for built-up membears.

FEMA 55

4.3.23 Joists and Rafters
{Page 4-22)

OTFDC

R-802.2.1
A-802.4

Analysis

Tha titie of the section in FEMA 55 s joist and rafters but
rafters are not addressed. FEMA 55 dascribes
manufactured wooden l-beams, recommends Cross
bridging for all fioor joists locsted in the V-zone. FEMA
55 and OTFDC describe typical cross bridging methods.
FEMA 55 requires cross bridging at @ maximum of 8 ft
whils OTFDC requires cross bridging for joists having a
depth-to-thickness ratio exceading six at 2 maximum of
10

Recommendarion: FEMA 55 should delete the referance to rafters.

FEMA 55

4.3.2.4 Subfiooring
{Pages 4-22, 4-23)

CTFDC

R602.22
R-B06.1
R-507.1.2

Analysis

Both FEMA 55 and OTFDC permit the use of lumber and
phywood subfiooring. OTFDC aiso pernits the use of
particleboard subfloars. FEMA 55 recommends ihe use
of plywood with exterior giue and annulas ring nsils or
deformed shank nails. FEMA 35 recommends nailing and
gluing of plywood with tongue-and-grove joints 1o avoid
the need for biocking and to produce a stronger
diaphragm. OTFDC permits the use of smooth common
or deformed shank nails with no mertion of gluing.
OTFDC provides minimum thickness, span of subfioar,
and nail spacing.

Recommendarion: The provisions are compatibie. FEMA 55 should provide some recommended nail spacing and spans.
FEMA 55 should permit the use of particleboard subfioors.
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4325 Studs - . T R4023 .. FEMA 55 recognizes that 2x4 wood studs &t 16 inches on
(Page 4-23) . - centers are commonly used and permits 2xé wood studs
: S and metal studs. OTFDC addresses the uss of wood
studs based on lateral unsupported Stud haight, spacing
of studs, and number of stories.

Recommendarion: FEMA 55 should address the langth of the stud in- addmon to the number of stories which tha stud
supports. :

4.32.6 Wall Sheathing R-402.3 FEMA 55 provides the minimum thickness and nail
(Pagae 4-23) ' spacing for piywood wall sheathing for two cases {1)

structures elevated not mora than 10 ft and (2) structures
slevaied more than 10 . OTFDC list permits plywood
and particleboard wall sheathing.

Recommendation: FEMA 55 should provide additional information addressing 1he wind speed in addition to height above
grade.

4.3.2.7 Wall Bracing R-404.10 Both FEMA 55 and OTFDC permit the use of let-in
{Page 4-24) - T. R402.3D diagonal wood bracing and plywood. FEMA pemits

T. R402.3¢ diagonal boards. OTFDC permits particleboard or
: approved metal sirap 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 requiremants for the wall bracing method chosen.

FEMASS = . OFBC  Analysis

4.3.28 Roof Details _ N/ FEMA 55 discusses the use of trussés, gable roofs, hip
(Pages 4-2§ 10 4-27) _ , roofs, fiat roofs, gambral roofs, roof overhangs and

porchas and their parforrnahce in high wind conditions.
OTFDC does not provide details or mscuss parformance

_ of specific designs.
Recommendarion: Noha.
FEMA 55 | OTFDC ~ Analysis
433 Foundation Bracing R-303 FEMA 55 addresses the need for bracing wood

(Pages 4-27 10 4-29) foundation piles. OTFDC requires the foundation to be of
' : sufficient design 10 support safaly the loeds imposed.

Recommendation: NOne.
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FEMA S5 OTFDC Analysis

4.3.3.1 Knes Bracing R-303 FEMA. 55 recommands the use of knee braces for wood

(Page 4-29) piles even though bracing may not be nesded. OTFDC
requires the foundation to be of sufficient design to
withstand the loads imposed.

Recommendationr: FEMA 55 should amphasize that the wood foundation piles should be designsd for the additional
momaent introduced into the pile from the knee brace. )

FEMA 55 QTFDGC Ansiysis
4332 Grade Beams R-303 FEMA, 55 recommands the need for lsteral support of tha

(Fages 4-29, 4-30) ' piles at the ground line. OTFDC requires the foundation
) to be of sufficient design to withstand the loads imposed.

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

FEMA 55 OTFDC Analysis
4.3.3.3 Truss Bracing . R-303 FEMA 55 recommends the use of truss bracing of the
(Pages 4-30, 4-31} piles when the structurs is 10 ft or more above grade and

the design wind speed is 108 mph or greater. OTFOC
requires the foundation system to be of sufficient design
to safely support the loads imposed.

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

FEMA 55 OTEDC Anabsis
4.3.34 Shear Walls R-303 FEMA 55 addresses only reinforced concreta or
{Page 4-31} reinforced masonry sheer waills. OTFOC does not

specifically address shear walls but does require
foundation systems to be of sufficient design o safely
support the loads imposad.

Recommendation: FEMA 55 should addrass wood shear wails for woed pile foundation.

FEMA 55 OTFDC Analysis

4.3.4 Connections R-303 FEMA. provides commsmary type language that the roof

4.3.4.1 Roof to Wall R-401.2° to wall, wall to fioor pist, and floor joist 1o fioor beam

4.3.4.2 Well to Fioor Joist R-601.2 connections 1o be sufficient to withstand the anticipated

4.3.4.3 Flioor Joiet to Fioor Beam R-701.2 forcas. OTFDC requires that the interconnection of the

{Pages 4-31 to 4-35) roof 10 wall to floor o foundation be capabie of
transmitting the resulting loads to s supponting structure
glgmeris.

Recommendation: None since both FEMA 55 and OTFDC require sufficiant connection.
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4.3.4.4 Floor Beam to Pile, Post,
or Pier :
{Pages 4-35 to 4-40)

R-303
R601. 2

FEMA 55 provldes commantary type lan
details for fioor baams 10 pile, post, of INNACIONS
but permits. cther methods prcwdqd they arq damgnad
OTFDC requires that the imerconnaction be capable of
lransmmlng the resulting loads 1o s supporting structural

. eiements

Recommendarion: FEMA 55 should provide some design valuas of wmd speeds for which the connections are

appropriate.

FEMA 55

4.3.5 Breakaway Walls

4.3.5.1 Breakaway Wail Design
4.3.5.2 Design Considerations for
Breakaway Walls

(Pages 4-41 10 4-49)

Recommendation: Nons.

FEMA 55

43.6 Utilties
(Pages 4-50 to 4-52)

Recommendasion: Nona.

FEMA 55

4.3.7 Wind and Storm
Protection of Interior
(Page 4-52)

M-1102
M-1106
M-1306
M-1307
M-1308

- M-1801

p-2003

R411

Analysis

FEMA 55 pemits braakaway walls 1o enclose the space
below the lowest algvated floor and prwgdas commemary
type language for diffarant types of breakaway walls.
FEMA 55 provides breakaway wall designs and details for
screening, lattice, wood stud walls, metai stud walls, and
masonry walls. FEMA 55 provides the design procass for
breakaway walls and commentary type language for wind
torces, water forces, working/uttimate strength of
fasteners, distribution of wall loads, and bracing
considerations for breakaway walls. OTFDC does not
address breakaway walls,

Anaiysis

FEMA S5 requires all mechanical equipment to be
elevated above BFE and fuei, water service, and DWV 1o
be on the lpeward side of postsfcolumns or enclosed in
shafts. The OTFDC does not address fiooding. The
OTFDC does allow attic or elevated instaliations with
minimum clgarances 10 combusnblas and accessibility.
The OTFDC requires water service and DWV to be
protected from freszing a.nd fuel pipmg 1o conform to
good practics.

Analysis

FEMA 5§ provides commentary on the need to protect
the buildings from glass breakage in order {0 pravemnt
water damage. OTFDC does not addrass glass
breakage. OTFDC requires the windows to be tested and
cenified to indicate compliance with AAMA (ANSI) 101,
ANS/NWWDA 1.5.2, or ASTM D 4098

Recommendation: FEMA 55 should reference the window standards and require the windows 10 be das;gned for the wind

pressures.
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4371 Window Salaction R-208.5 FEMA 55 addresses the importance of window selaction

{Pages 4-52, 4-53} A-411 to.reduce water infitration. OTFDC requires the windows
to ba tested and certified to indicate compliance with
AAMA [ANST) 101, ANSI/NWIWDA 1.5.2, or ASTM D 4099
and be capable of safely withstanding the wind lcads.

Recomemendarion: FEMA 55 should referenca the window standards and requira the windows to be designed for the wind
Pressures.

FEMA 55 OTFDG Analysis
4.3.7.2 Operable Shutters A-208.5 FEMA 35 addresses the need for shutters to protect
{Pages 4-53, 4-54) R411 against wave and wind actlon. OTFDG requires the

windows 1o be tested and canified 10 indicate compliance
with AAMA [ANST) 101, ANSINWWDA 1L.S.2, or ASTM D
4099 and be capable of safely withstanding the wind
loads.

Recommendation: FEMA 55 should require the shutter to be designed for the wind loads.

FEMA 55 . OTFDC Analysis
. 4.3.7.3 Gable and Eave Vents R-7O1.1 FEMA 55 addressaes the vulnerability of vents to wind
{Page 4-54) R-701.2 and wind-triven rain and emphasizes the importance fer
R-7G7 the careful selection of attic veniilators 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. OTFDC requires the roof-cailing
constiuction to ba capabla of accommodating ail loads
Imposed.

Recommendation: QTFDG should clarify that the ventilators that ara 1o withstand the wind loads. This is implied in B-
701.1.

FEMA 55 : OTFDG Analysis

4.3.7 4 Roof Matsrials R-801.2 FEMA 55 emphasizas the need 1o use seff-sealing,
{Page 4-54) _ heavywseight 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
provids a barrier against the weather.

Recommendation: FEMA 55 should emphasize the need 10 have the roof covering to withstand the uplift from the wind.

FEMA 55 QTFDC Analysis
438 Maintenance NiA FEMA 55 emphasizes the need for maintenance of all

(Pages 4-54, 4-55) pans of buildings exposed to the coastal snvironmer

. because of the accelsrated deterioration. OTFDG does
not address mairmenance but Joes require epairs or
rehabiltation 1o comply with the requiremans of the
QTFDC for new construction.

Recommendation: Nong.
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Cha.pter 5. LarQer Stmcturas . N/A : . Chapter 5 of FEMA 55 addresses the design and

- Genersl Design Conmd-r-non- } construction of mid- to high-fise structures !ocated in.
52 Foundstions . coastal high hazard aress. OTFDC only addressés one-
53 Slabs at Grade , or two-family dwellings and one-family townhouses not
5.4  Superstructure more than three stories in height.

5.5 FEievated Fioors
56 Exterior Walls
57 Retommendaticns

(Pages 5-1 to 5-9)

Recommendation: None.

Appendix A Design Tables Ch. 2 3 4, FEMA 55 provides design tabies. OTFDC is moré
Figurs A-1 _ numbar of piles raquired 5, 74&8 performancé oriented than specrﬁcauon oriented. -

Table A-1 downward ioads per pile
Table A2 hortzontal wind loads per pile in
80 mph winds
Table A-3 minimum smbedment depth of
- pilee
Table A-4 maximum unbraced height of
"~ piles'in 80 mph wmds and flood
- _ ferées
Table A-4.i . maximum unbraced height of
) piles supporting breakeway walls
Table A5 uplift loads per foct of wall in 80

_ mph winds
Table A6 uplift loads per pilc in 80 mph
' winds
Table A-7 capacity per bolt of fioor beam
connections

Table A-8 concrete mesonty unit pisrs

Table A-B concrolg piors

Figura A-2  concrete piar cross saction’

Figura A3  grade boams and siabe

Table A-10  iastensr capacities in shear

Table A-11  festener scheduls for breakawsy
walls

{Pages A-1 1o A-47)

Recommendasion: None.



FEMA 55 OTFDG

Appancfac B - Bracing R-303
knae bracing

E.E truss: beacing

B21 diagonals

B211  lumber dagonals
B.212 threadbar disgonals

B2z struts:

B3 grade beams :

Table B-1 horizontal water loads per pile in 80
mph winds

Table B-2 loads of transverse trugs members

Table B-3 ailowabla loads for single 28
disgonals '

Table B4 allowahie loads for single 3xB
dizgonals

{(Pages B-1 to B-15)

Recommendation: None.

FEMA 55 OTFDC
Appendix D - Design Equations and NfA
Procaduras

D.1 Procedure A-1; dowmaard loads par pile
0.2 Procadure A-2; harizontal wind loads per
pile

D.3 Procedure A-3: minimum embedmant depth
of piles

D4 Procsdurs A-d: maximum unbraced height
of piles

.5 Procedure A-4.1: maximurn ynbreced
height of piles aupparting breskeway walis

0.6 Proesdure A-5: uplift loads per foot of walls
0.7 Procedure A-S: uplift lozds per pile

0.8 Procedure B-1: horizonial water [oads per
pile:

0.9 Procedure B-2: loads mmfem-d o
foundation truss members

{Pages D-1 {0 D-32)

Recommendaiion: Nonae.

FEMA 55 OTFDG
G-2. Purpose R-102
{Paga 3-1}

Anslysia

FEMA provides varous mecommendations and details for
bracing methods. OTFDC is more performance oriented
than specification origrted

Analysis
FEMA 55 comtains design equations and procedures

‘which are needed to evaluate individual designs. OTFDC
is more performance orismed than specification oriented.

Analysis

FEMA 55 states that the purpose of the Coastal Code is
to provide minimum standards for the design and
construction of rasidential structures in Coastat High
Hazsrd Areas and whers wave action can be axpacted.
The purpose of the OTFDC is to provide minimum
standards for the protection of ife, limb, health, property,
environmarit and for the safety and welfars of the
consumer, gensral public and the owners and occupants
of residential buildings regulated by the Code.

Recommendarion: Wone since the intent of both FEMA 55 and OTFDC is to provida minimum requirements for structures.
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FEMA 55 OTEDC
G3 Scope R-103
(Page G-2) '

Analvsis

) and mprcvnments on addmons to mstlng strumures

FEMA 55 permits improvements up to 49% of the market
value of the structure without comphance with the Coastal
Construction Code but the OTFDC requires alt

" improvements to comply with the Code.

Recommendation: Since market vaiue is a variable based on location, economy, etc., FEMA 55 should reqguire
compiiance for all improvaments since noncompliance of any part of the structure makes the entire structure out of

compliance.

FEMA 55

G-4 Definitions
(Pages G-2, G-3)

R-115

Recommendation: Nonae.

FEMA 55

G5 Elavatibn Standards
(Page G-3)

N/A

Analysis _

FEMA 55 contains only definitions which are related to
coastal construction. OTFDC contains definiticns which
are applicable 10 one- and two-family dwellings in any

location. Dead load, live load, and grade have similar
definitions.

Analysis

FEMA 55 prohibits new construction or substantnal
improvements from being seaward of an astabiished
setback line and requires it t0 be elevated above the BFE.
OTFDC does not prohibit construction in any locatlon.

Recommendarion: None since these types of requirements are Iocal specific and shouid be addressad on the local level.

OTFDC

FEMA 55

G-6 Datermination of Loading Forces R-303

G-6.1 Water Loads : R-401.2

G-6.2 Wind Loads R-402.3

(Page G-3) R-601.2
R-701:2
App. A
{Wind
Probability
Map)

Analysis

Both FEMA 55 and OTFDC require the structure ¢ be of
sufficient strength to support the loads-and forces
encountered. The loads in the OTFDC are dead, five,
snow, wind, and seismic. - FEMA 55 references ANSI
AS58.1-1982 for the wind ioad provisions.. OTFDC
contains a wind zone map with wind design loads based
on ANSI AS8.1-1982. OTFDC does not specifically
address water {oads.

Recommendation: FEMA 55 should update its referance to ASCE 7-88. FEMA 55 should also address snow and seismic

loads. The 1982 OTFDC does refarenca ASCE 7-88.

FEMA 55 OTFDC
G-7. Foundation Standards R-303
{Page G-4)

Recommendation: ane.

Analysis

Both FEMA 55 and QTFDC require the foundations 1o ba
designed to support the loads and forces ‘ancourterad.



FEMA 55 _ OTFDC Analysis

G-7.1 Pile Foundation Design R-303 FEMA, 55 raquires the pile spacing to pile diameter ratio

{Pages G&-4, G-5) to not be lass than B:1 with a mexdmum spaging of 12 fi.
FEMA 55 provides minimum embedmert of foundation
piles based on mean sea level and BFE. FEMA S5
requires the piles to be analyzed as a column for the

- unsupported length. FEMA S5 provides dimansional

criteria for round and square wood piles. FEMA 55
provides commentary type language for methods of :
bracing pites to resist the horizomal forces. QTFOC does
not specifically address pile foundations but requires the
foundation to be of sufficient design to supporn safely the

loads imposed.
Becommendation: None.
FEMA 55 OTFDC Analysis
&-7.2 Column Foundation Design A-303 FEMA 55 requires reinforging of masonry plars or pourad-
{Page G-5) A-404.4 in-place concrete piers. OTFDC requires pigrs 1o be of

sufficient design to support safely the loads imposad.

Recommendation: None.

3-8 Anchoring Standargds R-303 FEMA 55 requires anchorage to pravant flctation, ,
38,1 Connection and Fasteners R-401.2 collapss, or parmanent lateral movement during the basa
@-8.2 Beam to Pile Connections R-601.2 finod concurrent with the 100 year dasign wind velocity.
G-8.3 Floor to Dack Connections R-701.2 Both FEMA 55 and OTFDC require the connectors to

@-8.4 Exierior Wall Connections:

@-£.5 Calling Joist/Rafter Cennections
3-8.6 Projecting Membars

{Pages G-5 to G}

suppoit the loads and forces encourtared but FEMA 55
prohibits the use of toe naifing. FEMA 55 provides
prescriptive requirements for the beam to pile connection,
floor joists to fioor beamyfgirders, exterior wall connactions
and calling joistfrafier connections. OTFDC provides
some prascriptive requirements but alse requires the
construction 1o be capable of accommodating all loads -
and transmitting the resulting icads 1o its supporting
structural slemers.

Recommendation: FEWA 55 should net prohibit toe nailing f the connection is adequate for the calculated loads. FEMA
should address snow and seismic ioads.

FEMA 55 OTFDC Analysis
-9 Roof Sheathing R-703 FEMA 55 requires roof sheathing to be a minimum of

fPages G-6, &-7) R-704 1532 inch thick plywood. OTFDC also permits
. : particlaboard of 3/8 inch thickness. FEMA 55 requires

corrosion resistart fasteners and the application of
waterproof industrial adhesive to ail bearing surfaces of
phywood usad in the sheathing of comers, gable ancilor
roof ovarhang. FEMA 55 also provides commentary
language addressing the roof slopes and construction ar
paints of discontinufty of the roofing surface.

Recommendarion: FEMA 55 should permit particleboard roof sheathing provided it is of the appropriate strength and doss
not deterlorate In: the moist coastal environment.
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FEMA 55
G-10. Protection of Openings
(Page G-T)

Recommendation: Nona.

FEMA 55

G-11. Usa of Space Below the
Lowest Elevated Floor

G-11.1 Breakaway Wall Dasign
Standards

G-11.2 Certification of
Breakaway Walls

{Pages G-7, G8) -

Recommendation: None.
FEMA 55

G-12 Litilitles
(Page G-8)

Recommendation: None.

FEMA 55

G-13 Certification Requiremants
{Page G-8)

R-208.5

" R-411.

R-412

N/A

M-1106
M-1306
M-1307
M-1308
M-1102

P-2016
P-2111

FEMA 55 requires exterior openings o be ﬂesugned 1o
withstand 1he appropiiate windioads. OTFDC requires
glass areas in extarior walls subjéct to wind loading to be
capabie of safely withétanding the wind loads and be
tasted and cettified that thay comply with AAMA [ANSI)
101, ANS/NWWDA 1.8.2, ANSI!NWWDA 1.5.3 and ASTM
D 4099.

Analysis

FEMA 55 prohibits the use of the space beiow the
elevated floor to be used for any other purpose than
parking or building access and be either free of
obstructions or constructed of breakaway walls. OTFDC
does not prohibit the use of the space balow the elevated
floor and does not address breakaway walls.

Analysis

FEMA, 55 requires all mechanical equipment 1o be
elevated above expected flood waters, The OTFDC does
not address fiooding. Howevar, it does allow elevatad
installations with minimum aceéss and clearance 1o
combustibles.

FEMA 55 requires sanitary sewar and storm drainage -
systems, which have openings below thé BFE, 10 have

-backfiow vaives where thess fines penetraté the building

envelope. The OTFDC does not address flooding, but
does allow backwater valves.

Analysis

FEMA 55 requires new and substantial improvements 10
be designed by a professional engineer or architect.
QOTFDC doas not require dasign 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 paramatars for which sections 7 and 8 are appropriate {wind load, height

above grade etc.).



G-14 Reference Documems Chapter 26 FEMA 55 references ANSI ASS.1-1882, Shora Protection
{Page G-8} Manual by the Departmant of the Army, and the Coastal
. Construction Manual by FEMA. OTFBC does not
refersnce any of these documents.

Recommendation: FEMA 55 should update #s refarance to ASCE 7-88.



CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The grescnmma !mggremams of the CABO One. and Two Faniily Dwellm ' Code are for convantuonal constructaon
with wind less than 30 and seismic zones 0,1 and 2,

Manutactured Home Installation in Flood Hazard Areas (FEMA 85)

FEMABS o0 OTFDG M

Chaptar i ElBVB!IOI'I and "~ Appendix C Appendix C contams provusuons which applies t@ the
Anchoring Techniques . construction, alteration and repair of any foundation systeém
Chapter IV Design of which is necessary 1o provide for the installation of a
Elevated Foundations : " manufactured home unit; construction; installation, addition,
Appendix D Calculational Procedure - - - alteration, repair or maiftenance of the building service

for Elevatéd Foundation Design equipment which is necessary for conhecting manufactured
Appendix E Buoyancy and Drag ' homes to water, fuel, or power suppliés and séwage Systéms.

Forces ~ See NCSBCS comparison to Appendix C. -
{Pages 19-101) ' S

Recommendation: None. -
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

wrthmndnrassuulassthansngandsatsmmzonasn, 1=and2 :

Floodproofing Non-Residential Stmctures

FEMA 102 OTFDC Anlysia ,

Chapter 1 - Vi NIA . The OTFDC is applicable only 1o datached one- or two-family
Appendices A-E dweilings and one-family iownhouses not mors than threa
{Pages 8-153) ‘ staries in height {residential occupancies only) therefors, FEMA

102 does not appiy.
Recommendaion: None.



CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

Retrofitting Ficod-Prone Fle'side_ntial Structures (FEMA 114)

FEMA 114

3.5 Elevation Onto Extended
Foundation Walls
(Pages 46-49)

Recommendation: None.

FEMA 114
3.12 Technical Design Criterla

Extended Wall Foundations
(Pages 61-63)

Recommendation: None.

FEMA 114

3.13 Technical Design Criteria
Anchorage of Superstructure 10
Foundation

(Pagas 63-67)

Recommendarion: None.

FEMA 114 .

3.14 Technical Design Criteria
Open Foundations
(Pages 67-58)

Recommendm‘ot'l.t None.

OTFDC
R-103
R-303

R-303

R-303
R-401.2
R-E01.2.

FEMA 114 addresses the method of alavatlng the structure by
increasing the foundamon wall height: Whan this is done,
congideration must be taken for the addrtlonal load wnposed on
the footings and the foundation wall, QTFDC requires
alterations and repalr 10 comply with the Code. OTFDC
requlras the foundation systems o be of sutr cient design to
support safely the icads Imposed

Both FEMA 114 and OTFDC require the foundation system with

the increased foundation wall height to be of sufficient design
to support safely the loads imposed,

Analysis

FEMA 114 provides design details for the anchorage of the
suparstructure to the foundation systam. OTFDC requires the
construction to be capable of accommodating all loads and
transmitting the resufting loads to its supporting structural
alaments,

Anaivaig

FEMA 114 describes three types of open foundation systems
(piers, columns, or piles) and requires them to be designed for
the lcads encountered. OTFDC does not address piles.

~ QTFDC addresses columns or piers and requires them to be of

sufﬁclant design to suppon safely the loads imposed.



FEMA 114

6.2 Considerationa: (Flootwalls)
6.3 Construction Techniques
and Materials (Floodwells)

€.5 Technical Design Criteria
{Floocwalls)

{Pages 111-129)

Recommendation: Nong.,

FEMA 114

7.2 Considarations {Closures)

7.3 Low Profila Permanent
Closuras

7.4 Closure Matarisis and
Construction

7.6 Technical Dasign Criteria
{Closuras)

{Pagas 133-142)

Rerommendation: Nona.

FEMA 114

8.2 Considerations (Sealants)
8.3 Sealing Techniques

8.4 Closures (Sealants)

8.5 Design Details {Sealants)
8.7 Technical Design Criteria
(Sealants)

{Pages 145-156)

Recomunendarion: Nona,

FEMA 114

9.4 Parmanent Protective Measures
{Litilties)
(Pages 160-1&5)

Recommendaiion: Wone.

OTFDC
NfA

NfA

N/&

OTFDC

#M-1102
Ch. 13

M-1301
M-1302
M-1305
M-1306
M-1307
M-1308

Analysis

FEMA 114 addressas the use of floodwalls to protect struciures
from fiooding and emphasizes that tremandous forces are
created ty high water levals and velocities. FEMA 114
addresses techniques end types of materials for the
construction of floodwails. FEMA 114 comains design criteria
for fioodwall design which addresses materials, soils, loads,
ovanuming resistance, siiding resistance, and actual toundaﬂon
requirements. OTFDC does not address fioodplain
managemaent; thersfore, it does not address the use of

- fioodwails.

Analysis

FEMA 114 addresses the usa of closures (covering openings
such as doors, windows, driveways, atc.) 1o act as shislds to
keep water away from the residence or entering the residence.
OTFOC does not address floodplain management nor does it
address the use of closures to kesp water from antering the
building.

Analysis

FEMA 114 addresses the sealing, making watertight, or dry
fioodproofing of the structure to prevent the entry of watar
during iow level flooding. OTFDGC doss not address floodplain
management; therefore, it does not addrass sealing, making
watertight, or dry floodproofing of the structure.

Analysis

FEMA 114 requires {1) utilly connactions to be above flood
level, (2} shielding for basement appiiances, {3) slevated
installation for exterior appliances, (4} suspension of
underfioorfcrawispace equipment, and {5) anchoring of fuel
storage tanks. The OTFDC does not address ficoding. The
OTFDC does not prohibit such equipment installations but does
raquire minimum access ang clearances to combustitle
materials.
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95 Unlrty Flalocliom to M-1102 FEMA 114 addresses ralocauon of machamcal equipmam from

‘Existing Space - .. o - uo GRAI3T L T albasement 10 he. upper, levels ‘or attic. The 0 TFOC does not
(Pages 163-164) : R address-ﬁoodlng but does allow ‘elavated instauanons with

aCCess and minimurn clearance to combustibies.

Recommendation: Nona.

FEMA 114 . OTFDC Analysis . o
9.6 Utility Relocations to New M-1102 FEMA 114 addresses relocation of machanical aquipment
© Spaces ‘ _ - Ch. 13 : below BFE to newly constructed spaces above BFE. The. -
(Pages 164-165) . : " : OTFDC does not address ﬂooding. however, i dogs allow

mechanical rooms which must have adequate access for
unpment and afford clearance to combustibles

Hsoomimndation: None.

:

FEMA 114

Analysi
98 Storage Tank Anchorage M-1914 . FEMA 114 requires anchorage of fuel storage tanks. The
(Page 166) OTFDC does not address flooding. The OTFDC does require
oil tanks 1o resist all loads and stresses to which they .are
subjected.
Recommendation: Nona.
FEMA 114 QTFDC Analysis
10.4 Floating Structures N/A FEMA 114 permits “floating structures® as & mathod of
(Pages 176-177) ficodproofing. OTFDC does not address floating structures.”
Recommendation: Nons.
FEMA 114 OTFDC Anaplysis
Appendix C - Forces "~ R-201.2 FEMA 114 addresses hydrostatic loads, hydrodynamic loads,
(Pages 197-207) A-303 impact loads, and wind loads. FEMA 114 aiso provides
R-401.2 definitions, application and methodology for design. OTFDC
R-601.2 requires the structure to be capable of accommodating all
R-701.2 loads imposed and transmitting the resulting loads to its

suppomng structural elements.

Recommendation: FEMA 114 shoulkd update the wind speed maps 10 the latest editions and address snow and seismic
loads.
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CABQO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABC One and Two Family Dwelling Code are for conventional construction

with wind pressures less than 30 psf and seismic zones 0, 1, and 2,

Alluvial Fans: Hazards and Management (FEMA 165}

FEMA 165 OTFDC
Windows and Doors R-208.5
(Pagse 10) R-411

. R412

Recommendarion: Nons.

Analysis

~ FEMA 165 prohibits openings on the uphill side of the structure

1o prevent debris and fioodwater from entaring the building.
OTFDU does not address fioodplain management; therefore, it
does prohibt opanings on the uphill side of the structure.
QOTFDC requires the glass areas subject to wind loading to be
capablz of withstanding the wind loads. OTFDC requiras
windows and sliging glass doors 1o be tested and certifled in
accordance with AAMA (ANSY 101, ANSINWWDA LS.2,
ANSIINWWODA |83, or ASTM D 4099
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The grescnmwa ggmrernents of the CABQ One and Two Famulv Dwelllng Code are for conventlonal constructio
with wind pressures iess than 30 Esf and selsrmc zones 0, 1.and 2.

Manual for the‘Construcuon of Hasrdentlai Basemants in Non-Coastal Fiood Environs MCRB

Chapter Il Basemert Construction

A. Construction Types — Walls

lILA.1 Unreinforced Block R-304.1 MCRB prcwldes commentary type Ianguage for mmlmum
(Page 13) R-304.3 thlcknass lack of reintorcing, and lack of resistance to lateral
R-404.3.1 pressures. OTFDC provides minimum thickness of foundation
- R-405 walls based on type of wall construction, depth of unbalanced

fill, soil condition, and seismic zorie. OTFDC permiis
unreinforced masonry to be designed and constructed in
accordance with BiA *Buiiding Code Requirements for
Engineared Brick Masonry* and ACI/ASCE 530.

Recommendation: MCRB should referenca BIA and AG/ASCE 530.

¥

M.A.2 Reinforced and Grouted R-304.1 MCHB provides commentary and prescriptive type language tor

Block R-404.3.2 minimum thickness, - vertical and horizontal reinforcing, bond

{Pages 13, 14) R-408 team, and the capacity 1o resist lateral loads. OTFDC requires
: R-409 : reinforced masonry to be daesigned and constructed in

R-410 ' accordance with BIA "Building Code Requirements for
. Engiriesred Brlck Masonry and ACIIASCE 530.

Recommendaion: MCRB should reference BIA and ACI/ASCE 530.

A3 Structural Plain Concrete | RAM43 MCRB provides commentary and prescriptive type language for
(Page 14} minimum thickness, lack of reinforcing, minimum compressive

strength, and limits on resistance to iateral pressure. SBC
provides minimum thickness of foundation wails based on type
of wall construction and depth ot unbalanced ﬁll '

Recommendation: None.

M.A.4 Reinforced Concrate H-304.1 MCRB provides commentary and. prascriptive type of language
(Pages 14, 15) ' R-304.3 for minimum thickness, reinforcing, and ability 1o resist lateral

loags. OTFDC provides minimum thickness and reinforcing
basad on depth of unbalanced fill. OTFDC also permits
foundation walls 10 be constructed in accordance with ACI 318.

Recommendation: MCRB shouid reference AC| 318.
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NCHB

ILAS Cut Stone, Rubbie Stone,
and Cribbing and Planking
(Page 15)

Recommendation: MNone.

MCRB

ILA6 Treated Wood Foundations

{Page 13)

Hecormmendation: None.

MCRB

HLA.T Variations
{Pages 15, 16]

Recommendation: None.

MCRB

LAE Excavation and Backfill
{Pages 16-18)

Recommendation: Nong.

MCRB

A9 Formwork
{Pages 18, 19)

Recommendation: None,

R-3043

R-302.1
R-304.5

Ni&

R-303
R-304.2
R-311.3

NiA

Analysis

MCHB provides commentary type language and will not
considar them any further because they are not commonplacs.
OTFDC provides minimum thicknaess and limit on height of
rubble stone foundations.

Analysis

MCRB expiains that sufficient research is not available on
traated wood foundations undar fiooded conditions, therefore
they are not inciuded in-the MCRB. OTFDUC containg details for
wood foundation basement walls and requires them 1o ba
constructed in accordance with NFoPA Technical Report No. 7,
however the OTFDC doaes not address fioodpiain management.

Analysis

MCRB provides commantary type language for partially
reinforced masorry, unreinforced masonry, reinforced masconry,
structurgl plain concrete, and reinforced cast-in-place concrate
walls. OTFDC does not provide commentary languags.

Analysts

MCRB requires all organic material to be removed from the
foundation excavation, the fogtings to be buit on undisturbed
of property compacted soil, the bottom of the footing o be
below the depth of frost penetration, foundations on expansive
soils 1o be a mat or raft foundation, and backfill 1o be placed in
lifts and compacted in a marmear which does not damage the
waterproofing or foundation wall. OTFDC containg basically the
Same provisions.

Analysis

MCRB requires the forms to be substantial and sufficiently tight
to prevert leakage of cament paste, properly braced to
mairmain position, and removed in such & manner as not 1o
damage the concrete. OTFDG does not address formwork but
requires concrete 1o be constructed in actordance with AC!
318.

F31



B. Other Consiruction Features
MCRB

B Basemem Slab
(Paga 19)

R803

'*MCHB sta:es that basement slabs are typscany bétween 3 and 4

inchies thlck wﬂh and wrthout staol wirg reinforcemant. OTFDC '
prowdes minimum compresslve strength dlstance between
control |o|ms with and wrthout wire’ ramforcement based on
thickness of slab, site praparanon raquurements and vapor
bamar requiremams .

Recommendarion: MCRB should provida site praparallon requwamems minimum compressive strength, and vapor barrier

requlremems

MCRB

ine.2 Structural Basement Slab
(Pages 19, 20)

Recommendation: None.

.8.3 Foating (Foundation)
(Page 20)

Recommendation: Nona.

MCRE

lil.B.4 Underdrain Systems-Sumps

and Pumps
(Pages 20-23)

‘ Recommendarion: None.

MCREB

N.B.5.a Ground Surface Slapa
Sits Investigation
(Pages 23, 24)

Recommendation: None.

MCRB

1%.B.5.b Ground Surface Slope -
. Grading and Surface Drainage
(Pages 24, 25)

Recommerndation: NoOns.

N/A

R-305
R-306

R-301.3

MCFIB provides commentary type language on the use ot a
structura) basement siab to resist water pressures up to 5 feet
above the bottom of tne s!ab for an *undrained systqm

Analysis

Both MCRB and OTFDC require the bottom of the footing 1o
balow the dapth of frost penetration and provide typicar
footing sizes. '

Analvsis

MCRB requires watarproofing (subsurface drain and/or sump
pump) where hydrostatic pressure conditions exist. OTFDC
requires foundation drainage and dampprooﬁng of foundation
walls enciosing basements ragardless of whather hydrostatic
pressure conditions exist or not.

Analysis

MCFIB provides commamnary type Ianguage addressing site
investigation of the soil to determine the drainage method
needed to maintain a dry basement. OTFDC requires
foundation drainage and dampprooﬁng of foundation walls
enclosing basements without a site investigation. .

Analysis

Both MCRB and OTFDC require the finish grade to slope away
from the foundation for drainage. MCRB requires provisions to
ba made to prevant soil erqslon
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MCRA

.B.6 Seepage Quantities
{Pages 25-31)

Recommendation: Nona.

MCRB

ll.B.7.a Penetrations, Cracks,
Joints, and “Waterproofing” -
Utility Openings :
(Page 31)

Recommendation: Nonae.

MCRB

ILB.7.b Penetrations, Cracks,
Joints, and *Waterproofing® -

Technigues That Lessen Cracking

in Concrete
{Pages 31-34)

Recommendation: Nong.

(I.B.7.c Peanetrations, Cracks,
Joints, and "Waterprocfing® -

“Waterproofing® Basaments
{Pages 34, 35)

Recommendation: WHone.

“CRs

nesa Subsystems {Plumbing}
{Pages 35, 36)

Recommendation: None.

N/A

R-306

P-20038

P-20:12

R-603.1

R-305
R-306

NfA

- Analysis

MCRB provides a “ow net analysis® to determine if the
drainage is feasible. OTFDC does not provide sampia
calculations for “flow net analysis.”

Analysis

MCRB requires penetrations through walls to be watartight.
OTFDC requires waterproofing (dampproofing) of bassment
walls. OTFDG requires plumbing penetrations to be watertight.

Analysis

MCRE provides commentary type language addressing crack
controi of concrete. OTFDC requires control jeints spaced
according to slab thickness and type of wire-reinforcing.

MCRB addresses the use of drains and sump pumps. OTFDC
addresses the use of foundation drainage but does not address
SUMpPS.

Analysis

MCRE recommends the use of a 1/3 to 1/2 HP sump pump.
OTFDC does not raquire sump pumps. MCRB requirss
sanitary sewer outlets Delow the fiood level 1o be provided with
gate vatves. MCRB requires water supply systems locatad in a
Flood Hazard Area to be designed and installed to prevent
conmamination from flood watars. OTFDC doas not address
floodpiain managemernt.
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B

1i.B.9 Anchorage
{Pages 35, 37)

R-303

MCRB provides | caiculations to determine the anchorage
rsquiremems MCRB roquues & minimum of 1/2 inch anchor
bolts spaced a maximum of 8 fi anchored into 2 block courses

~or 16 anches with a mlnlrnum of 2 boiis par plata OTFDC

requirés a minimum of 1/2 irich arichor bons‘sp_acsd a
maximum of & fi arichored 15 inches into Masonry of 7 inchés
into gbricrete and not more than 12 inches from comers.

Recommenddrion: The MCRB shouid be changed to comply with current model codes.

MCRB

fadn_at—d

1li.B.10 Some Concrets Construction

Practices
{Pagss 37-46) .

Récommendation: None.

MCAB

1.B.11 Some Block Constructlon

Practices
(Pages 47-50)

Recommendation: Nona.

MCRE

ILC. Loads

mes  Sell
II.C.1.a Sand, Sit, Glay
l.C.1.b Expansive Scils
.C.1.c Permaability
N.C.1.d Saturation
(Pages 50-57)

Recommendasion: None.

li.C. Loads
M.C.1 Soil
.C.1.e Erosion
{Paga 58)

Recommendation: None.

§

OTEDC.

R404

R-301.4
R-301.5

R-301.3

MCRB contains provisions for handhng and deposmng
concrate; consolidating concrete, cold_ waa:her considerations,
additives, placing reinforcement, etc. OTFDGC does rict coritain
the specific provisions but does retererice AC! 318 which
contains similar provisaons

MCRB contains commentary type Ianguaga addressing ways to
improve the watarproofing quiality of concrete masonry walls.
OTFDC contains minimunt requiremernts for ali types of
masonry construction.

MC.RB containg comimentary type Eanguage on soil types,
expansive solls, permeability, and saturation, MCRB contains

" sample calculations. OTFDC requlras the “character of the soi°

10 bé determined and slabis on axpansrva solls to be designed
and installed in accordance with PT1 or WRL.

Analysi

MCFIB addresses methods ¢f inhibiting erosion by soil
traa:rnem seeding, and muiching. OTFDC does not address
erosion. OTFDC requires the lots to be provided with adequate
drainage and shail be graded so as to drain surface water away
from fouridation walls.
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MCRE OTFDC  Analysis

.G, Loads H304.2 MCRB provides commaentary type language addressing lateral
1.C.1 Soil pressures exerted from backfill material. OTFDC prohibits the
H.C.1.f Backfil Material bacikfill from being placed unil the weall has sufficient strangth
Related to Lateral Pressure ' or has been sufficiently braced to prevant dameage by the
{Pages 58-63) bacidill. '

Recommendation: None.

.C.2 Water Table 7 NfA Mona. The OTFDC does not address the water tabie.
{Page &3] :

Recommendation: Ncma.'

I.C3 Superstructure Loads Nia MCRE comains sample calcutations to determing ihe
and Buoyancy superstructune loads imposed by buoyancy. OTFDC doas not
{Pages 83-T1} prmrida_ sample calculations.

Recommendation: None.

M.C.4 Flood Waters WA MCRB provides commentary type language addressing
H.C.4.d Velosity increased structural darmage which may result from the high
H.C.4.2 Sedimant : valocity of flood waters, MCRB provides commentary type
H.C.4f Rate of Rise language addrassing fiood water deposited sedimeant. MCRB
i#.C.4.q Rydraulic/Hydrologic provides commentary type language addressing the rate of rise
Relations of flood water causing unequal loading on basemert walls
{Pages 72-75) which could cause damage to the wall,. MCRB references a

separate Hydraulic/Hydrologic manual which could be used to
avaluate a site (i.e. for welocity of flood waters, arasion,
sadimert, flood water depth, and watershed hydrotogy).
OTFDC does not address floodplain management.

Recommendarion: None.

IL.C.5 Debris, Wind, Impact, . R20%.1 MCRB states ihat other than dabris ang impact loads; wind,
Snow, Ice, and Other Live Loads R-201.2 snow, and ice are not considered 1o aker tha Sesigns in the
{Page 75 R-301.1 MCRB. OTFDC reguires evary bullding o be cesigned and
H-301.2 eonstructed to suppert safely all loads and forcas encountsred.
A-$01.2
R$601.2
R-701.2

Recommendarion: MCRE should include wind, snow, and seismic loads.
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Chapter V Basements in Floads
g

VA Structural D-llgnlAnalysis :
V.AZ2 Dasugns. Methods angd:

Tables ;
V.A.2.a Building Model, Dlmensrons
and Loading
V.A.2.b Structural Analysm
Model(Wall) C
V.A2c Structural Plain Concrete
V.A2.d Reinforced Concrete
V.A2.e Plain Masonry Block
V.A21 Reinforced Masonry Block
VA 2 g Flood Waters Above Grade
VAZ2h Slab Thickness (Basad on
Bending)
V.A2i Structural Slab Design
(Uttimate Strength Design)
(Pages 88-114) -

Recommendmon MCFlB should not reference a smgle model code MCRB should reference only naponal consansus

documents "

MCRB

V.B. Soil/Water Load Phitosophy
V.B.1 Weir Level Load

v.B.2 Buoyancy '

V.B.3 Slab Bendlng

V.B4 Wall Loads

V.B.S Clay vs. SandorDrajnand
Sump vs. Sealed’ "Barge o
V.B.5a Drained or Sump Systemn
V.B.5b Undrained or Barge System
(Pages 114-126) ‘

Recommendation: None. |

VIIl. Appendices
:

Appendix A-Sclls Data
Allowable Beamg Pmeures
(Page 164) -

Aliowable Soil Pressures
‘Beneath Footings
(Page 166)

Recorrrrr_:eudarian: None.

.3;-3

N/A

m
MCI_RB contams corn ntary type
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VIl Building's Guide

VLA, Itroduction Part lll- MCRB contains details and design charts for wall design, siab

VilLAZ2a Soil and Weter Construstion design, control joints, sumps, and/or waterproofing. OTFDC
Loading on Wall Cross-Section does contain dstails and design charts but not details and
{Page 198) design charts for basement design in ficod prone areas.

WILA.2.c "Waterproofing™ System

{Page 206}

Wil.A-2d Wall Design

{Page 209)

VILA2.e Slab Design

(Page 211)

ViIl.B. Acceptable Wall Designs

WILB.1 Structural Plain Cancrate
{Unreirforced)

Wiit.B.2 Reinforced Concrete

VIiE.B.3 Unreinforced Masonry Block

WilLB.4 Reinforced Masonry Block

VILB.S Buoyancy Wall

{Pages 212-239)

Wilil.C. ACceptable Slab Designs
{Pagaes 240-246)

VHLD. Acceptable Comtrol Joimt
Designs, Undardrain, and
“Watarproofing” and Ssals

VilL.D.1 Overview and Control Joints

Wil.D.2 Sump, Pump, and
Underdrain {for Drained System)

Will.D.3 "Waterproofing® and Seals

Will.D.3.a Underdrained Slab and
Wall Systern

WILD.3.b Drained Slab and Wall
System

Vil.D.3.c Slab/Wall/Footing
Junciure

{Pages 247-262)

Recommendation: None.

Hydraulic/Hydrofogic Manual NTA MCRB comains commartary type language addrassing

. Introduction increased structural damage which may resuft frem the high
1B. Fiood Waters valocity of flood waters and fiood water deposited sadiment.
1.B.4 ValocCity OTFDC does not addrass fioodplain management.

1.8.5 Sediment

{Pages 7-9)

Recommendation: WNone.
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CABO ONE AND TWO FAMILY DWELLING conE _(gT__ch) CQMPARI_SO_N

Technical Standards Bulletin: Wet Floodg roofing, No_..__85-1 |

No. 85-1

|. Definition
{Page 1)

Recommendarion: - None.

No. 85-1

I, Protection Goals
{Page 2)

Recommendasion: None.

No. 851

l.B. Structural Features

(Pages 4-5)

Recommendation: None.

No. 851

0.C. Buﬂdlng Acthrly and Use

(Pages 5-6)

OTFDC
N/A

N/A -

 R-103

No. 85-1 provides a definition of wet floodproofing and explains
the justification for this typa of fioodproofing. OTFDC doas not

address floodplain management; thersfore, it does not addrass
wat flocdproofing or floodproofing of any type_ :

Anglysis

" No, 85-1 explains that wet floodproofing consists of protection

of me structure, protection of interior finishes, pmtecmn of
meqhamca.l and electrical systems, protection of major
equipmertt and machinery, and protection of contents. OTFDC
cdoes not address ﬂoodptain management; tharafore it doas not
wet floodproofing or fioodproofing of any 'typq. '

Analysis

No. 85-1 addressas the superstructure materials as far as their
clurabilny rasistance to flood forces, resistance 10 the
deterioration caused by flood waters, and water resistance.
OTFDC does not addrass ficodplain management; therefore, it

_ does not address durability, deterioration, oF water-resistance of

the foundatton OTFDC does require the foundation system to

‘be of sufficient dasign to support safely the loads imposed,

toundation drainage, and foundation dampproofing.

Analysis .
No. 85-1 addresses the neod to datarmme the feasibility of wet

" ficodproofing based on building activity and use. OTFDC only

addrsssas one type of building use which is residential.

Recommendation: None since it would not be a:ppmp'ria_!ato imannonalty flood -a residence.
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No. 85-1

M.A1 Foundations
{Page 6}

Recommendation: None.
No. 85-1

IV.A2 Cavity Wall Construction
{Pages 6-7)

Recommendation: None.

No. B5-1
W.A3 Solid Wall Construction

{Pages 7-8)
Recommendation: Nc-n.e.u

No. B5-1

VA4 Interior Walls
{Page 8}

Recommendation: MHone,

No. 85-1

W.A5 Imerior Wall Finishes
{Page 8)

Recommendarion: Nona.

NfA,

NiA

OTFDGC

R-305
R-306

OTFDC
NfA

MfA

Analysis

Mo. 85-1 emphasizes the importance of tha need 1o investigate
the influsnce of hydrologic and hydraulic conditions on the
foundation when wet floodproofing is used. OTFDC doss not
address fioodplain management; therefors, i does not addrass
wet floodproofing or floodproofing of any type. OTFDC does
requira the foundation system to be of sufficient design to
support safely the loads imposed.

Analysis

No. 85-1 addresses the need 1o drain the Cavity spacs at a rate
approximately equal to the fivod rate. QTFDC does not
address flioodplain management; tharefars, it does not address
wet flocdproofing or ficodproofing of any type.

Anaysi
No. B5-1 addresses the need for the interior and exterior wall -
cladding to be ralatively impervicus 10 prevent the infrusion of
the fioodwaters into the wall. OTFDC does not address
floodplain management; thersfors, it does not address wet
floodproofing or floodproofing of any type. OTFDC does
require foundalion drainage and foundation Jampprocfing.

Analysis

No. 85-1 emphasizes that the criteria for cavity wall and sofid
wall construction applies o intericr walis. OTFDC does not
gddress floodplain management; therefore, # does not address
wet floodprocfing or floodproofing of any type.

Analysis

No. B5-1 addressas the need for the interior finishes to be able
to withstand inundation for 2 minimum of 160 hours without
damage, not be subject to detericration from chemicals in the
fioocwaters, and capable of being sasily cleansd. OTFDO
doses not address floodplain managemarnt; thensfors, i doss not
address wet foodproofing or floodprocfing of aryy typa.
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IV.A6 Fioors - .
(Pages 8-9)

Recomrnendation: None.

No. 85-1
IV.A.7 - Celling and Roofs
(Page 9)

Recommendation: None,

No. 851 -

V.A.B Buiking Envelope
Penetrations
(Page 10)

Recornmendation: None.

No. 85-1

IV.A.9 Electrical System
(Pagas 10-11)

Recommendation: None.

No. 85-1

IV.A.10 HVAC
(Pages 11-12)

Recommendation: None.

"

E

N/A

N/A

'No. 85-1 addresses the needforﬂoorsyst‘,f

0 e capable of
wnnstandnng the hydmslanc press e gen'aramd 7 @& water
level différential of two. fest betwiedn the exterior and interior of
the structure. OTFDC does not address ﬂoodplain
managereant; therefore, It does not address wet floodproofing
or flioodproofing of any typs.

Analysis

No. 85-1 addresses the need for the oe:lmg materials to be of &
type io withstand pfolongad @xpostire to migistire and
humidity. OTFOC doés not address floodplain managermant;
therefore, it does not addréss wet ﬂoodprooﬁng or
floodproofing of any type.

Analysis

No. 85-1 addresses the need for building penairanons {doors,
louvers, venis, skylights, 6tc.) 1o be capabie of resisting -
damage for & minirum of 160 hours of inundation, be
essantially nonporous, and bé oonducnra 10 easy claanmg
OTFDC does not address fioodplain managemmant; tharefore, it
doas not acdress wet floodprooﬁng or ﬂoodprooﬁng of any
type.

Anavsis

No. 85-1 addressas the need 10 prevant viinarable electrical
componerts. from corning in contdct with the ﬁoodwaters
OTFDC does nct address floodplain managanient. Sea NFiPA
comparison to NFIPA 70.

Analysis

No. 85-1 raquires mechanical equipment to be slavaied above
BFE or enclcsed for protection. The OTFDC does not address
fiooding. The OTFDC would aliow such installations with
minimum access and clearance to combustiblas.



CABG ONE AND TWO FAMILY DWELLING CODE {OTFDC) COMPARISON

The prescriptive @gm&mems of the CABD One and Two Family Dwelling Code are for conventional ntiona! construction
with wind pressures less than 30 psf and seismic zones 0, 1, and 2

Technical Standards Bulletin: Foundalion Wall Openings, No. 85-2

No. 852 : OTFDC Analysis _
Flood Forces R-303 No. 85-2 provides commentary type language on fiood forces
(Pages 1-3) (hydrostatic and hydrodynamic pressure) and formulas to

determine these pressures. OTFDC requires the foundation
system 10 be of sufficient design to suppon safely the loads
impesed, (wind, water, seismic, and snow).

Recommendation: No, 85-2 should address snow and seismic loads.

Openings Design Criteria R-311 No. 85-2 provides the design criteria to size tha openings
{Pages 4-8} Ch. 13 needed to allow floodwaters imfo an enclosure for the purpose

of equalizing hydrostatic pressures. OTFDC only addresses
crawl space openings needed for ventilation and aquipmant
access.

Recommendarion: None.
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CABO ONE AND TWO FAMILY DWELLING CODE (QTFDC) COMPARISON

with_ wind IS

Technical Standards Bulletin: Breakaway Walls, No. 85-3

No. 85-3

|Il. Wind and Water Forces
(Pages 2-3)

R-201.2
R-303
R-401.2

R-601.2

R-701.2

Anaivsis

No. 85-3 addresses winc and flood water loads. OTFDC
requires the construction to be capable of accommodatlng all
loads imposed. OTFDC does not specifically address
fioodwater forces but does addrqss wing, snow, and seismic
joads. No. 85-3 references the bmldlng codes on 'ANS! AS8.1-
1982 tor mtormanon on wsncl Ioads o

Recommendation: No. 85-3 should update reference to ASCE 7-88 and address snow and seismic loads.

k. Déslgr_n Approach
{Page 4)

Recommendation: Naone.

No. 853

IV. Design Considerations
(Pages 4-10)

Recommendation: None.

OTFDC
R-401.2

OTFDC
R-401.2

Analysis

No. 85-3 requires the breakaway wall to be designed to
withstand at least 10 psf but no more than 20 pst. OTFOC does:
not address breakaway walls. OTFDC requires the construction
to be capable of accommodatmg the |oads imposed '

No. 85-3 provides commentary typa language and details for
various types of breakaway walls. OTFOC does not address
breakaway walls. OTFDC requires the oonstruction fo be
capable of accommodating the loads imposed.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

& ript Dweliing Code are for convantional construction
with wind jess than 30 and seismic zones 0, 1, and 2.

Technical St_ar_ldards Bulletin: Wind Design St_andawd:s and the NFIP, No. 88-1

Mo. 88-1 oTrDG Analysis

Pages 1-5 R-201.2 No. 88-1 eddresses wind loads and refarences ANSI AS8.1-
R-303 1882 OTFBC contains a wind probability map with wind
R-401.2 design loads. OTFDC requires the construction to be capabla
R-601.2 of accommodating the loads imposed.
R-7012 '
App. A
{(Wind Proba-

) bility Map)

Recommendation: No. 88-1 should update referance to ASCE 7-88. The 1992 OTFDC does reference ASCE 7-£88.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFBC) COMPARISON

Technical Standards Bulletin: Flood Resistant -Ma-‘terial‘s, No. 88.2 -

Pages 1-7 ‘ N/A ' No. 88-2 providés daia and guidance to daiarmma “atarials
o ' o * resistant to flood damage* and how the matenidl should ba-
used 1o improve a structure's ability 1o withstand flooding.
'OTFDC does not address flood rasustam matanals

_ Recommendation: None.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The prescri uiremants of the CABO One and Two Fami

g Code are for convantional comstfucﬁon
with wind pressures less than 30 psf and seismic zones 0. 1, and 2. '

Technical Standards Bulletin: Free of Obstruction Requirement in Coastal High Hazard Areas No. 88-3

MNo. 883 OTFDC Analysis

Lower Area Jbstructions R201.2 No. 88-3 prohibits the construction of anything except

{Pages 24 R-302 breakaway walls, open wood latticework, or insect screening,
R-401.2 beneath the lowest horizomal struciural member. OTFDC doss
R-601.2 not prohibit construction provided it is capable of
R-701.2 accommodating all loads imposed.

Recommendatior: Nona.

Obstructions Ouiside the Perimeter R-201.2 No. B8-3 requires structures outside the perimeter of the coastal
of the Coastal Building R-303 building to be anchored to resist flotation, collapse, and lataral
{Pages 4-8) R-401.2 movemant due to combined effects of wind and water loads.
' R-5601.2 OTFDC requires the construction 10 be capable of
R-701.2 accommedating the loads imposed and transmitting the

resulting loads to is supporting structurai slaments. OTFDC
doas not addrass fotation.

Recommendation: None.

Obstruction Attached to But Outside  R-201.2 No. 88-3 explains that anything attached 1o the building is
the Building Parimeter R-303 considared part of the building and has to meet 1he same
{Page 6} R-401.2 requiraments as the bullding. OTFDC requirss the building or
Rs01.2 structura to comply with the Code.
R-f01.2

Recommendation: Nona.
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CABO ONE AND TWO FAMILY DWELLING CODE _(mr-:'oc) GOMPARISON

mily ._.quell'.ih_j ] ¢.pd9 .qrg _tqr_convemnonsu construstion

Recommendations N/A : No 884 recommands that the élevator- ralatad hydraulic

(Page 3) ' I S . aquipment and slevator-related electrical equipment be located
L " above the BFE. No. 88-4 recommends that electfical
equ;pmam that cannot be placed above the BFE to be of water
ras:slant models. No. 38-4 recommends that the alevator cao -
amomat:caliy stay abcve fiood waters by :menocking the
contrels with 'ﬂoat' switches in ihe elavmor shatt. OTFDC doss
not address floodpiain management or elevaiors.

Recommendation: Nong.
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CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressures less than 30 psf and seismic zones 0, 1, and 2.

Technical Standards Builetin: NFIP Reguirements for Below Grade Parking Garages in Flood Hazard Areas,
Mo, 80-2

No. 802 OTFDC Analysis

Pagas 14 WA No. 80-2 provides & summary of the National Flood nsurance
Program {Requlations for Floodplain Management and Flood
Hazard Identification) requirements for below grade parking
garzges in fiood hazard areas. OTFDC does not address
floodplain management or below grade parking..

Recommendation: None.
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C-ABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

iraments of the CABO One and Two Fami

Dwellln Code are for conventuonal constructlon

with wind pressures less than 30 psf and seismic zones 0, 1, and 2. _
Technical St Buligtin: NowResndential Fioodproofing Certification R uiremenfs of the National Flood

Insurance Program, No. 90-3

Pages 1-6 - N/A No. 90-3 provides a summary of the National Flood Insurance
' : ' -~ Program (Regulations for Floodpiain Managemem and Fiood

Hazard identification) réquirements 1o obtain certification by
ﬂoodprooﬂng the non-residential structure. No. 90-3 also
prowclas the forces that the structure would be subjected to
when the structure is subjected to the base fiood. The OTFDC
is applicable only to detached one- or two-family dwelling and
ona-family townhouses hot mare than three stories in height
(residential occupancies only) therefore, No. 90-3 does not
apply.

Recommendation: None.

F-48



CABO ONE AND TWO FAMILY DWELLING CODE (OTFDC) COMPARISON

The prescriptive requirements of the CABO One and Two Family Dwelling Code are for conventional construction
with wind pressiyes less than 30 and seismic zones 0, 1, and 2.

Technical Standards Bulletin: Installation of Manufactured Homes in S

o, 904 OTFDC Analysis

Pages 3-19 Appendix G Mo 90-4 provides a summary of the National Flood Insurance
‘ Program {Regulations for Floodplain Management and Flood
Hazard Jdentification) requirements which affect the placement
of manufactured homes in flood hazard areas. Manufactured
home installation is addressad in Appendix C. Ses NCSBLS
comparison 1o Appendix C.
Recommendarion: Nona.
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