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Preface

Whenever possibile, residential stractures should
not be focated in fleod -prone areas. Flooding in
thear areas is virtwally assured at some point in
the future, bringing with it the potential for
property damage—noe matler how well o stogebure
i# tesigned —as well as danger to bailding oceu-
pants, However, it is not always possibie to
avoid flood-prone areas, Tlhis manual is Tor
designers, developers, builders, and others who
wish (o butld elevated resdental sknetures m
flood-prone areaz pradently.,

The readers of this manual are assamied o have
knowledme of conventional residenitial construction
praoctce; the manual 1= Limiied to the special design
issnres comTronted in elevated constructon,

This i a revigion of a manual of the same title pub-
lished in 1976 by the Federal Insurance Adman-
elration. This revizion reflect: changes since 1976
it floadplain management teehniques and rega-
latioms, improvements in congtruotion materials
and practice, increases in conslruction costs, and
additions Lo the relevanl literalure, This revision
also condaing increased information on clevating
structures in coastal areas, although all the tech.
nifues described here apply (o hoth cowstal and
riverine areas unless otherwise stated,

A second dociiment, published by the Federal
Emergeney Management Agency (FEMAY, Design
Curdetines for Flood Damage Redue tion, supple
mienls this manual’s discussion of elevoted rosiden-
tal structures with information on the full range of
olher Noodplan management strabe pies,

A third document, Desige and Coneirie fion
Wanual for Residential Buidings in Constal [ligh
Hazard Areas, is published jointly by FEMA and
the 1.8, Department of Housing and Urban Devel-
opment. [t provides stroctural enginesring gaide.
lines and other information on designing st tures
in coastal arcas subject o severe wind and veloeity
wave Torces, Structurcs i such areas showld not be
designed without consulting it
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Flooding and the
Built Environment

Rivers and scacoasts have always been focal points
lor development, Access o water has provided
drinking supplies and sanitation, an important
gource of energy, and a valuable part of the trans
portation system, Recreational opportunities and
sesthetic enjoyment further stimulate waterside
development,

The development pattern, however, leads to a con-
flict between the natural and built environments.
The need for direct access to water places human
gettlements in low-lying areas that are subject to
periodic flooding by rivers and the sea. In the
United States, more than sx million dwellings and
a large number of nonresidential buildings are
currently located in the nation’s 160 million acres
of floodplains. Flooding of these floodplains s
responsible for more damage to the built environ-
ment than any other type of natural disaster. The
total lood damage in 1978, for example, was an
estimated 33.8 hillion. The following year,
Hurricane Frederie alone eapsed 51,8 billion in
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RIVERINE FLOOGDING

Floods are part of the natural hydrologic process,
Riverine flooding is associated with a river’s
wittershed, which is the natural drainage basin that
conveys water runoff from rain and meiting snow,
Water thit i= not absorbed by soil or vegelation
seeks surface drainage linez, following loeal topo-
graphy and creating rivers and other streams
Flooding results when flow of runoff is greater
than the carryving capacity of watershed streams.

Riverine flooding usually involves a slow buildup
af waler and a gr.nrlu:ﬂ inundation of %-.:rn:.ul:.‘ii:lg
Laviel, i‘lll'l'll."?"."'l‘:l'. {1aak ﬂl.lm]:irl;-;._ a 1]|.ri4,:i-; ..'||I-J. i e
overflow with I'ligll. waler veloeities, can regult from
acombination of steep slopes, a short drainage
basin, amd a high proportion of surfaces impervious
to waler and unable Lo absorb ranoff

I addition to the direct threst Lo ll1|]]1]i:1g;-
development m nvenne floodplaine alters natural
topography, modifying drainage patiems and
usually ineressing storm water mnoff. Develop-
ment also displaces much of the natural vegetation
that formedy absorbed water and decreases the
permeability of the soil by covering it with build
ings or with nonporous surfaces for roads, side-
walks, and parking, The effect of these changes 1=
to increase the stverity of flooding throughowt the
Fiverine enyvirenment.

COASTAL FLOODING

Coastal flooding iz generally due to severs ocean-
based storm systems. Hurricanes, tropical storms,
and extratropical stomms such as *northeasters”™ are
the principal causes, with flooding ocourring when
storm tides are higher than the normal high tide,
and are pceompanicd by water moving at relativels
hipgh ".'-:'|-u'|r:'. anit veloeity wave acfion Tha
maximum intensity of a storm tide occurs at

high tide, so storme that prraiat the ough several
ticles are the most grvere,



The veloeity and range of coastal floods vary in
part with the severity of the storm that induces
them, The damaging effects of coastal flooding
are: cansed by a combination of the higher water
lewels of the storm tide and the rain, winds, waves,
erosion, and battenng by debrs

=

The extent and nature of coastal flooding is also
related to physiographic features of the terrain and
the charscteristics of the adjoiming body of water.
Pamfic coastal areas are vulnerable principally 1o
enrthiquakes, tsunamis (sesmically induced tidal
waves) and other natural forces that can trigger
excessive crosion, mud sides, and Mash Mooding.
Gireat Lakes coastal areass are subject to erosion and
sovere winter stormes.. The Atlantic and Gulf Coasts
are consistently exposed to the forces of hurri.
canes, lesser tropical storms, and northeasters,

Coastal flooding is most frequent on the Atlantic
and Gulf Coasts, which are made up of a suecession
of barner islands, besches, and dunes. These
physiographic elements are maintained in dynamic
balance az cand is moved by wind, waves, and
oeean currents, This sell-replenishing beach-dune
aystem takes the brunt of the foree of storm

surges and !l.r:iE:.-,t bufter inland areas,

In coastal arcas the removal of beach sand and the
leveling of dunes, along with the construction of
stawalls, jettics and [METS, are common practce,
‘These can help destroy the shoreline's natural prote:-
tion system, exacerbating the impact of storm

surges and high winda.



Floodplain Management

Theee hove loaig been attemplts to moderate the
mupret of riverine looiling, with magor federal
effurts in the United States sinee 19360 Uniil
recently, these efforts have heen comeentrated on
Plesol eomrol measien's deviged to reduce or
elimyinate Hoodiong ibseli—eliefly dors, levees and
similor sbruetural works, Despite o mimber of
[rositive redulls, iese measares have pot suceoeded
i reddong Plood damage significantly.

sinec the - P00, twerefore, federal policies
fraves reflected a recopnition that struetural works
need Lo e camplemended by nonstroe oral mea-
sures, Hather than trving solely to prevent foods,
currenl Moodplain management programs alilress
the meed L eeduee the losses inearred whien
mevilahile Mooding does happen.

Elvvating residenlial stesetunss above the react of
Tlosoe] svaters, Ll _-t|||:|r'|'| of thas manual, iz onds

et ol several ﬂw:-'!ll]-lin mamageiinent eclpngoes
currently vsel o rediece Dood demase, Fo
l'?-.:lr|||r|1'.. constneelion s prolibited o eritical
Qoodplain areas (termed foodways) unless it hia=
betean detevmmned vt eonatrne ion will ned in-
rrease ool yvels elsewhere, Where buildings e
already located in Whess eritical areas, they can
cither b peloeabicd oul of e Ploml area, elovatisd,
ur Dloodprosfed] o redoce e damage they wall
arffer i i ol Baibdings thal are hadly damaged
v flooding can be ruged or Boodprooted ralher
thant emyg visebored Lo their orgnal, sulneralide
cosmibiioar, Y peaerd Lol an Moo JIFanEe drnkas can as:
privrebamsedl by the loeal pommunily and reserved fos
peereadion, farmming, or other sale waes,

These il wther ﬂlllrll|r|;|i|1 P nage el teedini-
ipes (i bseussed in Desig Gaidedines for Flood
Lhirpierees K odliie fedam, cilied m e |.'1'|'|..'|l."i':| can L
wesel 1a coondialed wil Lo h"z'qmil-!i to each
community s virious needs, mesources, and Flood
hwenrds, Flevated residential stooctures, i daed al
sitis appropriate for then, can be useful coni-
pristrmke ol elTeetve Boodplnn i amagemest



NATIONAL FLOOD INSURANCE PROGRAM

The Xational Fliss] lsoranee Proceam (5 FIOY G
the federal povernmint’s principal adminigtrative
(L] A IIJI.I;'\-TII {1:-r r4'||.|||'ir|"_' I]IJIIII ':Iilfllilil'!'. F:Ftu]l
lesbsizad i'." Labpnieress vie 1ORGEE, L ML i alidinis
terea by the Federal Emergency Mapsgement
Agency (FEMAL Ulwe MFIP isurez buildings il
tieir eontents in Nood-prone areas, whers conven-
tonal insuranee had, prioe te the MFIF, been
penerally ymavadaide,

The %FIF provides this iesuranee cnlyv in com-
munitics that agree e imploment comprehensive
barvib-uee planning and manwgement to reduee the
fikelihid of Clood domiage in e jurisdie bons.
Caomminnidy respons Lo this incentive geoerally
irnviplwaes Ll :_||||_a-||li|rr| wafl .-'u||i||=_;. |.|ui.|1|j||_f_'. promler, sl
l:ll"lq'[-r'll:m'lli pirmgd st Uil |||.'I|l.' VAFILEs |I'l..|Iti|I'
menle amd restrebasne anomew comsnge o snd on
subslanbial improve ments to existng constmcbon,

Varte Head somne bowal geavcgeivints have adopled
vorches whed o prcianees ol gre voisidembily
eigeends Feoalrge fare Hlege {leer mroanani s H'.IJ'IH.'I'J Ty
FEVL, The rsall in Pleit |'r||J|JI.'rJrrI'_| (TR |'|r|*-:.';_-r|
aegieire Rion s (i o et e v caearod ol

L I".r'h-"l'lllll'-'l".

Tl rate struebore of Uee S EFH 2 insarance pres
iriil s Feinlorees Wi pilend of these fesalatisns:

L!; 1'||.'||'I',_l'|'||lrl| ||i|;_'|||-:'|' Lpstipg e pales Tor Lid i]_d;ill;'-_,_';-
subyect W realer Daeanl, Thess nsuranee rales ame
s |r|'||||?||'i|_'. i r|||.' )= ol ||4'~ig'|i1'1!|'|| |It|,l'..'||"l|
gones and the eleyation of the buaidding or struclure
i relation bo the lesel of Booding likely (o oceir
i el gonie, This alitferential mile almebare
|:'I'l.:'.i|J-"- 1 :-i!_ll-lnlil':lflll finametal meentive to loeate
lh|i|l|J'|u._f,~ i Jeds lamarilvus woies oF lu incpicaae
i::ll]llii'l,'.{F.' fliiudl Baiv iy |r_'- eles :llill';. it I“:_'Ill'li'

|JI|L|I IFJ" I"“:"Hl‘l.' IIII1IiIIJII|II 'E'I"'a HIJ.'U'.:IZ'.
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Figure 1.1, Flood |nsurance Rate Map

fid POST-TYPE FOUNDATION
A Zones V Zones

lowast floor = botiom of —

lowa g1 I—
1 l. 1 gtruciural 1
{ membar ']
.-:"'rq'l. iy ]
e T i ‘I —— ™ T T
|—-|I-—| ':- e ok
.. A I '] :a T
Ak = |.l'_'-\..-.,'-._- "2
|:_ il LI E I

Figurz 1.2. Elevation Reguirements for Post
Twpe Foundations

fi

Tt ae thue vitul Lo b awere of the NETP rate strae-
ture, as well as local egalutions, when sibng aml
dl'.—ci.gl:i.rlr: Tt |t|:u'||:-|p:||1'r||: e 5l biatar tial 'i'|'|'l||rl:1 it
ments b cxisting constpuction, This infosmation
can b oltained from loval insurance agemts, piobiic
ufficials, ond regional FEMA offices

BASE FLOOD ELEVATIONS (BFEs), A ZONES,
AND YV ZONES

The NFIF amd refated locol wnid state regulatiions
dele likelsy flood levels on the basis of the ™ 1)
vear” flood, which is the flood that has a one
perecnl chanoe of being equalled or exceeded
during any given vear, Over a 30-year penod, there
15 at loast a 240 pereent chanee that this “haze™
flosend will aeenr.

The Laze flood elevations (BFES) or ﬁkr'|_'|.' Niaesil-
inge levels, ot differsnt sites in a community during
the rlm-? car [lood are determaned on the bissis of
historie reeords, climatis pallcs, anid ||}rlr|:-lq:-_:_-.'i|.'
wil by dranlic data, A comminily s B FIs are
mapped an flood insurance rate maps (FIRM =),
which are provided by FEMA Tor use by [ocal
floodplain managers armd FEMA officials (=0
Figure 1.1}

FIRM's generally show Qood-prone areas as either
A Fonesor ¥ Zones, Hiverine [lood-prone areas
andl coastal floodprone arcas subject to storm

=Tl gLe with velocily waves ol liegs thian theee feed
1||||:ri|:|g ibsr H}H-'_'. car flood as gr‘rl.l"l:':l”} classed az A
Lones FEMA™ L!:“%ii-_'n gtandarils | e FLr‘:-lJn-:.w .2
andd E.:;I-:I {oe A Fones call Tor the ‘ll.a-':- i a I'_'nu'tl.!li.lll;'.-'-
liswieat Flasge 1|||.-:'||.|l]i||.|: basemoniz) Lo L elevated
bo ar abiove e BFE, “Coastal I|i|-1_|| hageagd arcas™
are shown on FIRM s as ¥V Zones, The ¥V Fone ks
the portion of the Moodplain subject to storm
surges with velocity waves of three feel or morne
duripg the 100-vear flood, FEMA standards for

V AR rn-.|||.jr|' Illl' Illh‘l'q't !1Ibr1'jl'lll ol Hll'
;1rl'lr|"|,|.||'..|| WEmOers :jll|1|||rrEi|H.: r]..: |.|_rl.~.'1:.'=l ﬂm:r Lip
be: clevated on pilings or other columns to or above
the BFE,  In additon, the gpace below the lowest
floor ina ¥ Fone must not e usal for human



lralitation and must be free of obstruehons.

AFIP requiinements Dir A arnl &N Lopwes asoaf fnwiary
PR T e <imnarizssl o Fisiee 144

Note that FIRM's are bazed on a vancety of assump
Bioms alainl oy Ewlltmj ol .':1'1.'l1rit:|- < I.Irl"l'L"ILII-H‘rII:I‘l‘l
patterns, ebe, The actinal level of Rooding feom a
100-y ear flood may Le significantly grealer, lu
addition, the 500 year™ foud level, which would
b sigmilicantly greater than the 100-vesr Nood’s,
could coneeivably accur onee oF even more often
during a building’s life time. These unceriainties
are Turlher reasons for locating buildings in bess
hazardous: zones or clevating (hem basher than the
NFIF: manimuam clevations.

ON SLAB FOUNDATION
A Zones

lowest floor
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Figure 1,3. Elevation Reqguire-
ments for Slab Foundations

BOTH & AND W ZONES INumbered and Unnumbered]

= Al gtructordl components muost be adequately connecied and anchored to prevem Soration, collapss, of pérmaneni
tarernl magwemant of the bulding during tloods,

= Building materisls and atality Bquipment must be resntant Lo flosd damage, A&l machimery and equupment se6wCing
the building must e elavatad o of aboyse the Base Flaod Efesation BFE, Inclinding lurfiaces, el puimps, oD walss
heaters, gir-comfitiomars, washers, diyers, relrigeratom and similar apollances. elevator Ty machinery, and sheciricsl
Jungtian el Garguil Drink dr boeedh,

— Any space desgnad for human habitation must be slevgied m or abavwe the BFE, incduding bedronm; bathroom: kitch-
en dindng, livieg, family, and recreation raorm; and nifice, professional studea, and commercial cooupancy

~ Eises permilisd (0 spaces batow the BFE are vehicular parking limited storage, and boildimg access (Stairs, stairwelly,
and eiavator shatts omiy, subject to design requirerments described below for walls)

A ZONES (A1-A30

— Bulldings mud be alevated such that e lowest Hear |including bosement) s elewated 1o or abawve the BFE an Tl
proaty, gieny, polumns, or sxended wal s

= Wihere fully enclosed space exisis below the BFE, wally must be desigeed 10 onimiee folidug of Hood loads by
allpwing water to aulomatically énter, flow through Gin higher selocity fleoding), and drain from the enclossd area,
Eor low velocity conditesns, e=nts, lousers, or valves con be uzad to equatize Hood levels inside and outsids enclossad
spaces, Far high velocity conditions, breakavway vealli jeoe below | or permanent opeings should be wied.

W ZONES [V1-V30)

= Buildings milgt be elevated or piliogs of columng such that the bodiom of the structural member supienimg the [owest
Haor 15 #levaied to or abiove the BFE

— Buildipgs most be certified by a registered professona srchiect o eaginesr 1o b2 seeurely festened 1o adeguetaby
anchared pelings ar columne o withstand wiacity flow and waes wash

— Spaoe below The lawest floor must De free of abstriction of encoied with breakawvay walls Lig,, wells desigried g
construcied 1o collapse under vefocity flow conditions withouwt jeopasdizing the buldimg's structural sepposy
Fill may not be used for strectural supgari

— P& eardiruction jc allowed cesveard al the mesn high tide fine.

Figure 1.4, Key Floodplain Requirements of the National Flood Insurance Program as of January 18984,
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Site Selection and Analysis

SITE SELECTION

Whenever IIIIHH-I_III"l site aelection shaosld avieid
Hmni-l_lrujw areas, I thiz 1= nol !mi'.silrlql il zhriulid
bt ﬂ!i'-l'_lg'“i:.':l'l] thal the pask and severily ol ﬂ.ul.:lri':rtlz
g-r'nl;'r.u]]::. dlevreagee with the digtanee Trom the
fiver channel ar [ram eowslal wators, However. I|I.ia="
15 nal a!'ﬂ-'.:‘_w g e CHRE, SiE il 1= llllpuflulli Lo clicek
[|=||_' ||."'.|.'|: ul l"\lll:'l'il:il flapnads .iil ll.'taliurl t the
proposed site, If the base flood clevation (BFE)
s not been determined, it wouli be wise Lo con-
sult local Mood hstory data before making a (inal
gile selecton,

The regulations of the hational Flood Insurance
Program {(NFIP) specificdly probibit building or
landfill iss a Noodway, if such has been designnted.
if the results would obstreet the Tow of food
walers and theeely inercase flood heighis,
Similardy, building in a coastal high hazard area

15 alsa gl |||'|.'|r|i|.l.|:'-|] iamlese tha: slmicture is Land-
ward of the mean bigh tide fevel,

Pevelogment should e diverted away from
identificd modslide or crosion-prone areas, Unly
where sile and soil investigation and propused co
struction slandards assure complete safely for
fulure regadents should such sites be considered,

Uverall, custumary site selechion cntena shiosulel Lae
used to evaluate the suitability of asite. Lrain-
age, height of the water tabile, soil and rock forma.
tiens, topography , water seppls, and sewag:
i]j.-i||4;|5;|| r'.lll..ll:lll:-l‘l:l slyould Le eopsaiilered .|.||l|.m|-;
with coomomie and prlanmimg erilcria such as

eosl, aoeess, and compatible latul iese,

SITE ANALYSIS

The site elements of priman mportanee for
arsalvzing an clevated residendial pmju-l_ Filly
Rouwding, soil, and wind cliaracteristics.




Flooding Chararteristics

Floodwalers unpuse hvidreshaln Torecs and b vdro.
dvanimie Torees. Tlydrostatic forees result from the
static mass of water ot any point of Mood water
conitact with a structure, They are egual i all
direetions amd always act perpendhoular to the
surface on which they are applied, Hydrostatic
loadz can act vertically on struetural e mlers

such a8 Moors and decks, and can act luterally on
wpraght stroctura members such s walls, piees, and
fomdations (see Figure 2.1),

Hydrodynamic forces result from the flow of

Mood water aroand a structure, including o drag

elfoet along the sides of the strecture and eddies

Figure 2.1. Hydrostatic Forces nr tegative pressutes on the struchire’s dowi.
stream dde (Figure 2,2), These ape more eommon

, i flazh Mooda, coaslal Moods, and when floed
water i wind-drven,

A number of hy dralosie factors must Le evaluatod
i the desizn of an elevated structure:

— .”r'j.lfﬁ u.r I'.':'ilJ-F'L".F‘IJ ﬂurltﬁrbg anil, i.ll l'IHLl_n-lill.
et areas, height of wave crests, which will deter.

d mine the required elevation of a h-uilulin.; and
the hyilrostatic {forces to be expected.

—  Freguene v of omding, which is the amoung
| of time between oceurences of damaging
flonds, This will have an important influ-
8 SR — enee om gite selection.
Figure 2.2, Hydrodynamic Foroes
— Nuration of lomling, which affects the length
of thne a building may be inaccessibile, as well
as the saturation of svils and bailding maten.
als,

— befweit v of Oood waters anil waves, which
influenees bith horzontal hydvody namie
binzael= iy E,rll:ill:ﬁi.h.lrl_" il IS LRAE ] 1"5'-:]-!1 rﬁ!’!ll Lis liH'
waler armd delsis ek loaids froin water.
Licsrrige Lll.ijll"'l't:,
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Rate of rise, which indicates how rapidly
waler depth inereases durng Mooding. This
determines wamning time before a flood,
which will influence the need for sccess and
egress routes elevated above Noodwaters and
whether valuable possessions can be kept
underneath the structure and moved only
when flooding is imminent. Flash flood areas
often receive little or no wamning of flooding,

Another hydrologic factor is ive, which in northern
climates can canse serious damage to structures if
flooding should occur during the spring before the
ice melts. In some cases winddriven ice or ice jams
hive completely demolished I.rrillgc:. homes, and
bugineses, snapping large trees and pushing
buildings completely off their foundations.
Floating debris can be equally dangerous in this
regard. There 15 little that can be done te avoid
these phenomena short of avoiding sates where
they are especially likely to aecur.

Hydrologic data conceming a site, inuluding hoth
technical studies and histoneal records, can often
bes provided by the local or state government and
federal agencies such as the Federal Emerpency
Management Agency, the LS. Army Corps of
Engineers, and the U5, Geologicel Survey, If
needed information is not availahble from these
sources, engineers familiar with hydrologe and
hiydraulic techniques can analyze the flooding
potential,

Soll Characteristics

The chergctenstics of the sail in 8 Aood area—aoml
bearing capacity, for example—can be important
in determining an appropriate desgn.  Highly
erodable soil would not be desirable for vse as fill
m elevating a structure in a high velocity area
unless the fill is properdy protected, When eresion
Femovies soils :luj.rlmrl.i.hg_ IHJiJ-LI.i:I‘:lt:" ftm:1iial§1:11n, the
foundations can fail (see Figure 2.0),

Figure 2.3, Erosion Caused This
Foundation to Collapse.

11



Figure 2.4, Wind Forces

12

Soil duta can be obtaned from soil survey teports
pualilished by the Soll Conservalion Serviee of the
L5, Department of Agrieallare, [t may be
desrahle to consult a gualified soils engineer
familiar with the soals at the site.

].l.lrg:_'-l" sl t1;|1|||ﬁ1'.1]1hi1' J:II.:I'IJ? uf gri_urlh:l |'[|:"|.'.:|ﬁu;|:|p
vani L userd o delermine natural dransge patlcms,
pgalslidle- amid I‘I‘iﬂiiilll'lll‘llllr' amcas, aml e Foasilsi-
ity of using fill. Local or state agencies or the LS.
Geologieal Survey can often supply this informa-
tion. Detailed topographic maps ( 2-fool conlour
intervals or less) musd usually be developed as part
af the sitespecific iovestigation and are necessary
for developing grading and landscaping plans,

Winds

Huill:liu;_l,s elevatod off the g[uurut van e moore
vulnerable than ether buildings to wind (see Figure
2.4, [Fatm i & ~'.|r|:|'l|‘|l winnids TR in huill]'mg
colics armd Standand ASHE] of the Amercan
Natiomal HI:IIII]H['I.L“: Insgigule. qu'a.J;g.li' e Cargs
strvefion. Vanual for Residenatiol Bucddings in
Coaxlal High Hazard Areas, cited in the Preface,
iliseusses desipning for wind in coastal areas



Site Design

Site desien for elevated stroctures hould Tollow
stardard planning eriteria applicalde Lo any site
work, Typical Factors to consider inghule glopes,
nakursl grades, deanage, vegetation, orientation,
poning, onil loeation of auronniding buil dings, as
well as enpected diveetion of flood Tow,

SITE FLOOIMNG CHARACTERISTICS

Piniidelings should be positiveed in the ares of the
sle tiat wall expirrienee e lowest Mood levels anil
vilovities, [ncoastal areas, this means a8 far back
from the beach ag poszibie and, if feazible, belind
dunes. “Ilﬂl.li'rl.g:i ghiondd Le ortenled 1o TR
their sinalleal crosssectons te the flow of
flocdwaler, This reduees the surface area on which
fload amd slorm forers can acl.

Wl n il tiple Luiliings are o e pleeed an tie
g #ile, e abjective of site diesign is the sane as
tor an mdividual building, Che u.p||mu.ll1 15 b
disprerse butldings throughoul the site, applying
the criberia discossed abiove to each building, An
altermative to seh dispersal, when loval zoning
wrdinarces allow (e, a planned unit development
ordingmice)., i e group builiing: in chisters on he
mafe=l parl=of the sile, leaving the more valneralile
Ares apEL Tlais u.t||lr|m|'|.| nok anly rechoe e (Howil
Chikin e bt can also allow grealir ﬂl“‘iillj]“} 1
priatic !iJl,-_'_ the natural featoees on e ste i s
Figure 2.5

Vidjacent Lmildings, lailklivads, or other structures
should also e considered in site lavout, both for
ther pobentbial to sereen and divert flood walees
wid waber-lorne debiriz and Tor their polential to
becoime foatine debriz hemselves, Bulkheads
=i bl tu divert flood waters around their enils,
whversels affecting adjacent siles.

Figure 2.5. Planrned Unit Development
Ordinances &llow Greater Flexibility In
Sie Design

13



AGCCESS AND EGRESS

Aceess to and egress from a building can be Lacili-
tated by locating parking and driveways—as well as
the building<in the area of a site least likely to be
Mooded, Acees and egress are important during
Nooding Lo ensire that building aeeupants can
evicnate and that police and fire protection and
other critical serviees can continue o be provided.

Figure 2.6. Site Design to Reduce Flood Hazards
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In new developments, roads should be located

to approach buildings from the direclion away
from the floodplain, so that access roads will

be less likely to be blocked by flood waters and
debris (Figure 2.7). To reduce potential erosion,
siltation, end runoff problems, roads should not
disrupt drainage patterns, and road crossings
should have adequate bridge openings and culverts
Lo permit the unimpeded flow of water. I roads
are to be raised, the slope of embankments should
be minimized and oprn faces stabilized with
pround cover or Lerracing

VEGETATION

Vegetation sids in slowing the rate of storm water  Figure 2.7. |mproperly Sited Streets Can Block

runoff by holding water, thus allowing it to filter Emergency Egress and Access

mie the ground or evaporate gradually, In
addition, vegetation helps prevent erosion and
sedimentation from flooding. Natural vegetation
should be retained wherever practical, and new
plantings should be introduced in locations that
will be most affected by mnnoff.

Crushed stone can be uzed to control eroston onders
low-lying elevated structures and other locations
where vegetation & difficult to maintain,

Lnrg-er buslies and trees can he sited o deflect
floating debrs away from elevated foundations.
Landscaping can also be veed to sereen elevatod
foundations from view, Tress, planlings, fencing,
etc., can all provide this dual function of utility
and aesthetics.

FLOOD WATER DREAINAGE AND STORAGE

Good site dranage in riverine areas allows flood
walers to recede from a site without eroding it or
teaving slanding water thal causes damage to
structural elements or health hazards from stagnani
waler.

Water enters a averine site either from prﬂcipilu-
ton or as surface runoff from upstream portions of
the watershed, What happens to this water ean be
] I'najl:ul:' determinant of the r]FF_'r&P ol ﬂimﬂiﬂg andl

15
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the amount of Mood damage. Sile dl:wlup il
that inepeases the volume of storm waler runoff
cin Increase fovding levils. Bleally, minol rates
after development should not excead the rakes
before development,

B design should work (o protect the individaal
site a5 well as to minimize inereased Qood levels
elapwhere, A numbar of key faelors such as the
amount of nonporous sueface and the amount of
ureaile surface water stovage can in part determine
thie alility of asite Lo absorh water, Lamd-uze
regulations in some communities reguire devel-
opers to defey port of the cost of developing
pegronial witer mienlion sites to offaot the offects
of |l:".-r:lr.,nlml.lr:n1

Uln the zite, open channels can be used both Lo
divert water away from crodable arcas, such as
short steep dopes, and Lo collect and transpor
witler runoff to larger drainage courses, Chamnnels
wilh griss cover are appropriale where tha: channel
gradient and consequent waler velocity ane low;
they then serve as pereolation trenches by allowing
gradual infiltration while water is being trans-
|.1-|'rr|.!:|'.|- Whero ﬁ'L:F,r'i,iltiun cannol be established,
concrete and asphalt paving or riprap can be vsed
ae clumel I1||.t|||;511i However, such h.umgﬂ i
increase the velovity of runoff, and consideration
slioulid b given Lo 1-L*II:JL|:1.3|- chiscka to cuntrol the
rate of Mow,

Ui somie sites il may be possible (o wse fill
material—={rom either on-site or off-site—1o
improve drainage and contrel runoff, Speelal con:
sidderation should be mven Lo goil conditions and
glope gtabdity, as well as flood waber veloeilies aml
duration, ta aveid crosion during flooding. When
restrucliemng lutmgr.:ph:.. nu}msw] el and Gl
slupes, a8 well a5 borrow and stockpile arcas,
alvould bae [H.'l.l'.l'l.'ll.'ll. Runodl should Lo diverted
feotn e face of ﬁlutﬂ?.'ﬁ. aml :s.'lu-j s shouald Lic
stalsilized with ground cover or retaiming walls



DUNE PROTECTION

Dunes provide a matural shoreline defense against
glorm surpes and wives, Most coastal commun-
ties require that construction lie Lehind the
primary dune and thal dunes not be cut or
breached by site features much 2= walkways or
beach access roads, Cross-over walkways should
be provided (see Figure 2.8).

Existing dunes should he maintsined throngh
vegetation and sand fencing, which limit wind
losses and promole further dune growth, If no
Hunes exial and the beach is sufficienty wide,
successive tiers of sand feoving can induce dune
formation; some commmanitics requine this befors
a residence can be built.

BT

b2
Al
ik LI-I

Figure 2.8. Dune Accass
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ARCHITECTURAL DESIGN EXAMPLES




Many of the twenteth centurv's most important
buildings have been elevated residential structurea
The rise of modern architecture, inspired by the
ratsed houses of Le Corbusier in the 19205, was
made possible by structural innovations. The Villa
Savoie at Powsy (1919), for example, is lifted
above the ground on pilotis, freeing the lower level
for parking and affording a spatial contimoty with
the landscape (Figures 3.1 and 3.2). In his
Towards A New Architecture Le Corbusier was
exultant aboul the possibilities of elevated desipn:

The hoiige on columns' The house used o
be sunk in the ground: dark and often humid
rooms, Heintorced concrete offers us the
cofumans, The house iz in the air, above the
aroumd; the garden passes under the hoiise

Figure 3.2

10
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Figure 3.3

!";illl'-r |||1' Villa .‘_":n O Wil l'-r|'|li'rl|'l] ol a ||-:rhi|.'-lil-.-"
FI5a= i1 i I:|r-_-;- ||:I.~1|Ih:', Carbesser dil i “|-|'|J (ET}
roncern himadf with the problem of flooding,
Other masters of modem architectuee, however,
Lave wsel e jrinciples ol elevated residenlial
dezign to ereate aesthetically gabelving and fane
l.'-1|||,|||.l. sragnd resfionges Lo hazardone Moosd comads

[acania,

M van dler Bole's Farnsworth Howse (1954,
corzitdered ome of e great jcons of modern acchi-
Lecture, owes al leask some of ils appearance Lo s
Moodd-prone site (Fipures 3.3 and 3.4),  Bult along
tier Pox Biver in ororal Dlinees, e hovze was
ilesigmed o aceommodate a body of waler thal
NEY -:'r|'||_|l.l.'5- s ||.,|||'|-,5- waitli .-L||;|'-i|.g, Miea” el lion Lo
the proldem was o raise the plane of the fist foor
alvove the Mood leyvel, ercating hez [ist ||".a:r-.-u;'|.’|||
[naliling.  The resulbing structure seems fo float
aliove 1l sile

{roned -'i-e'ﬁ;_l;n anid ::_fu:u'ut e |;|r4:|1r'|'|';|u| miuel eon-
farspies Lex bt breabed Logether, Goood o =prml enlanle
effecbive use of Lhe gile and careful consideration
af the needs of the surmounding neighborhood amild
community.  The best houzses provide a clear
transition from ground to dwelling. mtegrating the
[umdation with thwe rest of the structure. Cricative
lapsdzeaping with trees, sheubs, and Tences can
enhance the appearapce of clevated structures I
sofltenming the effect of potenhially larsh or barren




exposures,  Inventive landscaping also helps to
||a-||rr“|r| 1'ru;=i|.r1 ani ||r-'.-11-|| the -:i'n't'|||l1;] from the
impact ot diehris amdd ||i=:|| viloci by flaoding.
Effective use of terracing and lovel changes can
help achieve continuity with the surrounding areas
and, |-.]|1.JJJ_'. iJ:.|l-.'J|Iu.uI._ prov e 4 senae ol l.-..L'il:'l'_'.
by i din aling the differenit functions that ocour

'J‘III-JI'.J.II"IL' -"\-I'- o A 'illull' .'\-itl' S

Such site considerations ane but one part of a total
elevated design scheme. The following examples
are concermned with some of the many other

:|r|||:|4,|r|u||[ lactors involbved in ‘|||r|l|||u||-.|r doaign,

Figure 3.4
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Design Studies

The following design studies were developed by g
mumbier of architectural firm= and architecturil
echools using the mformation presented o this
il

BRIDGEPORT, COMNECTICUT

With an elevation regquirement of 10 frel above
prade, the architee = hove degomed thiese luxor,
bownhooses groumnd o raised ecenlnl zocial dieck
(Fimares 3.5 and 300, Parking & located bencath
s dleek, Aceess o the deck and (o the Town
IR ||I'-||l.i|||'|| ||!. <laies sl a Hilser Famijs.
Fhe ramp provides weess For ehildeen, Hse handi
|':|+l|r|'lJ artil thae -'|t|r'r|} . |'I|:r|||;_' Liskees ol lEﬂ'IH]IhEL.
1||| ritlllll‘ (RN J.I.'II I.Il' :\.l"'"‘l I.IH ||I:i'-|l|: Jlllllll!illll‘:l"‘

and rescue vehicles up the deek level, Stecl ginders

reabiing o conere e [iers support Loddy Wlee sosial
deck mnd the townhogses (Fipure 3.7). The deck
has w doulde Ooor constraction, dlowimy odded
insulation and protecting wlility services,




ccngl Aamp

Fatich Storege

Wecharecs |
Farzsip et
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CHARLESTOWN AND NEWPORT, RHODE
ISLAND

The architeel here has chosen bwao case shidy
arcas, Mewport amil Chadestown, Rlaoade Tsland,
with distinetly different cultural and natural
conditions that affect Mood design considerations,
Newporl 15 a compact commercial and recreation
cenler thal has many residences aloag the waler's
edge, The arca studicd in Newpaorl is a protected
harlior walh aceess from Rliode Teland Sownd inta
Narrsgansetl Hay. The portion of Charlestown
that is the second study area i= a beachfront arca
with vacation howse development,  Most develop-
ment s in s coastal A Zone, Both study aress have
high developmenl pressns,

In both areas historic, seenic and community
valwes influence the design of elevated structures.
In Mewport the elose proximity of a Historie
District injecte height, bulk, material, o siee
congiderations info any planoed developmint,
{(In Lhe case of historie structures in Qoodplain:
listesd on thie Natiomal Bogister of Historn Maces or
a state mventary of hislarie places, restoralion nas
he Hm.'ildlll.ll'iﬁl‘ll'tl withael 1'ir"|.'uli1|g L Tirst Mg
through a varlance procedure.)  Similarly in
Charlestown, simply elevating stnactures, without
regarid for the natural environment, could produce
ungainly ani visually distracting elewents. L iz
necessary in flood ares design o not only meet
enpineering requircments, but to also be cogni-
gand of the visual effect such design will laave on
the prevailing character of the area

Clarlestown

An inventory of ertical natural factors was mads
tix determine how and where development shiould
take ploce in the Charlestown flocdplain.  As a
resull, specific land area within the fovdplain was
deemedl aceeptable Tor restlential development,
The analysiz then procecded Lo the evaluation of
methmls of elevation appropriate to e develop-
menk arca,



Husa Flood Leval -

s

——r

Figure 3.B

For numerows functional and assthetic reasons,
parthfill with heavy stone revetmenl wae chosen
as the method for elevating residential structures
in Charlestown (Figure 3.8). The homes wers
clugtered to keep down the cost of fill and because
the land available for zafe building in the Mood-
plain wae lmited (Figure 3.9). A emall-ecale,

Figura 3.9
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angle-family scheme was chozen for visual con-
linuity with earlier buildings (Figure 3.100. All
howses, a small amount of private space, and all
utilities are locuted on the common filled area.
Low intenzity land uses such as parking, road and
driveways, playgrounds, etc., are located on the
lower surrounding arcas, Ramps and steps are used
to accommodate the height differences from

parking to the finished first floor.
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Figure 3.10
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New port

Deselopment in the wharf area in Newport, Rhode
lsland, is structured by a combination of natural
and cultural conditions, Although separated from
the older historic areas of Newport by a highway,
its proximity to them requires apm:jai coneidera-
tion of height, materials, and size, 11 s in a special
food hazard sone, yet its water’s edge location
makes it visually attractive, Changes in the use of
the wharf ares and its new relationship with neigh-
boring arcas have resulted in an expansion of com-
mercial and residential development. The fow
height above sea level means that new structures
would have to be raised approximately to the level
of the highway o comply with local flood regu-
lutions. For the restoration of histore buildings,
however, there i& no need to elevate the firet Mloor
az long as a varianee is obtained.

Analyss indicated that the optimal solution would
be a combination of clevation teehnigques, becaes
different zones in the wharf area are suited to dif-
[erent elevation strategies (Figures 3.11 to 3.13)

&
fi bl

Figure 3.12
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Figure 3,13




I thie grea Carthest from e water, cacth Gl offers
lood protection and a gradual level change from
that of the highway, A trausitional middle seclion
could combine berming with raized struclures.
Level changeg can be inteorated Ly linking
extended decks with ramps and stairs. In the area
elosest fo the water, raised siruciures would nol
alter the water-to-Jand relationship or blovk views.
Commercial usges are most hikely to locate in (e
filled arca, where first floor spaces ame usalie,
Residental, restaurant, and small office uses e
more sitalde to the raized stroctuees, whicl alforl
mereased privacy and bebler views,

apaces under and between the new lnildingg
van e used for pedesirian malls and thus sein-
forse the tourist and commercial wacs of e
area.  Decks, baleonies and trellises can connecl
difierenl !._llj]]l:lhl.l_-: bevels. Utillites for the rused
smetures could b e beneath (hese ppsed
decks aned (rellises and then into the Gl beine
protected from flood domage. This manpulation
of the gpaces anil level changes ercated by food
proteetion enhances the visual mtricases anid humon
geale of the wharf,
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SAN FRANCISCO, CALIFORNIA

Paeifie coasl flooding i« renerally associated with
high seas and rains. Oeean storms accompanied by
high winds have cansed conmiderable erosion and
damage to beach and coastal floadplain property.
Inland rain storms, on the other hand, falling on
the mountamous terrain cause major canyon and
valley Mlooding. Both coastal and ranvon Nooding
are dlangerous high-velocity sihiations, Slow.rising
and lowerawelocity conditions oceor on coastal
miarshes and low-lving riverbeds.

The architect has developed several very interesting
and distinctive residential conceopis for single- and
multi-family housing,  The use of landscaping,
lences, and exterior decks minimizes the elevated
appearance of the structires while providing fune-
tional visual highlights, Structurally the fwo
concepts are quile differenl,  Although both
concepts use wood posts, the single-family
regidence uges a two way structural grid supportling
prelabricated housing units, while the multi-Tamily
gtructure ig conventional wood frame construction
buill upon a wood-post-sapported  platfo,

Parking For hoth resdential concepis iz under the
strnietune,




Single-Family Residential Concept

A two-way wood post structural grid supports the
living units at levels above the base flood and serves
to organize and unify the various units with
minimal impact on the ecology of the area (Figures
.14 to 3.16). A seven-fool glearance beneath the
horizontal structural members allows for parking,
storage, and sheliered recreation space scparated
from and below the living units. The redueced land
coverage of this design is in keeping with the
architect’s concern for efficient land use. Shared
facilities, clustering buildings, ete., further give
these houses a unique identity and sense of
community. Within the preseribed vernacular of
poles, decks, raillings, and fences, architectural
variety with continuity it achieved. The fences are
strapped together to prevent pieces from floating
away if damaged during a flocd. Water heater and
furnace and air conditioning equipment are located
LB inches above base flood lavel with all ductwork
in second Moor or atlic space.,

Figure 3.15
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Multi-Family Residential Concept

To reduce costs, the architects have designed o
conventional wood frame structure buslt upon a
wood post platform (Figures 3.17 and 3.18).
Raising the first floor to at least eight feet above
grade provides an opportunity to pul parking
under the building. This reduces the ares of the
gite that has to be built upon and places cars eloser
to opartments, However, parking under the _
shructure requires fire separation. Exposed

entrance ““i‘;l_u and rl:l:ll.:i;.ll; minimize the clevated Flgurl‘. 3 1
appearance of the structure while providing visual

variety and privacy.

#W s
1 . a1

Figure 3.18
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Figura 3.20
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CHICAGO, TLLINOIS

Flooding n the Mulwest i@ of two types: nverne
and lake flooding. The characterstics of both are
usiilly slow rise and low velocity, However, flash
flooding and lake shore acouring can and do ocour.
The Great Lakes arca, more spocifically, the
Wisconsin, Mew Yaork, Ohio, and Michigan lake
shores, have expenenced growing problems of lake
flooding and slow erosion caused by the mereasing
oceurrence of bigh waters and high winds,

Garden Apartment Concept

Although elevated eight fect and constructed of
reinferced convrele Mock, this rowhowse does not
appear 1o be designed for a petential Nood condi
tion ( Figures 3.1% and 3.20). The covered parking
and entranee level i hantsomely i||1r'gr.nt-u| with
the above living levels by reinforced concrete block
walla that organize the entire structure. The walls
are constructed paralle] to the dinsetion of possible
water flow, Unfortunately, the architect enclosed
the stairway-entranceway, with a potontially
gerious effect on flood insaranee rated




Aesthetic Considerations

There 8 a comman misconeephon than an elovated

rediden ol glreture will be mberently et teoe

bve —a box on shlts (Figure 3.21) This is not true,
Flevated s lructurez of fer chall r'.lTri_rlgg ||-e':-il_rhr| F[FOT
tunitics to be sesthetically appealing as well as
functionally sound.

Heswlentind development requires a significant
financial investment, and if it is aesthetically
appealing it contributes to the sconomic value of
the area, both for the owner and for the com-
munity &5 a whole, All communities have both :
positive and negative examples of this Good

quality tends to foster better quality, and poor

conditions lead to ovon PGP conditions.

Appeuling desizn can thus be an important sloment

of making the mo=t of our imited development
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SITE DESIGN

Integration of devidopment aod site should be
Qe =0 that the lwo conmplemenl vach olleer. A
cqre ful zbe analysis can give many eloes to the Les)
deigms of the bailding Tor its relation Lo lugo-
eraphy . leeation andd orientation, sl location of
fenesteation (views, ete ) enlrys, and parkig,

Landzeapmg—ereative wee ol trees, shimles, fences,
walls, ¢le.—serves bwo purposes. 1 integrales the
elevated portion of the deselopment with ita
srrreindings amd, al the same bme, belps control
erosion il proteet e ilwelling [rom the il
ol dlebris il fastmoving waler {Figures 3.22 and
3234

The relativndiip al compatibdity of deyelopment
with the surroonding uevd bodood amd eom-
ety shonilid e e onsidered in order to give a
Figure 3.22 sense Gf conlnnily with the avrrouniling areas,
ralier than sn unabbroeHve “hisdgepodge™ of un-
related development.

Tervaving and level r]m.rlg«u:! cail b usal Lo give o
svpien of variely and to identify different uses, as
wiell s do integrate bailding with site,

—HILEUG FLEYLTFE By
EHTELSTURAL HERRK

FAETH W DEHECTS
MViEle PRERLS A
FO0PWATER ————

Figure 3,23



BUTLINNG THESIGM

The integration of the foundation with the site and
the building s perhaps the most important aesthe-
He challenge when designing elevated structures,
Many elevated structures give the impression that
the support foundations are treated separately
from the building and the site, giving the impres
gion of & |:|n||iJr]'i_|1|:rI e ] E]'uirl.-:l.l'_l.' |1’-'_l;r|.? {.Fii%t:rr' 3.245
It ie essentinl to réecognize that the foundation s an
integral part of a building, rather than only “some
thing to sct the building on.” A well-designed
elevated residenes should provide o smooth transi-
tton from ground (o dwelling, with the foundation
integrated with and complementary to the bailding
itself.

Other special considerabions when designing
clevated residences include the desim of any
needed stoire and the wee of the areas under the
structure, More zeperal donsiderafions inelude the
Ell_ﬂ}!ﬂl' and [orm of the building {configuration,
:-h;u:_al,' of roof, ete,}, textuns and colur of ].rljjllj.ijll._[
materials, the wse and treatment of baleonies,
terraces, ralings, windows, shutters, sereens, and
entnes, and the arrangement of mieror spaces,

Figura 3.24



Figure 3.25. This wood structure successfully uses
the same material throughout the bullding-
foundation, structure, treatment of railings, wall
and roof matenal, as well as connection and
anchorage details. The design honestly expresses
the structure, Toundations and other Bullding
elements. While it is obvious this s an elevated
structure, it still feels very much a pert of the site,
The foundation members are also integrated well
with the building mself (s2e also Figures 3.54 1o
3.57),

Figure 3,26, This is an example of integrating the
site, the building, and the loundation so they relate
well 1o sach other. This foundation appears 1o be
part of the bullding rather than stilts holding it up,
It shows how 8 modest, simply designed building
cen also be very aesthetically appealing through the
wse of natural materials and interasting treat-
ment of fenestration and lghting fixlras, Simple
but well-thought-out landscaping ties the bullding

effectively to the site,

Figure 3.27. This is a good example of how tha configuration of a cluster layout can contribute to
functionsl advantage as well as visual appeal. The sawtooth arrangsment allows for two sides of sach
unit to have access/view 1o the ocean, This form also breaks up the long, continuous {ard often mono-
tonous) wall spproach, thus sdding variety and interest. With this configuration the materials, treatment
and form of the units cen be simple but still attractive.
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Figures 3.28 t0 3.29. This is an excellent exampte of cluster-type elevated residential development,
The development is well-integrated with the site; the various levels seem to roll over and blend with the
dune. The vegetation and simple fencing add mwch to this marriage, The ingividual units also relate very
well to each other, providing a good example of an overall development's being “more than the sum of
it5 parts,” The individual units provide the individual gmenities—privacy, plan layout, etc,—while still
biting a part of a comprehensive whole with a strong sense of community, The form, scale and charscter
of the development are also excellent, The sloped roofs. the balcony treatment, use of levels, and the
articulation of the other elements add variety and a character that complements the siteé and owerall
development, The use of materials—coldr, texture scale—also contributes to the design's appeal (see
also Figureés 3,63 to 3,70},

Figure 3.30. The exterior treatmeant of this devel
opment adds visual appeal to a development that
could otherwise be guite mopotonous.. The
exterior colored panels with white structure and
coordinated interior panels provide interest,
85 does the simple treatment of balconies with a
variety of planes, panels, railing and roof trellis
membes,
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Figure 3.31. This is @ good example of how a simpla structural grid infrastructure can be used as 8 basis
for a relatively modest, well-designed and visually appealing residence, The plan is simple, developed
around the columns, but provides a very livable, interesting end functional space, The camilevered
balconies also add interest as well as defined exterior areas. The roof shape contribuies 1o & spacious
imterior that mekes the house feel larger than it really is, allows in naturagl Hght through the ransom
wiindows, and through its form adds much to the overall aesthetic appeal of the design {see also Fig-
ures 3,40 throuoh 3.45],
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Figure 3.32. The diagonal battens used 1o enclose  Figure 3.33. Passersby have to look very cerefully

the stairwells for protection provide an aestheti- to see that this development is actually elevated.
cally appealing screen-textural affect. The colored Good use of landscaping and building form
awnings also add a necessary highlight 1o an inciudes atteched and detached units,

trtherwise colorless exterior. Notice also the pole

light fixture.

Figure 3.34, This structure uses 8 mixture of materials, texture and color very successfully and provides
avariety of form for visual appeal. The space under the building remains open and light through a
combination of white unobstructed walls and piers, landscaning, and layout felative to other builfdings.
A human scale iz accomplishied by bresking the bullding up into different heights and sections, rather
thaan -an imposing three-story box, as is often done (see glso Flgures 3.58 through 3.62).

41



. s il
- el

T

Figures 3.35 and 3.36, This i5 & good example of
using a variety of shapes and forms {wall suriaces,
planes, balcomes, etc,] a5 well as wall treatments
imaterials, texture, colorl to creste a sense of
varipty essential for an aesthetically pleasing
development
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Figure 3.37. In the interior, color, scale, texture, and floor arrangement must be given careful attention
{see also Figures 3.40 through 3.45)
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Figures 3.38 and 3.39. Well-designed elevated residential structures can take many forms and styles. The
principlas in this manual are applicable to any stylo.
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Recent Design Examples

The progects in this section are some of the Lest
design examples dizcovered in a slatc-ofl theart
survey contdueted az part of the development of
this manual. While these examples range fom a
gingle-family detached unit o @ modti-famiy high
rize, there appears Lo be a elear tremd toward Ligher
densty, eluster-type development. This =
probably due Lo higher lamil values andd the ER AT
enee guned from major (oods over te last couple
of decodes. This s a promising trend that encor-
apes professionsl design involvement in residen tial
structures and leads 1o a more comprehensioe
approach to elevaled residential and other develop-
ment in fMood-proie anes,

Virtually all the recent design examples that were
submmatled in response Lo our Sureey were coastal,
as oppesed to riverine, projects. This sugeests that
the state of the art is hemng set for the most part
i coastal areas, cepecially in the higher-use resort
arcas, 11 chould be noted, howeser, that whal is
Leing done in cozstal areas can often be applied
seeezafully in rverine, lake, and other ool
promie areas as well,

b5
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THE LOGAN HOLSE

Tampa, Florida

Architects: Rowe Holmes Barnett
Architects, Inc.. Tampa, Florida

The Logan House {Figures 3.40 to 3.45), located
sdjacent to u federally protected tidal estuary near
Tampa, Florida, exemplifics a skillful blend of
flood protection and energy conservation. The
natural site of the house, only four feet above =ea
leved, sugzested the possibility of Mooding. Flood
regulations required Kowe Holmes Associates to
elevate the striucture an additional six feet. They
chose, however, to raise the house almost eight feet
to be able to use the first level ag both a carpor
and protected outdoor living area.

The 2.000-square-foot structure is desipned in
what 8 known in Southern vernacular as the
“dog trot” gtvle, incorporating a long breewe
h'.::.'."\'u-::nﬁ[aiirq: devige covered wlh II'H.-" Edmie
rool as the |'||::-|.|.:u.': |.||.||: Open o the mdes. The
wootl frame house s -.:||i|i,||_|rlr"|| Tk ]I':I-':r||"!1r:'-|.|l|arr'
pressure-treated pine poles aupered deep into the
soil to withstand hurrcane forces commaon to this
area of the eountry. The floor serves as a horzon-
Lal diaphragm to provide the pobe strueture adds-
tional Agidity

Beveral of the features that protect the Logan
House frem flood damage also promote energy
conservation. For example. elevating the structure,
Lha= r:u-j-r:ur el Errn::-!H'!ir:url strofery, l'l-l_‘]FIE drow
eool (lower) uir up and through the house.

4 central utility core—unfortunately located on
the lower level where it i= vulnerable to storm

foroes—is serviced by a stairway, allowing pro-
tecled access o the carport and outdoor space.



Figure 3.41 living level

AN

Figure 3,42 section
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Figure 3,44 78

Figure 3.45



SUMMERWOOD ON THE SOUND

Old Saybrook, Connecticut

Architects: Zane Yost & Associates, Ine.,
Hriligi-lpﬂr[. Caonnse el

Summerwood on the Sound { Fizgures 3.46 1o 3,509,
a Th-unit cluster development, won a 1979 design
award for architects Zane Yost & Associates, Inc,
The development iz built on a peninsula tidal
estuary protected by a barrier beach,

Equal in importance to protecting the building:
from flooding was the preservation of the salt
marsh ecological environment. For this reason,
the architects chose Lo locate the units only along
the notural contours of the 30-pcre ate, For
further prolection of Bl a= well s buildings,
the structures are elevated above flood level,
Lopping crawl gpaces with internal drains to permit Figure 3.46
flood water Lo pass in and out. The wood frame

structures are covered with horizontal sding and

nee preked fences to soften the effect of the ruised

stractures,  Redwood stairs and decks adom the

water side of the units,

Although the overall density on the site = low
{ 2.5 units/acre), the clustering of the units makes
for a comfortable neighborhood scale.
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Figure 3.47
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SITE PLAN

Figure 3.48
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Figure 3.50




THE BREARERS COMIDMGMIMNILM

Reidington Beach, Florida

Architect: Howe Holmes Harnett
Architects, Inc., Tampa, Florida

The Breakers Condominium in Redington Beach,
Florida (Figures 3.51 to 3.53), is composed of 38
pwo-bedroom units orientod to take advaniage of a
ht.ll:l'1.'.-||:u|.aj QCCIE View, l:-ing_ i “double zaw-tooih
stepback™ plan, the grehitects oriented the
buildings around a communal atrium garden,
creating a plessant intemal garden on an otherwise
flat and treeless site.

The 1,200-2quare-foot units, completed n 1973,
are composed of exterior masonry walls and flat-
glab and column conetruction to reach a height of
12 feet above sen lovel, which ia the 100 :..'1.'.1r
high flood clevalion. A heavy Spanish shscco
finizh and louvered privacy screens made of red
wood soften the effect of the typical condominium
CoenE L C o,

All the onits share the atruin garden on either
their entry or walkway gides. The units aleo share
a game room and beachside pool and deck

|

|

f
:

Figure 3.51
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Figure 3.52

sita and first fliooce plan a
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Figure 3.53

longiudinal section
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CAMPUS-BY-THE-3EA FACILITY

Catalina leland, California

Archilect: Leonard E, Lincoln, ATA,
Palo Alto, Colifornis

Catolina Island (Figures 3.5% 1o 3.57), developed as
a resort center in the 1920s, iz located 21 miles off
the coast of southern California. Many of the
original structures buill on the island were
destroyed by flash floods in 1980 when storm
waters cascading down & series of ravines swepl
them off their concrete pier foundations,

The newly replaced key facilities of Campus-hy-
the-Sea, a conference center, are no longer threat.
ened by much flooding. For example, the new
three-level dining complex makes use of poles that
serve as both foundation and roof support for the
7.000-square-fool structure.  The structure is
L = supported by 55 poles, ranging from 25 to 40 feet
Figure 3.54 in length. These poles are set on concrete pads,
which were poured at the base of 10-foot-deep
caisson holes. The poles were specially pressure-
treated to resist decay and termite attack. A
preservative (pemtachlorophenol) was carried by a
low-viscosity petroleum pas, allowing for deep
penetration through the sapwood into the
heartwood,

Beveral of the new two-unil cabing on the site have
also used this kind of structure, and more similar
construction is expected to take place in the

miar future,
__— =
A : e
; o | s 7 er 3 = —
i T “r — — =
e 1 L |
"N L L] w L] T T |
BECTIOMN o o, S — =
Flgure 3.65
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Figure 3.56
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Figure 3.58

STARBOARD VILLAGE

Pﬂ“sﬂl’_‘l]rq Hﬂu'tf'h, iltl:lr;':hl

Architects: Dhavis & Associales,
Archilects & Planners, PA,
Crrlando, Florida

Starboard Villare (Figures 3.58 to 3.62) & a
33unit condomimum praject conssting of sax
low-rige buildings on the Gulf of Mexico, All the
living areas are raised above prade, aflowing parking
at pround level, Fach building is designed with a
module using a one-story unit with twe-story units
abhove, All etructiuce: are concrete Trame and slab
l,'}'ﬂl"lll!ﬁ._ |¢l|||1]|-ur!|"ii [111] |:1|r:r'rF'1|'*-|:-i.|fir|F_' with shear
walle J:I-:":-;i'glmrj Lo uil!iﬁl‘.;l!h! Wurricans [osces.
'W-i,:-l,‘:ul] :|-;,:|::|."r||:|."|| slicen as the |11'|II|:lr‘|.' finsh main-
lajrms & residential l.lll.l]il} . The architects exercized
apecial care in locating the air-conditioner units,
mounting them under concrete stairs and on the
imderside of the second Moor conerele slabs.
Woood louvers then enclose the unite

Figure 3.59
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Figure 3.62
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GULL POINT CONDOMINIUMS

Perdido Key, Florida

Architects: H. Shelby Dean—Richard H. Fox,
Architects, Anmiston, Alabama

The design of this 16-unit condominium {Figures
3.63 to 3.70) on the Gulf of Mexico sucoessfully
mniegrates storm prolection, energy conser -I1Lrut-
fumction, and economics,

The architectys weed pile congiruction to elevate
the unitz several feet above the mimimm I.'E‘li[l.l!.t‘l.’l!
En‘ lh-e; ."'iﬂh'l_uw] ]'-!l:ll_lll |r|;l14.'.lr|-'l.' 1’:1’|F‘r|l-'n. f'l"lj';

wie tone because analyvee of the Mood msuran e

premium rate structure showed that the added
margin of safety from the additional elevation
wolild quality the units for significant swings in
annual insuranee cosks,
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The Luildmgs” exieniors are of cedar, The builidings
wept configured Lo reduce the impact of huericane
winds while maximizing views and privacy, At the
game lime, Tenestration was F:||.1|'1'r|. bor meaximize
natural ventilation. This and the use of insulated
glass have reduced the need to use the umts” air-
conditioning.

A\ varety of forms and shapes provade visual
inlerest and a “‘ri"i." I 1 i!p;_ s aes for fhee wesls
occupantz, whe wse the units mostly as vacation
homes. The unité are situated aronnd a central
pool and landscaped area, which proviles the occu
pants a well-defined community spaec,

FOUTH §LEFET M Sy

Figure 3.65
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Figure 369
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Figure 3,70



DESIGN AND CONSTRUCTION GUIDELINES
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Foundations

The common methols of elesating residential
siruciures are corthe fifl, clevabed foumlabions,
shear walls, posts, piles, and piers, The seleetion
of an elevation techmiogue depends on o number
of variables, including hydeolome factors, plivsi-
el comditirs gt the site, and cost, The deter-
maation of the approprate lechnigoe requines
analvais of these foctors in the context of federal,
state, and loval regulstory regquirements. In some
capes il san e slvantageous Lo gse o ewmbination
of elevation methods. For example, o building
snnsed on fill at one endd wnd piees or posts ol the
wlher conlil provide ground floer weeess al the
ol ol Lhe builiding away from the floodplun
while minimizing obstruction of flood waters
al the end pearer the stream channel,

The Tollowing dhseuszon of the desiom and cone
struction of elevated residential struchires 15 hased
i Hl.;l'i'pll'li busilaling |_r|.'il'l'1i1“‘1'. Ceencrally . a con-
servative approach has bieen taken in onder Lo
enigire compliance with the building codes most
wj.l'.ll:-J]' vged tn the United States, In addition, the
poerformanee eritena '|1l"l'-"-l'lll-l"ll luter in this manual
can b used oo review s hoilding's expected oo
sprimizge b Rooding,  Analysis of fowd-indieed
boads and soil conditions, as well a2 normal Joarls,
streasrs, and defleetion of stnactural members, =
redquined o ensure satisfactors building peeformn:
dEHE,

Sode il fowmdations in Y Eoaoes <honld be
bestemed] in aceisrdaies willi Phosgen and Can-
steetion Wawwal Jor Residerdiol Buoibdings 1o
Coaslal igh Hazard Lreas, vited o e Preface,
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Figure4,1
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Elevation by Earth Fill

FILL

At many A-Zone sites with low-veloeity flooding it
i5 feasible (o elevate structures on earth [l {Figure
4.0} Earth fill is a widely used elevation technigue
that with proper construction pracbiees amid
materials can be the mest economical means of
elevating a building two or three feet above graide
or in ome [ncations even hagher Fill should not
Lt uiged in V Zones, where high-velocity Aooding
ovcurs, or al sites where fill would constrict the
ilow of food waters and cause increased flooding
heights or velocities.

The advantages of fill (a2 opposed to piles or
gimilar elevaled foundations) include its penerally
traililional appearance, ease of access Lo the lowest
Moor (Le., no sairs are required), the ability al
many #tee to connect the filled area to higher
ground [or emergency evacuation in a flood, the
salety of building elements from deterioration
cauged by exposure o flood waters, and the
thermal insulation the ecarth provides the bottom
af a house, Incold climates, lrthermore, spring
Nuead water under a house elevated on plles can
Ireese, with the danger of uplifting the striehare,

A gite s topography and =oll conditions may pre-
elude use of fill. Before filll is put in place existing
vegetution and any unstable topsoil must be
removed. The Gl should then be placed wn lavers
not exceeding 12 inches deep, with laver com-
pacted with preumatic or sheepsfoot rollers

or vibrating compaching equipment.  For maosl
residential applications, compaction to %5 percent
of thet maximum density abtainable with the
Standard Proctor Test Method issued by the
Amerncan Society Tor Testing amd Materials (ASTM
Standard [:-098) is psually sufficient,

Provisien must be made Tor adequate surface
drainage and erogion profection. Riprapping may
be required for critical exposed slopes of a fill
prad.



ELEVATED FOUNDATIONS

Lev soame situations site topogeaphy, poor soil
conditiens, aesthetics, or cost considerations may
miake il desirable (o use an extended masonry or
reiforced conerete foundalion to elevate a lusise
up to three or four feet above grade, Suel o foun-
dation can be bermed with earth fill to provide
easy access and a conventional appearance.

Elevated foundations must be designed to with-
stand both hydrodynamic forees caused by
velocity wabers and hvdrostatic forees caused by
f-l.un{mr_; water. This may require added rein foree-
ment in the walls, Where the foundation is not
termied with fill; a further design consideration
would be the provision of sufficient openings in
the foundation to allow the ummpeded (low of
Nood waters through the foundation. This can
help minimize both hy drr_ul} riamic and hydro-
static forces without affer ting the stre ﬂhlil of the
foundation if designed properly.

SHEAR WALLS

Slurar walls. u.|l||u-ul.-_‘_F| Fane commienly useid for
muolels, apartments, and other more massive
structures, can alzo be used (o elevale smaller
regiden tial structures ( Figure 4.2)

& shear wall acts as o deep beam in resisting
forces in the plane of the wall, Structurally,

the most eritical desien consideration s the low
registanee of a dhear wall to lateral Forees. Shear
willz should thus he used only in areas subject to
low. to moderate.veloeity flooding and should Le
plaved parallel to the expeeted flow of flood
waters. [t iz important that load and impact
forces be determined for the entire range of Mow
direetions, In addition, a shear wall's vulneraluliby
fo laverd forees makes it critica tal connection:
between the wall and the foundation elements
below grade be well designed,

Figure 4.2, Elevation by Shear Walls
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Figure 4.5, Reinforced Concrete Collar
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POSTS

Post foundations (Figures 4.3 and 2.4) use long,
dender wood, conerete, or steel posts set in pre-
dug holes, Posts can be round, square, or ree-
tangular in section, though square and rectangular
posts are easier to frame into than round ones.
With steel posts, wide flange shapes or pipe or
ejuare tube sections are usually used.

Figure 4 4, Elevation by Posts

Post feundation holes are dug by hand or machine,
Posts longer than 16 fect generally require machine
maistance lor safe handling. Posts are generally
Tess pesiztant to literal forces from flood waters
than piles or reinforeed coneréte masonry piers.
Bearing capacity and stability of posts can be
improved by pouring a concrete bearing pad at the
bottom of the hole and/or pouring a concrete
collar around the post after it has been partially
backfilled (Figure 4.5).

Post Embedment

The depth to which posts should be embedded
depends on suil conditions, including the depth of
the [rost Line; verticel loads: lateral loads from
flood waters, debris impact, and wind forces; the
anticipated eroston and uplift; and the spacing and
gize of the posts,

The fuuuwing comméents and sketches mdicate
embedment techniques for wood posts; stee] and
concrele posts’ requirements arne similar.



Hole Brpth and Past End Bearing. Wood posts are
grnerally embedded 4 to 8 feet, Hole excavations
beyomd B feel leeome imeronomical, so piles are
sl

I design loads are small and the allowable soil

bearing capacity is acdeguate, L, demse sanil or
Iuﬁdiu’m-ali‘fr l,:!ﬂ;_‘lr. I||.1.' IH:EJ! cmn b = wdi ulhlif-
Lurdeed earth at the bottom of the lade {Figure

4.6,

For larger loads and/or poorer soil conditions, o
concrele pad should e poured into the batiom of
the hole {Figure 4.7), The pad sheadd be approx.
imately d= thick as half g diameter, with @ mini-
mum thickness of 8 inches,

e B CF L

I extremely poor soil conditions are encountened
il may be necessary (o wse concrete backfilling or
piers, as discussed below, or to drive a group of e ODATION BEARING
piles and cast a pile cap Tor cach post lo bear on, as AERFA,

shown in Figure 1.8, anchoring the posts securels

to the caps. This can be more expensive than other

feundation tvpes

Figure 4.6, Earth Bearing
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Pacl




A% A5E

Eigun! 4.9, Post/Pier Foundation
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Figure 4,10, Cancreie Backfill
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Wiod posts can alao be sirpported entirely out of
the ground on concrete piers | Figure 4.9). More
thorough maintenanes i possible with this up-
proach, but additional bracing may be required
for lateral stabality.

Hule Sae. In post constriction the hole should be
a manimum of & inches larger in diameter than the
greatest dimension of 4 post section. This allows
for alignment and backfilling.

Backfitling.  Cléan, well-compacted backfill is
necessary to ensure a structure with pood Lateral
stalality and resistance against wind and water
uplift. Common back{ill materials are sand, gravel,
crushed rock, pea gravel, soil cement. conerete, and
narth.

Ceranuilar fills that provide good drainage are
gr:tn:rull}- consilercd the best, Drainege around the
posts al grnr.h:' level shoutd be positive to l-u:-r[l
water from eollecting and deteriorating the posts,
Backfill materials should be mechamcally tamped
tc adequately compact them, Wetting such back-
fill materials as earth or gravel will aid compachion.

Hackfilling the hole with concoete rather than
gravel or sunul, a5 shown in Figure 4.10, adds stabil-
ity 1o the structure amnd inereazes the bearing
arca, Shallower embedment may be possible with
this method.

Soil coment is an esonomical alternative to con-
crete and attains strength nearly equal o it Soil
cement i made by mixing the earth removed from
the dug hole with cement in a ratio of 1 part
cement to 5 parts earth (plus water as directed by
ithie manufacturer). To achieve the best results

all organic matter should be removed from the
earth, and it should be sifted to remove all parti-
cles larger than 1 inch.



Anchorage

Lateral forces and food forees are bess likely o
owertum ar uphft posts il the posts are anchored
to a foundation, Two waye to anchor prosls are bo
embed them in concrete or to Fasten them o metal
straps, angles, jlates, ete,, thal are themselves
anchored in concrelr Tootings. piers, or pile caps

Figure 411 dwws one method of ancharing waood
posts in coneeete.  Large (5/8- to 3/ddinch n
diametery apikes or lag bolts are drven into the
pret arcund ite beze. The poet is placed inlo he
hole and secured to bracing restraints to prevent
movemenl through the feoting while the eoncrete
Ails,

The mrtal fnss:mjng rmcthonl of um'erup can be
nsed abiove or below ground, Figure 4,12 shows o
square wood post lag bolted to a metal shoe that

k= anchored inoa pier. In Figure 4,13, heavy gauge
galvanized steel straps are used to anclior the wood
post Lo a conerele pad,
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Figure 4,14, Pile Foundations
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PILES

IMile foundations {Figere 4, 14) use long, slender
wiel, stec], o peinforced conerete F:liil‘.-i thizl are
ilriven urjrrn-d inta the ur::lll!i!- YVertical loads can
ber eearried Ly drving piles to a load-bearing Layer,
aich ax vk I:I-"liil-l.ll.':.'ui11g ]Ij-il"'F.:I. ar l.l_'l. ehrivimg thie
|ri_|-::.- |]11"|| I:'IHHJE."':I iriter e earth to diey l"ll..lil l!'l!-L'liL,lZlI
frictivn between the surface of the piles and the
aprroundimg sofl to carry the load (Iriction piles).
Friction pales, which con alzo have an end-bearing
compronent, are most often u=ed for tepical light
pestcbertiod Tole,

Piles are structurally stronger than posts and age
lJ||‘|"-|'|'ur\l' AL J-Ilili'l.l.hji' flrl the 8 e T 1.1'.i|!|d anil
wiaber Torees and erosion in coastal V Zones, Piles
in V Zones should be ||1‘.*i_;_rllt"||. in aeeardanee wilh
Pregign ond Constrection Maraad for Residen

il Biariedings o Cowital Wigh Huzard Vreas, eited

in the Prefaoe,
File Malerials

Pides can be concrete, steel, or woad, Inoeoastal
areas, where steel piles are not desiralde because of
corrozion problems, conerete piles can be particu-
|.u'|'_l. |31||4|| when combined with Flhe':':l-l romerete
Mo Dieamie: @mich steuotural HEVERCITLIE Can L
|"|'Ti.|."i|.'|:||ll I.'I:I:Ilrll::llll.l:l'i.ll, atted flood resistand.

(BTTITH ool s |ri|l‘._-'- can be |-3ﬁ'i|’|1||lr']:'. suibalile Tor

ill,n.il:di:u"g'_- of mure than Lwo slories,

The vulnerabilitivs of different pile materials
to environmendsl conditions are diseossed m e
inatemials section later i Uhiks mangal,

Wood piles are probably the most widely used
foundation lor elevated resadential structures,

It gome focationz, square timbers are pre feered
vver ronmd piles Tecaise of cost, availability , and
ease of framing and connecting the struetural floor
Leams to the piles. The most popular suitable sies
{in inches) are 10« 10 and 8« B square rougheawn
miembers,



Round Ember piles are also frequently used,
Generally. round piles sre available in lonper
bengrths than square timbers, and for lengths
greater than about 25 feet round piles are fre-
quently the only piles pvaldable. Round piles arc
of ten preferred because they can provide greater
croes-eclional arca, penpheral arca, and stiffness
than square seclions, particulardy the 8 « B timbers,
A minimum tip diameter of about 8 inches, and 2
butt or top diameter (at the foor beam level) of
about 11 inches or more are recommended for
roaand piles.

Mle Embedment Methodds

A major consideration in the effectiveness of pile
foundations is the method of inserting piles into
the ground. This can determine the amount of the
piles” load resistamee, It is best to use a pile driver,
which uses leads to hold the pile in position while
# emngle- or double-geting hammer {(delivering aboot
10,000 to 15,000 footpounds of encrgy ) drives
piles into the ground. A pile driver should be veed
For precast concrete piles and siecl piles.

The pile driver method, while cost-effective for o
development with @ number of houses being can-
atricted ot one tme, can be expensive for a single
resudence, An economical alternative, the drop
hammer, consdsts of a heavy weight (several
bundeed pounds) that is raised by a cable atlached
to a power-driven winch, The weight is then
dropped 5 to 15 feet onto the end of the pile.
Drop hammers mogt e used with care bocaose
they eun darm g wirind piles,

Disadvantages of pile driving include difficulties
with alignment and with setting a driver up on un-
mven terrain.  The advantage s that the driving
operation forees soil outward from around the pile,
compacting the 2oil and cmising increased {ric on
wlong the sides of the pile, which provades sreater
pale load resigtanee. A much less desirable bt
frequently used method of inserting piles into
sandy coastal soil iy "‘jr.th'ng,“ Jetting involves
pazsing a high pressure stream of water through o
pipe advanced aongside the pile, The water blows

13
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Figure 4,15, Pier Foundations
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i lole i the sand inbe whiich thi pi]l* 12 comn b
Ul,l,-n.]'. [ruaz st or 1:|r~||||i:|l A unbil the re |.ELI|I.rl 31/ |I\'.':|:l|.'||
i opeacheed, Sand iz then tamped into TS cavily
aroutnd the pile and the end of the pile pounded
with the leaviest sledge hammer or other m'ighl
available, Unfortunately, jetting loosens not only
the soil araund the pile bt also the soil below the
lip. Therefore, only low end and sude friction load
capacity is attained, and the piles must be inserted
decper mto the ground than if they were driven,

If the gail is sufficiently clayey or silty, a hole can
e excavated by an auger or other means, The hole
will stay open |l:-r|.|g 4l]l|.:|||.|1'|| lex ||‘I'|:I|_r i3 |li.]1.‘- Some
ganils have l-nml.l_h |'|.11. or zilt to also FH':I‘r‘liuI ithe
|:||H_I:|nu-' ol & |!h::-|l. ”:l 14 | ﬂlll'll.i i I.H-'-Il |._:| HiY l] L L'H’.'
poure d anad -I..ﬂnll:u - il the = d'lll'l- uluum’l thi t'!llll g
'|||-___..,|||| this does ol I jules as :Trl:.uHJ' lad resisiance
as driving the pile into the ground, and lenger piles
are peceggary. With short wood piles, some final
driving with a sledge hammer can be helpful.

Soil Condilions and Embedmen l’!“ptll

Local building vodes aften <pecils the respuired
crdesdrent deptlee of ples, e, 1o at least 6 feel
bietloss gradde, Sl eesili= ol b div gl takee innlas
st Lhe comditions al speiibic siles: a soals
ez <honlad b easiaales) o dowalat ful 2ii-
abivites, b addition. ”r':-l:.'_-:rl arel Carisd fo e b
1:|I’I‘|I’J|'|'II |'r.'r f':l"'-fllll'illrll.lll .Il.rrll.llilll.”_:.:." rn I.II’H":-'I:II II;r".:'J-I
flazard Arvas, ciled o the Preface, ]Ir-nuln':-' (TE i
ful indormation an thi= sabjeel

The required depth of pile embedment drpt ris
primanly an the nurnher of piles used | the siee wrurl
weizhl of the structure, and th tvpe of 201l at the
IJIJ:III:IJI!LE site, The pile depth is also mfluenced by
the lateral forces from flooding amd wind and
debiris impact, the manner in which the piles are
wnseried it the soil, and the neod o ollow for
eroston of the seil that mapports the piles,

Ipy riverine envircpments e aoil ty pes anil the
ancharage provided by the frictional foree of
the soll against the sides of the pile vary widely,
Sand 15 the donunant sod component in most
coastal areas, but in some aress there may be



an underlving layer of several fect of day, General-
by, clay soils provide greater loal-bearing capacity
with less penetration than sandy soils,

Clay soilz are alzo less susceplible to erosion, The
depth of erosion of samdy soilks caused by wave
action is virtually impossible to prediet.  Piles
|-:||.F||1-:;|r1.i.|'|g rezidential struclures on .ili|:|.111]_'| soastal
shorelines should penetrate the ground deeply
coough o provide resistance Lo wind and water
loads even after extensive crosien has securred,

Posts are often backfilled partly with concrete Lo
inprove their resistanee Lo lateral forees, The same
techuigue can be used with piles, After piles are
deiven, the area around each pile is dug out and a
thick conerete collar ie poured, extending several
fieed below grade, Such collars provide protection
from minor erosion, wdd some deadweight w the
atructure, and inceease piles” pull-out resistanee,

FIERS

Pier foundations { Figure 4,15) are suitable in arcas
away from a river or coastline where Mool waters
move with low veloeity and erosion will be
i al.

Pier [oundations use brick, concrete masonry
blocks. or poured-in-place conerete 1o elevite
gtructures. To resist horzontal wind and water
forces, pirrs shonld et on substantiol sproad
footings or & grade beam, with reinforeing steel
rode cxtending Trom these clements Lhrough
the Tiall height of the plers to resist tensile stresses,

Pier Materials

The vulnerability of pier materals to environ-
menbal comilitions 12 ithzeused in e matenals
geetion later i this manil.

Brick and Conerete Masonry Fiers

rick picrs and conencte mazoncy prers should
Lie a minimum uf 12 « 12" and reinforced with
stee] rods (Fymees 416 and 4.17), Hollow con-
crele masonry units should Le Glled with conerete.
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Figure 4.16. Reinforced Brick Pier
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Figure 4,17, Reinforced Concrete Masonry Pier
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Figure 4,18, Wall Foundation

7G

Reinforced brick piers can be used to elevate
gtructures 1% o 6 fect off the ground, Concrete
masanry paers are effective for elevations of 1% to
8 feet. In goneral, the height of reinforeed con-
crete magonry piers should be imited to a maxi-
mum of ten times their least dimension.  Square
piers are prelerable. 17 the piees are rectangular
the longer dimension should not exceed the
shorter dimension by more than 50 percent.

According to the Mational Concrete Masonrey
Association, the allowable working strisses [or
conerete mssonry piers are the same oz those for
the design of concrete masenry walls, The pier
mascnry should be lad with type M or 5 moriar,
The association also recommends that the spacing
between piers supportmg floor joists not exceed
B {eet in the direction EH‘I'FH".IJ&'H“I-I]H.E b the ju-ial‘.s,
nor 12 feet in the direction paralle]l to joists,

These mimimum requirements apply whether the
picr is free standing or laterally braced. In cazes
where exceptionally large loading eonditions may
exist, the pier crogssection should be inereased
and/or additiomal reinforcement added. A larger
erosg-section can be obtained by using piers several
feet in length, The long dimension should be
placed parallel to anticipated food Mow, as in
Fizure £.18. In coastal areas, however, Dood
forces may come in at an angle, loading such a pier
adversely, so altematives should be considered.



Poured-in-Floce Conerete Piers

Pouredin-place concrete picrs are essentially re-
inforeed eoncrete columns. They are cast in forms
sl in machine. or hand-dug holes. The holes can
be widened or belled at the base to form a I’uu—tihg
intepral with the pier, or, as shown in Figure 419,
a separate footing can be pourcd. I soil condilions
are appropriate the footing can be eliminated and
loads left to end bearing end friction bebween the
sl and pier { Figure 4.20). Poured-in-place piers |
of the latter ty pe can be particularly effective Tor
larger homes or developments of singlefamily
hames and townhouses,
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Poured-in-place conerele piers can be uzed to
elevate a structure 1% to 12 feel or more, The |
dimensions, reinforeement. and spacing of con.
erete piers depend on the type of building framing
used and on building and environmental loads; |
structuril analyzis is requived,

s foc am

. -

Wi
:Il u

Figure 4.19. Reinforced Concrete Pier
Fier Footings

Pier fooling szes are g direct funetion of soil
bearing capacity and loading, and can be computed
an the bazis of local codes., [l-l:]'ll'.h uf paer footings = |. -
depends on Jocal frost penetration levels and h‘"‘_ — R
expected flooding, wind, and erosion levels. f

Footings in areas with soils of high voluome change T —mm "f.:‘, th'"l;ﬂ
potential can be unstable, and should be designied

0
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with the muidanee of a solls engineer. :

BRACING ELEVATED FOUNDATIONS "|

:I_ ]

— &' soaLrufE
Elevated foundation elements must bee braced e o
when analyais indicates that their size, number,
spacing, and embedment will not be sufficient to
resist lateral forces, Even in areas where low- =,
velocity flooding = anticipated, bracing can pro. |
vide pdded sesurance that the structare wall with-
stand the impact of loating debriz or greater-than- = : = ——
expected flood or storm forces. Although bracing Figure 4.20. Drilled Pier Foundation

placed undemeath a structure may be struck by

floating debns, the effects of this on a strictures

survivability are penerally outweighed by bracing's

beneficial effects,
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Figure .22, Diagonal Bracing

78

Knee Braces and Diggonal Bracing

Knee braces { Fipure 4.21) and diagenal bracing can
be effective in providing lateral strength. Lumber
mare than 2 inches thick is usually recommended,
Bolts are preferred over nails for connecting
bracing, beeause of bolte’ greater resistanee to
pullout forees, Knee bracing is usually holted
between the floor jeist and post or pile,

Diagonal bracing ( Figures 4.22 and 4.23) is holted
at the base of one post or pile and {astened ina
like manner o the adjacent post or pile just below
the Moor heama, Although diagonal bracineg s
more likely than knee bracing to be struek by
floating debriz, this is generally outweighed by the
greater lateral stabality with diagonal bracing.
especially in higher elevated structures. Steel rods
can sometimes be used to diagonally brace wood
st o piles, The rods are fitted theough dalled
hioles flooded with wood e servative and festensd
with nuts and cast beveled washers, Welded
connections or drill holes can be used to provide
rod bracing in steel post or pile foundations, Such
rods are usually 578 to 4/4 mehes in diameter,
Steel diasgonal ties, while effective, require con.
siderably more monitoring and maintenance than
wood because of steel’s susceptibility to corrosion.

Figure 4.23. Diagonal Bracing



Shear Walls and Floor Diaphragms

In arcas with low- to moderate-velocity flooding.

shear walls placed parallel to the flow of flood
witlers and firmly attached to piles or posts can
help brace them ¢ Figure 4.24).

With wood shear walls, the ply wood sizes, the

strength of wall edges, and the walls” snchorage are

all irpaoriant Lo effective bracimg,

A shear wall can be used in conjunction with a
Moor diaphragm {Figure 4.25) o transfer hori-
eontal forces or reduce embedment depth when,
for example, solid rock is reached when digging
foundation holes, A Floor displiragm can be nged
with either pole frame ur platform construction,
Floor diaphragms usually vcall for 12 ar 3/4-

inich pi:l.'wnnd..

The severe lateral forees encountered in cosstal
V Zones can require the vee of trusses, grade
beams, or slabis to provide adequate support.
These are discussed in Desien vod Corst e tinn

Monual! for Besdendial Buildines in Coastal High

Hazwre Aeevs, eited in the Peefare,
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Figure 4.25. Floor Diaphragm Bracing



Framing Construction and
Connections

Figure 4,26, Toe Nailing Provides
Limited Pull-Dut Resistance

BO

The framing construction and framing connections
in an elevated home can be eritical to its ability 1o
withstand flood forces with minimal damage,
Construction in mosl non-flood ireas must support
loads imposed by the weight of the building
materials (dead load), weight of people and objects
{live load), and modest loads imposed by wind,
Linder normal conditions and with typical methods
aof framing construction and framing attachment,
these loads act downward through gravity to haold
the building’s structure together.

However, these loads represent only a portion of
the loads imposed on any stractural system in
flood-prone areas, particulardy in coastal V Zones,
Additional forces can be applicd to these structures
by floating debris, velocity flooding, extreme
winds, and wave action. These boildings' structural
system must be capable of withstanding these loads
andl still support the strocture and its contents

Coastal V Zones are virtually certain to be
subjected to the extremes of thes forces, and
homes there ghould be designed in aecordance with
“ilsl'g.r! and Corstriciion Manus! .lr"" Residon-

tiad Buddings in Coastal High Hazard Areas, cited
in the Preface,

Even in fiverne and coastal A Zones, however,
prudence suggests that homes be hulh with a
margin of safety heyond that needed in non-flood
areas. Consideration should also be given to the
possibility that flood forces may be greater than
those anticipated on the basis of past floods or
hydrologic analyses. Coastal arcas pose the addi-
tional danger that shifting dunes or other storm-
induced topographic changes can transform rels-
tively safe A Zones into V Zones, which expen-
ence the full foree of ocean storms.

Measures to provide a home with an extra margin
of safety to resist these forces are not expensive,
o.f., having floor joista 12 inches on center instead
of 16 inches on center, or using deformed shank
or anmular ring nails becanse of their greater holding
ahility, Nor are the needed craftsmanship and
anchorage methods uncommon to the carpentry
trade, Simple nailing, for example, especially end or



toe nailing. provides little resistance to flood forces,
parbally becauss of the tendency to split the wood
in the wenailed member (Figure 4.26). Bolts, lag
bolts, or nails in metal anchors at right angles to the
direction of force (Figure 4.27) are well-known
methods of inereasing structural strength,

The following parigraphs dizcuss prudent framing
construction and connections practice from the
bollem up, starting with the foundation-Lo-floor-
beam connections and Noor beam construction
and ending with wall-to-roof connectiones,

FOUNDATION-TO-FLOOR-BEAM
CONNECTIONS

Fost amd Pile Foundatsons

The ronnettion of o post or pil: fruandation to
the framing system of a structure 15 influenced by
the method of fruming uzed and the eross-seebonal
shape of the post or pile,

Framing Methods. Two different methods for
framing into post or pile foundations are in common
ust today: platform construction and pole frame
construstion.

Platform construction entails simply cutbing posts
or pies off at the desired elevation and framing
them with beams to sapport flour joists and deck,
The platform thas formed seorves as the first
hahitabde floor and construction platform for any
type of conventional framing structure desired

{ Figure 4.28),

Figure 4.28. Platform Construction

a1




In what ie termed pole frame congtruction, the
poste or piles are extended up to or theaugh the
roof, with beams framing sround them as supports
for Moor joists and roof ralters (Figure 4.29), This
method securely ties the entire structure together
and is excellent for sites where [ateral forees may be
strong,

A basic problem with piles is their alipnment.
Postz can be plumbed and aligned easily before
they are bhackfilled, ut piles must be jacked and
pulled into pozition. This can be more of a problem
with pole framing than platform constructon. A
solution ia to locate piles vither on the mtenor or
caterior of a structure, not in the walle, Then, as
ghown in Figure 4.50, allowance can be made for
alimment vanations.

Crass-Sectional Shape, Square posts or piles usually
require only conventional framing techniques, With
round posts or piles, however, the framing is some-
what more complicated, and it iz generally best to
frame the posts with a paar of heams, girders, or
rafters—one on each side.

The roundness of wood posts i not a problem
when using bolted or gpiked connections as shown
in Figure 4.31. The framing i& then the same as
for any other timber member,

Figure 4.30. Exterior Pole Framing

s

Figura 4.37. Bolted Cannection to Round Pale



Anothcr connection method s to eliminate the
curve of the post or pile by dapping and then con-
necting with bolts, gusset plates, or other deviees.
As Figures 4,32 and 4.33 show, a dapped post will
{orm seats that assist the beames in carrying vertical
loads, Posts that are small in section, however,
should not be dapped or they will be weakened.
Generally, there should be a thickness of post or
pilie for the bolts to bear on equal to the total
thickness of the floor beam, Two bolts should be
used to connect beams to cach post or |:I'lﬂ.

Spike grid connections {Figure 4.34), standard in
bridge and warchous: construction, are less com-
mon in resdential practiee. A single curved prid
inserted between the post or pi]t anid the beam
substantially increases the strength of the bolted
connection. With the curved side of the prid against
the pole and over predrilled holes, a high-strength
threpded rod is used to squeeze the two wood
surfwces together, forcing the tooth of the spike grid
into the grain of both members. The high-strength
rod is then replaced with a conventional balt of the
proper size, A flat spiked grid is uged to conneet
twir flat surfaces, and a double curved spiked grid to
coniecl two rounded surfaces.

GECTION FEOM TOF

Figure 4,34, Spiked Grid

Figure 4,33, Dapped Pole Connection
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Figura 4,36, Masonry Pier— Strap Anchor

Fier Foundations

Pier foundabons are generally used for platform
framing constructon rather than pole framing

conslruction.

Piers can be connected to floor beame in several
ways, A pier's reinforcing steel rods can be ex.
tended from the pier and benl over or inte the
floor beam (Figure 4.35). A metal strap well-
anchored in the pier can be bolted through the
beam (Figure 4.36). Or (Figure 4.37) stecl anchor
balts can be embedded in the pier and bolted
Lhrough the beams with mits and large-diamieter
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The bolts should be at least 1 inch in diameter and
embedded at [east 12 inehes in conerete piers and 16
inches in masonrey piers. 1 two floor beams abat on
a pier, each must be anchored separately (Figpare
4.38).
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Figure 4.38. Beam Splice on Pier
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Figure 4,39, Floor Beam with
Cantilever Uverhang

FLOOR BEAMS

The floor beams attached to foundation elements
m tum carry the floor joists and subtloonng. Sines
Moor beams that are as long as the width or length
of resdentiol structures are often difficult to fnd
and hard to handle, it is common to use splices,
Splices may occur in several plaees md need not
always be located direetly over supports.

Floor beams are oftin 4 x 1075 or up to b x 12%,
but they may be built up using standard {raming
lumber, such as two, three, or four 2 5 W5 ar 2 &
12, apiked or bolted together. Where heams

are built up using 4 pood grade of lumber for the
laminated memberns, the atrength of the bailt-

up beam can equal that of a solid member, All
mernbers of the built-up beam should be continu-
ot between supports, because splices materially
reduce strength, Built-up members should inelude
only one splice at any one locabion, The ends and
tops of built-up membars should no be directly
exposed to the weather.

The primary fAloor beams spanning between supports
dhould Hpan in the direction parallel to the flow of
potential foodwater. This orientation allows the
firét transverse member perpendicular o llow bo be
the floor joist, Thus, in the case of un extreme flood
the brams would not be subjected to the full foree
of fleodwater along their more exposed surfaces.
This also reduces the potential for foating debris to
damage the structure, and places the lowest obstacle
tor flow above the floor beam,

CANTILEVERS

A cantilever is a projecting beam that extends
beyond its mapport. The beam must be con i
aus {not spliced) over the lagt support prior to

the cantilevered section, and depends on the vertical
load applied for counteracting reactions (Figure
4.89). The practical limit rocommended for a
cantilever 18 normally one-third the kength of the
beam span prior to the cantilever.



The advantage of this method is that it can reduce
the number of piles, poles, or piers required for a
EIVED arei, &5 iliastrated in Figure 4,40, H'l'-"du'lf-illﬂs_
the number of piles can result in p:,rh:nl:i.all:,' luwer
cost and fewer obstructions (o the low of flood-
wister and debris, Hesidenoes supported in this
manner have the additional advantage of hav-

ing the first row of pileés set back, reducing the
visual impact of elevating the structure, A canti-
lever design may use longer spans for the main
floor beam and thus may require larger beams,
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of Foundation Elements
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Figure 442, Metal Hurricane Clips

CONCRETE FLOORING SYSTEMS

Recently developed Mooring sysbems using precasl,
prestressed conorete for loor beams, joists, and/or
subllooring can often be useful in elevated stric-

ures, Congtruction and connection technigques for
Lhiese gy glems are bevond the seope of ths manoal,

FLOOR-BEAM-TO-FLOOR-JOIST CONNECTIONS

A puositive conncction is also required beneath

the first Moor level between the Moor joists and
floor beame { Figure 4,41}, Metal connectors now
available provide strong positive connection {Figure
4.42). Metal strape can also be used provided proper
nailing is done and a sulficient number of straps s
wstalled. Al the minimum, every other joist and
wall shud should be anchored with a strap, and even
mare Tor more gsevere losils [Figul'l: 4.-'1r:ﬂ. A gm:ll
woid connestor has also been developed, The
capacity of these connections degends: directly

on the wamber of vails and their individual caga-
cily Lo resist loads Lransverse o their axia. Pullont
resistance along the axis = nol used; rather, the
niils are placed at rght angles (perpendicular) to
the [oads being transferred between the wood
memibers, The number of nails counted in figuring
the total onnection capacity of o given joint is the
lower number that exists on either side of the
joint. For example, in the eonnection of a loor
beam to a floor joist, if five nails are in the beam
and four are in the joist, the capacity of the
connection i imited by the four nail: on the joist



FLOOR JOISTS

Cross-bridging of all Moor juists is recommenied
to stiffen the floor system. The elevation makes
the Noors {particularty the first foor) more acees-
sible to uplift wind forees, as well as to the forees
of moving water and floaling debrs, Effective
eroas-hridging regquires:

— mominl 1 = 37 8 feet on center maxi-
EELLL R

— solid bridging same depth as joist 8 feet
O CEIEEr maximum,

SUBFLOORING

Two methods are commonly used for subfloor
construction: nominal 1 x & or 1 x 6 bosrds placed
dingonally over the Moor joiets (either tongue-and.
ERGEIVE GF SRR dge with % pangion space bistweoen
boards) and plywood subflooring used to ereate a
Moor diaphragm. When a plywood subfloor is
planned, miidelines for thickness and methods of
attschment in relation to joist spacing can be
abtained from the Mlvwond Constree e Gude
published annually by the American Plywood
Association, A well-constructed, firmly attached
subfloor can be an important asset in resisting lateral
forees.

Subfleoring is typically nailed direetly to the foor
Juists, Nailing with annular Aang nods or deformed
shank nails is recommended. These nails provide
extra strength against pulling out when the fleor
svstem i exposed Lo loads other than gravity.

A system of nailing and adbesive application of
plywood with tongue-and-groove joints dong the
long edges of the sheet avords the need for bleck-
ing ulong these edges, This produces a more level
floor and offers a stronger diaphrogm action Lo
resiat horisontal flood forces,
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Figure 443, Metal Strapping
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Figure 4.45. Plywood Anchorage

FLOOR-JOIST-TO-WALL CONNECTHINS

Elevated struetures experienes inereased wind
forees becanse winid speeds increase with elevation.
Exterior walls are used as tension membiers to
transfir wind uplift forees at the ool down Lo
resistance provided by the foundation. It is aeually
(LEEE LNy [ISRIE S g;lﬁ-a:li.r.l:rl mclal .rIl:r:IIJ ﬂqll:ll'.l.'tiuilﬂ
from alternate exterior wall studs to the Noor joists
or floor beama mal from first loor studs fo second
floar studs { Figure 4.44). The capacity of these
connections depends on the number of nails wsed.
Manufacturers’ brochumes can be used to aseerlain
connectors’ capacity and thus the spacing n:qul'ﬂ.':i.

WALL SHEATHING

Flywood is the most common sheathing in use for
exterior wills (Figures 445 and 4.46). The major
slvantages of plywood are that it beacea the wall
framing to resist racking stresses and it forms &
continmous e from oo eam to Lurps |.|-Iuh' whien

properly installed,

Flywood used for sheathing structures elevated up
to 10} feet above the ground should be exterior
grade and not less than 1/2-ineh thick, Nailing
should e with sixpenny nails, spaced 6 inches
along the edges of the panel and 12 inches on
intermediate studs,



Struetures elevated more than 10 {eet should be
gheuthed wath 3/44nch extenior EI'I:IIJII: plvwond,
nailed with eightpenny nails, spaced us belore,
Deformed shank or annular ring nails and plywood
with exterior glue are recommended.

WALL BRACING

Hracing vertioal walls against racking is a common
building practice, sapecially for weak malerals
such az some of the newer insulated sheathing.
Wind [orces and lateral forees from moving water
are also significant factors in determining whether
and Lo what extent to brace vertical walle.

Common wall bracing methods are a let-in diagonal
wood brace, diagonal boards und plywood, &
common method similar to the let-in diagonal brace
is a light-pauge galvanized steel sirap nailed
diaggonally to each shid ot the outsde corners and
frurmied wealls,

WALL-TO-ROOF CONNECTIONS

Probably the most eritical struetural connections
for wind resistance are thosze between walls and

the roaf. For single-family residences, the reof
structure is usually roof rafters of 2 x 1075 0r 2 x
12 or roof trasses bulltup of 2 x 4% or 2 x 0,
Whether rafters or trusses are used, they should b
gpaced al aboul 16 inches or 24 inches on center {16
wichies is the more common spacing), Roof can-
nections are critical because these connes ions zre
limited in number—al most they can ocour al every
roof rafter or truss,

A number of available galvanized metal conneclors
place the nails in an orientation Lo beat regizl uplift
and lateral forees. Manufacturers” brochures provide
the neceszary design information.

P PLATE

F— ERTERISE PLywses

WhiL SHEATHIG
COHTIMUIUS: BT
TP MATE T0 MAIM
FL0E. BEAM
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Related
Design Considerations

Figure 4,47, Shutters for Window
Protection
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GLASS PROTECTION

Even muoderate storms or routine high winds can
cause larpe logges of mlass in buildings, partioularly
wlong o comst, Broken glass may allow ran and
floodwaters and high winds to enter the strselure.
Water damage can ruin furnishings and eventually
churmiege stoueboral members, Wind allowed into an
elevated stracture increases e uplift load on the
structure as it applies pressire to the cetling amd
watll surfaces,

Exterior dhutters can be uzed to protect glass, For
amall openings the traditional louvered shutter
ulfers some protection.  Additional pratection is
possible using 1/ 2neh plywood attached to the
back of the dwtter, which wall take the direct
inrees from the storm { Fypure 347 Thie method
allows coverage of Fairly large areas of plass.

UTILITIES AND MECHANICAL EQUIPMENT

Structures in flood-prooe areas sre commonly
servedd by eomlinations of electricity, water,
sanitary sewer, gas (hoth natural and bottled).
anil telephone,  Typied mstallations {or these
utilitieg expose them to potential damage from
Mocding and storm aclion. In the case of an
elevated firet (oor, the conneetion from an under.
sround utility line 1o the floor above further
exposes the line to possible damage andfor con-
tamination by fooding and storm action. Umler-
sround services are also suseeptible o damage
when erusion of the protective soil rover leaves
them exposed during Mooding.

Damiege Lo atility lines can lead to contamination
of drinking water, discharge of effluent from sewer
lines, gas explosions, and fires aulfor shock from
damaged electrical systems.

The most vulnerable section of any underground
utility line i the portion between the grouni and
the place it enters the elevated first floor. A mini
mum amount of protection can be olained by
loeating these utility risers on the sides of interior
elevated foundation elements apposite the direetion



of flood water, This can minimize damage from
velocity water or floating debris. A more secure
mithod is to place all utility lines coming from
underground within a protective, floudproofed
shaft under the elevated first floor (Figure 48],

If electrical and tefephone lines are supplied from
overhead service lines, they should be connected
through the atility company s meter svelem above
the expected reach of Mood waters, However, this
requirement 18 often in conflict with the rOoWEr
company’s policy regarding the reading of meters
and their loeation, 1 this is mot iir_m.ﬁihh’!, the con-
nection should be made within s waterproof
enclosure, All distribution panels or other major
electrical equipment should also be lecated above
expected flood waters. Branch eircuit wiring should
be fed from the first floor ceiling downward to mini-
mize wiring on the first floor,

All mechanical equipment (furnaces, hot waler
heaters, atr-conditioners, water softeners) should
alsa be elevated above expected Nood waters { Figure
4.49), An attic location, if available, would provide
the equipment maximum safety. Heating and/or
cooling syeteme using ductwork to carry tempered
wir should be provided with emergency openings

al their lowest elevations and a minimum ull::-larl,'. o
horizontal duct runs in order to allow the system (o
drain in casze il becomes submerged, Figure 4.50
ilustrates game of thess concepls.

seplic tanks should be flosdproofed to ensure

that flooding does not caust the tank to rise out of
the ground if the tank iz partially empty, as well

i# Lo ensure against discharge of effluent.

BUILDING MATERIALS

Une way Lo inerease the zafety of building matenals
i= to elevate the building higher than the minimum
floodplain management requirements.  Even then,
however, flood waters may still reach building
materials, so they should be protected.

A building elevated above grade has the underside of
its floor arca exposed to climatic and flood

o
'-.-.-. ®

Figure 4,489, Elevated Condenser Units
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vonditions, and will require special attention to
protecting building matenals. The dimate and the
desired appearance will determine whether the
exposed underside of a floor should e sealed.
Sealing exposed floors can protect subfloors and
joists from the elements, improve insulalion, and
help conceal utilities.

The material used to enclose floor spaces should
be resistant to water damage or inexpensive to
replace if it 12 not resietant to damage, Exterior
grade plywood treated with preservatives is water-
resistant and can be effective, Gypsum products
ghould not be used unless un acceptable level of
performance is assured. Heeardless of the material
used, some provision must be made to allow water
that may find its way into the floor sandwich
during storms and flooding to drain out, and for
the joist spaces to dry out.

Wsened

Wood expused o the elements should be protected
by trestment with amy one of & number of chemical
preservatives to make the wood mesistant to fung
atfack, msecls, bactenia, and rot, Conneclions
should be designed so that water will not colleel on
or in them. They can be protected with protective
flashing, by treating saw cute and drll holez with
preservatives, and by painting connections.  The
American Wood Preservers Institute, Tyvson's Inter
national Building, 1915 Gallows Hoad, Vienna,
Virginia 22180, cun provide specitie guidelines.

el

In riverine areas steel framing and foundation
members exposed to the clements should be pro-
tected by malvanization or by painting with rust.
retardant paints. The need for painting can be
eliminated through the vse of surface oxidizing
atevls (high strength low allov),

In saltwater enviconments, exposed structural steel
shapes, beams, pipes, channels, angles, ete., undergo
very rapid corrosion, and their use should be
avaided. Small connecting devices such as bolls,
angles, hars, and straps should be hot-dipped galva-



niged ifter fabrication and coated with a protective
piint after installation, Standard galvanized sheet
metal joist hangers and other connecting deviees
deteriorate rapidly despite their galvanized coaling
and also require additional protective coatings.
Small anchoring devicee, nails, epikes, bolte, and log
serews should, whenever pu!.uihh.-, he hut—dipptd
galvanmeed, With sheet metal clips and hangers, the
special nails used should also be galvanized. Regular
inspection, maintenance, and replacement of
corroded melal parts is necessary when steel is used
in the coastal environment. Steel rods used (o
reinforce concrete or masanry piles or piers require
special precautions to prevenl saltwater from
reaching the steel through hairline cracks in concrete
or through masonry joints. This is discussed below.

The American Iron and Steel Institute, 1000
Sixteenth Strect, Washington, DLC. 20036, can
provide specific puidelines.

Concrete and .'i'luunrf

The durability of reinforced concrete and masonry
block can be improved by the use of chemical
additives mixed with the concrete and mortar and
by specisl treatments and coatingz, Additives are
mumeratis and vary from those that will prevent
spalling due to freezing to those that will improve
strength,. Surface treatments and coatings, such as
stlicone and epoxy paints, can be used to reduce
witter aheorplion and penetration and to prevent
dumage by airborne pollutants, Guidanee in the
upe of conerete and masonry can be obtained
from Uie Portland Cement Association, Old Orchard
Horad, Skokie, Whinois 60076, and the Matonal
Concrete Masonry  Assoclation, P.O. Box T8I,
Herndon, Virginia 22070,

INSULATION

Like exposed walls of conventional structures, the
expozed floor of elevated mesidences must be
insulated against heat losses and heat gains.
Depending on the climate, two factors should be
considered, First, elevating a building will expose
plumbing; such plumbing must be insulated sgainst

95
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freeging,  In extromely cold climates, healing
cables LRy Lz LTS Ty wilh the i:‘wulaiiun,.
Second, insulated oor decks may be subjoct to
flovdwaters and should therefore have either
impermealile, closed-pore insulation able to with-
standd water submerson or imgulation that can be
replaced economically (Figures 4.51 through 4.53),

BREAKAWAY WALLS

As indicated in Design ond  Copstraction
Manial for Residentinl Buldings i Coastal High
Hazapd Areas, cited in the Preface, the area under
an tlevated strueture ina V Lone must be free of
abstructions or be constracted with breakaway
walls (e.p., lutticework) designed o collapse under
elress without Jropardizing the structural support
of the building {(Figure 4,51), Loads from ool
walers and waterborne debris are eritical considera
oy in disigning breakaway walls,

RETROFITTING EXISTING STRUCTURES

Existing residential structlures in flood hatun] arcas
can often be ragsed m-place Lo a higher eleyatiun (o
reiluce their susecptibility Lo Tood damage. The
principal consileration in raisimng existing struciumnes
i2 often the cost; penerally, the weehnology exists
lo paise almost any sbructuee, even multistory
buildings, bt the cost inereases as the difhiculty
nCreases.

Residential structures have boen satisfactorih
raised up to nine fect. Acsthetics, miended wse,
needed ood Qhﬂ'.’tﬁull,, andd struetural ﬂLuLi.lit_'i.'
inluenee the hl:ip_]ll. aclecied, “1.‘!!‘]":1.”}, the
addditional cost o raise 2 struciuee an additonsl
fool or so s small compared to the initisl set-up
cEl.

The new foundation for an existing struciure
shiould be seledted amd desipned az diseussed
varlier.

Raming in-place b= penerally feasible for structure:
that are 1) aceessible Lelow the first Noor for
placement of jacks and beame, 2) light enoogh Lo
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be jacked with conventional house moving equip-
ment, 3) small enough that they can be raised
in one piece, and 4) strong enough to withstand

the atress of the raising process. = T B i
ﬁ -1 3 K 1}
ot e e At .

Wood frame residential and light commercial [ P, "=-"P;I_i:';:|ﬂ":"
structures with first floors above the ground r
(normally with an 18-imch crawl space beneath the F:I}. : PLof et Salind

first fMoor) are particulardy suited for roising,
Wood frame structures with basements below
the first floor are also sccessible and lightweight:
however, rasing the superstructure does nol
protect the hasement, and the basement should
be filled with a granular material to provide strue-
tural stability for the walls. Brick, brick veneer,
and masonry structures, while heavier and more
difficult to handle, can also be raized,

Utility equipment located in a basement can often Figure 4 53. Double-Insulated Floor
be moved to a higher room, such as en upstairs Plenum, Pier Foundation

closel, or an attic. Il iz important Lo ensure that
the closet or attic floor can support the weight of
the equipment. If necessary, an elevated addition
can be built to house a fumace, hot waler heater,
and other equipment formerly housed n @
basement. Protecting utility equipment in this way
can be wseful even if the house itself cannot or
need nol bBe rmeed,

Raising a struclure usually involves the following

glepe:

— [hsconnect all plumbing, wiring, and utilities
ihal einnol be ratsed with the struciuee,

— Place steel beams and hydraulic jacks beneath
the structure and rajse (o desired elevation,
Extend -H'u.iklirlg foundation walls and TS Figure 4.54. BI"EEREWEF Walls
vF conElroch new 'ful.lu.:l:ﬂum.

If a basement exigle, reinoye waler henlber,
Flll‘ﬂ:li"l', el and Nl bazement with Eranu
lar material to support basement walls,

— Lower the structure onte the extended or new
fomndation.

Adjust walks, ateps, ramps, plumbing, and
ulilities and regrade site as desired.

— Reconneet all plumbing, winng, and wtilities.

— Insulate éxposed floor to reduce heat loss and
protect plumbing, wiring, ubilities and insula-
tion from posgible water damage.
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COST ANALYSIS




Unee a commiunity decides that the cconomie
rish and environmental impact of deseloping
fovdplan land for residential uze is acecptalle,
thee dollar cost of that development muost b
evaluated, Two factors hear sipnificantly on

vy such evaluation: first, the net cost ol con-
struction that meets the standards of the
National Flood Inzurance Program (MNFIP) in
].ighi of the l_ld,l‘[f.'!“i:ll anid 1m||rﬂ|:i::l.a.h||: lizzard of
flooding and the losses thal may ensue: sceond,
the coet differentials between construction on
elevated foundations and conventional eild-

g methods. (Note that standards adapied by
local jurisdictions sre often more stringent than the
MFH:)

Repeated stwlios lase shinen thal e savings
et an bie poalized onoesr U Lilebomee of a ~Frie.
tore s 1||li|l|“|‘lrl A roopsieil fisaiiailabion sre
||“;1|,;|]_||: -:-|:||1pi|||'r..a|.ﬂ1= w b |'uln|h:|u'|| with the
b Tierease i s trelion costs for an
ey il i Ha||1]u| i, 1l i= ||j|:"i.|1"|:t bevanp=as g
e aprnes i Fodnind ol bon coesls e ﬂl‘llﬂ'r'.'lll:t lrll-t:l
Tive wr =% e rai ol Whie Dostal veszl of @ vestilentl
structure, wlile e Mol wesiiranes sivings at
cari b g lpieaesdl cavaer b Dl o o =beiietiee |1:|-
el iting i can b consaderalilie

The ceonamie cost to the mdividual of Building a
home in the Roodplain consists of hoth laod
damages that will oecur and the costs of whatever
measures are laken to mitigale such damages, The
cozt of Moed damages to the homeowner may be
partially shifved Lo federal, state, andd local govers-
ment through low-interest loans and tax deduc-
tiong for losses meurmedd. In communities parti
cipating in the NFIP, the owner of a new home can
prirehaze Mood insarance, E=seutially. Good insur
ance allows the homeowner Lo spread Lhe flood
sk tu others Facing the sume hazards and. mone
importantly, permits one o pay for expected
flood lasses, which are unprediclable as Lo size
and Hime of oceurmnee, in prediclable annval pay-
ments, These are more munageable than un.
expected flood losses, especially if more than oie
large: flood happen: to ocoar ina very shoel lime.
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COST COMPARISON AFFROACH

The costs of post, pile, and pier foundations are
compared here 1o each other and to the eosts of
comventional slah, erawl space, and basement
foundationzs. Cost data and estimating forms
are provided for roughly estimating one's
particular foundation costs,

L Shab-gm-grode, crawd spaca, and bosement
Joundeiions were selected & three of the most
common by pes of rezidential foundations, and
detailed drawings of them were prepared
{Figure 5.1). Detailed drawings were alzo pre-
pared for the three most typical elevation
foundation types These are post, pile, and
puer foundations (Figure 5.2). (Hegarding
use of earth b, eee below.,}

e
R,
| 1
r ul
o
SR K ¥E
] T E
- NS Tt RTHEN i
Bt N, I's wd

| ) =

— _—-|| I
i FumaA THIR REETION

COMCRETE PIER 57,08 per square foot

1 |
ll'llllll-ll_-l'!'lll"lﬂ"l

o : o

t i
FOLRMOATION PoAk

B I

FOURGETEIN BELTEIN

WOOD PILE 56,58 per square foot

o :
FILHHATRY Sl

Figure b.2, Elevated Foundations (Estimates ara spring 1983.)
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Conventional Foundations

Slab-on-Grade 24,61 per &g, .
Crawl Space %513 per sq. 1.
Basement £11.01 per 3q. fr.
Elevated Foundations

Wood Post $6.96 per sq. fr
Wood Pile $6.58 per sq. ft.
Concrete Pier 37.08 per so. fL

Estimates—Soring 1983

Figure 5.3, Foundation Cost Estimates

Elevated
Foundations
% Increase of Wood Post
Taotal House Cost Waod Pile,
Concrete Pier
Dallar Increase, Wood Post
F ouwndation YWood Pile
Cost Only Concrate Pier

[

The estimates are summarized in Figure 5.3
They are based on the foundation and deck
of a 1.5MMksquare-foot house, 28'%50°, with

g smll offeet. The total cost of thee house

is approximaicly 60000, excluding land.
All eslimaleg were based on FHA construe-

tion praclices,

Lsing data from this cosl sampling, the
average cost of cach conventional foundation
ty peis compared to the average eost af each
elevated Toundation typr. This comparison 1=
llone in fwo ways: [irst, each foundation as a
percentape of the cost of the endire hotse
{eonventional foundations were eslablished gz
base 100) amal, zecond the dollar merease in
the cost of the foundation above,

Conventional Foundations

Slab on Grade Crawl Spaces Basement
+5.9 +d .6 =101
+4.9 +36 —11.1
+B8.2 +4.9 -9.8
53525 %2745 ~-56,075
52,855 $2.175 ~-56,645
53,707 52 8925 -35 895

Figure 5.4 Cost Differentials, Conventional Vs, Elevated Foundations, Tor House Costimg $60, 000,

Excluding Land,
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4, Figure 5.3 gruriuwih compares Uie cost of

construciing |

e different Ivpes of foan-

dations at varous elevalions.  Note (hal
mcreasing the elevation increases costs at a
stibstantial rate only in the case of the fill
aption (which is bazed on the availability of
isgable Gl materil on the site).

15
14
13
12

COST (in thousands of dollars)
O = MNWHdUN®O©5

Slab+ Site fill
(not permitted in zone V)

/ |
1

| | |
1 I
.y % Conc. piers
» S T
W-:n:ra posts
L] ‘__-

- a —— " . =
» . . ¢ ® Wood piles
LSOOI AL VT L i
st a0 ®

012 34567 8 9101112131415
ELEVATION (in feet)

Figure 5.5. Helative Costs of Foundations Elevated to Different Helghts
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Fill

Fill can often be used in & Lones to elevate cons
ventional foundations such as slab.on.grade, The
cosl of this approach varies widely, depending on
the availlility, quality, and unil cost of fill as well
as the height and compaction necessary, Local
building officials or soils engineers should be
consulted to evaluate local conditions,

COST COMPARISON CAVEATS

The comparative cost data given above do not take
into account a number of factors that can affect
either basic constniction costs or long-lerm insur-
ance coats.

Insurance Costs

Inpurance mites under the NFIP vilry _E_J'eal‘l}' -
pending on the elevation of a building and other
features refated to flood safety. Differences in
these rates can overshadow the constmction cosi
differentials discussed in this chapter, and should
be considered carefully in making design deci

CTTTS
Design Assumptions

Each house clevated on piles, posts, and picrs was
assumcd 1o have 21 foundation elements, Tn addi-
tion, cach clement was sssumed to be an averape
length that included the length below grade and
the: length between grade and the structure. These
bengths are 16 feet for pues, 14 fect for poste, and
15 feet for piers. In practice, boath the numbier and
length of feundation clements will vary depending
on soil conditions, expected Nood levels, ele

Earthquakes

Constructing elevated foundations in carthyuake
areas may require additional structural expendi-
bures that showld be noted 1o cosi estimates, Local
building offivials or a structural engineer shoulld be
consalted to evalpate local conditions.



Stairs and Utilibies

Elevating a residence may result in incressed cosl
for staire and for utilities that mugt be elevated
ahove grade. These eoglz were not cangidered in
the estimales presented here sinee lhe}' wary wilh
heighi of elevation, cost assignment, ie., who pays
for instadlation of wiilitics, and clevation method.

Regional Cost Vanalions

The cost dats presented above are based on
national averapes, and do nol take into accountl
regional cost vanations.

Coxal Imflation

Building cosis are diffienlt to prediet because of
the lendency For the eoel of hagie comstriction
cotiimodilies Jumber, coneréte, and gteel to Aue.
teate and Lo vary relative to cach other. The coats
here are cslimatod using data for the spring of
1983,

Moa-Cost Consideralions

Cosl is not the only determinant for selecting the

material and method for elevaling, Market aceepl-

ance {buvers and banks), architectural design inle-
pration, climatie conditions, site conditions, and
anticipated Mood hazards should also be con-
ddered.

ESTIMATING FORMS

The furms on the following pages can Le wsod for
1] H.h;in,g o=l eslimates for convenliona and cle-
vated foundations.
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SLAB-ON-GRADE

ESTIMATING FORM

TO DETERMINE LOCAL COSTS

Compute the following and enter;

Square Footage of Floor Ares

Lineal Footage of Perimeter

Square Footage of Foundation Wall

Enter you costs (combine labor and material) and extend:

Layout house on ot

French for footing

Fiace footings

Lay-up orF form & pour
foundation wall

Fill & grade for slab

Place vapor barrier, wre
rrestr & inswlanion

Pace & finish slah

Grand Toral

LF

LF

5F

SF

GF
af

=3

-5
-5
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CRAWL SPACE ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and enter:

Bguare Footage of Floor Area
Lingal Footage of Ferimercr

Squareg Foolage of Foundstion Wall
Mumber of Plors

Entar your costs (combane labor and material | and extend:

Layout house on lot =5
Tranch for footing x LF =5
Prace footings X LF =§
Lay-up or form and pour

foundation wall x aF =3
Place pier foatings X Eq. =&
Lay-up or form and

PO DTErs X Eq =
Backiill x cyY =3
Fioor Girder x LF =%
Filogr Framing x 8F =§
Inslation & sealer X EF =§
Subfloor X 5F =%
Place floor sfab x 5F =8

Grand Total 5
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BASEMENT ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Foatage of Floor Area

Lineal Foatage of Perimcter

Square Footage of Basement Wall Area

Number of Basement Support Columns

Enter your costs {combine labor and materials) and extand:

Lapout house on lot =4
Excavation & spoil ramoval x EF =%
Place footings X LF =%
Place prer foo tings x Ea. =3
Lay-iip or form & pour
foundation wall a 5F =%
Farge wailf x SF =35
Set drain i x LE =
Bacrfilf X Y =
Flace vapor barriar
and wire mesh ¥ SF =8
Blace snd finlgh
floor slab X 5F =%
Flace girder ¥ LE =
Frame Floor ¥ EF =
Hace subfloor ® 5F =
Grard Total 3




WOOD POST ESTIMATING FORM

TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Footage of Floor Area
Linea! Footage of Girders
Number of Posts

Enter your costs {combine labor and material) and extand:

Layout house on ot

Airger or dig post holes
and remove spoil

Place cancrate punching

pad

Plaee poles

Backfill poles and plumb

Eat girder

Frame floor

Place insalation & soaler

Flace subfloor

Grand Tors!

Oty

Chy
Oy
Cry
LF
SF
5F

SF
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WOOD PILE ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and antor:

Square Foorage of Floor Area
Lingal Footage of Girders

Number of Piles

110

Total Linea! Footage of Piles

Enter your costs {combine labor and material} and extend;

Layout house on lot = &

Bring pile-driving equip-

rment to site x =3
Furnish and drive piles X LF =3
Lot girder x LF =%
Frame flaor x SF =§

Place insulation and
sealer b 5F =8
Place subfioor & aF =3
Grand Toral &




CONCRETE PIER ESTIMATING FORM

TO DETERMINE LOCAL COSTS

Compute the following and énter;

Square Footage of Floor Area

Lineal Footage of Girder
Number of Piers

Enter you costs (combine labor and material) and extend;

Layour house on far

Auger or dig pier hioles
and remove spofl

Place concrete footing

Fornm & pour piers

Backiill

et girder

Frame floor

Place | rsuation
and rosfar

Place subfloor

Grand Total

-5
Oty =8
Oy =8
Qe =5
iy =5
LF =8
EF =5
EF =%
SF =58

5

LRA!
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Glossary

Base Flood Elevation {BFE)

The elevation fur which there = a one-percent
clianoe in any given vear that food levels will eequal
or exeeed it (see Special Flood Wezaed Areas), The
BIE i determined by statistical apaly =iz of stream
Now mweords for e watershed amid ramfall and
runcff characterstics in the gencral region of
the watershed

Coastal Wigh Hazard Area

The portion of a coastal foodplain that 1= suhpect
L high veloeity waters causeid by [ropieal storms,
lmirricanes, northeasters, or sunamis,  Lalweled
¥ Zones on Flood Insirance Rate Maps, these
areas experience hreaking waves of theee feet or
o,

Thebris Trnpanci Loauls

Logds mdueed on a strmacture by solid aligeets

carned by flood water, Debris can imelude trees,

hamber, displaced sections of smeturcs, tanks,
runuway boats, and ehunks of ice. Debris impact
loads are ifficult to predict aceurately, vel rea-
aoailile o aners mosl e made for them in the
ikezigm of potentially affccted stnctures.

Encroachmenl

-"nrl.:p EII:J-‘:{!:.I!J u|.|j|:1:r. [l i a ﬂml!!plmll thial
hinders the passage of water ur otherwise affects
Mol Mows,

Existing Construction

Those structures already existing or an which
constmichon or sbstantinl improvement was
sturbed prier to the effective date of a community s
Nowesdplain manaeemen § remalations,

Flood or Flooding

\ general and lemporary condition of partial or
pomplete imindation of normally dry land areas,
Flaoding results from the overflow of mland or
tidlal waters or e unuseal amd rapid accumula-
tion of surface water mnoff from any source,

Flood Insurance Rate Map (FIRM)

An official map of a conmmity, issued or
approved by the Federal Energency Management
Ageney, that delineates both the special hazard
areis ard the risk premium zones applicable to the
communily. Zones are a3 follows:

Fone A (unnumbered) - special Dood hazard
area inumlated by the 1Hbyvear Noods deter-
mimcd by approsimate practlypal= withy oo fuese
food elevation shawn,

fomnes A1=ABD - special flood hasard area
inundated by the 100-year Doed: determined
I detaided methods with base Nood elevations
aliowi,

Jome B - area letween the limils of the 100-
venr flood and the 500.vear fiood. or cortan
frl s mlujm-l to [{Hkyear Nooding with average
depithis bess than 1 foul, or areas protected by
leveres from the basze Moo,

Fome - area of myinimal HNodding: located out-
gide the limitz of the 500-vear oo,

Zone V (unnumbered) - area subject to wave
aetion, without base lood elevation shown.

Zones VIE-VAD - special Nood hueard area of

Ly car coastal flooding with veloeity (wave
action): base Mood clevations shown.,

13



Flood plain

Any normally drey land area that s susceplible to
being inumdated by water Tram any natural seuree,
This area & nsually low Ll adjacent 1o o rver,
stream, watercourse, ocean, or lake,

Fluulip!nin Managemenl

The operation of a progran of corrective and
preventive measures for reducing Mood domige,
mclu:lmg but mot himited to food control pro-
peets, floodplon landuse regulations, flood-
progfing of bulldings, wnd emergeney prepaped.
ness plans.

Floadway

The chanmel of I‘i.'n'-L‘r of walerconirss anad thie
uulj:n:rnl Birwd arcas that must be eserved o
disclurge e uul:-[un:rnt-pruluul.ullirj Flossil with-
oul cumulatively inereasing the water surface
clevation moare than a ll'l‘.Fi:r_';l.i:]lr:IJ: height, penerally
ane foal '

Hydiology

The science of the behavior ol water in the atmos
phere, on the earth’ aurfaco, amd undergroand,

Hydrodynamic Loads

As Rood water Mows arounl o structure it imposcs
loadds on U structuee. Tlese loads consist of frondal
impact by the mass of moving water against the

structure, dray effect along the sides of the stroeture,

and eddivs or nogative pressarc on the strictune’s
downstream side,

Hydrostatic Loads

Thasae londs or pressures resultiog from the static
mass of water at uny point of flood water contact
with u structure. They are equal in all directions
and always st prrpendicular to the surface on
which they are applicd.  Hydrostatic loads can
acl vertically on structurad members such as

114

floars, decks, and roofs, and can act laterally on
1iT+1'ig|Jl stnictural membirs such as walls, |iers,
and Fowndatiogne,

Mean Sea Level

The averame l|Ei_|;|:l. of the gea Tor all ﬂ:gﬂp of the
e, '||Er|,|qIJ:f' detepmimed from |:I1,:|-|.|r|_1.' IlFil-:Iﬂ. ah-
sercalions wwer a nincleon-year period on an open
carast or dn .uljau;'::nl wiiters baving [ree access Lo
the sea,

Mow Consgtruetion

Structures on which construction or sulstantial

improvement was started after the effecove date
of a communty’s locdplain mansgement reg-

lationz,

One-Hundred Year Flood
(5ee Specinl Flood Hogord Areas ),
Permeability

The property of soil or roek that allows passage of
water throwgh it.

Repulatory Floodway

Ay flogddway refereneed in a Nosdplan
ordinanee for the purpuse of appbving Moodway
megulations.

Special Flood Hazard Areas

Areas in o community that lave heen sdentificd as
msceptible to a one-percent ur greater chance of
Nooding o any p.:'-'-,n year. A one-percent
probability flood = alse known as the 100-vear
ool or the hase Qood.

Stillwater Elevalions

The uli:t'&l.iult Ihil! I.|'|.|' g Flaewe |;_:rf the wplaer w:_mhl
assupve il all wave action were absenl,



Storm Surge

A nse above normal water level an the open coast
due to the action of wind stress and atmospheric
pressure on reduction on the water surface.

Substantial Improvement

Any repair, reconstruction, or improvement of a
structure, the cost of which equals or excecds 50
percent of the market value of the structure either
{a) before the improvement i started or (b) if the
gtructure has been damaged, and is being restored,
before the damage occurred.

Watershwed

An area from which water drams to a snpgle point;
in a natural bazin, the watershed i the area contri-
buting flow to a given place or stream,

Wave Height

The vertical digtance between o wave crest and the
Frrl.i:-l:‘lli.r'l.g [J'-::II:I#I.

Wave Crest Elevation

The elevation of the 100-year storm surge plus
wave height.

o
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Sources of Design Information
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FEMA Regional Offices

The Federnl Emergency Man.
agement Ageney (FEMA) was
created in 1978 to provide a
sinple pomnt of accountability for
il federal activities related Lo
disaster mitigation and cmer
fency preparedness and response.
It was estublished as an indepen-
dent agency in the executive
branch to consolidate o variety
of existing ageneics and offices
performing reloted  funetions.
The Federal Insurance Adminis-
tration (FIA), formerdy a part of
the Department of Housing and
[ rhaun ['|F1'-|":I-'pi|:nr'r|[_ ig ol
respongible for administering the
National Flood Insoranes

Program, This responsbility in-
cludes assisbing state and loeal
governments in the implementa
tion of Nood-plain management
programs and providing informas-
tion on ﬂlJud.J'.rl.E Lo communities
and individuals. Regional offices
are the primary means by which
FEMA's programs are carried
out at the state and local fevel,

Region 1 Connecticut, Mabne, Region 111 Delaware, District of
Mazsachusetiz, New Hamp- Columbia, Maryland,
shire, Riode [sland & Fennaylvania, Virginia &
Vermaont Wisst Virginia
J.W. MacrCormack Post Liberty Square Bullding
Oifice Building, Room 442 195 Soith Beventh Streect
Baoston, Massachusetis 02109 FPhiladelphia, Pennsylvania
(1T 223-050 19106

Gela) o7 16

Eegion 11 New Jersey, New York,

Puerto Rico & Virgin [slands Region 1V Alabama, Florids, Georgia,
Hontueky, Mississippl,

26 Federal Plaza North Carofina, South

BEm. 1349 Caroling & Tenneszee

New York, New York 10278

{212} 2645080 1375 Peachtres Strest, N.W.
cibe T

Atlants, Georgia 31792
(40K 34724000
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Region ¥

Region VI

Hegion Y11

Minoiz, [ndian, Michigan,
Minnesoun, Ohio &
Wisconsin

S South Wacker Dirve
24th Floor

Chicaps, HHnuks GOS0G5
(I3 358661

Arkanens, Loudsians, Now
Mexien, Dblahoma & Texas

Pederal Regionad Certer
Em, 206

S Morth Loop 2855
Denton, Texas 76
[#17) d=7-5811

lowa, Banses, Missouri &
Kebraska

411 Walnit Sirest

Bonrr 20

Kansas City, Missouri 64106
(WEG) AT4-5012

Fedarsl Emargency Mansgement Agency
Aegional Offices snd Bounderies

Region V111

Region IX

Hegion X

Colorada, Montana, North
[rakota, Soath Dakota, Ctah
& Wyoming

Foderal Regional Center
Buildinge Ti0, Box 25267
Denver, Colorads SU225
ikl 2854511

Arizone, Califorma, Hawai

& Nevada

Butlding 1415

Prositho of San Franeisca

2an Francisco, Califoimia
B39

(4151 S-AT94

Alueks, Idahe, Oregon &
Washington

Fedoril Begional Center
180 238th Street, S.W,
Bothell, Wishinglon B8011
{00 AH1-H=0
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State Coordinating
Offices for the NFIP

Each of the states, in cooperation with the Federal Arkansas Hnil & Water

Ermorgency Management Agency , has designated a Conservation Commission
specific agency o coordinete implemen tation of 1 Capital Mall

the National Flomd Insurance Program, This Smite 20

agency provides a link between federal, state, and Little Rock, Arkansas 72201

local tevels of povernment and belween different W -

state agencies with flood-related responsibilitics,

i i t of Wat
The designated agency will typeeally be a depart- s Dmﬂ g
mont responsible for natural resources, emergency .0, Rox 288
sepvices, or physical development, and 1z a focal Sacramento, Califorriis Q5800
peint For information relating to flood insurance (916) 4456240
and foodplain management. Tt can be an
imprortiant source of physical data, information on Colorado Colorads Water
commurity eligihility for flowd insurance, relevant Conservation ﬂunr:d :
state regulations, references 1o other agencies, and, State Centennial Building,
in = instanees, lechnieal assistanee, The Room 824
anthority of each state's coordinaling agency ;:f::' 8 Eﬁmm?{h%ﬂ
varies, and can best be determined through direct ﬁm;@ EEEEJHLE
corilact,
C ticut Dapt. of Envir tal
Alabama Diepartment of Eonomics s pmg:ﬂm: i
anid D}mn_mnit:.-'_ .-’_Ll’:l’aira-:- 165 Capitol Avenus
State Planning Division Hurtford, Conpocticut 05108
P.0. Box 239 (N3) 566 T245
3465 Norman Bridge Roal
Montgomery, Alsbama 36105 Delawire Diopt. of Natural &
(205) 284-8735 Environmental Contral
. Dhivigion of Sail & Water
Alaska Department of Comnuanity Conservation
:&_ R"—'H"":'“al Aj:ﬁ’_‘“s Edward Tutnall Bullding
Divigion of Muneipal P.0. Tox 1401
and Regional Affairs Dgver, Delaware 189901
8489 East 36 Avenue (I02) TE6.4411
Buite 400
Ancharage, Alaska 95506 Distriet of Department of Consumer
(I7) HE1-R5HG Columbin Regulitory Affairs
_ fild H Strieet, MW
Arizona Department of Water Washingron, 1.0, 20001
Hessurees 202y T2T-THIT

Flood Centrol Branch
B8 E. Virginia 2nd Floor
Phaenix, Aripona B5004
() 2551566
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Florida

Georgia

Cruam

Hawaii

ldaho

Indinna

Department of Commbmity
Affairs

v, uf Resource Planning
and Management

2571 Executive Ctr. Circle
Eust

Tallshassee, Flovida 52301

(90} 458-9210

Georgia Department of
Natura!l Resources,;
Environmental Protection
Dilviston

18 Martin Luther King, Jr.
D, , SW,, Riom 400

Atlanta, Georgia 30834

(A} G6-3214

Offiee of Civil Delonse
Fost Office: Box 2877
Aganad, Guam 9910
D1 1—=671—477==0841

Hawas Board of Land and
MWatural Hesources

P.x Box 373

Honolulu, Hawaih 56205

(HOE} DA TEa0

Department of Wieter
Resoureeys

State House

Boaze, Jeduho BT

[208) 334-44T0

Tlharwriz Department of
Transportation

Drivigion of Water
Resoureos

Local Flood Plain Programs

3k Morth State Stract,
Hoon 1010

Chivago, Ilinss 60610

(312) ToE-3854

Depariment of Matarsl
Resunrees

B8 Btate (Mfce Building

Indianapoliz, Indiana 46204

(2171 324160

lowa

Kansas

Heniucky

Louisiana

Maryland

Massarhuselis

Towa Natural Resources
Couneil

Wallaee State Offiee
Building

Déss Muines, Towa G039

(B1a) 281-5UE

Karsus State Boand of
Apriculiure

Drivision of Water Resources

10 Southwest Winth Streel

Topekd, Kansas 66012

(A1) 286-3T17

Department of Nataral
Resourees

Diivision of Waker

18 Reilly Road

Fuort Hoodie Plaza

Frankfort, Kentucky J0G01

(G02) GA4-04 10

Louimiang Department of
Urbian & Community
Affairs

P.0O. Box 44455, Capitol
Station

Batan Rouge, Louisians
Tl

(604) 925-3730

Buareau of Civil Emergency
Preparedneis

Stale House

18T Btate Street

Augusta, Maine 04330

(207 288-3154

Maryland Water Respurcees
Admmiztration

Flood Management Saction

Tawes Stute Mfice Building
-2

Annspohs, Maryland 21407

{307 2H0-3826

Ma=sachiisetls Watep
Resources Commissian

State Office Building

16 Cambridge Street

Hostor, Massachuzeits (9202

[R17] TAT-22R7
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Michigan

Minnesota

Mississippi

Missouri

122

Michigan Department of
Matural Resources

Water Management Divigion

PO, Box 30028

Langing, Michigan 43509

{017 373-3830

Minnesota Department of
Matural Resources

Divizion of Waters

444 LaFayette Road

St. Paul Minnesota 551010

(612 206-9225

Mississippi Research &

Devetopment Center
3825 Ridgewood Road
Jackson, Mississippi 32211
(601] 2526376

Department of Natural
Resourees

1101 B. Southwest Blvd.

F.0. Box 1368

dJefferson City, Missouri
Gol0zZ

(314] 7614932

MNebraska Natural Resourees
Crommission

F.0. Box 94576

Lincoln, Nebraska GRG06

(402) 4718081

Division of Emergency
Management

Capitol Complex

Carson City, Nevada 59710

(T0E) BE5-240

New Hampshire

New Jersey

New Mexiceo

New York

Morth Carclina

New Hampshire Office of
State Planning

242 Beacon Street

Concord, NH 03301

(60E) 2712231

Kew Jerzey Department of
Environmental Protection

Divizion of Water Resourcea
P.O. Box CN 029

Treaton, New Jersey 08525
(B00) 2022005

Biate Enginosr

Bataan Memorial Bldg.

Hantx Fe, New Moxieo
&7a01

(B0E) BE2T6140

Mew York Department of
Environmental
Clonservation

Flood Protection Bureau

60 Woll Road-Room 432

Albany, New York 12288

(B8 457-3157

Maorth Carolina Department
of Matural Besources &
Community Development

Divigion of Community
Aszsistance

512 North Salishury Street

P.0). Box 27687

Raleigh, North Carolina
27611

(919} 733-2850



Uhio

Dklahoma

Oregon

Penraylvania

-iIiﬁ -h._ . :.. otk B
State Water Commission
a0 E, Boulevard
Bismarek, North Dakota

GES
(T01) 224-2750

Ohin Department of Matural
Resources

Flood Plain Planning Unit

Fountam Square

Columbus, Chio 41224

(fi14) 265-8755

Oklahoma Water Respurces
Baoard

12th Floor Morthesst

1th & Stonewall

Oklahoma City, OK 73105

{405) 271-2553

Department of Land
Conservation and
Development

1176 Court Strest, NE,

Salem, Oregen 97310

[R03) 3TH-23%2

Department of Community
Affairs

551 Forum Building,
Room 317

Harrisburg, PA 17120

{717) TRT-T400

Fuerto Rico

Rhode Isiand

Houth Carolina

South Dakola

Tennesses

Texas

Utah

Puerto Rico Planning Board

P.0. Box 4115, Minillas
Station

[-Dhiego Avenue

Santurce, Puerta Rico 00

(S08) T26-T110

Rhode Island Office of State
Flanning

Btatewlide Planning Program

265 Melrose Street

Providence, RI (2007

(401} 277-2656

Bouth Carollne Water
Resourees Commission

R0 Forpest Drlve

P.O. Box 4440

Columbia, SC 29240

(=3} Tos-Z514

Department of Military. and
Vetorans Aflairs

Division of Emergeney and
[Msastar

Btate Capitel

Fierre, South Dakota 57501

(605) TTE-3231

Department of Economde
and Communily
Developrment

Divigion of Local Flanning

1800 James K. Polk
Offiee Bullding

B Deaderick Strect

Kashville, Tennesses 37219

(614) T41-2E11

Texas Dept. of Water
Kesources

P, Box 18087, Capltol
Statlon

1700 Morth Congress
Avenue

Austin, Texas TETI11

(512) 4T-2171

Office of Comprehenzive

Emergensy Management
1643 Bunnyside Averue
Salt Lake City, Utah 84108
(BOL) 533-5271
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Yermoni

Yirgin Islands

Virginia

Washingtion

Environmental Conservation

Agenoy

Division of Water Hesources

State Offive Building
Montpelier Vermaont G
(BOE) BER-ETE]

Dheaster Preparedness
Oiffice

Hox 1208

dt. Thomas, ¥1 (M1

(BOE) TT4-6LGG

Virginig state Water
Contral Board

PO, Box 11143

Richmond, YVirginis 21230

(B0} Z5T-HTE

Department of Eeotogy

Il Stop PV

ympia, Washington
LA

(206} 458628

West Virginia

Wisconsin

Wyaming

West Virginia Cifice of
Emergency Services

Room EE-AD

Capitol Buailding

Charleston, WY 25305

(A0d) S48-350

Department of Matural
Reaources

Flaod Plaln-Shareline
Minagement Bection

PO, Box TO21

Madiaon, Wseonein 5370

(A 2R6-1926

W:r'nmirq; Disnster and Civil
Dafense ..'"l.lfl.:lll"_'\.'

PO Box 17060

'l.__'hr_'r.'q-rm--, “'-I'-.'.:rni_rl;._-' =R

(B30T TTT-Th6E




Performance Criteria

The fullf.IWing. pesformance requiremints and
eritonia identify a range of considerations that
should be addressed dunng the desipn of residen tial
structures for Nood hazard areas, Thess
performance critena do nol represent the entine
range of items applicalile to cach requincment.
Instead, a selective number of eriteria have beens
prescntod.

The performanece requirements and criteria ere
applicalile 1o all structural materials aod all con-
sleviLion meth m!ﬁ 1.|1II-I."d m faood Im.-r.ar-rl HT g o
Traditional or canventional constriction solabions,
as well e innovative beehnigues, are aece pluble so
long as the periormance PEUITEmET S wid eriteria
are salisfed,

DEFINITIONS

Terms imporlant Lo proger inferprelalion of the
perlormanee wquirements and eriteria are defined
s follows:

Applicalle Codes

The system of legal regulations adopled by a
eommunily setting forth sandards for the eon
struction, addition, modification, and mopair of
buildings and other struetures for the purpose of
protecting the health, safety and general wellare of
the public,

Commiunity

Amy state or ]lnlﬂ:it'aJ i bmlivision thereol witly
authonty o adopt and enforee Moodplain manage-
mient regulations for areas within its junsdiclion,

Design Flood (Base Flood)

The design lood is the base or 100-year flood deed

for purposes of comphance with the National
Flovisdd Tnsurance Program {NFIF}),

In voastal high hazard zones the 100y car flood
meludes wave h::igllt above the stilbwater bevel.

[Pegign Lowds

The design load is the minimum loading condibion
that the building should e designed o resist,
Some loading comditions most likely will e
definged in the applicable codes while other lowl
condibons {e.g., Nosl mpect loads) will have [o le
determined. The following loads constitale the
desgn loud anel shonild b eonzideree a2 minimmn
loading eonilitions as defined 0 Catedon ALl

[=ee bl ow s

Uil Lawidd £12)

The weight of all permanen] construction, The
deud load includes a) the weight of the strocture
itsel®, Lip the weight of all materias of constroction
imcorporated into the biilding that are 1o be
permanenthy supported by the structure, inclidinge
baill-in partitions, o) e weight of permonend
equipment. and d) Forees dine 1o prestressng.

Cermetiy Lo Foewaed €15

Giravity live loads resull from both the secapans
{Mloor) and the environment (roof) of the linkling.
as gtipufated in the applicable code, These inclnle.
where applicable, loads cansed by soil auld by dro-
slalie pressures.

I peard Looneds 10 )

Wind loads stipulated in the applicable code,
Restreni Loads (18

Louds, Toeees, and effects doe be conbraetion o
expanzion resulting from temperatore elunges,
shrinkage, maoisture changes, cresp in comporent

malitrials, moviment dae Lo differenmtial sebilement
or combinations thepeof,
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Flood Lawds 1)
Loals vamised by the design flowdd, which beclude:

— Flowal-melueed dimensional changes sucly as
swelling of wimnl ur Leave of expansive fonmla.
tion suils

— Woubier fogds ag delied i Seetion G020 of the
Conps of Eagiseers” puldicabion, Floed-
Prosea e Keow el tons

Soill loads as dofised m Seclion G080 of the
L'urilq. ol Fagineors iuululiu:aljm:, Flae-
!'rririﬁer; I‘I'..I*'Frr.l'i.rl"r'rirm

Seglions of 6020 wod 6040 of Fleod-Proofing
fegnfatimas (11 1105-203 14, Office of the Chiel
uf Fyrineers, LS, Aros . June 1972), are
repiriduced below:

SECTION 6020 WATER LOADS

Woater Tovadl= we delinesd lerebing, ame lodals ar prressires o
caprf@ines il Ul Davaibilinees wnal cepmegre s edieedl gol bnilaesl
Eﬂ. 1 hi= | LA [T il Ml salepe. Tlll'l-l' Ilu\.l‘! e aal L
i I_\ friar lav rlhl-:l.nlill u:lik |I:|. ||'r||r1:-.nqmi|'_

Bee. 6023 Hydrastatic Loads

[ladposb el boacl: are Uhose egneed v water apther alssoe or
bishans thes growad sacfaer, beee or canfineil, whael g oether
alagaant oF e alvery ke velovibies oF up do five (3]
Lot T seropdl, | hese liails ary 1'|:||luJ il pm-llul'l ul
b s iliee piressaire inies Elie soffuee area onow aele e
pressure del-. Ulie peesssire el ans psind = egiial bo Lie
iisbiaeh ol Wie aeield woisighit col woabes ql'l-',i.-‘: |n-||||ul- e
pucleiy Bt p enadtiphion by il Biedghtl of water alioye e
Fu:iu.l anp |:_|:|. ke ||-"i||:||1 i wlidedu r-l:-nﬁnl':] w abier w ol
riar o Upa b abin =,y drostatie pregs=uees af any podng
fre eapuied i wl dirertions aecd alwass aet gerpenibioolar
Liv Bl miarfae v w el ey are agigdind, For the pragsse
il Pl HI'H‘H]H“ilI]I:E-\. ||:l. chrvaeta ti Bads are sulialanload bt
it Cualboswing 1y pen

e, B2 | Verdval Lasads
Tl are boads aeting vectmally desw o ank o bt al
o inelined arfeees of buililnes: or dnictaros, suel oz

piviv e, livkn cor loier, s walle, diisid T tle weiglhi
al Mo waters wheae Lhicea,
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Mo, Eﬂﬂ".‘_’ I...Hh'l'l.ll qullu

I anerml dis st miie lomls see tlusse whiel ael jn o Q-
ot bal elireckion. aguingd werlical or iiclined sarfaees, botl
hwve and bebow e grosmd surface anid besd b caee
lateral isplooepeert and overtarnioef e building,
=braeiuee, wr parks Hieeenl

See, U220 1 phint

i :ﬂi:l‘-l bisaele aree thinesi w liiecls wict o @ 1|-'rl,-|_'.|||_l. T aril
digvcbicn v Uhie sidersiae ol lisrigontal o .-|u|:i||ﬁ siirlapes
of beililings vie slracturns, aeeloas kisemeni slabs, leirl.,g'..'.
Fvirs, decka, ronfs and gvirhanss, Huilmsiane baods aeting
iy inedined, sounded or iregulur surleees mas be pesolved
into vorlicel o uplifi foads and lateral loads based oo Lhe
grometry ol Vhe swrlaecs amil Che diztribution of hyedro-
=Ralie pressure-

Sec, 6023 Hydrodynamic 1 oads

Hwvabroehs navwic fiards . . wre those indweed o Didlidinge
wbf sl Flachiere - Il.l. il “u'u il Tlumiwil ik il r|||ul.jrl,_ll_ all
malerabe o ligh veloeiis armiml the Boililings o sime
Lure= o pirk= tliresl alusy s |Il'|h"||l el Sich losul-= LR
cevegie Bl thie geoumd Tese] solien openings or comlits
wenish bl @l T Mo of Thoud swaters, [y dely namie
Inacls are basieally of (e loteral v ol eelabe Lo direet
impart boaeds byt moving s of water. anid Lo drag
Fiapees s e wates Plisws drovnd Lhe wlstrietion, When
application of by deedsnomic foads i pepuieed, the biards
bl b cobmagatend or catimsted by recegniaed omil athor
Babave pwelionds, Wetlssks for evalsating waler veloeitie: gl
relatedd dy aimie effecte see by ol b scope of Ui
Hepulatioon-, Lt shall be sabjeel G revies sl approval by
il Honililuing 37 Fvcial.

e B Domversion fo Biusvalent Dy idrostatic Losils

Fiir cases whim water vwolisities dbin ol e ceeedd 10 fest
jr ETEREI LTI d} fLane |'r[|'fl|: vl e FEALTH iug waler ey b
raimyertedl mito eguivalent hvdeastalie boads v imereasing
e begrthe of water o the BECE Juse the level of the base
o eleshan flood |, by s smonn b ally, o Uhe beadswater sidie
andd alsrye Ui gronnd beselonly, egusl 1o

ik =
e

iy = _
2
Vsl averame welogity o Lhe veater in fieel it s ariml:
@ is the weveleration ol gravity, 32,2 Teet per seonned:
i i the caefhieient of drae or siape Taetor (T valae of a
ol okl rw e ot luatedd, chall s b Bess (hon 1,25



The equivalent surcharge depth, dh, shall be sdded to the
depth measured between the design bevel and the HED and
the pesultant pressures applied vo, and usiformby
distribwied across, the vertseal projecied arca of the liafld-
ing or slruokare wlich 1s ik r|'.|-':|1iJ-. wlar Lo the Mow. B
faces pazaliel Lo the Now oF surfaces watted by the Lail-
waler ahall be conaidersd snbject (o hydrostalic pressures
for depths Lo the RFD only

dee, GOLA lntensty of Loads
sec bl 4.l Yertical Loadls

Full infepsity of hydrosiete pressure csssed by g depth of
water hetween the design clevation(s) and the REFL applied
over all surfaces involved, both above and below grownd

Spp. G02.4.2 Lateral Load;

Full |r|li'r:1i|:!.' il hydrostalse PrHEsLre cainpid |:|:. i |i|:|.l||'| isff
waler bebwinn the deggn elevationds) and the RFD applied
over all surfeces invalved, both abose and below ground
level, exeept that tor surfaces exposed to free wates, the
desimn depih shall be inercased by one foot,

Sec. 6043 Lphf

Full imtemsity ol hydrostatic presguTes | wiaged by @ e I.Il:!‘I
af waler between the design level and the HFD acting on
all .’-ul'rﬁl exjnvalved . - ..

e, ol 2.4 Hydrodynamie Loads

Hydrodynamic keads, regardless of method of evaluation,
ghall be applied at full imtenzity over all alsove ground
surfaces between the ground level and the KFD,

See, G025 Applicability

Hydrostatie loads shall be wsed m the design of bodldings
and gtruciures l-l_plll-rll Lo waber foads room stamsang

Flaianil wialites, [ |:||r|-||i1i||||:- TR ] Al vl il;ir;_- s
nol exesed I”'.-.-.- [.-l:. [zt [T e I'.d_ &l foF |.|'.Ii|l\.|i||g-
aril slraciires ap rl:|r1'1'. I:.!I|1'|'-||: nask &% |‘||'h--|ll'| ar :\.l!llj-l'l'l

il
law ing waker Far hlnlr‘lmg- ani slrsctires, o part:
thereof, which are exposed ond subject to lowing water
havirg veboeities preater than five (5 feet per second
hydrostatic and hydrodynomic boads shall apply.

| -F-I'i'-ll:-‘ -
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SECTION 4.8 2011 LD ADA
See 604.1 Applicability

Full consideration shadl Te gven in Uhe design of buildmgs.
elructires anc parls thereol, (6 the lowly of pressurs
resulting from the presence of soils sgsina o over the
elructure,  Loals or pressunes shall be computed in
wecordanee wilk ﬂl!l.'El.il'ﬂ] rngiuurrillg l.ll.'ll'l.il:l'., E!i'riﬂg il
wunsaderation e the elfecls that the [T el Doaisal
waler, shese or within the sail, hes oa leads auil P s,
W hem ex [RariE v cuils Ere prestst, thi Huildh'l.!.[ﬂll'ifht i
redpuire that special proviziens be made in Gaondotion aed
wall design and constroction to ssfeind agains damage
due t thes expansiveness,  He omay eeiguine a special
pivestigation apd rwport Lo provide these design and
vomidrgebiomn |'|1'l_+'n.|:|.

Flood Tmpmed Lowds (F1)

The loads caused by the design lood as defined
in Section 6030, “Impact Loads,” and Seetion
6050, “*Hurricane amd Tidal Wave Loads, ™ of the
Lorps of Engineers’ publication, Flead-Froofing
Regelations, Inthe case of Section 6035.0, where
o gpeeific guidinee i provided, design loads shall
be recommended by a professonal engineer. (Also
refer to FIN-T, Design and Constroction Manual
fror Residentiad Buididings in Coostel High Hozard
Arenus, ibed in Uhis manuals preface,)

Section BULD of Flowd Proefing Regulalinas is
reproduced below:

SECTION G030 IMPALT LOADS
S, HOX1 Types

Lrpusch losds are Uit sliach resoli from Boating debres,
fec and any Aoatable olgeel or mass sasded by Bood
wilers atrikiig sgairel uibding and srcluns oF pars
thveenl, Thicse loods sre of thieer hagie Lepes:  monmal,
spreetal anal extreme,

See, 003,11 Normal Impach Load=s
Nocmal impact [oads are those which celute lo solated
negurrences ol loge, iee blocks or Noatalde abjeits of

purmally vnasaatered sees siriking lnildings or parts
therend,
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Siee, Bk, 12 Special Impact Laasds

Spectal impact loads ar Uaoss which relate b lange con:
g]umr.::m!e ol [eratahle nl.rji'l!'l.!,_ gueh g broken up Lin:
fevals andd aocomnelatisn ol Moatig debns, cither stoking
i reating agrinat o building, stosctoee, or parts Chereol,

Secs 63, 1.3 Estreme Inopact Load:

FExtrime im:p.:.-:l loaids are Uhoss selijed relats o hrg«e-
Doatalde sbiets and moaqs such os ronovay barges oe
wesllapesed . banildinge and strutorss, sinking ths building,
slrisetre oF eomm ol under comsdeeation,

Sec, 603.2 Applicability

lirpact boads slisnld be comstdered in tie dlisegin of bubld-
Ings, structures mul parts ereol e stipulated hedow :

e A2 Normal lmpoet Foads

A wapeenirnited lad geting honzoutally ot dls BT o al
gy poind below il cqoal fo U impact loree, produoced ly
a1 000-poian] mass traveling s e selosity of Ui Tood
wiler amal wctiag o g omee { 1) sgiwes Goot serface of Ls
CINETER TS

Sor, (3.2.2 Spemal Impact Leads

Where special mpact losls aee lkely bo oo, sucls boads
shill be cencidered in this design of buildings, stroctans,
or pacts Lhereol Uinles o eabional and detaled analysis is
mmele ganl subeitted Tor spproval by the Duibding O fieial,
the intensty of load shall be taken & 10 powids per foot
acling onzontally owver @ ane-font wide liorizontal strig s
e HETY [use thee Jevel of the base ordesign oo |, orat
any lewel bebow il Where matural or artificial barriers exist
which would #lfeetively prevent thes: special lmpact load:
from occerring, the loads may B ignored in the design,

See 120 s bpome lnpact Luads

I b emsidered impractical o degipn buddings haviog
miequate @rength fur nsisting axteeme impact boads,
Accordingly, excep for spocial caces whes exposure 1o
thise loads 1 h*h[}' TH'I.1|:|I|I.HE' and the r|.~uu|i1ir|.,g: dinmqp:r:_-h
are exlremely zevere, nn allawanees for these losad: need
bic mai in the design.

Flood or Flooding

— A general and lemporary condition of partial
or complete yuudation of wormally dey Tamd
arend Fromm



the overflow of inland or Ldal waters

the unusal and rapid pecumulation or run-
ofi of surface waters from any souree
mudslides (i.e., mudflows) which are
proximately caused or preapitated by
acceumulations of water on or under the
rrognid.

Ths r,-u]_,l,ul-uy: or milsidenee of land along the
shore of a lake or other body of wales a5 @
resill of erosion or undermining caused by
waves or currentz of water exceeding antici-
pated eyelieal levels or sudidenly caused by an
wnueually high water level in a ratural body of
water, accompanied by a severe storm, or by
an unanticipated force of nuture, such o5 o
fash Nood or an abnormal tidal suree, or by
apme ginilarly unusual and unforesecalde
event which resulis in flooding as defined
abwowve,

PERFORMANCE REQUIREMENTS AND
CHITERLIA FOR RESIDENTIAL STRUCTURES
IN FLOOD HAZARD AREAS

PERFORMANCE REQUIREMENT A
The Iuilding, its contiguons structure(s), wnd ils
service gvslems shall be rJt'nir__rl:lL'rl Lo withstagid the

design Mlood withoul causing unsceeplable risks to
s pecupants or to adjacent property owners.

The building complics with Performanee Require.
menl A il the followmg conditions are satisfied:

Criterion A_L: Strength

The building s designed to resizl the followang
louds, acting simulluncously :

11 D, I Ry and F

1.2 D, LR, Foand Fl
1.3 D, L, ®, W, F, and Fl
L4 b, B, and ¥

La D, R, W, I, and FI

Where the working stress method of design = used
i JTT fnlluwing provisions appl:r:

21 In lead combinatons 1.1 through 1.5 all loads
are applied as listed or as reqoired by the
applicable codes for the same load combina.
toais wilh loads F and Fl,

2.2 Allowable {working) slresass cannot be
excoodend for loading comedilionts 1.1 and 1.4,
For all ather lovading conditicns the allowalie
stresses can be increased by the amousl per-
mitted in applicable codis for design against
load combinations including wind or carth-
ke load.

Where ultimate-load design is used (such as
instances where Lhe Amenican Conerele Instilule,
Ruilding Code Requirements for Beinforeed Cone
crete | ACTH 378, ACL Detroit, eurrent edition |, i
applicable) load Caelors are apphed as meommend-
ed in (he applicable standard, and F will be com-
bimesdd with 1., or Taeebored as i 30 were a Gve load
For loading conditions 1.1 and 1.4, Fer all olher
louwding conditions loads F + Flwill ke combinad
with W, or considered Lo be equivalent Lo a wind

lupancd,

Test

Stnectural analysis and/or physical simulation.
Conmmientary

The ertenon provides a suitable margin of safety
agmmnst stewehural eallapse when the building is
suhjected to the haze Aood. The ntenl of the
eriterion i that the margin of safety for these
buildings, when subjected to the base flood, be

no less than the margin required for other build-
inge not pabjected to flooding. 1t i assumed that
logds I may act on the building over a long period
of lime, while loads F1 are short-term Loads, Thus
the margin of safety against load combinations
eoptaining Fl need not exceed that provided
againgt wind or sesmic loads,
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The combined load of earthquakes and (loods is
nil congdered hem beeadse of the low probali-
Lty of o flood and an earthaguake ocearring simul-
taneously, Where lsunami flooding s the base
fluod, earthquake loading should peshaps be con-
sidered concurrently,

Criterion A2y Stability and Flotation

There ehall be a factor of safely of 1.5 apainst
overturning, sliding, and flotation under the
following load:

D+W+R+F+FI
Test
St bural analysis and/or physical smuolation.
Commentary

This eriterion provides 3 suitalile margin of safety
againgl shiding and overtuming.  The most eritical
load combination & being considered, Tie-down
devices can be wsed Lo aclueve structural stability,
prowided it can be demonstrated that deteriorstion
of these devices diring the service life of the build-
ing or by Nood conditions will not cause the
factor ol safety to fall below its shpulated value,

Critenior A 3: Prowision Againsl Debris and Seour

Unless it can be demonstrated that the flowd
waters will be stagmant, or that there will be no
floatimg debrs dunng the desipn Mool the follow.
iy provisions apply

L.} Duilding on stilts shall -I.'ulhl.lljr with Seation
31 223 of the Corps of Engincers’ pllhl:iu:u—
tion, Flovd - Proafing Reguiations, This
section is reproduced below,

Ser. 612,23 Building on “Stilts™

The buililing ey e constricted above He BFTD o

e Jovel ol U fraze or design Tlood | by supportisg it

v "t ar athier columnar tvpe meimbiees, such oz

i lumne, piems, and in certain sases, walle. Clear s pacing

il siepporl. members, mesuned perpeoibculas fo the geoeral

130

sarection of Moo Mo shall s bis ke than eight (1)

freet apart at the dhosesl point, The “stilts” shall, & far e
procticabile, be compact gnd free from unnecessary yipere-
ilqg:-:-_ w libcly woubd emal bo Erap o erelejct {pee [rilBaags usk
debiriz durng & oo Soliil wolls, oF walled v vofismes

arv permisilile il amenied with the lnngest dimencion of
il miemidrer paralied o the flow. “Seahe™ aligll e of a tyge
Usat camers Lhe least ohatrietion to the Aow and the least
Tlltl":ll.li.ﬂj Fowr irmpping esating debeis, Foundation spports
fesr e “stilis” pay be of any u“m‘.‘luﬂ Ly pe copable of
:'c!-:.uuﬁh!.' sl a|.||'l|.'i|!d loiails, swali as 5-|li.'-|'u|:| illul.ill,n:l.. mals,
b= anad samilar (v pes. 1mall coses, il eliect nf sab-
mergeiee ol Lhe soll anild additiomal Nood swater melates
braeln shiall b praognized, The pretential of surfsce soour
around the stills shall be recogreed and proteciive
mrdsiines Flr\-'_n"ndq'l:l .- r|=|.|m'n.'r|.

1.2 For flow velocities in excess of 5 feel per
second the hyvdrodynamic loads in F shall
b assmed to gt over the entire widih of
e lmlil-r.ling1 [mrpﬂadicular i the direetion
iff flow, and masonabile vertical clearance
shall be provided for the passag: of debris.
The depth of all foundativn elements shall
allvw Tor the potential effect of scour.

Tzt

Structhural analyais and/or plhysicsl sdmulation.
Evaluation of data and documentation for desizn,
teals, and instullation; evalwation of plan: and
specifications.

l:m::ment.!r}-

Criterion A3 is desioned to prevent structural
collapse causad by the acenmulation of Noating
debriz or the undermining of foundation clements
as & result of seour. Part of the provision is ide.
ggned to avoid debris secumalation. The other
part provides adequate strength to reaist the
effeetz of the formation of a barner over the
entire width of the building, Buildings are exempt
|f il van Ly dﬂ:ll:::tﬂ.!mt{'ﬂ I‘I!mT. 1163 dtl.!n'.ﬁ will aeeu-
mpdate and no seonr will goeur.



Criterion A, d: |.:|"urul:rl:i.l'.|-|| o1 SEpvice F}Ah*mp

The serace systems shall be designed to resiet the
loads stipulated in Criterion A.1 with safety
marging as stipulated in A.1 against disruptions
which may endanger human lives,

Test

Engineening analyss and/or physical ssmulation,
Evaluation of data and documentation for design,
tests, and installation; evaluation of plans and
apoeifications

Commentary

Thia eriterion II‘II]_'\:. u|:|[||i|':.-'\. Lax |'.tj.-=ru]||::i|,a-u1 which may
canse Talal aceidents, such as rupture of gas linca
Lesser load levels are .-|li|ru]_.1.'l:|.| in B.1 for dﬁhill]l
tions which constitute a heath hazard

Criterion A.3: Execution of Kescue Uperations

The building is designed to permit the execution
of restue operations.

During the duration and at heights of the design
flood the building shall:

1.1 Allow the safe evacnation of the oceupants
oult of the building

1.2 Allow the safe transfer of occupants from the
building to reseue vehieles

1.3 Provide means of aceess or adjacency for
regeue vehieles,

Test

Evaluation of data and documentation for desigm,
tests, and installation ; evaluation of plans snd
gpecifications

Commentary

Criterior A5 is dl.'rniﬂlrt] Lo prevernd the ETELrag-
ment of building occupants by rising water levels,
P'art of the provision is designed to provide means
to evacuate the lnuidu;,-:_r {e.g., windows, roof trap
door). The other parts provide for the accomaoia.
tion and execution of rescue operations {e.g., by
boat, helicopter).
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PERFORMANCE REQUIREMENT B

The builiing, it= conlipoeas struetureds), and ils
sepviee sveteme shall e desimmieil to withietamd the
dﬂnign Moo without causing uneeeplabile health
hawisrds bo its oecipants,

The building complics with Performance Hequire-
ment il the following cotalitions are satisfued:
Criterion B. |2 Dhsruption of Utility Connection:

Phuilding wtility connections shall be desizned 1o
reaist the following loads:

At loadi 1z O litherns:

LI IP+L+R+W%+1+Fl

1.2 h+W+ R+ F+Fi

The budding uh[it:. connee hons shonld ned sus.
L

21 Permanently disnipled and/or Lraken attach.
mienl withe eeir i tures amdfor atpsphorting
strpetural ehements

2.2 Leakage or cecape of offluent thal vaaild

conlaminate drinking water

23 |'h|.|:|{urr of clecirical seryvice thut could couse
clectrocution and/ or fine,

Test
Fvaluation of deta and decumentation for desion,

Lests, and installations: evaluation of plans and
speeifications, Inspection and/or testing of buill

vlemenis when deemed eseentinl, Determination of

conformances o generally accepied codes,
stanidards ani |'1lj.|;'iJ'L|.'-|‘.-|.'i.r||; anil Lruils !rrﬂ.l_'ﬁl_'l".'l-.
whien: -;tpplit':dhll'.

l_':nmrm.-nl.u.r:.-
This erikerion |I-|I|.I|ll.“"- to sl 1|I||JI:'| o L

1II|:-I-I'\L1 Lov Lhiee Torees of Lhe 1Il’n|;..l'| Mo, L Lility
connections which are desisned b digeonnect
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dirng the desen food without the release of
deleterious substanees are exempt from provisions
L1 amel 1.2,

Criterion B.2: Frovision Againgl Drinking Waler
(ovenl i weak poan

There will b nos contamination of drinking water
willt sewier effluent or flowl water,

Criterion 112 and Performunce Beguirement 13
aee deemed satisfied if the following provisions
e e L

L1 Approved haekflow preventers or deviees are
mstulled on pin waler serviee lines, ab water
wiells il or at suitable building location: to
protoct the syetem from backflow or back
siphionage of Dood waters ar other cont ami-
nants in the event of 4 line Leeak or lemrorary
disconnection,

Devices are installed at accessilibe lovations amid
i ained i sood working onder,

1.2 =anitary sewer and slorn deainage 2y slem cone
nections are provided with approved haekflow
prevemlers or deviece netalled al cach
tischarge poink

L3 S storm or Mool waters are deained into
#y elems desigmed for sewage only, and viee
vers,

Teat

Evaluation of data and decumentation Tor design,
tests, amil installation: evaluation of plans anl
speeificalions,

Cammenlary

Criterian 8,2 i designed to prevent conlamination
uf drinking waler with sewer effluent or Nood
witlers, Alse, the enterion 18 desigmed to prevent
damare Lo fixtures and interior fndshes (e, Toor-
g, wall surfaces) feom hackflow or baek
siphiomage of Mood walers



Criterion B.3: PMrovision Against Contamination of
Potable Water Wells

Private potahle water welle ghall not be contamina
teid |_l'_'.' toxie subslances or -Itl._.':-llr'ili:l'ﬁ rmiazed h:.' the
design flood,

Criterion 1,3 i deemed satisfied of the following
provisions are satisfied

l.1 Private potable well water is not supplied from
4 water table located less than 25 feet below
;_;rai]l", nor From any 1:|-e'l.'|.|l'.‘1 illlaili} W I‘L:.l.'l‘l |:|:|:J|‘_I-
b !HJHII ek ]:-:".' con baminabion caiorng fisaire

or crevice [ormations,

1.2 Each well is provided with a watertight casing
to a digtance of at least 23 feet helow the
eround surface that extends at least one
fosal mlave Ih_l‘: well |||.'|r'Fum1.

Test

Fvaluaticn of data and documentation for desizn,
tests, ad installation ; evaluation of |I|il-lli:~ and
specifications.

Geological analyais of site,

Commentary

Criterion B.3 i= desipned to prevent the conlamina
tion of water wells used ae a source for potable
water, Part of the provision provides against the
contamination of the water supply source, The
ather part provides agamst the contamination af
the water removal system. In any case, local
hewlth codes should be consulted.

« # % B0 & 8 B ]

Pkl s i ] Wy =S B W
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PFERFORMANCE REQUIREMENT

Fha Bl kimgs, ins eonbigaois stmacture] ), and s
sopvive sy eleins shall be designed o withstanl the
design Moud withoul sp=taining damage of -
el gl

Uhee Dwailaling complics with Performanes Reguire.
i ar the Tollow ing conidibions o galms el

Criterion €1 Provision Against Permanen|
Darmnage

Uviler toading eonditions L1 through 13 the
braileling a= a whole, or any dement thereal, shatl
nul=ufler pennanent damage which woull reguire
replise el or major eéeaie, or whiel wonild
ettty et iks i teraded e tion,

Ll D+lL+R+% =I-=F]
L2+ %+«HR+F=1I
LD+l R+FF

Ml eriterion = decimed satisfivd if stress o ae-
Meetion Timits pnder Lomloge combitions 1.1
thresigh L3 il miot eseead Uuse sfipulated
aprpplivilile vomles. or A0 it can bee demonstrated thal
deflections cansed by Toad combinations 1.1
throngh 1.3 can be secomodated by suitabile detad
wond wedeyuate flesilality of lenents

Tesl

Fovalpation of data s documentation Foe design,
tests, anid mstallation : evaluation of plans and
speeilications  Inspec tion and for testing of built
clements wlhien deemed essential, Delermination of
Ceanormianee Lo Hl'm'ruﬂj' al'l'i-llluﬂ slanilarde amal
ER I iR aied brade [lrul'lin'i:._ whitre a;_l|1|i|:'.'|||||'.

Commentary
This vriterion sssures that the design Aood will
ol catrs exeesave damage. Fileets of swelling

couscd by mereasa] mostoee or imundation musl
[ CTRRTT TR N H CET1 T
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Criterion C.2: Frovision Agsinst Unnevessary
Ivariare

A v areas, major ubilities, fumaees, anil ir-
conilioning vnits shall not b s binereaoed by the
ilesizn Muanl.,

1.1 Living areaz shall be considered habitable areas
ial riss b foor Bl assenibial nesils of |u'1’l|r|l':
sy, .hhli:i|i|l.|:. |:|i||i1|5.:. ercbediner gl s bk,

|{4'|.'r4."u|:'r||:|l Filg et |.il||'.u ril'.-tr :h:lld utl:u'r ;llli.‘:q'i.'.l.]'rl}
arcas are Lo be considered habitshle areas and
therefore sloslil met be saline rged Ly the
dlesigm ol

The eleetrical svstem complies with Crile pion
(L2 0F the followi i conulitions are satislied:
.21 Al |,mr!'u_|-||,- ool Phie adlea Dl syElem
in,ladlml D lisw I|I|' |||'.-J'l_’ll nm:{] |r'l|l‘:|
are suilalele for eontimuous suline rgenes
inwater, (il sulime sible t pe splives
arr nsed :|||r|l|'|||ll|ui[:-' lewealeal Leloww the
design Moo level are el draining if
.-‘:|I|rj:|"1'1 tor Flomling.

|.'r\|-_-|1|lir|'_lI |Iﬂlll'|a ”iblrillllliull |ru||1'!.~g-. nrHJ
all othier stationary clectncal equipment
are loeated abiowe e ||r',-=.ig:1 Tlimd,

L The mechanival system complies with Uriteri:
on C.2 0 the fellowing conditions are satisfied:

LA Heating, air-conditioning, and ventila-
Ling are irstalled abose the desgn oo,

132 Al dhact work for wari air heating
svatems lucated below the desizn o
level is provided with emergeney opon-
inge for draimage of ducts nE'l- ra Mol
eonlition,

LA The plumbing sy=tem complics with Crite fon
200 the folloswing comalitions are salisFied:

Tanksz, =ofteners goal heaters ane instal-
Lol anbiesee thie aliesignn oo,

N



1.4.2 Plumbing below the design flood Commentors
level will not sufler loss of stability

or loss of tightnees that will permit Critenon C.2 is desgmed (o prevenl unneesssry

]L-aJ...i'-_'r fi] i'J'f' a1 al ._:.'_!.]]'..5.;'3_' tos fine l|un'|.'|!_'l." of livinrareas, major ulilitios, fumascs,

twres and joints and conneclions that and oir-conaitiominge winits EJj il -|L'hl;;|a tloana,

will pr:u|éuc|3U3 impair functioning, Part of the provision is designed to elevate living

areas and equipment above the design flood. Other

4.3 Utility connections desipned to dis- parts are designed to prevent the damage of utili-

eonnect during the desien flood are ties and mechanical/cleetrical connections below

easily reconmected, (See Criterion the desien flood.

H.h.)

Teat

Evaluation of data and documentation for design,
tests, and ingtallation; evaluation of plans and
specifications.
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