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Preface 
Whenever possible, residential slruclurcs shoulrl 
not be located in flood-prom· an·as. li'looding in 
these areas is virtuall) assured at some point in 
the futrne, bringing with it the potential for 
property damage-no matter how wt'll a s lruclurc 
is designed- as well as danger to building ocrti­
pants. However, jt is not always possil,lc to 
avoid flood-prone areas. This ma.nual is for 
designers, developers, builders, anJ others who 
wish to build elevated resi<lential structures in 
flood-prone areas prudently.. 

The readers of this manual arc assumed lo have 
knowledge of conventional residential constructi on 
practice; the manual. is limited to the special design 
issues confronted in elevated construction. 

This is a revision of a manual of tl1e sa11H' tille pub­
lished in 1976 by the Federal Insurance 1\dmini­
stration. This revision reflects changes since 1976 
in floodplain management tcchniyues and rc6ru­
lations, improvements in construction materials 
and practice, i11rreases in construction costs, and 
addit.ions to Lhe relevant literature. Th is revision 
also contains increased information on elevating 
stni ctures in coastal areas, alt.hough all the teeh• 
niques described here apply to 110th coastal and 
riverine areas unJess otherwii::e !';tated. 

A second document, puLlishecl b) the Federal 
Emergency Management Agency (fEMA), Design 
G11idPlines Jnr Flood Uamag<> Redu rlio11, supple­
ments this manual's discussior1of ck vatcd residen­
tial structures with information on the f11ll range of 
other floodplain management strategies. 

A third document, D11sign r111d Co11..~tm1·tio11 
Munualfor Resicfrnlial Rr,ilclin{!s i11 Coastal lligh 
Haiard Areas, is published joi11 LIy by FEt\lA and 
the U.S. Department of Housing and LrLan Devel­
opment. It provi<les structural P11gineering guide­
lines and otl1er information on designing structures 
in coas tal areas subject Lo severe win<l and veloci l) 
wave forces. Structures in such areas should nol be 
designed wi thout co11sulti11g it. 
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ENVIRONMEN'fAL AND REGULATORY FACTORS 



Flooding and the 
Built Environment 
Rivers and seacoasts have always been focal points 
for development. Access to waler has provided 
drinking supplies and sanitation, an important 
source of energy, an<l a valua1lc part of the trans­
portalion system. Kccrcalional opportunities and 
aesthetic enjo) mcnl further stimulate waterside 
development. 

This developmcn l pattern, however, leads to a con­
flict between Lhe natural and built environments. 
The need fur direct access to water places human 
settlements in low-lying areas that arc subject to 
periodic flooding Ly rivers an<l the sea. In the 
United States, more than si>- million dwellings and 
a large number of nonresidcnlial buildings are 
currently located in Lhc nation 's 160 million acres 
of floodplains. Flooding of these floodplains is 
responsible for more damage to the buil l e,niron­
ment than any other type of natural disasler. The 
total 11ood damage in 1978, for example, was an 
est imated S3.8 billion. The following year, 
Hurricane Frederic alone caused $1.8 billion in 
damages. 



RIVERINE FLOODING 

Floods arc part of the natural hydrologic process. 
Riverine flooding; is associated with a river's 
watershed, which is the natural drainage basin that 
conveys water runoff from rain and melting snow. 
Water that is not absorLeJ by soil or ,·ege tation 
seeks surface drai.nage lines, f0Uowi11g local topo­
graphy and creating rivers and other streams. 
Flooding results when flow of runoff is greater 
than the carrying capacity of watershed streams. 

Riverine flooding; usually involves a slow buildup 
of water and a gradual inundation of surrounding 
land. However, fl ash flooding, a yuick and intense 
overflow with hig;h waler velocities, can result from 
a combination of steep slopes, a short drainage 
basin, and a high proportion of surfaces impervious 
to water and unalble to absorb nmoff. 

ln addition to the direct threat to buildings, 
development in ri1verine floodplains alters natural 
topography, modify ing drainage patterns and 
usually increasing; storm water runoff. Develop­
ment also displaces much of the natural vcgclalion 
that formerly absorbed water and decreases th e 
permeability of the soil by covering it w ith uuild­
ings or with nonporous surfaces for roads, side­
walks, and parkin g. The effect of these changes is 
to increase the severity of floo<ling throughout the 
riverine environment. 

COASTAL FLOODING 

Coa.,lal flfJo<ling is gi•nf'rally chw lo:,.(' \ <' r<' oc1·a11-
ba'.,'t·d :;torm spll·ms. HurricarH':-i. tropical ~torrn:-:. 
and 1·x tra lropiral s lo rn1,; su<"h a,.. •• norl lwa.::l<·r~ •• arf' 
Lht> pri ncipal cau,:c-,.;. \\ i th flooding oecurrinµ; ,d1e11 

storm tick:- arc hi1~lwr than th1' normal hiµ;h li<k. 
and are accomp,mic<l b:,, water rno,ing al r«-lati11' l> 
high ,<'locitr and velocity wan· ac tion. Thr 
maximum inl r nsi Ly of a storm tide· ot-r11r:,: al 
high tick, so slomi~ that per::aist through s<·vnal 
ti ck~ an' Lhe mosl Sl'\C' n · . 
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The velocity and range of coastal floods vary in 
part with the severity of the storm that induces 
lhem. The damaging effects of coastal flooiling 
arc caused by a combination of the higher watr.r 
levels of the storm tide and tl 1e rain. wintls, waves, 
erosion, and battering by <leLris. 

The extent all<l nature of coastal flooding is also 
related to physiographic features of the terrain anc.1 
the characteristics of the adjoining body of water. 
Pacific coastal areas are vulnerable principally to 
earthquakes, tsunamis (seismically induced tidal 
waves) and other natural forces that can trigger 
excessive erosion, mud slides, and flash flooding. 
Great Lakes coastal areas are subject to erosion and 
se,·ere winter storms. The Atlantic and Gulf Coasts 
are consist ently exposed to the forces of hurri• 
canes. lesser tropical storms, and northeasters. 

Coastal flooding is most fre<1uent 0 11 the Atlantic 
and Gu lf Coasts, which are made up of a succession 
of harrier islands, heachcs, an<l dunes. These 
physiographic elements are maintained in tly namit 
balance as sand is moved by wind, waves, and 
ocean curr<.'11 ls. This self-replenishing Leach-dune 
system tak.<'s the brunt of the force of storm 
surges an<l helps Lu ffer inland areas. 

In coas tal areas the removal of beach sa11d and the 
leveling of dunes, along wilh the constmction of 
seawalls, jetties and piers, are common practice. 
These can help dest roy tltc shoreline's natural protec·­
tion system, exacerbating the impact of storm 
su rges and high winds. 
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Floodplain Management 
'l'li Pre have long been attempts to moderate thr 
impac t of riveru1c iloo<ling, with major federal 
efforts in the United States since 1936. L'ntil 
recenLJy. these efforts have Leen concentrated 011 

flood coll trol measures devised t o retluce or 
diminate fl uodiug itself- chiefly dams. levees and 
similar stru<' lural works. Despite a number of 
positi,·<' resu lts, lhese measures h a,·e not s11 ccccdcd 
in rr du cing llood damage significantly. 

Since Lhc mid-l 960s, therefore, federal policies 
lt a,·e re flected a recognition that structural works 
need to be complemented by n onstructural mea­
sures. Rather tl1an trying solcl) to prevent floods, 
c11rrcnl floodplai11 management programs address 
the need to redu ce Llie losses .incurred when 
inevitable floo<lin g docs happen. 

E.lt.:, a.ting residential strucl11rcs abo,·c the reach of 
flood waters. the subject of this manual. is only 
one of sc:vcraJ floodplain 111anagement technirp1es 
currrntly used lo rr du c<' fl uo<l damage. For 
1·xurnple. conslrnction is prohibited in critical 
fluudplain areas ( llcrme<l flou<lways) unless it has 
Lre11 determined l~1al conslruclion will not in­
r-rease flood levels, else" here. Where buildings are 
alread_1 locat ed in thesr rritical areas. they c.an 
eithe r Le relocated ou l of' the f1ood area, r]evale<l, 
or fl oodproofr d l1L> redu(;C Lhc damage they wi.11 
s11ffc r iu a flood. Huilrlings that are badly damaged 
by fl oodmg can L,e razed or floodproofe <l rather 
than bein g reF>tored to their original, vulnerable 
condjtion. Vacant land in flood-prone areas can be 
pu rchased by the local community and reserved for 
t'ecreation, farming. or other safe uses. 

Thl'se a11d o ther flloodplau1 mauagemc:ut lecltni­
tl111·s (flisl'11ssNl in De8ign G11idr /i11 f'.~ for Flood 
JJ11 11lflf<' lfrd11!'!111 11 , r ite<l in tJ1e Preface) can he 
usrd in a coordi11mtcd way to respond to each 
c·o111nwnit_1 's var ious needs, resources. and fluocl 
liu~ards. Ek,·atc·d rcsidc11 lial st.nic turcs, if used al 
site~ apprup1iatl' f'or them. ca11 be useful rum­
ponenl5 of cl'fecthc noodplau1 n1cu1ag1•1111)nl. 
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NATIO AL FLOOD INSlJRA CE PROGRAM 

The National Floo<l l11surance Program ( NFIP) is 
the fecleraJ govcrnmen l·s principal a<lmi11istrativL~ 
mech anism for reducing l'luo<l damage. Esta1-
lishcd b) Co11grrss in 1968. l.lw N F LP is ad.minis• 
tere<l L) the Fc•dcral EmcrgetH.:~ \la11ug:c11wnt 
Agency (FE\11\). The N FJP i11s11rcs LuilJings and 
their con tents in nood-pro1H' areas, where co11vr11-
ljonal insuram·e ha<l. i,rior lu the i\FIP, Leen 
gr ncrall) una\ ailaLk 

The NFlP pro\'i<les this insurance only in com­
munitirs that ag;n11· Lo implcmcnl comprehensive 
lan<l-11se planning aud managcmen t Lo reduce the 
likelihood of flood damage i11 thr ir jurisdictions. 
Communit) respousc lo this inc·rntive generall:, 
imolws thc- adoplion uf zoning, liuil<li11g cuJr, and 
<le\ elopmen t rcg11lations Ll1aL plare various rcq11irc­
ments anJ rc:slriclions on new construc ti on and on 
subs tantial impro,cmenl:::: lo existing construction. 

\u(,• tlwl s 11111c lu,·11/ f!(Jl'('/'/11111•111~ han' 1Ldo11lrd 
,·odc•s and ::,111it1J.[ unli,u111,·,,s //,a/ r1n• r·o11sid C'mUI \' 

more rc~fri, tin(' llw11 th,· 111i1ti1111w1s l'f•11uif!'cl by 
f,' (,;:u " I. Tltt' rt'Sl</1 i.~ thul .ft1111i/inrily with J,,si;y1 
rPq11irt•1111•11/s in on" r·u1111111111il \' ,·11111wf b1• rrlird 
011 ,,[sc• 11·/, t'r1•, 

The rate structmc· of Llw 1\ flP's insurance pre­
miums rein furces tJ1c inlrnl of Ull'se regulations 
h) charging higher insurance rates for buildings 
suLjrd to grea ter hazard. These insurance rates arc 
se t pri111arilr on thl' oasis of dc~ignate<l hazard 
zones a11<l the elevation of Lite liuil<ling ur structure 
in relation to IJ1e Je,cl uf noc,<ling likel) to occm 
in each zone. This dif'ff'rr•nlial rate structun: 
provicles a significan t fi11anr.ial incentive lo local(• 
Luildings in less ltazurclo11s zones or to innca:,e 
buildings' flood saf'C' t ) b) elevating U1c111 higher 
than the ' FI P's 111i11i11111111 clevatio11s. 
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Figure 1.1 . Flood Insurance Rate Map 

ON POST- TYPE FOUNDATION 

A Zones 

lowest floore----

V Zones 

bottom of 
lowest 
structural 
member 

IL is Llws vital lo be aware of the FIP rate s truc­
ture. as well as local regulations, when si ling and 
designing ne\~ dc\ elopm<'nl or subs tanl:ial improve­
ments to e,isting constmction . Th is information 
call Le olJtaine<l from local insurance agenls, public 
officials. a11<l regiunal FE.\JJ\ offices. 

BASF. FLOOD ELEVATIONS (BFE's), A ZONES, 
AND V ZO ES 

The N FJP and related lo~al and stall' regulations 
define Likely flood bets OH L11e basis of the " 100-
) ear" flooJ , which is the flood that has a one 
prrcenl chance of beu1g equalled or exceeded 
d11ring any given year. Over a 30-year period, there 
is a l lt-ast a 26 percent chance that this ·'Lase" 
nov,l will oceur. 

Thr base flootl elevations (BFE's), or likely flood­
ing lcwls, at different sites in a community during 
the 100-year flood are determined on the basis of 
historic records, di1natic pa ttcrns, an<l h) drologic 
and h) drau lic dala. A co111mu11it:) 's BFE's are 
mappe<l on floo<l insurance rate maps (FIRM's), 
which are provi<led Ly FEMJ\ for use Ly local 
fl oodplain manager¥ anti FEl\lA officials (see 
Figure l.1). 

FIRM's generally show flood-prone areas as either 
A Zones or V Zones. Riverine flood-prone areas 
and coastal fluud-pronc areas suLject to storm 
surges with vclucil) waves o f less than three fee t 
during the l 00-yrar noou art> generally classed as A 
Zones. F El\lA 's design standard (see Figures 1.2 
and 1.3) for A ZonC' call fo r the top of a building's 
lowest floor (including basements) to be elevated 
tu or aLovc the UFE. "Coastal high hazard areas" 
are show11 on FJH.i\I 's as V Zones. The V Zone is 
the portion of the Ooo<lplain suLject to st orm 
surges with velocity waves o f three fee t or more 
<luring tl1 e lO0-) ear flood. FEMA standards for 
V Zones rey_uirc the lowest portion of tl1e 
structural m rniLers supporting the lowest floor to 
br clcvatccl on pilings or other columns to or above 
Ilic UFE. lu a<l<lilion, the space below the lowest 
fl oor in a V Zorn• must uot Lt'. used for human 

Figure 1.2. Elevation Requirements for Post­
Type Foundations 
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habitation and must l,c free: cJf ob~tructiom. ON SLAB FOUNDATION 
"'\ FlP r,·11u irc' 11H'II I ;, 1'11r '\ .rnd \ Zo1H',- (I.~ of /r111111ir1· A Zones 
I <Jil I ,IJT ,t1111 11wriz1•d in Fi~11·r- I .-L 

lowest floor 

Nole Lhal Fl H.M's are Lasecl 011 a variet} of assump­
tions aLou l e~pecte<l nood severit), <levelopmenl 
palterns, etc. Tlw ach1al level of floo<ling from a 
100·) t'ar Oood ma) be signifirantly gi-<!ater. Ju 

addition, UH: --soO-yc.ar'· t1uoJ level, which would 
be significantly grealer than the I 00-ycar fl oou·s, 
could c.:uuceivably occur oner or even more· ofk n 
during a Luilding's lifetime. These L1 11rt:rtainties 
are furthc'r reasons for locating buildings in less 
hazardous zone"s or C'kval.ing them higher than tlw 
1'1FIP's mini.mum l'levation::,. 

Figure 1.3. Elevation Require­
ments for Slab Foundations 

BOTH A AND V ZONES (Numbered and Unnumbered) 

A ll structural components must be adequately connected and anchored to prevent flotation, col lapse, or permanent 
lateral movement of the building during floods. 
Building materials and utility equipment must be resistant to flood damage. A ll machinery and equipment servicing 
the bui ldmg must be elevated to or above the Base Flood Elevat ion (BFEJ, mcluding furnaces, heat pumps, hot water 
heaters, al1·-conditioners, washers, dryers, refrigerators and similar appliances. elevator li f t machinery, and electrical 
junction and circuit breaker boxes. 
Any space designed for human habitation must be elevated to 01 above the BFE, including bedroom; bathroom; kitch• 
en; d ining, I1ving, family, and recreation room; and office, professional st udio, and commercial occupancy. 
Uses permmed in spaces below the BFE are 11ehlcular parking, limited storage, and building access (stairs, stairwells, 
and elevator shafts only, subject to design requirements described below for walls). 

A ZONES (A1-A30) 

Buildings rnust be elevated such that the lowest floor (1ncludcng basement) is elevated to or above the BFE on fi ll, 
posts, piers, columns, or extended walls. 
Where fully enclosed space exists below the BFE, walls must be designed to rn,nimize buildup of flood loads by 
allowing water to automaticall y entet, flow through (in higher velor.ity flooding), and drain from the enclosed area. 
For low velocity conditions, vents, louvers, or valves can be used to equalize flood levels mside and outside enclosed 
spaces. For high velocity conditions, breakaway wal ls (see below) or permanent openings should be used. 

V ZONES (V1-V30) 

Buildings must be elevated on piling5 or columns such that the bottom of the structural member supporting the lowest 

floor 1s elevated to or above the BFE, 
Buildings must he cenifiecJ by a reg1s1ernd professional arch11ect or engineer to be securely fastened to adequately 
anchored pilings or columns to wl th stand velocity flow and wave wash. 

Space below the lowest floor must be free of obstruction or enclosecJ with breakaway walls (i.e., walls designed and 
constructed to collapse under velocity flow conditions without jeopardwng 1he building's structural support. 
Fil l may not be usecl for structural support. 
No construction is allowed seaward of the mean high tide line. 

Figure 1.4. Key Floodplain Requirements of the National Flood Insurance Program as of January 1984. 
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Site Selection and Analysis 
SITF: S~LECTION 

\Yhen•' " ' r p<•~sihle, site scJcction slioulcl a,oid 
noo<l-pru11t' areas. l f this is nol possible it should 
be recobYJ1i.ze<l tJ1al the risk and severil) of !1oodi11g 
generaJJ) UCl'ft>ases with IJ1c djstance -from Lhe 
ri,cr channel or from coastal \\alers. llowe,er, Lhi~ 
is not alwa} s the ca. c. so it is irnportan l Lu check 
tJ1e le~el of cxp1;c tcd floods i11 rdalion lo the 
proposed site:. If the base nuod clevatio11 (BFE) 
has not b1•1'11 dctNmined, it would be\\ i c lo con­
sull local flood history data before making a final 
site selection. 

The regulalions of lhc •\alional Floo<l Insurance 
Proi:,rram (~ FIP) spccificall) prob ibit build ing or 
landfill i11 a floo<lwa~, if such has been dcsib'llaled, 
if L11e re ults would oustruct the no,, of flood 
waters and thereb} increase J1ootl heights. 
~imilarly, l,uilding in a coastal high hazard area 
is also 11ut pcrmillcd unless U1e strur lurc i~ lan<l-
" ard of lhr mew high Ii<lc le,·cl. 

Develop11H'nl should be <liverlcu awa) fr()m 
identified mu<lsli<le or t'rosiun-pronc arl'as. Only 
\\ here site an<l soil invei:-tigalion am! prupo ed con­
~lruction ~lan<lards assure l:CJnlfllete safety fur 
l'u lure residents shouJJ such :,;iles be considered. 

UveraJJ, cuslomar) site selcclio11 l'fitcria should bl' 
nsetl to <·,aJuale lhr suitaLilil) of a site. Drain­
age, height of the waln I able. soil a11<l rock forma­
lio1L, lopograplt~. 1\-aler suppl~, aud sewage 
tlispo<:al C'apabili l> shuulu b1· <·011siderl'd along 
with rcono111ic and plarnw1g criteria such as 
cost. access. and compalililr land 11s1·. 

SITE A AL) SJS 

Thf' silt· rlcrnenG of primaJ') importance for 
aual~ zi11~ a11 rlevatcd n•siJcnLiaJ project arc 
flooding, soil, and \\-ind characlcristics. 
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Figure 2, 1. Hydrostatic Forces 

?i 
;,----__ 

Figure 2.2. Hydrodynam ic Forces 

Floodi11g Characteristics 

Floodwaters impose hy dros tal ii- l'orccs an<l h_ydro­
dy na111 ic forces. IIy<lros tatic forces result from the 
static mass of water at any point of fl ood water 
contact with a strncture. They are equal in all 
directions and always act perpe11dicular to the 
surface on which they are applied. Hydrostatic 
loads c,m act vertically on stnictural members 
such as floors and decks, and can act laterally on 
upright structural members such as walls, piers, and 
foundations (see Figure 2.1 ). 

llydrody namic forces result from the flow of 
flood water around a struch1re, including a drag 
effect along the sides of the structure and eddies 
or negative pressures on the structure's down­
stream side (Figure 2.2). These are more common 
in llash floods, coastal 11oods, and when flood 
water is wind-driven. 

A number of hydrologic factors must be evaluated 
i.11 the design of an elevat ed structure: 

Depth of ex pected flooding and, in coastal 
areas, height of wa,·e crests, which will det er­
mine the required elevation of a building and 
the hydrostatic forces to be expected. 

frequency of float.ling, which is the amount 
of time between occurences of damaging 
floods. This will have an important influ­
ence on site selec tion. 

LJumtion o f flooding, which affects the length 
of time a building may be inaccessible, as well 
as the saturation of soils and building materi­
als. 

Velocity of flood waters and waves, which 
influences bo th ho1izonlal hydrodynamic 
loads on Luilding clements ex posed Lo L11 c 
water and debris impact loads from waler­
borne uLjcct s. 

10 



Rate of rise, which .indicatt:s how rapiJly 
water depth increases during flooding. This 
J.ctcrmincs warning time before a flood, 
,vhich will .influence the need for access and 
egress roulcs elevated above floodwaters and 
whether valuable possessions can be kept 
w11.lerneath the struchtrc and moved only 
when 11ooiling is irnrni11cnl. Flash flood areas 
often r1'ccivc lillk or no warning of flooding. 

Another hydrologic factor is ice, which in northern 
climates ca11 cause serious damage to structures if 
flooding should occur during the spring before the 
ice melts. In some cases winddriven ice or ice jams 
have completely demolished bridges, homes. and 
businesses, snapping large trees and pushing 
buildings completely ofi their founda tions. 
Floating debris can be equally dangerous in this 
regard. There is little that can be done to avoid 
these phenomena short of avoiding sites where 
they arc especially likely to occur. 

llydrologic uata concerning a site, including both 
technical stuilies anu historical records, can often 
Le provided by the local or state government and 
federal agencies such as the Federal Emergrncy 
Management Agency. the U.S. Army Corps uf 
Engineers, and the l .S. Geological Survey. lf 
needed information is not available from these 
sources, engineers familiar with hydrologic wd 
hydraulic techniques can analyze the flooding 
potential. 

Soil Characteristics 

The characteristics of the soil in a flood ru·ea-soil 
bearing capacity, for example-can be important 
in determining an appropriate design. Mighly 
erodable soil would not be desirable fo r use as fill 
in elevating a sln1cture in a high velocity area 
u11lcss the f-ill is properly protecte<l. When erosion 
removes soils supporting building foundations, the 
foundations can fai l (see Figure 2.3). 

Figure 2.3. Erosion Caused Th is 
Foundation to Collapse. 
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Soil data can be obtained from soil survey reports 
published by the Soil Conservation Service of the 
U.S. Department of Agriculture. It may be 
desirable to consult a qualified soils engineer 
familiar with the soils at the site. 

Large-scale topographic maps of ground elevations 
can be used to determine natural drainage patterns, 
mudslide- and erosion-prone areas, an<l the feasibi­
lity of using fill. Local or stale agencies or the U.S. 
Geological Survey can often supply this informa­
tion. Detailed topographic maps (2-foot contour 
intervals or less) must usually be developed as part 
of the sit e-specific investigation and arc necessary 
for developing grading and landscaping plans. 

Winds 

Duildings elevated off the ground can be more 
"ulncrable than other buildings to wind (see Figure 
2.4). Data on expected winds appear in building 
codes and Standard A58.l of the American 

ational Standards Institute. V csign and Co11-
st ru c tio11 Manual for Residential Buildings in 
Coastal High Hazard Areas, cilcd in the Preface, 
discusses desi1:,TJ1ing for win<l in coastal areas. 

Figure 2.4. Wind Forces 
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Site Design 
Site design for elevated structurt:s shoulcJ follow 
stanJard planning crikria applicnhle Lu uny si Lr 

wvrk. Typical faclurs tu coJ\Sidcr include slopes. 
natural gr::i d<'s, drainage. vq;clation, oricnlalion, 
ioni11g, and lol'alio11 of surrounding Luildings, as 
well us exp1:ctr d direc tion of f1oocJ ilow. 

SITE FLOODING CHAllACTERISTICS 

Buildings .should be positioned in the area of the 
silf' tl1at will ,•xpcricnce th1~ lowest flood levels and 
vdocitics. lu coabtal areas, this mean::, as far back 
frottl tl1c br adl as pussiLk anJ, if feasible. behind 
d1111es. B11ildings sl1oulrl LP oricntC'd lo present 
their smalksl r ross-scc tio11s to Lh,' f1uw of 
flood1n tln. This rcd11er.s Utr surfae<' arf'a 011 wliicli 
flood and storm f urcrs can act 

\\ihen mullipli- buildings arr to l1r pl,wcd u11 the 
sa11w s.ilc. Lhc oLjecli\c of silc dcsig11 is Lite saltle a$ 

fur an indh iclual l,uilJing. (lne approach is to 
disperse- lrnildi11gs lhroughou t the site, applying 
1hr ui t1•ria 1liscuss1•<l aLo\'e to each Luiltling. An 
allemati, e to such dispersal, when local zoning 
urdin,uu·L·s allow (e.g .. a planne::<l unil den::-lopment 
ordirtame). is to gruup builtli11gs in clusters on the 
safrst parts of the site. leaving the more \1Jlnerable 
areas open. This approach nul onl) rcducrs floocl 
<lamage but can also alJoi1 greater flexibility i11 
proteeting the nab ,.-aJ rcaLurcs un LlH' siLr (sec 
Figure 2.:; ). 

Adjacl'nt builJings, bulklH·ado, or ol11rr slrudurcs 
should al&o lw runsi<lnrd in sitr la) ULlt , IJutli for 
l111·ir putrntinl to screen and divert flood water& 
allfl waler-borne debris and for their potential to 
Lecome floating debris Lhcmsclvcs. BulkJicads 
also Lt-nd Lo di, ert OooJ waters around their ends. 
;,ithcrseh affecting adjaccul si tes. 

Figure 2.!5. Planned Unit Development 
Ordinanc,es Allow Greater Flexibility in 
Site Desinn 
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Figure 2.6. Site Design to Reduce Flood Hazards 
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ACCESS AND EGRESS 

Access lo an<l egress from a building can be facili­
tated by locating parking and driveways-as well as 
the building- in the area of a site least likely to be 
flooded. Access and egress are imporlan t during 
flooding to ensure that building occupants can 
evacuate and that police and fire protection and 
other critical services can continue lo be provided. 
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In new developments, roads should Le located 
to approach buildings from the direction 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, and runuff problems, roads should not 
disrupt drainage patterns, and road crossings 
should have adequate bridge openings and culverts 
to permit the u nim peded flow of water. If roads 
are to be raised, the slope of embankments should 
be minimized and opf'n faces stabilized with 
ground cover or terracing. 

VEGETATION 

Vegetatio11 ajds in slowing the rate of storm water 
runoff Ly holding water, thus allowing il lo filler 
into the ground or evaporate gradually. In 
adclitio11, vrgclation helps prevent erosion and 
sedimentation from flooding. atural vegetation 
should be re tai11C'd wherever practical, and new 
plantings should Le in traduced in locations that 
will be most affected by runoff. 

Crushed stone can be used to con trol erosion under 
low-lying elevated strnctures and other locations 
where vegetation is difficult lo maintain. 

Larger bushes a.n<l trees can be sited to deflec t 
floating deLris away from elevated foundations. 
Landscaping <;an also be use<l to screen elevated 
foundations from view. Trees, plantings, fencing, 
etc., can all proviclc Ll1is dual function of utility 
and aesthetics. 

FLOOD WATER DRAINAGE AND STORAGE 

Goocl site drainage i11 riverine areas allows flood 
walrrs to recede from a site without eroding it or 
leaving standing water lhat causes damage to 
structural elements or heallh hazards from stagnant 
water. 

Water enters a riverine site either from precipita­
tion or as surface runoff from upstream portions of 
the watershed. Whal happens to this water can be 
a major determinant of the degree o f flooding an<l 

Figure 2.7. Improperly Sited Streets Can Block 
Emergency Egress and Access 

15 



the amou1tt of flood damage. Site devclop,ment 
that increases the volume of storm water runoff 
ca11 increase flooding levels. l<leall) , runoff rates 
after development should not exceed the rates 
before dcvelopincnt. 

Sile dcsig;:n should Wt itk to protect the .individuaJ 
si te as well as lo minimize increased flood kvcls 
d scwhcr('. A number of key factors such 1as Lite 
:unounl uf 11011porous surface aml thl' amc.1unt uf 
011-sitc surface water storage can i.i1part <lclermi.Jw 
the ability of a sile to absorb wakr. Laud-use 
regulations in some cornm uni lies require devel­
opers to defra) part o f lhc cos t of developing 
regional water reten tion sites Lo offse t the effects 
of drvdopmcnt. 

On the site. open channels can be used both to 
dh crt waler away from crodahle areas, such as 
short sleep slopes, am] lo collect and lrausport 
water runoff to larger drainage courses. Channels 
with grass cover are appropriate ,vhcre the channel 

6rrad.ient and conscym:nt water vdodt) are low; 
IJ1e) lhen serve as percolation trenches uy allowin{! 
grndual infiltraL.inn while water is Lcing lra11s­
ported_ Where vegetatfon cannot be established, 
concrete and asphalt paving or riprap can lbe used 
as chanucl linings. ll uwe,cr. such linings can 
increase the velocity of runoff. and consi<leration 
shou ld Le given lo velorit) t hecks lo control the 
rate of flow. 

On some sitrs it may Lr pussible lo use filll 
material- from either on-site or off-site- to 
improve draiuagc and cun lrol runoff Sperial con­
sideration should Le given lo soil condiLiorn, and 
slope staLility, as well as flood water ,cludlies and 
duralio11, to avoid erosion uuring floocfo1g. Wlte11 
rf'structuring topography. exposed cu l and fill 
slopes, as well as borrow an<l stockpile areas, 
should be protected. RumJff should Le divcrtctl 
from the fai.:e u f slopes, and slopes should be 
staLilizcJ wi th ground cover or retaining walls. 

16 
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DUNE PROTECTION 

Dunes provide a natural shoreline defense against 
storm surges and waves. Most coastal communi­
ties require that construction be behind lhe 
primary dune anJ. that dunes not lw cul or 
Lreached by site features such as walkways or 
beach access roads. Cross-over walkwap; shoul<l 
be provided (see Figure 2.8). 

\ 

\ 
I , 

F:xisting dunes should be maintained thruugh 
vegetation and sand fencing, which limit wind 
losses and promote further dune growth. If no 
dunes exist and tl1 e beach is sufficiently wide, 
successive tiers of sand fencing can induce dune 
formation; some communities require this before 
a residence can be built. 

I 

Figure 2.8. Dune Access 
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ARCHITECTURAL DESIGN EXAMPLES 
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Many of the hventicth century's most important 
buildings have been elevated residential structures. 
The rise of modern architecture, inspired by the 
raised houses of Le Corbusier in the 1920s, was 
made possible by structural innovations. The Villa 
Savoie at Poissy (1929), for example, is lifted 
above the ground on pilotis, freeing the lower level 
for parking and affording a spatial continuity with 
the landscape (Figures 3.1 and 3.2). l n his 
To I.C(lrds A _\ <'W Arch itec/ II re Le Corbusier was 
exultant about the possibilities of elevated design: 

The house on columns! The house used to 
be sunk in the ground: dark and often humid 
rooms. Reinforced concrete offers us the 
columns. The house is in the air, above the 
ground; the garden passes under the house. 

Figure 3.1 

Figure 3.2 
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i11cc Llw \· ilia Sa, o ic was cc11Lercd on a <lornc-likc 
rist· in a lnrge pas ture. C:orhusicr di<l not need to 
r oncern himself wi lh the problem of floo<li11g. 
(Hiter ma trrs of 111orlcrn architeclurr. however. 
ha, r used the principles of elevated resi<le11 Lial 
design to crl'alr aesthetieaJI~ salisf) i11g and fune­
t.io nalJ~ 011nd rcsponsrs Lu hazardous flood co11di­
Lio11s. 

\lies van cler Ruhr's FarnsworU1 I louse (1950), 
considered one o f tJ1e greal icon of modern archi­
lct:lu re. t)We~ at k a.'- l · o m e of its apprarance lo its 
fluud-pro11c site (Figures: 3 .3 and 3.4). Built alonl,! 
tl1r Fox Ri, Pr in r11raJ IUinois. Llui house \\ a.-:; 

ck signed lo acco111m ouate a hod) o f wakr that 
u,cr/1ows its banl-.s rnch spri,11;. 11lieil· solulio11 lo 
the problf'm was lo rais<' Llw plane of the firs t 11oor 
al>o,·e tlw 11ou<l le, cl. ercali11g his fir:)l clcar-~pan 
buil<ling. The resulling ~truch.lre s1'cms to 11oal 
above its site. 

Good ck sihrn and good 11ootl protec·I ion mu&l c·on­
tinuc to he lreatccl tugeUir r. Good ,lesign eulails 
effccti,·c u c of tlw sile and rareful co11sideralion 
of the nrc<ls of the surrounding neighLorhood tm<l 
communiL:, . The brsl houses prmiclc a clear 
transition from ground to d,~cUing, inlcgraling tht' 
foundation \\ illt the rest of Lhc s tnicturc. CreatiH' 
landscaping with Lrces. shrubs, and fences ran 
enhance Lhl' appearance of etc, ated $true tu res Ly 
.;ofterling Lhe cffrrl of potcntiall) harsh or barren 

Figure 3.3 
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exposures. lnvcn tivc lan,lscaping also helps to 
control erosion antl prolccl Lhc dwelling from the 
impact of debris and high velocity flooding. 
Effective use of lcrracing and level changes can 
help achieve continuit) with the surrounding arras 
and, equally important, provide a sense of variety 
by indicating the different functions that occur 
simultaneously on a single site. 

Such site considerations arc but one part of a total 
elevated design schrmr. The following examples 
arc concrrncd with some of the many other 
im portant factors involved in floodproof design. 

Figure 3.4 
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Design Studies 
The l'ulhHI inµ, de::-i:rn :,l11di1·~ "1·rr· d,·, d1>pl'li b) a 
1n11ttl)rr of ard1i l cdnral l'in11~ and ard1ikdural 

,whoul:, 11::-i11~ [ht' i 11 for111 al ion prc•;,1•11 t1·d i11 Ihi~ 
lllHllltal. 

HH.ll>CEPOBT, CO!\ \ ECTICl T 

\\ ill1 ,Ill ,•l1•1atio11 r,·,1uir1•11w1tl of JU l'c •,·l al1m<' 

i.!rad1· . 1111· ard11lc'd., lia11· dt•,.,igw·d LIii':-<' lu,ur~ 
lo\\ 1111011-c·, around a rai-nf tT11lral :--1wial dt'd, 
( l'ig-ur<·~ :t."i .11111 :J.6). l':1rkitl;.! j,. Joc aktl lw1watl1 
tlw dl'd,. \cTt'•• lo tlw d1·1·k a111l tu ll1t· ltl\\ll· 

!11J11,..1·:- i, 1mnid1·d !,~ ,Lair- ,111d J timlwr ra111p. 
Tilt' ralllJI pr"' id,·- a,·1 ·1·:--- I'm 1'11ildrn1. IIH· ha11di­

l':tpp1·d and tile l'ldnl~. ll11r111;_! li1111·, of lfoodi11µ.. 
llw ra111p 1·~111 al,o lw 11,t·d I'm clri, i11g a11l11111!1l1iles 

and n·s1·111· 11'11idt·:-. 11p l i lt' tlt-,·k 1(·11' 1. ;,;11·,·I ginkn, 

r1·-ti11g 011 1·orn·1Tlt' pin~ ~llj>(IUrl l,ut l1 llw :-;ot'ial 
<l1·1·k ,ulll tlw tu1111111111;-.1•., ( Figun· :3. 7). TIH' d('(·k 

ha;-. a Jo11l>k flour con,..tnwtion. all,rning add,·d 
in.,11 laliu11 and prult'l'li11g utilil~ :-n1i1·1•;,. 

Figure 3.5 
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CHARLESTOWN AND NEWPORT, RHODE 
ISLAND 

The architect here has rh oscn two ease slud) 
areas, Newport and Charlestown, Rhocfo Island, 
with uistinct.ly different culhmtl awl natural 
conditions that. affect flood design considerations. 

ewport is a compact commercial anti recreation 
center tl1at has many residences along the watrr's 
edge. The area studied in ewport is a protectPd 
harbor with access from Rhode Island Suun<I into 
Narragansett Bay. Thr portion of Cl1arlcstown 
that is the second study are-a is a Lcacl1frunl area 
with vacation house development. Mosl develop­
ment is in a coastal A Zone. Botb s tud) areas have 
high development pressures. 

In both areas historic, scenic anu i:ommunity 
values inDuence the desigu of elevated structures.. 
In Newport the close proximit) of a llisloric 
District injects heigh L bulk, material. auJ size 
considerations into aJl) plruuie<l developmrnl. 
(In the c:a,w of hi,;lorir :;.lructun•i, in l1oudplai11& 
listt'd on the National R1•t!ii;l1•r tJ.f ffotori,: Plw ·cs l}r 
a stat,· invenlul') ul' lii.,torie pluccs. rrsloration ma) 
he accomplished ,,ithoul l'l4•1ali11g Llw l'ir1'1 flour 
tJ1rough a va.riancr procedure.) Similarl} in 
Charlestown, simpl)• elevating struc tures, witJ1ot1l 
regard for the natural environment , could produce 
ungainl y and visually dUracting elemeuls. lL ii. 

necessary in flood area design to not only meet 
engineering requin:mrnts. Lut lo also be cogni­
zant of the visual effec t such design will have on 
the prevailing t.:hararter of the area. 

Charlestown 

An inventory of critical natural factors was matk 
to <letermiue how an<l wltcre development should 
take place iJ1 the Charlcst01\f!l floodplain. As a 

result, specific land area \\;thi11 I.he flooJplain was 
deemed acceptable for rcsiJcn tial develop111cnt. 
The analysis lhcn proceeded lo Lhe evaluation of 
methods of elevation appropriate to Lhe develop­
ment area. 
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Base Flood Level 

Figure 3.8 

For numerous functional and aesthetic reasons, 
earthfill with heavy stone revetment was chosen 
as the method for elevating residential structures 
in Charlestown (Figure 3 .8). The homes were 
clustered to keep down the cost of fill and because 
the land available for safe building in the flood­
plain was limited (Figure 3. 9). A small-scale, 
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Figure 3.9 

25 



single-family scheme was chosen for visual con­
Linuity with earlier buildings (Figure 3.10). All 
houses, a small amount of private space, and all 
utilities are located on the common filled area. 
Low intensity land uses such as parking, road an<l 
driveways, playgrounds, etc., are located on the 
lower surrounding areas. Ramps and steps a.re used 
to accommodate the height differences from 
parking t o the finished first floor. 

26 



Newport 

Development ill the wharf area in Newport, Rhode 
Jsla11d, is structured Ly a combination of natural 
and cultural conditions. Although separated from 
the older historic areas of Newport by a highway, 
its proximity Lo Lhcrn reriuircs special considera­
tion of height, materials, and size. lL is in a special 
flood hazard zone, yet its walcr's edge location 
makes it visually allraclivc. Changes in the use of 
Lhc wharf area a11d its new relationship with neigh­
boring areas have resulted in an expansion of com­
m<'rcial an<l residential development. The low 
height above sea level means that new structures 
would have to he raised approximately to the level 
of the highway to comply with local flood regu­
lations. For the restoration of historic buildings, 
howeYer, there is no need to elevate the first floor 
as long as a variance is obtained. 

Analysis indicated that the optimal solution would 
be a combination of elevation technilJ.ucs, because 
different zones in the wharf area are suited to dif­
ferent r levation strategics (Figures 3.11 to 3.13). 

Figure 3.11 
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In the area farlhesl from the water, earth fill offers 
flood protec tion antl a gradual level change from 
that of the highway. A tnmsi tional 111iddk sccli(ln 
could combine berming wiU1 raised strnctttrf'S, 
Level changes can I.e mtegrated by linking 
extended decks with ramps anJ stairs. In the an:.t 
closest to the water, raised structmes wuul<l not 
alter the water-to-land relationship or Lloek vkws, 
Commercial uses are most likely to loca le in the 
filled area, where first floor spaces are usahk. 
Residential, restaurant. and small office uses art· 

more s11itablt to the raised stnH'hues, which affor<l 
increasrd privacy and better views. 

paces under and between the ucw JJuil<lings 
can Le used for pedestrian malls and thus rein 
force the tourist and commen;ial uses of tJ 1c 
area. Decks, ualconies a11d trellises ca11 rum1cC'l 
different buildjng levels. L tilities for Lhe raise<) 
structures could be run beneath these raised 
decks and trellises and then into the fill. Leing 
proleded from flood damage. This n1rul.ipulatiou 
of the spaces and levt:I changes cn:ate<l U) flood 
prolection enham;es the visual inLricaq and htrn1an 
scale of the wharf. 
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SAN FRANCISCO, CALIFORNIA 

Pacific coast flooding is generally associated with 
high seas an<l rains. Ocean storms accompanied by 
high winds have caused considerable erosion and 
damage to beach and coastal floodplain property. 
Inland rain storms. on the other hand, falling on 
the mountainous terrain cause major canyon and 
valley flooding. Both coastal and canyon flooding 
are dangerous high-velocity situations. Slow-rising 
and lower-velocity conditions occur on coastal 
marshes and low-lying riverbeds. 

The architect has developed several very interesting 
an<l distinctive residential concepts for single- and 
multi-family housing. The use of landscaping, 
fences, and exterior decks mittim.izes the elevated 
appearm1ce of the structures while providing func­
tional visual highlights. Structurally the two 
concepts are quite different. Although both 
concepts use wood posts, the single-family 
residence uses a two-way structural grid supporting 
prefabricated housing units, while the multi-family 
structure is conventional wood frame construction 
built upon a wood-post-supported platform. 

Parking for Loth residential concepts is under the 
structure. 

Figure 3.14 
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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 
3.14 to 3.16). A seven-foot clearance beneath the 
horizontal structural members allows for parki11g, 
storage, and sheltered recreation space separated 
from and below the living units. The reduced land 
coverage of this design is in keeping with the 
architect's concern for efficient land use. Shared 
facilities, clustering buildings, etc., further give 
these houses a unique identity and sense of 
community. Within the prescribed vernacular of 
poles, decks, railings, an<l fences, architectural 
variety with continuity is achieved. The fences arc 
strapped together to prevent pieces from floating 
away if damaged during a flood. Water heater and 
furnace and air conditioning equipment are located 
18 inches above base flood level with all ductwork 
in second floor or at.tic space. 
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Figure 3.15 
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Multi-Family Residential Concept 

To reduce costs, the architects have designed a 
conventional wood frame structure built upon a 
wood posl platform (Figures 3.17 and 3.18). 
Raising the first floor to al least eight feet above 
grade provides an opportunity to put parking \~ 

~ t;Junder the buililing. This reduces the area of the Base Flood Level 
site that has to be built upon and places cars closer 
to apartments. However. parking under the ~f;"JL7 t-:~/~ 
structure requires fire separation. Exposed Figure 3.17 
entrance stairs and fencing minimize the elevated 
appearance of the structure while providing visual 
variety i11ld privacy. 

1 
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Figure 3.18 
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CHICAGO, ILLINOIS 

Flooding in lhc i\li<lwcst is of two types: riverine 
,m<l lakc flooding. The charactcrislics of both are 
usuall) slow rise and low , clocit). However, llash 
flooding and lake shore scouring can an<l <lo occur. 
The Great Lakes area. more specificall). Lhc 
Wisconsin , New York. Ohio, and \1ichigan lake 
shores, ha,·e experienced growing problems of lake 
flooding and slow erosion caused b) the increasing 
occurrence of high walcrs and high winds. 

Garden Apartment Concept 

Although elevated eight feet and constructed of 
reinforced concre te block. Lhis rowhouse does not 
ap pea r lo be dcsigncrl for a poten tial flood condi­
tion (Figures 3. l 9 and 3.20). The cuYered parking 
and entrance leYel is handsomely integrated with 
the above li,-ing leYels by reinforced concrctl' block 
walls that organize the entire strnch1re. The· " ·a.lJs 
are construc ted parallel to Lite direction of pos::;iblc 
water flow. lJnfortunatelv. the architccl enclos<'d 
the stairway-entranceway, with a poteu Liall) 
serious effect on flood i.nsurancr rates. 

Figure 3.20 
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Aesthetic Considerations 
There is a common misc:onccption than an elevated 
residential structure will Le inherently unattrac­
tive- a Lox on stilts (figure 3.21). This is not true. 
Elevated s tru c tures offer challenging design oppor­
tunities to Le acst.hc tically appealing as well as 
f-unctional1' sound. 

Rcsidcn t.ial de\ clopmcn I. requires a significant 
financial im cst.mcnt.. and if it is aesthetically 
appealing it co11tributcs to the economic value of 
the area. both for the owner and for the com-
mu ni t.y as a whole. All communities have both 
posit.i\(' and ncgatfre examples of t his. Good 
<Jualil) Lends lo fos ter better quality, and poor 
conwtions kad lo c\·cn poorer conditions. 
1\ppcaling <ksign can thus be an important element 
of making t)I(' most of our limited de\·elopmcnt 
resources. 

-

Figure 3.21 
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Figure 3.23 

SITE DESJC \ 

l11tet-'l·a lin11 1)1' dt;H•lopm1·nl an<l sitr :-liould be 
donr so Urn t Lhr l\1 CJ com pk111ent rurh othf'r. \ 
, aref11l ,it1· a11ahsb 1·.u1 1ri,e lllatl\ dun, to LhC' lit•:,t. -
d1·~ig11 0f lhl' l>uil11ing for 

~ 

its relation lo topo-
g:raphy. lnr:11ion un,l-uriental.io11, and loca lio11 of 
frnrslratinn (dr·,, :-. l'lc.). t·11Lr~ i-, an<l purkinl!, 

L..u11br;api11~ erc' all\C use of tree::.-, :,hrnbs, f,·nrcs, 
,, alb. cir. -r,t•ne~ b, o puq1use!:i. II in l<'gratr::. Llie 
r le,ult' tl portion of tlte de\l·lopml'nl ,,ith its 
:$It rr 011 ntli llj?S a111 I, al ti tl' s;1111 r tin1l', I 11'1 ps ron lrol 
!'rt ►Sion ~uHI prolt'rt Ute dM' lling fro111 LiH' impact 
1 ► 1 del.,rb and fast-mo, in~,, alrr (Figure~ 3.22 and 
3.21). 

l'lw rdatiot1,ILip ,md ,·ompalibilit~ of tl,·,,·lopml'lll 
,, i1J1 lhe :.11rrm111ding 1H'il!h!Jurl11Nd and runi­
rr11111il; ..;Jiotd<l Le t'<mt-idel'('d in onln lu give• a 
-,1•11:-P of u111lfouit~ ,, itlt Lhl· :.u rruundinl!'. un·a:,,. 
rallter than .01 Lutaltra<·ti,e "lto<lg1:-p1J1IJ!e.. of 1111-

r,·lated dr, t'loprnr11 L 

'l'nr:11·i11µ nn<l ll'' I'! r·h:rngr» c·;.1J1 lw U:i<·d to gi, c· a 
.,en~e or, ariel) and lo itkn li f) clifl'<·rr11 L uses. a:a 
\11•ll a~ lo inte~alr l,uildinj! ll'ith sitr. 

36 



--------

RUH.DING DESIGN 

The integration of the foundation with the site and 
the building is perhaps the most important aesthe­
tic challenge when designing cb atcd structures. 
Many elevated structures give the impression that 
the support foun<lations arc treated separately 
from the building and the site, giving the impres­
sion of a building set on spindly legs (figure 3.24). 
It is essential to recognize that the foundation is an 
in tegral parl of a building, rather than only "'some­
thtng to set the building on." A well-designed 
elevated residence should provide a smooth transi­
tion from ground to dwcLii ng, with the foundation 
inlcgraled with and cornplcmenlary to thr building 
itself. 

Other special consi<leralion:s when designing 
eleYate<l residences include the design of an) 
needed stairs and the use of the areas under lhc 
structure. ivlore general considerations include the 
shape and form of the building (configuration. 
shape of roof. etc.), tc,tmes and color of building 
materials, the use an<l trealmen l of balconies. 
terraces, railings. windo"·s, shu ltcrs. screens, an <l 
entries, and the arrangement of interior spaces. 

.. 
. ' 

Figure 3.24 
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Figure 3.25. This wood structure successfully uses 
the same material throughout the building­
foundation, structure, treatment of railings, wall, 
and roof material, as well as connection and 
anchorage details. The design honestly expresses 
the structure, foundations and other building 
elements. While it is obvious this is an elevated 
structure, it still feels very much a part of the site. 
The foundation members are also integrated well 
with the building itself (see also Figures 3.54 to 
3.57). 

Figure 3.26. This is an example of integrating the 
site, the building, and the foundation so they relate 
well to each other. This foundation appears to be 
part of the building rather than sti lts holding it up. 
It shows how a modest, simply designed building 
can also be very aesthetically appealing through the 
use of natural materials and interesting treat­
ment of fenestration and lighting fixtures. Simple 
but well-thought-out landscaping ties the building 
effectively to the site. 

Figure 3.27. This is a good example of how the configuration of a cluster layout can contribute to 
functional advantage as well as visual appeal. The sawtooth arrangement allows for two sides of each 
unit to have access/ view to the ocean. This form also breaks up the long, continuous (and often mono­
tonous) wall approach, thus adding variety and interest. With this configuration the materials, treatment 
and form of the units can be simple but still attractive. 
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Figures 3.28 to 3.29. This is an excellent example of cluster-type elevated residential development. 
The development is well-integrated with the site; the various level·s seem to roll over and blend with the 
dune. The vegetation and simple fencing add much to this marria~Je. The individual units also relate very 
well to each other, providing a good example of an overall development's being "more than the sum of 
its parts." The individual units provide the individual amenities-privacy, plan layout, etc.-while still 
being a part of a comprehensive whole with a strong sense of community. The form, scale and character 
of the development are also excel lent. The sloped roofs, the balcony treatment, use of levels, and the 
articulation of the other elements add variety and a character that complements the site and overal I 
development. The use of materials-color, texture, scale-also contributes to the design's appeal (see 
also Figures 3.63 to 3.70). 

Figure 3.30. The exterior treatment of this devel­
opment adds visual appeal to a development that 
could otherwise be quite monotonous. The 
exterior colored panels with white structure and 
coordinated interior panels provide interest, 
as does the simple treatment of balconies with a 
variety of planes, panels, railing and roof tre llis 
members. 
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Figure 3.31. This is a good example of how a simple structural grid infrastructure can be used as a 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 and functional space. The cantilevered 
balconies also add interest as well as defined exterior areas. The roof shape contributes to a spacious 
interior that makes the house feel larger than it really is, allows in natural light through the transom 
windows, and through its form adds much to the overall aesthetic appeal of the design (see also Fig-
ures 3.40 through 3.45). 
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Figure 3.32. The diagonal battens used to enclose 
the stairwells for protection provide an aestheti ­
ca lly appealing screen-textural affect. The colored 
awnings also add a necessary highlight to an 
otherwise colorless exterior. Notice also the pole 
light fixture. 

Figure 3.33. Passersby have to look very carefully 
to see that this development is actua lly elevated. 
Good use of landscaping and building form 
includes attached and detached units. 

Figure 3.34. This structure uses a mixture of materials, texture and color very successfully and provides 
a variety of form for visual appeal. The space under the building remains open and light through a 
combination of white unobstructed walls and piers, landscaping, and layout relative to other buildings. 
A human sca le is accomplished by breaking the building up into different heights and sections, rather 
than an imposing three-story box, as is often done (see also Figures 3.58 through 3.62). 
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Figures 3.35 and 3.36. This is a good example of 
using a variety of shapes and forms (wall surfaces, 
planes, balconies, etc.) as well as wall treatments 
(materia ls, texture, color) to create a sense of 
variety 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 
principles in this manual are applicable to any style. 
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Recent Design Examples 
The prujecls in this seclion arc some of Llir best 
dcsig11 examples disco\Ct f' cl in a slalc-of-lhc-art 
SUl"\' l') co11JucLcd m; part of the Jevclopmcnt of 
this manual. \\i hile th ese examples range from a 
single -family 1ktaclwd unit to a multi-family high 
rise, there appears to be a clear trend toward higher 
density, cJ11ster•type developme11l. This is 
prol.iably due to higher land values and tl1c e:-.pe,i­
euce gained from major floods over UH' lasl cuupk 
of decades. Thi:: is a promising trend that encour­
ages prnfessional <lc:sig11 invohcmen l in resi<len Lia.I 
struc tures arul leads to a more cumprchcnsiq• 
approach lo elevated residential and other devdop­
mrnt in flood-pru11e arC'as. 

Virtually all Ll1e recent design C'.'..amples that \\Cr<· 

su bmittPJ in responiic to our stm·r~ ~, rrc coaslal, 
as opposed to riverine . projec ts. '111is suµ;gesLc; lhat 
the stat e of t he art is being set for the most parl 
in coastal areas, c~pcciitlly in the h.igher-use resort 
areas. 1l sli oulcl he nuted. howe\-cr, that wha t is 
Lcing done ii1 coastal areas can oflC'n he applied 
succcssfulJ.\ in rin°rine. lake. :md o ther n uoJ­
prone areas a1, well. 
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THE LOGA HOUSE 
Tampa, Florida 
Architects: Rowe Holmes Barnett 

Architects, Inc., Tampa, Florida 

The Logan House (Figures 3.40 to 3.45), located 
adjaccn l to a federally protect ed tidal estuary near 
Tampa. Florida, exemplifies a skillful blend of 
flood protection and energy conservalion. The 
natural site of the house, only four fee l above sea 
level, suggested Lhe possibility of flooding. Flood 
regulations required Rowe Ilolmes Associates to 
elevate the s truc ture an additional six feet. They 
chose, ho wc,er. to raise the house almost eight feet 
to }Je able Lo use Lhe firsL le,-cl as both a carport 
and proLcctcd outdoor liYing area. 

Tlw 2.000-squarc-foot structure is designed in 
,,hat is lu10 ,\· n in Southern vernacular as the 
··dog trot'· sty le. incorporating a long breeze­
way/ ventilating device covered with the same 
roof as the house but open on the sides. The 
"ood frame house is supported on IO-inch-square 
pre.ssure-trr ated pine poles augered deep into the 
soil to withstand hurricane forces common to this 
area of the country. The floor sen ·es as a hori;wn­
taJ diapltragrn to provide the pole stru cture addi­
tional rigidity. 

Sc\'eral of the features that pro tec t the Logan 
House from flood damage also promote energy 
conservation. For example, elevating the structure. 
tJ,e major flood protection strategy , helps draw 
cool (lower) air up and through the house. 

~\ central utility core- unfortunately located on 
the lower lcYel where it is vulnerable lo storm 
fo rces- is scr\'iced by a stairway, allowing pro­
tected access to the carport and outdoor space. 
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.Figure 3.44 

Figure 3.45 
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SUMMERWOOD ON THE SOUND 
Old Saybrook, Connecticut 
Architects: Zane Yost & Associates, Inc., 

Bridgeporl, Connecticut 

Summerwood on the Sound ( Figures 3 .46 to 3.50), 
a 76-unit cluster developmenl, won a 1979 design 
award for architects Zane ) ost &_ Associates, Inc. 
The development is built on a peninsula tidal 
estuary protec ted by a barrier beach. 

Equal in importance to prolccting the buildings 
from flooding was Lhc preservation of the salt 
marsh ecological environment. For this reason, 
the architec ts chose Lo locate the units only along 
tlte na tural conlo11rs of the 30-acre site. For 
further protect ion of land as well as buildings, 
the structures are elevated above flood lcvd . 
topping crawl spaces with internal drains to permit Figure 3.46 
flood waler Lo pass in and out. The wood frame 
structures arc covered with horizontal si<ling and 
use picket fences lo soften the effect of the raised 
structures. Redwood stairs and decks adorn the 
water side of the units. 

Although the overall density on the silc is low 
(2.5 unjts/acre), the clustering o f tl1c units makes 
for a comfortable neighborhood scale. 

Figure 3.47 
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THE BREAKERS CO DOMINJUM 
Redington Beach, Florida 
Architect: Rowe Holmes Barnett 

Architects, Inc., Tampa, Florida 

The C3reakcrs Condominium in Redington Beach, 
Florida (Figures 3.51 to 3.53), is composed of 38 
two-bedroom units oriented to take advantage of a 
spectacular ocean view. Using a " double saw-toolh 
stepback" plan, the architects oriented the 
buildings around a communal atrium garden, 
creating a pleasant internal garden on an otherwise 
flat and treeless site. 

The 1,200-square-foot units, completed in 1973, 
are composed of exterior masonry walls and flat­
slab and column construction to reach a height of 
12 feet above sea level. which is the 100-year 
high flood elevation. A heayy Spanish stucco 
finish and louvered privacy screens made of red­
wood soften the effect of the typical condominium 
construction. 

All the units share the atrium garden on either 
their entry or walkway sides. The units also share 
a game room and beachside pool and deck. 

Figure 3.51 
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Figure 3.54 

CAMPUS-BY-THE-SEA FACILITY 
Catalina Island, California 
Architect: Leonard E. Lincoln, AIA, 

Palo Alto, California 

Catalina Island (Figures 3.54 to 3.57), developed as 
a resort center in the l 920s, is located 21 miles off 
the coast of southern California. Many of the 
original structures built on the island were 
destroyed by flash floods in 1980 when storm 
waters cascading down a series of ravines swept 
them off their concrete pier foundations. 

The newly replaced key facilities of Campus-by­
the-Sea, a conference center, are no longer threat­
ened by such flooding. For example, the new 
three-level <lining complex makes use of poles that 
serve as both foundation and roof support for the 
7,000-square-foot structure. The structure is 
supported by 55 poles, ranging from 25 to 40 feet 
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 (pentachlorophenol) was carried by a 
low-viscosity petroleum gas, allowing for deep 
penetration through the sapwood into the 
heartwood. 

Several of the new two-unit cabins on the site have 
also used this kind of structure, and more similar 
construction is expected to take place in the 
near future. 

SECTION ..... 
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Figure 3.55 
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Figure 3.58 

STARBOARD VILLAGE 
Pensacola Beach, Florida 
Architects: Davis & Associates, 

Architects & Planners, PA, 
Orlando, Florida 

Starboard Village (Figures 3.58 to 3.62) is a 
33-unit condominium project consisting of six 
low-rise buildings on t he Gulf of Mexico. All the 
living areas a.re raised above grade, allowing parking 
at ground level. Each building is designed with a 
module using a one-story unit with two-story units 
above. All structures are concrete frame and slab 
systems, supported on concrete-piling with shear 
walls designed to withstand hurricane forces. 
Wood-accented stucco as the primary finish main­
tains a residential quality. The architects exercised 
special care in locating the air-conditioner units, 
mounting them under concrete stairs and on the 
underside of the second floor concrele slabs. 
Wood louvers then enclose the units. 

... 
Figure 3.59 
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Figure 3.62 

58 



GULL POINT CONDOMI 1UMS 
Perdido Key, Florida 
Architects: H. Shelby Dean- Richard H. Fox, 

Architects, Anniston, Alabama 

The <lesign of this 16-unit condominium (Figures 
3.63 to 3. 70) on the Cul f of Mexico successfully 
in tegrates storm protection, energy conservation, 
function1 and economics. 

The architects used pile construction to eleva te 
the units several feet above the minimum required 
by the National Flood Insurance Program. This 
was done because analysis of the flood insurance 
premium rate structure showed that the added 
margin of safety from the additional elevation 
would qualify the units for significan t savings in 
annual insurance costs. 
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The buildings' ex leriors are of ce<lar. The buildings 
wer<; configured to reduce the impact of hurrit:anc 
winds while maximizing views and privacy. Al lhc 
same time, fencstration was placed to maximize 
natural ventilation. This and the use of insulated 
glass have reduced 1'11c need to us<' the units' air• 
conditioning. 

A variety of forms ancJ shapes provide visual 
interest and a variety of Ii, ing spar-es for the units' 
occupants, who use the unils mostly as vacation 
homes. The units are situated around a central 
pool and landscaped area, which provides the occu­
pants a well-defined community spa<'e. 

~OUTH ELEVATION 

Figure 3.65 
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DESIGN AND CONSTRUCTION GUIDELINES 



Foundations 
The c om111011 mrlliods of dc,alin~ r('siJenlial 
s truelures arr 1·:irlh fill, elc":itc<l fo11mlu lions, 
shear walls, posts. pil<1s. and pins. Thr sclrction 
of an cfrvnlion lcrhn ique clrpcnds 0 11 a 1111mhPr 
of variaLks. i11durliu~ ltydrolope faelors. physi­
eal cundilio11s al tJ1e si lc . a 11d cor- t. ThC' dclrr­
rninution uf lhr apprnpria tr trrl,ni<(U<' rcquire1-
a11a.lysis of lhrsr fac lorfl in llw conlex l of fedrral , 
state, ancl Iocal regulatory rt'lJllirr mcn Ls. In somr 
cases it l'Ull be ad\anlageo1,s Lo use a 1' umlii11 alion 
of t'lcYalion ml'tl1od'-. For r~amplr, a b11ilding­
raised on fill a t one cn<l and piers or posts al the 
uther rn11ld provide ground CTuor acces~ at llw 
('lJii uf ll1t Luilclin~ away from Ll1e Uoodplain 
while minimizing obstru ction of floo<l. waters 
ul Lhc end n C'ar('l' the stTCam rhannel. 

The following cliscussio 11 of IJir dcsigu and con­
struction of elevated rcsidcnLia! stru<· Lurcs is 1as1-tl 
on accepted building prac tice. GcurraU y, a con­
servative.: approach ha.s Leen taken in order to 
c·11surc compliance ¼ilh lhe Luil<ling co<les mosl 
widdy usPtl in the Cuitc•l S tales. l11 ad<litiou, tl1c 
pcrformani.:f' criteria prc~c11tcd later in this manual 
can be us<'d to review a lmilding':; cxpc'ctc<l re­
sponse lo floodiJ1g. At1al) sii; of {lood-induce<l 
loads and soil eo11<litions. as w1•U as normal loads, 
stresses, and drllec tio11 of struc tural members, i i:. 

re11uirl'tl Lt> cnsuri' satisfactory LuilLling perform­
ancr. 

~()I (' th al foundal io11~ i11 \ %n1w,- el111t1ld lw 
dC'~ig:111·d in ,1rTurd11n1 ·1· \\ ii It l>11 ..ii{!11 ,111d (.'011 • 
.~ lrt11·tio11 •i/11111111/ jiu l:11 sid(0 11/i11l Bui/din/!:; in 
<:rJ11.~tal lligh llrt;;;ard l n•r1.~, <·il(•d i11 llw Pn•f,HT. 
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Figure 4.1 . Elevation by Earth Fill 

FILL 

Al many A-Zone sites with low-velocity flooding it 
is feasible lo elevate structures on earth fill (Figure 
4. 1). Earth fill is a widely used elevation technique 
Lhat with proper constrnction practices and 
materials can be the most economical means of 
elevali11g a building two or three feet above grade 
or in some locations even higher. Fill should not 
be used in V Zones, where high-velocity flooding 
occurs, or al sites where fill would constrict the 
now of llood waters anti cause increased flooiling 
heights or velocities. 

The advantages of fill (as opposed lo piles or 
similar elevated foundations) include its generally 
trauitional appearance, ease of access to Lhc lowest 
llour (i.e., no stairs a.re required), the abilit-y a l 

many siLes to connect the filled area to higher 
ground for emergency evacuation in a flood, the 
safety of building elements from deterioration 
caused by exposure to flood waters, and the 
thermal insulation the earth provides the bottom 
of a house. In cold ctimales, f-u rthermore, spring 
flood water under a house elevated on piles can 
freeze, with the danger o f uplifting the structure. 

A si Le's topography and soil conditions may pre­
clude use of fill. Before fill is pu I: in place existing 
vegetation an<l a11y unstable topsoil must be 
removed. The Jill should then be placed in layers 
not exceeding 12 inches deep, with layer com­
pacted wi th 1meumatic or sheepsfoot rollers 
ur vibrating compacling equipment. For must 
residential applications, compaction to 95 percc11l 
of Ll1c maximum <lensity obtainable with the 
SlanJard Proctor Test Method issue<l by the 
A111nican Society for Testing and Materials (ASTl\1 
Standard D-698) is usually sufficient. 

Provision must be made for adequate surface 
clraim1gc and erosion prulcclion. Riprapping may 
Le r~quired for crilica.l exposed slopes of a fill 
pad. 
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ELEVATED FOUNDATIONS 

In some situations site topography, poor soil 
r.011ditions, aesthetics, or cost considerations may 
make it desirable to use an extended masonry or 
reinforced concre te foundation to ele \ ate a house 
up t o three or fou r feet above grade. S11ch a fo11n­
J ation can be bermr d with earth fill to provide 
easy access and a conventional appearance. 

Elevated foundations must be designed to with­
stand both hydrodynamic forces caused by 
velocity waters and hydrostatic forces caused hy 
standing water. Th.is may require adder! reinforce­
ment in thP walls. Where thr foundation is no l 
bermed with fill, a further dcsigu consideration 
would be the pro ision of sufficient openings in 
the foundation to allow the unimpeded flow of 
flood waters through Lhe foundation. Th.is can 
help minimize both hydrodynamic and hydro­
st atic forces without affecting the s trength of IIH· 
foundation if designed properly, 

SHEAR WALLS 

Shear walls, although more commonly used for 
motels, apartments, and other more massivr 
~tructures, can also be used to elevate smaller 
residential structures (Figure 4 .2). 

A shear wall acts as a deep beam u1 resisl.ing 
forces in lite plane of the wall. Structurally, 
the most critical design consideration is lhe luw 
resista11ce of a shear wall to lateral forces. Shear 
walls should thus be used only in areas snhject tn 
low- to moderate-velocit} tloodi11g and should he 
placeJ parallel to the expected flow of fluou 
waters. It is important that load and impact 
forces be determined for the entire range of flow 
Jircctions. In addition, a shear wall's vuh1crability 
Lo lateral forces makes it critical that connec tions 
between the wall and the foundation elemn1 Ls 
below grade be well designed. 

Figure 4.2. Elevation by Shear Walls 
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Figure 4.3. Elevation by Posts 
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Figure 4.5. Reinforced Concrete Collar 

POSTS 

Post foundations (Figures 4.3 a11d 4.4) use long, 
slender wood, concrete, or steel posts set in pre­
dug holes. Posts can be round, square, or rec­
tangular in sectio,n, though square and rectangular 
posts arc easier to frame into than round ones. 
With steel p-ost s, wide flange shapes or pipe or 
square tuLc sections are usual!) used. 

Figure 4.4. Elev,ation by Posts 

Post foundation holes are dug by hand or machine. 
Posts longer than 16 feel generally require machine 
assistance for salfe handling. Posts are generally 
less resistant to lateral forces from flood waters 
than piles or rei1nforced concrete masonry piers. 
Bearing capacity and stability of posts can be 
improved by pouring a concrete bearing pad at lhe 
bottom of the hole and/or pouring a concrete 
collar around the pos l after it has been partially 
backfilled ( Figure 4.5). 

Post Emhedmen l 

The depth to which posts should be c111Lcdded 
depends on soil iconclitions, including the depth of 
the frost line; vertical loads; lateral loads from 
flood waters, debris impact , and wind forces; the 
anticipated erosion and uplift ; and the spacing and 
size of the posts. 

The following comments an<l sketches indicate 
embedment techniques for wood posts; steel and 
concrete posts' requ irements are similar. 
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Holl• Drpt/1 and Po.~/ J,;,,,J Brarin{{, Wood posts art' 
generally r mbcddrd 4- to 8 feet. llole excavations 
beyond 8 feel become uneconomical, so piles are 
used. 

If design loaJs are small and Lhe allowable soil 
bearing capacity is adequate, i.e., dense san<l or 
medium-stiff clay, tJ1e post ca.u be sl'L on undis­
lurLed earth at the bottom of Lite lwk (Figure 
4.6). 

For larger loads and/or poorer soil co11 dilions. a 
concrf'tc pao should he pouretl into tJ,c Lotlom nf 
the hole (Figure 4. 7). The pad should Le approx­
imately as lhick as half i ts diameter, with a mini­
mum thickness of 8 inches. 

If extrem<'ly poor soil conditions are encountered 
it may Le necessary lo use concrete backfilling or 
piers, as discussed below, or to Jrivc a grou p of 
piles ru1d cast a pile cap for each post lo Lear on, a5 

show11 in Figure 4.8, anchoring the posts securely 
to tl1e caps. This can Le more e:xpensive tJ1an otlwr 
foundation types. 

0 

,__---fOUND.A:TION e£A.Rlt¼ 
ARfcA 

Figure 4.6. Earth Bearing 

Figure 4. 7. Post on Concrete Bearing Figure 4.8. Post/Pile Foundation 
Pad 
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Figure 4.9. Post/Pier Foundation 
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Figure 4.10. Concrete Backfill 

Wood posts can also be supported entirely out of 
the ground on concrete piers (Figure 4.9) . .More 
thorough maintenance is possible with this ap­
proach, but adclitional bracing may be required 
for lateral sta1ility. 

Hnle Sii,,. In post construction the hole should be 
a minimum of 8 inches larger in diameter than lhe 
greatest dimension of a post section. This allows 
for alignmenl and backfilling. 

Backfilling. Clea1n, well-compacted backfill is 
necessary to ensu:re a stmcture with good laleral 
stability and resistance against win<l ru1d water 
uplift. Common backfill materials are sand, gravel, 
crushed rock, pea gravel, soil cemen l, concrete, am! 
earth. 

Granular fills Lhat provide goo<l drainage arc 
generally considered the best. Drainage around IJ1e 

posts at grade lev,el should be positive to keep 
water from collec1ting and deteriorating the pusls. 
Backfill materials should be mechanically tamped 
to adequately compact them. Wetting such back­
fill materials as ea rth or gravel will aitl compaction. 

Backfilling the h ole with concrete rather tl1ail 

gravel or sand, as i;hown in Figure 4.10, adds s tabil­
ity to the structure anti increases lhe bearing 
area. Shallower embedment may Le possible with 
this meLh od. 

Soil cement is an economical alternative lo con­
crete and attains strength nearly equal lo it. Soil 
cement is made by mixing the earth removed from 
the dug hole v.ith cement in a ratio of 1 part 
cement lo 5 parts earth (plus water as directed by 
the 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 l inch. 
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Anchorage 

Lateral forces and t1ood forces arc less likely to 
overturn or uplift posts if the posts arc anchored 
to a foundation. Two ways to anchor posts arc to 
embed them in concrete or lo fasten Lhem to metal 
straps. anglf's. plates. etc., thal are themselves 
anchorrd in concre te footings. piers, or pile caps. 

Figure 4.11 shows one method of anchoring wood 
posts in ronrretc. Large (fl/8- to 3/4-inch in 
diameter) spikes or lag bolts are driven into the 
post around its h~se. Tlie post is placed in Io Ute 
hole .and secured lo bracing restraints l(} prevent 
movement through the footing while the ,·oncrcte 
sets. 

The metal fastening method of anchorage can be 
used aLove or below ground. Figure 4.12 shows a 
square wood post lag bolted to a metal shoe that 
is anchored in a pier. In Figure 4.13, heavy gauge 
galva11ized steel s traps are used lo anchor the wood 
post to a concrete pad. 

.. • . 0 

•· •
1,jR,i.OE 0 

0 
" 

--=-+---R~INFORCE?P CONCRE:-Tf:­
Plff 

...., 
~ o· . . 
.. ., 

~ 

c' .:,., . .. C 

"a

• !) •c ,. 

Figure 4.12. Metal Angle Anchorage 
Detail 

Figure 4.11. Spike Anchorage of Post 
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Figure 4.13. Galvanized Strap Anchorage Detail 
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Figure 4.14. Pile Foundations 

PILES 

Pile foundations (Figure 4.14) use long, slenJ er 
wood, steel, or r,einforced concrete piles U1at are 
cl.riven or je tted i1nto the ground. Vertical loads can 
be carried by driving piles lo a load-bearing layer, 
such as rock (end-bearing piles), or by driving the 
piles <lrrp enoug;h into t.he ear th Lo develop enough 
friction between the smface of the piles and the 
surrounding soil to carr) the load (friction piles). 
Friction piles, which can also have an end-hearing 
component, are most often used for typical light 
residential loads. 

Piles are slrnct1.11rally s lronger tha11 posts and are 
there fore more suitable for dw rx Lreme wind and 
water forces and! erosion in coastal V Zones. Piles 
in V Zunes shou ld be designed in accordance with 
Dl'sig11 a11d Cotti: / rurtion Wan1wl for Ri·~idPn-
ticd Buildin~s i11 Coastal lfi1d1 Ha-:arrl Arens. cited 
in tl1e Preface. 

Pile Materials 

Piles can Le concrete. ~teel. or wood. In coastal 
areas, where steel piles are not Jcsirahle because of 
corros.ion problems, concrete piles can l,c particu­
larly good when combined \\; th precasl cuncre te 
floor beams; such struc tural systems cau Lc­
pfficic11t, economical, and flood resistant. 
Cone re Le piles can he particularly suitable for 
buildings of mo.re than lwo stories. 

The- vulnerabilities of Jiffere11 L pile materials 
Lo cmi.romnental conditions are <liscusse<l in the 
111aLc-riaJs sectiom later in this manual. 

WooJ piles are probahl) the most widely used 
foundation for devated residen LiaJ sb·ucturcs. 
Ln some locatiuins, st111arc Limbers are preferred 
over round piles because of cost. availabilit), and 
ease of framing and connecting the slruct11ral t1oor 
Lea.ms to the pillcs. The most popular suitaLle sizes 
(in inches) arc 10 x 10 an<l 8 x 8 square roughsawn 
members. 
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Round timber piles are also frequently used. 
C enerally, round piks arc available in longer 
lengths than square timbers, and for lengths 
greater than about 25 feet round piles are fre­
quently the only piles a\'ailable. Round piles are 
often prefrrred because they cru1 provide greater 
cross-sectiona.1 area, peripheral area, and stiffness 
than square sec tions, particularly tJ,e 8 x 8 fonbers. 
A mi11i 1Y1Utn tip diameter of nlJOut 8 inches, and a 
hu LL or lop dia111clcr ( a t tJ1c floor Learn level) of 
abiJut 11 inches or more arc recommended for 
round pile~. 

Pile E111bcdmenl Methods 

A major consideration in the effectiveness of pile 
foundations is the me thod of inserting piles into 
the grountl. This can det ermine the amount of the 
piles' load resistanr;e. ft is best Lu use a pile driver, 
which ust>s leads to hold the pile in position while 
a single- or dou blc·ac ting ham 111rr ( delivering ahouL 
l 0,000 lo l S,000 foul-p<Jun<ls of energy) drives 
piles into Lit(' grouud. A pile driver should be used 
for prcca~ t com;retc pil1·s and ,,tee! piles. 

Th<' pik drhcr method, while cost-effective for a 
developml"nl with a numLcr of houses being con­
structed at one time. can hr ex pensive for a single 
residence. An economical alternative, the drop 
hammer, consists of a heavy weight (several 
ltun<lre <l poundi,) that is raised hy a cable attached 
lu a power-<lriven winch. The weight is then 
droppe<l 5 lo 1!1 feet onto tJ1e end of the pile. 
Drop hammers mnst be used with rare hecause 
they ca11 damage wood piles. 

Disadvantages of pile driving inclwlc 1lifficullies 
with alignmcnl and with se lling a driver up 0 11 un­
even lcrrain. The a<lvaulagc is that the driving 
operation forc<'s soil outward from around the pile, 
rompacting Ill<' soil and causing increased friction 
along Llw si,les of the pile, which provides greater 
pilf' load resistaw::c, A much less desirable but 
frequt>ntly used melliod of inserting piles into 
sandy coastal soil is ''je tting." Jetting involves 
passing a high prcssu re stream of waler through a 
pipe a<lvanccd alongside the.: pile. The water Llows 
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Figure 4. 15. Pier Foundations 

a hole in the sand into which the pile is continu­
ously pushed or dropped until the required dep th 
is reached. Sa11d is then tamped into the cavity 
around the pile and the end of the pile pounded 
with the heaviest sledge hammer or other weight 
available. Unfortunately, jetting loosens not only 
the soil around tlte pile but also the soil bdow the 
lip. Therefore, onl) luw end and side friction load 
r:apacity is attainPd, and the piles must be insertcu 
deeper into the ground than if they were driven. 

If the soil is su fficicntly clayey or silty, a hole can 
ur excavated by a.ii auger or other means. The hole 
will stay open long enough to drotJ in a pile. Some 
sands have enough cla) or silt to also permit the 
digging of a hole. Then sand or pea gravel can be 
voured and tamped into the cavity around the pile. 
Again, this does not provide as good load resistance 
as driving the pile into the ground, an<l longer piles 
are necessary. With short woo<l piles, some final 
driving with a sledge hammer can be helpful. 

Soil Conditions and Embedment Oeplh 

I.oral l,uilding rnck:-- nft1•n ~11(T\f) tlw n ·<piin·d 
t·111hnlmen t 1(1·pll 1~ uf pik,-. P.g.. lo al lt'a.-t 6 l'rf't 
l,1•(1111 ~rade. Su<:h todr» ofl(·n do 1Jnl tak,· inlo 
ai.:1•cJ1111l thl' contlit iu11i' .il :;p<'<:ific ~iles: a soi l"' 
rn~inrn "huuld be c0 11:-1il l('d in doubtful situ­
nlion:,,. In addition. D,·siµ11 llnd Conslruclion 
,\flwual fnr R1•.~idr11/ial Bu.ildi11µ,s i11 Cnustal lliglt 
1/a-;;ard 4rPa.~. <·it1•d in tlll' l1rda1 ·c·, 1-1ruv1dl':,. 11st·­
l\il i J11'1 ► rmali1 111 1.111 thi,, :,,ubj1·1·1. 

The r1•l1uircd depth of pile cmLeJrncnt depends 
primarily on tJ1c number of piles used, tJw size and 
weight of thr stn1eture, and the type of soil at the 
building site. The pile depth is also influe11crd by 
the lakral forces from flooding and wind and 
deLris impact, the manner in which the piles are 
inserted into the soil, an<l the nee<l Lo allow for 
erosion of the soil that supports the piles. 

Ju riverine environments the soi.I types ,m<l the 
anchorage provided by Lhr frictional force of 
tJ1e soil against the sides of the pile vary widely. 
and is the domi11a11l soil componen t in most 

eoastal areas, bu L in some arras there may Le 
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an underlyi11g layer of several feet of clay. General­
i) , cla) soil provide greater load-bearing rapacjly 
with less penNrution than sandy soils. 

Clay soils arr also less susceptilile Lo erosion. The 
<ll'pth of erosion of san<ly soils caused Ly wave 
action is virtually impossible to preilic t. Piles 
supporting n:i-idt:ntiaJ structures on sandy coastal 
shorelines should penetrate I.he ground deeply 
rno11gh to provide resistance Lo wind and water 
luads even after cxlcnsh c erosion has occurred. 

Posts arc often backfilled JlartJy with concrete Lo 
improve (heir resistance to lateral forces. The same 
technique can be used with piles. After piles are 
driven, the area arow1cl each pile is dugou t a11<l a 
U1ick roncrelr collar is poured, extending several 
feet l,elow grade. Such collars provide protection 
from minor f' rosion , add some deadweight lo the 
stru c ture. and increase piles' pull-1.>ul rcsistanre. 

rlERS 

Pier foundations (Figure 4.15) are suitable in areas 
away from a riv<'r or coastline where flood waters 
move with low velocit:) ru1d erosion will be 
minimal. 

Pier foundations 11sc hrid, , concret e rnasonr) 
blocks, or poured-in-place concrete t o elevate 
slruc lures. To resist liorizontal wind and ·water 
forces, piers should re, t on substantial spread 
footings or a grade beam. with reinforcing steel 
rods C'.'.Le 11 cli11g from these elemcnls through 
I.he full heigh t of U1r piers lo rc~ist tensile stresses. 

Pier Materials 

The vulnf'raLilit) of 11it·r materials 1·0 c-nviron­
mental conditions is disrussc<l in the materials 
sedioH lalcr i11 Llii~ rna11uaJ. 

Urick and Cuncn•tc Masonry Piers 

Brick piers and concre te- masonry piers should 
lw a minimum of l:?" )\ 12" and reinforced with 
steel rods (Figures 4 .16 and 4.17) . ll ollow con­
crete masonry units should Le filled wi.Lh coucrc lc. 
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Figure 4.1 6. Reinforced Brick Pier 

- GF-.NlE. 

: -. .. 
t ... .~. . 

---
r:-~:-,:-llr:"-:,..- - - -!"Ol>t(t~ Q.R' 
r-1t=:=it=:=1..- - -A~t\,D!Z ~ T 5 

r. 
:1 
" I: 
",,,. 
:: 
,, ,, 
" :: 
:; 
1: 

I 

" 
" 
I,

--+---+-----te'x 12.' f{EJNfC(~Et7 
,, 
II 

Ii 
II

" 
"II,, 
!! 

r--,I V 

Cl?N~TI= 
!'\A50t-lR'(
e:,~K 

-
Figure 4.17. Reinforced Concrete Masonry Pier 
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Figure 4.18. Wall Foundation 

H.cin forced brick piers can be used to elevate 
structures l ½ to 6 feet off the grounrl. Concrcl.e 
masonry piers are ef fec tive for clcvatio11s of l½ to 
8 feet, 1n general, the height of reinforced con­
crete masonry piers should be limited to a maxi­
mum of ten times U1eir k asl dimension. Square 
piers are preferable. If the piers are reclangtilar 
the longer dimension should not exceed the 
shorter dimension by more than 50 percent. 

According to Lhe National Concrete Masonry 
Association, the allowable working str~sses for 
concrete masonry piers are the same as those for 
the design of concrete masonry walls. The pier 
masonry should be la.id with type M or S mortar. 
The association also recommends that the spacing 
between piers sup!JOrting floor joists not exceed 
8 feet in the direction perpendicular to the joists, 
nor 12 feet in the direction parallel to joists. 

These minimum rcyuircments apply whether the 
pier is free standing or laterally braced. ln cases 
where exceptionally large loading conditions may 
exist , the pier cross-section should be increased 
and/or additional reinforcement added. A larger 
cross-section can be obtained by using piers several 
fee t in length. The long dimension sl1ould be 
placed parallel to anticipated t1oud flow, as in 
Figure 4.18. In coastal areas, however, flood 
forces may come in at an angle, loading such a pier 
adversely, so alternatives should be considered. 
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Poured-in-Place Concrete Piers 

Poured-in-place concre te piers are essentially re­
inforced concrete columns. Thc.y arc cast in forms 
set in machine- or hand-dug holes. The holes can 
be widened or belled at the base to form a foo ting 
integral with the pier, or, as shown in Pigurc 4 .191 

a separate footing can be poured. If soil condilions 
are appropriate Lhe foo ting can be eliminated and 
loads left to end bearing and friction between the 
soil and pier (Figure 4 .20). Poured-in-place piers 
of the latter type can be particularly eff ect.ive for 
larger homes or developments of single-family 
homes and townhouses. 

Poured-in-place concrete piers can Le used to 
elevate a structure l ½ to 12 feet or more. The 
dimensions, reinforcement, and spacing of con­
crete piers depund on the type of building framing 
used and on building and environmental loads; 
structural analysis is required, 

Pier Footings 

Pier footing sizes are a direct function of soil 
bearing capacity and loading, and can Le computed 
on the basis of local codes. Depth of pier footings 
depends on local frost penetration levels and 
expected flooding, wind, a.n<l erosion levels. 
Footings in areas with soils of high volume change 
potential can be unstable, and should be designed 
with the guidance of a soils engineer. 

BRACING ELEVATED FOUNDATIONS 

Elevated foundation elements must be brace<l 
when analysis indicates that their size, number, 
spacing, and embedment will not be sufficient to 
resist lateral forces. Even in areas where low­
velocity flooding is anticipated, bracing can pro­
vide added assurance that the structure will with­
stand the impact of floating debris or greater-than­
expected flood or storm forces. Although bracing 
placed underneath a struch1re may be struck by 
floating debris, the effects of this on a structure's 
survivability arc generally outweighed by bracing'~ 
beneficial effects. 

Figure 4.19. Reinforced Concrete Pier 

Figure 4.20. Drilled Pier Foundation 

77 



Figure 4.21 . Knee Brace 

Figure 4.23. Diagonal Bracing Figure 4.22. Diagonal Bracing 

Knee Braces and Diagonal Bracing 

Knee braces (Figure 4.21) aml Jiagonal braci.ug can 
be effective i.t1 providing lateral slrrngth. Lum br r 
more than 2 inches thick is usually recommended. 
Bolts are preferred over nails for connecting 
bracing, because of bolts' greater resistance to 
pullout forces. Knee bracing is usually bolted 
between the floor joist and post or pile. 

Diagonal bracing (Figures 4.22 and 4.23) is bolted 
at the base of one post or pile and fastened i n a 
like manner to the adjacent post or pile jusl belo \1• 
the floor beams. Although rl.iago11al bracing is 
more likely than knee bracing to br slru1;k by 
{loating debris, this is generally outweighed Ly the: 
greater lateral stability with diagonal bracing, 
especially in higher elevated structures. Steel rods 
can sometimes be used to diagonally brace wood 
posts or piles. The rods are fitted through drilled 
holes flooded with wood preservative and fastened 
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 5/8 to 3/4 inches in diameter. 
Steel diagonal ties, while effective, require con­
siderably more monitoring and maintenance than 
wood because of steel's susceptibility Lo corrosion. 
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Shear WaJls and Floor Diaphragms 

ln ar1·as with low- to modcratc-velocily flooding, 
shear walls placed parallel to the flow of flood 
waters a.11d firmly atlar.hed to piles or posts can 
help brace Lhem (Figure 4.24). 

Wi th wood shear walls. Lit~ µlywuo<l sizes, Llw 
strength of wall edges, ru1d the walls· anchorage are 
all irnporlanl lo effective bracing. 

A shear wall tan Le \lse<l in conjunction with a 
floor diaplu-agm (Figure 4.25) t o transfer hori­
w11tal forces or reduce cmbcdmenl depth wl1en , 
for cxam~lc. sulid rock is reached when digging 
fou11<la lion holrs. A floor diaphragm ran be used 
with either pok frame or platform construct.ion. 
Floor diaphragms usually Pall for I /2- or 3/4-
inch plywood. 

The severe lateral forces rncountered in coastal 
V Zones <; an require the use of trusses, grade 
beams, or slabs Lo pro\ icle acleqm1te support. 
These arc discussed in n,1sig11 QIIU C1111~tmrlion 
,Wanual fo r Rf'$id,,nlial Buildi11µ,s in Cr111slal lligh 
Nn:.11rd .4 n•11s. cil!·d u1 thl' Prcfa.~e. 

Figure 4.24. Shear Wall Bracing 

,-t.a'I,' DIAPHU~l-1 
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Figure 4.25. Floor Diaphragm Bracing 
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Framing Construction and 
Connections 

,. 

The framing construction and framing connections 
in an elevaled home can Le critical Lo its ability to 
wilhsla.nd flood forces with minimal damage. 
Construction in most non-flood areas must supporl 
loads imposed by t he ,vcight of the building 
materials ( dead load), weight of people and objects 
(live load), and modr-sl loads i111posrd by wintl. 
Under normal conclitions and with typical methods 
of framing constmction and framing attachment. 
these loads act downward through gravity to hold 
the building's structure together. 

llowever, these loads represent only a portion of 
the loads imposed on any structural syst em in 
flood-prone areas, particularly iu coastal V Zones. 
Additional forces ca.11 be applied to these structures 
by Ooating debris, velocity flooding, extreme 
winds, and wave action. These buildings' struclural 
syst em must be capable o f withstanding these loads 
and still support tl1c structure and its co11tents. 

Coastal V Zones arc virtually certain to be 
subjected to the extremes of these forces, and 
homes there should Le <lrsib'Tlcd in accordance with 
0 <'sign and Con~lrul'/iun Manual f ur R,,.~id<>n-
tial Buildings i11 Co11s/,a/ JJigh lla::.11rd lm ,s, citcJ 
in the Preface. 

E, en in riverine a11<l coastal A Zones, ho wever. 
prudence suggests that homes be built with a 
margin of safety beyo11d that needed in non-flood 
areas. Consideration should also be given to the 
possibility that fluud forces may be greater Lhan 
those anticipated on the basis of past floods or 
hydrologic analyses. Coastal areas pose the addi­
tional danger that shifting dunes or other storm­
induced topographic changes can transform rela­
tively safe A Zones into V Zones, which experi­
ence the full force of ocean storms. 

Measures to provide a home with an extra margin 
of safety to resist these forces are not expensiYe, 
e.g., having t1oor joists 12 inches on center instead 
of 16 inches on center. or using deformed shank 
or annular ring nails because of their greater holding 
ability. or are the needed craftsmanship and 
anchorage methoJs uncommon t o the carpentry 

Figure 4.26. Toe Nailing Provides trade. Simple nailing, for example, especially end or 
Limited Pull-Out Resistance 
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toe nailing, provides little resistance to flood forces, 
partially because of the tendency to split the wood 
in the toe-nailed memLer (Figure 4.26). Ilolts, lag 
bolts, or nails in metal anchors at right angles to the 
direction of force (Figure 4.27) are well-known 
methods of increasing structural strength. 

The following paragraphs di.sruss pru<lenl fru111ing 
construction and c01mecl.ions practice from the 
bottom up, starting with tile foundation-to-floor­
beam connf'ctions and noor Learn t:onstruction 
and ending with wall-to-roof connec ti ons. 

FOUNDATION-TO-FLOOR-BEAM 
CONNECTIONS 

Post and Pile Foundations 

The connection of a post or pile founclation to 
the framing system of a structure is influenced by 
the method of framing used and the cross-sectional 
shape of the post or pile. 

Framing JHl'thod.~. Two different method., for 
framing into post or pile foundations arc in common 
use today : platform construction and pole frame 
construction. 

Platform constntction entails simply cutting posts 
or piles off at the desired elevation and framing 
them with beams to support floor joisls and deck. 
The platform thus formed sPrvcs as the first 
haLitable floor and construction platforrn for any 
type of conventional framing strncture desired 
(Figure 4.28). 

Figure 4.27. Metal Framing Anchors 

. , ' 

Figure 4.28. Platform Construction 
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Figure 4.29. Pole Frame Construction 

Figure 4.30. Exterior Pole Framing 

In what is termed pole frame construction, the 
posts or piles are extent.led up to or through the 
roof, with beams framing around tl1cm as supports 
for floor joists and roof rafters (Figure 4.29). This 
method securely ties the entire structure together 
and is excellent for sites where lateral forces may be 
strong. 

A basic problem with piles is their alignment. 
Posts can be plumbed and aligned easily before 
they are backfilled, but piles must be jacked and 
pulled into position. This can be more of a problem 
with pole framing than platform consbuction. A 
solution is to locate piles either on the interior or 
exterior of a sbucture, not in the walls. Then, as 
shown in Figure 4.30, allowance can be made for 
alignment variations. 

Cross-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 is generally best to 
frame the posts ·with a pair of beams, girders, or 
rafters-one on each side. 

The roundness of wood posts is not a problem 
when using bolted or spiked connections as shown 
in Figure 4.3 L. The framing is then the same as 
for any other timber member. 

Figure 4.31 . Bolted Connection to Round Pole 
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Another connection method is to eliminate the 
curve of the post or pile by clapping and then con­
necting with bolts, gusset plates, or other devices. 
As Figures 4.32 and 4.33 show, a <lapped post will 
form seats that assist the beams in carrying vertical 
loads. Posts that are small in section, however, 
should not be clapped or they will be weakened. 
Generally, Lhere should be a thickness of post or 
pile for the bolts to bear on equal to the total 
thickness of the floor beam. Two bolls should be 
used to connect beams to each post or pile. 

Spike grid connections (Figure 4.34), standard in 
bridge and warehouse construction, are less com­
mon in residential practice. A single curved grid 
inserted between the post or pile and the beam 
substantially increases the strength of the bolted 
connec tion. With the curved side of the grid against 
the pole and over prcdrilled holes, a high-strength 
threaded rod is used to squeeze the two wood 
surfaces together, forcing the tooth of the spike grid 
into the grain of both members. The high-strength 
rod is then replaced with a conventional bolt of the 
proper size. A fl.at spiked grid is used to connect 
two flat surfaces, and a <loublc curved spiked grid lo 
connect two rounded surfaces. 

SfC:flON Ff!OM -ror 

Figure 4.34. Spiked Grid 

Figure 4.32. Dapped Gusset Plate Connection 

Figure 4.33. Dapped Pole Connection 
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Figure 4.35. Concrete Masonry Unit Pier 
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Figure 4.36. Masonry Pier- Strap Anchor 

Pier Foundations 

Pier foundations are generally used for platform 
framing construction rather than pole framing 
construction. 

Piers can be connected to floor beams in several 
ways. A pier's reinforcing steel rods can be ex­
tended from the pier and bent over or into 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) steel anchor 
bolts cau be embedded in the pier and bolted 
through the beams with nuts and large-diameter 
washers. 

'­
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Figure 4.37. Masonry Pier- Bolt Through Beam 
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The bolts should be at least 1 inch in diameter an<l 
embedded al leasl 12 inches in concrete piers arnl 16 
i.11cl1es in masonry piers. If two floor beams abut on 
a pier, each must be anchored separately (Figure 
4.38). 

:,0r.,1r .~1.ti-,0,~R r 

J 
Figure 4.38. Beam Splice on Pier 
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I SPAN I SPAN 

Figure 4.39. Floor Beam with 
Cantilever Overhang 

FLOOR BEAMS 

The floor beams attached lo foundation elements 
in tum carry the floor joists and subflooring. Since 
floor beams that are as long as the width or length 
of resiclential structures are often difficult to find 
and hard to handle, it is common to use splices. 
Splices may occur in several places and need not 
always be localed directly over suppor t.s. 

Floor beams are oflen 4 x l0's or up lo 6 x 12's, 
but they may be built up using standard framing 
lumber, su1;h as two, tJ1ree, or four 2 x l0's or 2 x 
12's, spiked or bolted together. Where beams 
are built up using a good grade of lumber for the 
laminated members, the strength of the built-
up beam can equal that of a solid member. AJI 
memLers of the built-up beam should be continu­
ous between supports. because splices materially 
reduce strength. Built-up memLers should inclurl.r 
only one splice at any one location. The ends and 
tops of built-up members should nol bf: directly 
exposed to the weather. 

The primary noor beams spanning between supports 
should span in the directiou parallel to the flow of 
potential floodwater. This orientation allows the 
first transverse member prrpendicular to flow to be 
the floor joist. Thus, in the case of an extreme flood 
the beams would not be subjected to the full force 
of floodwater along their more exposed surfaces. 
This also reduces the potential for -floating debris to 
damage the structure, and places the lowest obstacle 
to flow above the floor Learn. 

CANTILEVERS 

A cantilever is a projecting beam that extends 
beyond its support. The beam must be continu­
ous (nol spliced) over lhc last support prior to 
the can tilcvcre<l section, and deJJends on the vertical 
load applied for counteracting reactions (Figure 
4.39). The practical limit recommended for a 
cantilever is normally one-lhird the length of the 
beam span prior to the can tilcvcr. 
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The advantage of this method is that it can reduce 
the nurnbcr of piles, poles, or piers required for a 
given area, as illustrated in Figure 4.40. Reducing 
the number of piles can result in potentially lower 
cost anti fewer obstructions to the flow of flood­
water and debris. Residences supporteu in this 
manner have the additional advantage of hav-
ing the first row of piles 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. 

f.--- ----- -.---- -- - -.- .... .• ' 

-- ----·- • 
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w 
Figure 4.40. Cantilever Used to Reduce Number 
of Foundation Elements 
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Figure 4.41. Wood Joist Anchors 
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Figure 4.42. Met al Hurricane Clips 

CONCRETE FLOORING SYSTEMS 

Recently developed flooring systems using precast, 
prestressed concre tr for floor beams, joists, and/or 
suhfloori11g can often be useful in elevated struc­
tt1res. Construction and connection techniques for 
these systems are beyond the scope of this manual. 

FLOOR-BEAM-TO-FLOOR-JOIST CONNECTIONS 

A positive connec tion is also rcttuired beneath 
the first floor level between the floor joists and 
floor beams ( li'igure 4.41). Metal connec tors now 
available 1)rovide strong positive connection (Figure 
4.42). Metal straps can also be used provided proper 
nailing is J.one and a sufficient number of straps is 
installed. At the minimum, every other joist and 
wail stud should be anchored wi th a strap. and even 
more for more severe loads (Figure 4.4,3). A good 
wuod co111wt:Lor ha» also been developed. The 
capacil; nf tfw:Y' 1·or1r1c1 ·liun~ <kpcnds dirc:dly 
on Llw n11mher of nail:; and lhr ir indi vidual CHpa• 

city to re...,is t loads lransversf' to their axi~. Pul10 1JI 
resistance along the a'l'.is is not useJ ; rather, the 
nails are placed at right angles (perpendicular) t o 
tJ1e loads being Liansferre<l between the wood 
members. The number of nails cou11ted in figuring 
tJ1e to tal connection capacity of a given joint is the 
lower numLer that exists on either side of the 
joint. Fur ~xample, in the connection of a floor 
beam to a t1oor joist, if five nails are in the beam 
and fuur are in the joist , the capacit-y of the 
connection is limited by the four nails on the joist. 
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FLOOR JOISTS 

Cross-bridging of all floor joist s i i:; re,:ornmcnded 
lo stiffen the floor system. The elevation makes 
the Doors (particularly the first floor) more acct:s­
sible to uplift wind forces, as well as to the forces 
of moving water anJ floating debris. Effective 
cross-bridging requires: 

nominal 1 x 3's 8 feel on cenler maxi­
mum 
solid bridging same depth as jois t 8 feet 
on center maximum. 

SUBFLOORINC 

'l'wo methods arr commonly used for subfloor 
construction: nominal 1 x 4 or 1 x 6 boards placed 
diagonally over the floor joi:;b:l (either tongue-and­
groove or square-edge with expansion space Letween 
LoarJs) and plywood subflooring used to create a 
floor djaphragm. When a plywood s11bi1oor is 
planned, guidelines for thick11css and methods of 
altacluncnt in relation to jois l spacing can be 
obtainecl from the Pl_ywoud C'onstmctivn Guide 
published annually by Ute American Plywood 
Association. A well-constructed, firmly attached 
subfloor can Le an important asset in resisting lateral 
forces. 

Subfluoring is typically nailed dircclly to the floor 
joists. Nailing with annular ring nails or Jcfonned 
shank nails is recommcudcd. These nails provide 
ex tra strength against pulling oul when the floor 
systcw is exposed to loads other than gravity. 

A system of nailing and adhesive application of 
plywood wi lh tongue-and-groove joints along thl' 
long edges of Lhe sheet avoids the' nee<l for block• 
ing along these edges. This produces a more levd 
floor and offers a stronger diaphragm actiun to 
resist horizontal nood forces. 

5TAAf'f'\NG. 
WRAff'!:t7 
AKOUNt7 
ft-oORB~ 

PIER 

Figure 4.43. Metal Strapping 
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Figure 4.44. Stud-to-Stud Connections 
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Figure 4.45. Plywood Anchorage 

FLOOR-JOIST-TO-WALL CONNECTIONS 

Elevated structures experience increased wind 
forces becau se wind speeds increase with elevatioti. 
Exterior walls are used as trn.sion members to 
transfer wi.n<l uplifl forces at the roof down to 
resistance provided by the foundation. It is usuaUy 
necessary to use galvanized metal st.rap connections 
from alternate exterior wall studs to the Ooor joists 
or floor beams and from first floor studs lo second 
floor studs (Figure 4.44). The capacity of these 
connections <lcpcmls on the:: number of nails used. 
Manufacturers' brochures ca11 Le used to ascertain 
connectors' capacity and thus the spacing rnquired. 

WALL SHEATHING 

Plywood is the most common sheathing in use for 
exterior walls (Figures 4.4.5 and 4.46). The major 
advantages of plywood are that it Lraces the wall 
framing to resist racking stresses and it forms a 
continuous tie from floor beam tu Lop plate whe1t 
properly installc,J. 

Plywoo<l used for shea thing structures elevated up 
to 10 feet above the ground should be ex terior 
grade an<l not less I.ban 1/2-inch thick. Nailing 
should be with sixpenny nails. spaced 6 inches 
alung the edges of I.lie pa11cl an<l 12 inches 011 

intermediate s tuds. 
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Structures elevated more than 10 feet should be 
sheathed with 3/4-inch exterior grade plywood, 
nailed with eightpenny nails, spaced as before. 
Deformed shank or annular ring nails and plywood 
with exterior glue are recommended. 

WALL BRACING 

Bracing vertical walls against racking is a common 
building practice. especially for weak mateiials 
such as some of the newer insulated sheathing. 
Wind forces and lateral forces from moving water 
arc also significant factors in detennining whether 
and to what extent Lo brace vertical walls. 

Common wall bracing me thods are a let-in diagonal 
wood brace. diagonal boards and plywood. A 
common method similar to the Jet-in diagonal brace 
is a light-gauge galvanized steel strap nailed 
diagonally lo each stud at th1.: outside corners and 
framed walls. 

WALL-TO-ROOF CONNECTIONS 

Probably the most critical structural connections 
for ·wind resistance are those between walls and 
the roof. For single-family residences, the roof 
structure is usually roof rafters of 2 x lO's or 2 x 
12's or roof trusses bt1ilt up of 2 x 4 's or 2 x 6 's. 
Whether rafters or trusses arc used, they should be 
spaced at about 16 inches or 24 inches on center (16 
inches is tJ1e more common spacing). Roof con­
nections are critical because these connections are 
limited in number- at most they can occur at evel') 
roof rafter or truss. 

A nurnher of available galvanized metal connectors 
place the nails in an orientation to best resis t uplift 
ancl lateral forces. Manufacturers' brochures provide 
the necessary design information. 

_..___ _ '3X1 fflOR. f'l-YWOOO 
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Figure 4.46. Wall Sheathing Tie from 
Roof to Ceiling 
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Related 
Design Considerations 

Figure 4.47. Shutters for Window 
Protection 

o+-++----<-+-- Sewage 
Wa ter 
Electric 

y 

Figure 4.48. Protective Util ity Shaft 

GLASS PROTECTION 

Even moderate storms or routine ltigh winds can 
cause large losses of glass in buildings, particularly 
along a coasl. nrokcn glass may allow rain and 
floodwaters and high winds to eH ter the structure. 
Water damage can ruin furnishings an<l eventually 
damage structural memLers, Win<l allowed into an 
elevated sb·urt1,1re increases the uplift load on the 
structure as it applies pressure to the ceiling and 
wall surfaces. 

Exterior shutters ran be useJ to protect glass. for 
small openings the traditional louvered shutter 
offers some protection. A<l<litional protection is 
possible using 1/2-inch plywood attached to Uw 
back of the shullcr, which will Lake the direct 
forces from the storm (Figure 4.47). This method 
allows coverage of fairly large areas of glass. 

UTILITIES ANO MECHANICAL EQUIPMENT 

Stru ctures in fluorl-prom· arf'as arf' com111011ly 
served l,y <:ombinat.io11s of elec tricity, water, 
l'ianitary sewer. ga._c, (buth natural and hottle<l), 
anJ telephone. Typical installations for these 
11tililics expose them to potential flan1age fron1 
flooding anJ storm action. !n Lhe case of an 
elevated firs l fl oor. L11c co11nedio11 from an under­
ground utility lilw to the• floor aLuv1.' fur ther 
!.!xpost:s the line Lo possihle damage and/or COil· 

la1nination !Jy 11uo(ling an<l s lornl action. Under­
grou11d sf'rvices an· also susceptible to damage 
when erosion of the protective soil cover leaves 
Lhem exposed <luring flooding. 

Damage to utilit) lines cru1 leaJ to contamination 
uf drinking water, discharge of effluent from sewer 
lines, gas explo,iuns. and fires and /o r shock. from 
damaged elec trical y:;tems. 

The most vul.twrablc section of any umlerg1·m111<l 
utilil:) Line is the porliun between tJw grnund and 
the place it enters the c·levatc<l first floor. A mini-
m urn amount uf prnteclion can be ob tained h) 
locating these utility riser,- on the sides of interior 
1·levated foundation elements opposite the <liwction 
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of' floutl ,, uln. Thi:- \'an mi11irnizr damag;c· from 
vduril~ ,, aln or flualing: debris. Amor<> s<-cun· 
melhoJ i~ Lo pla<:e all ulilil~ lines coming from 
under!!ro11nd within a pruU·c· li\l\ floodproof\•d 
shaft u11dn tlw <'Ir , atl'cl fir~l lloor (Figun· +.48). 

If electTical and telephone lines are supplied from 
overhead service lines, they should be cormeclcd 
through the utility company's meter system above 
the expected reach of -flood waters. However, this 
requirement is o ften in conflic t with the power 
company's policy regarding the reacting of meters 
and their location . If this is not possible, the con• 

nection should be made within a waterproof Figure 4.49. Elevated Condenser Units 
encJosure. All distribution panels or other major 
electrical equipment sh ould also be localed above 
expect ed fl ood waters. Branch circuit wiring should 
ur f.-d from the first floor ceiling downwar<l lo mini-
mize wiring on the first floor. 

All mechanical equipment (furnaces. hot water 
heaters. air-conditioners. water softeners) shou ld 
also be elevated above expected flood waters (Figure 
4.49). An allic location, if available, would provide 
the equipment maximum safe ty. Heating and/or 
cooling syst ems using ductwork to carry tempered 
air should be provided with emergenC) openings 
at t heir lo west elevations and a minimum slope o n 
horizontal duct runs in order to allow the system lo 
drain in C'a5{' it becomes submerged. Figure 4 .50 
illuslrat.rs some of these concepts. 

Septic tanks should be fioodproofed to ensure 
that flooding does 11ol cause the tank lo rise out of 
tlte gro11n<l if the tank is partially empty, as well 
as Lu ensll re against discharge of effluent. 

BUILDING MATERIALS 

One way to increase the sa fcl) of building materials 
is to eleYalc the building higher lhan the minimum 
11oodplain management requirements. Even then , 
however, flood waters may still reach b11ildin~ 
materials, so they should be protect ed. 

A buil<liHg elevat ed above grade has the underside of 
its floor area exposed to climatic an<l flood 
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Figure 4 .50. Locating Uti lities 
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conditions, and will require special attention to 
protecting building materials. The climate and the 
desired appearance will determine whether the 
exposed underside of a floor should be sealed. 
Sealing exposed floors can protect subfloors and 
joists from the elements, improve iusulation, and 
help conceal utilities. 

The material used to enclose floor spaces should 
be resistant to water damage or inexpensive to 
replace if it is not resistant to damage. Exterior 
grade plywood treated with preservatives is water• 
resistant and can be effective. Gypsum products 
should not be used nnless an acceptable level of 
perfomrnnce is assured. Regardless of the material 
used, some provision must Le made lo allow water 
that may fi11J iLs way inLu the floor sandwich 
during storms and flooding lo drain out., and for 
the joist spaces to dry out. 

Wood 

Wood exposed to the elements should be protected 
by treatmen t with any one of a number of chemical 
preservatives to make Lhe wood resistant to fungi 
attack, insects, bacteria, and rol. Connections 
should be designed so that water will not collect on 
or in them. They can be protected with protective 
flashing, by treating saw cuts and drill holes ·with 
vrcservalives, and by painting connections. The 
t\rneri,·an Wood Preserver~ Insli tul e, Tyso 11 ·.s lnler-
11ulional Building, 1945 Gallows Road, Vienna, 
Vil'ginia 22H30. can provide spedfic guidelines. 

Steel 

In riverine areas steel framing and foundation 
members exposed lo Lhc elements should be pro­
tected by galvanization or hy painting with rust• 
retardant pai11ls. Tl1e nce<l for painting can Le 
eliminated through the use of surface oxidizing 
steels (high strength low alloy). 

In saltwater environments, exposed structural steel 
shapes, beams, pipes, channels, angles, etc., u ndergo 
very rapid corrosion, and their use should be 
avoided. Small connecting devices such as bolts, 
angles, bars, and straps should he hot-dipped galva• 
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nized after fahrication and coated with a protective 
paint after installalion. Standard galvanized sheet 
metal joist hangers aml other connecting devices 
deteriorate rapidly despite their galvanized coating 
and also require additional protective coatings. 
Small anchoring devices, nails, spikes, bolts, and lag 
screws should, whenever possible, be hot-dipped 
galvanized. With sheet metal clips and himgers, the 
special nails used should also be galvanized. Regular 
inspection, maintenance, and replacement of 
corroded metal parts is necessary when steel is used 
in the coastal environment. Steel rods used to 
reinforce concrete or masonry piles or piers require 
special precautions to prevent saltwater from 
reaching the steel through hairline cracks in concrete 
or through masonry join ls. This is discussed below. 

The American lron and Steel Institute. 1000 
Sixteenth Street, Wash.iugton, D.C. 20036, can 
provide specific gui<lelincs. 

Concrete and Masonry 

The durahility uf reinforced concre te and masonry 
block can be improved by the use of chemical 
additives mixed with the concrete and mortar and 
by special treatments and coatings. Additives are 
numerous and vary from those that will prevent 
spalling due to freezing to those that will improve 
strength. Surface treatments and coatings, such as 
silicone and epoxy paints, can be used to reduce 
water ahsorplion and penetration and to prevent 
damage by airborne pollutants. Guidance .in the 
use of com:rclc and masonry can Le obtained 
from the Portland Cement Association, Old Orchard 
Roa<l, Skokie, Winois 60076, and the National 
Concrete 1asonry Association, P.O. Box 781, 
Herndon, Virginia 22070. 

INSULATION 

Like exposed walls of conventional structures, the 
exposed floor of elevated resiJences must be 
insulated against heat losses and heat gains. 
Depending on Lhe climate, two factors should be 
considered. First , elevating a building will expose 
plumbing; such plumbing must be insulated against 
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Figure 4.52. Insulated Floor Section, 
Foundation Wall 

freezing. In extremely cold climates, heating 
cables may be necessary with the insulation. 
Second, insulated 11oor decks may Le subject lo 
floodwaters and should therefore have either 
impermeable, closed-pore insulation able lo with­
stand water submersion or insulation lhat can IJc 
replaced economically (Figures 4 .51 lhrou~h 4.53), 

OREAKAWAY WALLS 

As indicated in D,.,.~ign a11i.i Cu11,lrul'li11n 

Jlanual for RPsid<'nli11[ lfoildi11{!.S i11 Cons/al lligh 
Hazard 4reas. cilcd in tJ1c Prrfacc, the area under 
an elevated s tructure in a V Zone must be free of 
obslruclions or be constructed with brenkaway 
walls (e.g., laltki.:work) J esignrtl to collapse urnkr 
stress without jeopardizing U1e stmctural support 
o f the Luilding (Figure 4 .54). Loa<ls from fiuotl 
waters and waterborne ,1<-Lriti are critical considera­
tions in designing breakaway waJls. 

RETROFITTING EXISTl~G S1'RuCTlJllES 

Existinµ:rcsidcnlial :slrucl11rcs in lluod lia'l.atd areas 
call uftrn be raised i..11-plac.e Lo a higher rkrnlion lo 
reduce their suSCl'ptiLili ty lo flood 1la111agc. Tl II' 

principal co11sidcraliuu i.J1 raising c·,islin~ structures 
is often the rosl: generally. tJ1e technology exists 
lo raise almost any :e trnrlure, even multistory 
buildings, but the eost increases as 1he diffic11ll~ 
increases. 

Hesi<lenlial slruclurcs ha,c been sa lis facturily 
raised up lo ninr fcrl. c\.csthelics, intended use, 
11eedcd flood elevalio11, and structural stability 
int1uence the height selel.:t1;d, Generali}, the 
additional cost Lo raise a structure an additional 
fool or so is small compared Lo the initial set-up 
cosl. 

The new foun<lation for an existing structure 
should be selected aud designed as discussed 
earlier. 

Raising in-plai;e is generally feasible for strnctmes 
thal are 1) accessible below U1c first floor for 
placement of jacks and IJcams, 2) light c11ouw1 to 
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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) s trong enough to wi thsta11d 
the stress of tl1e raising process. 

Wood frame residential awJ ligh l com rne rcial 
structures with first floors above Lhe grouncJ 
(normally with an 18-i.nch crawl space beneath the 
first floor) are particularly suited for raising. 
Wood frame structures with basements Lelow 
the first floor are also accessible and lightweight; 
however, raising the superstructure does 110L 

protect the basement, an<l the basement. should 
Le filled with a granular material to provide s trn c­
tural s t.ability for t.he walls. Brick, brick veneer, 
a11d masonry slructures, while heavier and more 
difficult to handle, can also Le raised. 

Utility equipmcnl located in a basement can often 
be moved to a higher room, such as an upstairs 
closet, or an attic. It is important. to ensure thal 
the closet or attic floor can support the weight of 
I.he equipment. If necessary, an elevated addition 
can be built to house a furnace, hol water heater, 
and other equipment formerly housed in a 
basement. Protecting utility c11uiprnent in this way 
can be useful even if the house iLsclf crumot or 
need not be raised. 

Raising a , tructure usuall) i11vo h1·s tlll' follo\\ i11g 
steps : 

- Disco1111t·d all plumbing. \\ irin~. and ulilities 
that cannot be rai ed \\ itlt Llw slruclnr('. 

- Placr steel bt'ams and hydraulic jai:"s Lf'1Walh 
the structurP and raise to desired ckrnlio11. 

- Extend exislin!! fo11ndatio11 \\·alls and pit'r!' 
or conslrud fl (' l\ foundation. 

- If a basP tn1·11I. 1·xist::.. remove \1 aler heall'r. 
furnace, rte., and fill ba.:-cment \1 ith granu­
lar inalr rial Lo support has,·nll'nl II alls. 

- Lower tl11· ~trueture onto tlll' 1·x l1· 11<lf'd ur 1ww 

foundation. 
- Adjw;l walk:,;, i; lq>:,;, ramp:-. plu111bin~. and 

utilit ie5 and rC'grade sill' a::- desin,1I. 
- Reconnr-el all plumbing. \\ iring. and uliUti1•,,. 

Insulate cx posrd flou r tu n·durc hcat los!> ,111d 
prolf'cl plumLing, \\'iring:. utilities and in;;ula­
tion from pussibl<' water darna~e. 

1%Ul):flO~l 
- ---=--'- PU:-1-lUH 

Figure 4.53. Double-Insulated Floor 
Plenum, Pier Foundation 

Figure 4.54. Breakaway Walls 
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COST ANALYSIS 



Once a rommun.ity decides that the cco11omic 
ris~ a11d. environmental impact of tlcvdoping 
l'Joodplain lanrl for residential use is aeccp tablc. 
Lh r dollar cost of that devclopmenl ruusl IJ<' 
f'Valuatcd. Two fac tors bear significanUy 011 

a11y such evaluation: firs t, the net cost of con­
struction Lhal nwcts the sLru1dar<ls of the 
National Flood l11sura.r1c<' Pro~am (~FIP) in 
light of th~ poten lial and unpreclirLable haz:ircl of 
floo<li.11g and Lhe losses Lhal 111ay ensue~ scconJ, 
the cost differentials hctwrcn construction on 
elevated foundation¥ an<l com enlional h11ild-
ing melh o<ls. (Note that standards aclaptr d L) 
local jurisdictions are often more stringent than Lhe 
l\> FIP's.) 

H1·p1·at1•d ~111di1·:- ha, c' ,hm, n t lrnl llw ~"' in;!,-
1 hal ,·an lw n·alizl'rl 0 11-r IIH· likti11w of a ~lrue­
lul'c' Li: l,uildi111f 011 a rai~c·d fu1111datio11 ti re· 

11 ~111111) f() lli- iclL•rablc- 11111·11 c·ornpar,·d \\ilh llw 
01lr-tim1' i1H·rea.~<-' i11 eo11,,l r111·Iion ro:at, for Hll 
.-11·1 a!c'd 1'011ndatio11. Th i:- i,- l;11•p:d~ IJc',·1111:-1• llw 
the 1111<-'•limt' t'o1111d u l it111 t•o .:, I:, urc• g1'111·r,1ll~ l)n l> 
fi1 (' o r :< i, pnt·i•nl 111' tl11• lntul c-11,-l of a re)'i<knlilll 
,- trudurc. ,, hil(' Ihr fl uod i11~11ranr1• :-:a1 ing::- t lw1 
ea11 lH' ,H' ltif'11·d m1·r tlw life· 111' ,, , 1n 1d 11 n· I,> 
<'11·1 utin{! i i n!II bc 1·<111,-iderahlc·. 

The economic coRt to the i11<lividual of builili11g a 
home in the floodplain consists of Luth floocl 
1la.mages that will occur and the costs of whalevf'r 
measures are taken to mitigate such damages. The 
cost of flood damages Lo the homeow11er ma) l,e 
partially shifted to federal, state, and local gmcrn ­
mrnl through low-interest loans an<l tax <le1luc­
tions for losses incurrf'd. fn communities parti­
cipating in the NFJ P, lhc owner of a new home can 
purchase Oood insurance. Esiwn lially, flood insur­
ance allows the homeowner Lo sprr ad the flood 
risk to others facing the same hazards a11d, 111or<: 
importantly, permits one to pay for expected 
flood losses, which are unpredjdablc as lo si7,c 
and lime of occurrence. in pre<lictaLlc ruml1aJ pay­
ments. These are more managcaLlc Ll1a11 1111-

cxpectPd flood losses, especially if 111orc Lhan one 
large flood happens to occur in a very short time. 
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COST COMPARISON APPROACH 

The costs of post, pile, and pier foundations are 
compared here to each other and to the costs of 
conventional slab, crawl space, and basement 
foundations. Cost data and estimating forms 
are provided for roughly estimating one's 
particular foundation costs. 

1. SI.ab-on-grade, crawl space, and basement 
f ou11dations were selected as thiee of the most 
common types of residential foundations, and 
detailed drawings of them were prepared 
(Figure 5.1). Detailed drawings were also pre­
pared for the three most typical elevation 
foundation types. These are post, pile, and 
pier foundations (Figure 5.2), (Regarding 
use of earth fill , see below.) 

--= ,i@dl§ ,.. FOUNDATION SECTION 

CONCRETE PIER $7.08 per square foot 

0•.,1:;;,.;,,, 
(i11ntt11 

~I 

I ,,,.. -'"' 
11 OL 

l , !OJ011111fl"O,(:, 

FOUNDATIONStv flONI ,.. 
WOOD POST $6.96 per square foot 

r-----..~ ____...,·-~~ 

- µ;=' •I - .; - ., .. 

FOUNDATION SH.TION 

WOOD PI LE $6.58 per square foot 

I 'l.-,IVi 17f• 
-\- I!' 0 t 

'FOUNDATl()"I ~LAN 

Figure 5.2. Elevated Foundations (Estimates are spring 1983.) 
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Conventional Foundations 2. TJ1e est imates are summarized in Figure 5.3. 
Slab-on-Grade $4.61 per sq. ft. They arc based on the founrlation and deck 
Crawl Space $5.13 per sq, f t. of a 1,500-square-foot house, 28'x50', with 
Basement $11.01 per sq. ft. a small offset. The total cost of this house 

is approximately 860.000, excluding land. 
Elevated Foundations All estimates were based on FIIA construc­
Wood Post $6.96 per sq. ft. tion practices. 
Wood Pile $6.58 per sq. ft. 
Concrete Pier $7 .08 per sq. ft. 3. L-::ing dillit from this rost sampling, the 

averal[C cusl of c·ach r•o nventional f1111ndation
Enimues-Spring 1983 Lype is comparc1J tu the average cosl uf each 

ele,aled fouruJation l.ype. This l.'Dlllparii:;011 i :i, 

donl' in twL>ways: fi t·st. Pach foundation as a_
Figure 5.3. Foundation Cost Estimates percentage of' Li-w cost of Hw rntire hou $e 

(eonvcnti1JJlal fo1111dation~ were established as 
base JOO) and. srcond the dolh1r it1rrr.asl' in 
the cost o I' 1he f01111da Lio n ahovi·. 

Conventional FoundationsElevated 
Foundations BasementSlab on Grade Crawl Spaces 

% Increase of Wood Post +5.9 +4.6 -10.1 
Total House Cost Wood Pile, +4.9 +3.6 - 11 .1 

Concrete Pier +6.2 +4.9 - 9.8 

Doi lar Increase, Wood Post $3,525 $2,745 -$6,075 
Foundation Wood Pile $2,955 $2,175 - $6,645 
Cost Only Concrete Pier $3,707 $2,925 - $5,895 

Figure 5.4 Cost Differentials, Conventional Vs. Elevated Foundations, for House Costing $60,000, 
Excluding Land. 
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4. Figure 5.5 graphically co mpares the cost of 
conslructing LIH' diffe rent types of foun­
dations at various elevatio ns. o l r Iii.JI 
increasing the eleva tion increasc-s costs at a 
substantial rate onl y in the case of the fill 
oplion (w hicl1 is based on the availability of 
usa ble fill mall'riaJ on the ~ilc). 
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Fill 

Fill can often be used in A Zones lo elevate con­
ventional foundations such as slab-mi-grade. The 
cost of this approach varies widely. depc11ding on 
tJie availbiliL-y, 1ruality, and unit cost of fiJJ as well 
as tl1e height and compaction necessary. Local 
building officials or soils cn:,_'1.llcers should be 
consulted to evaluate local conditions. 

COST COMPARISON CAVEATS 

The comparative cost data given above <lo nol take 
into account a numLcr of factors tJ1at can affert 
either basic construction costs or long-term insur­
ance costs. 

Insurance Costs 

Insurance rates under the NFIP vary greatly de­
pending on the elevation of a building and other 
feahires re.lated lo -flood safety. Differences in 
these rates can ovf'rshadow the construction cost 
differentials discussed in this chapter, and should 
Le considered carefully in making design deci­
s10ns. 

Design Assum ptions 

Each house elevated on piles. posts, aod piers was 
assumed to have 21 foundation clernen t.s. In addi­
tion, each element was assmned to be an average 
le11gth tJrnt included the length beluw grade anti 
the length between grade and the strueture. These 
lengths are 16 feet for piles, 14 feet for posts, and 
15 feet for piers. In practice. both the number and 
length of founJation elements will vary depending 
on soil conditions, expected flood levels, Ptc. 

Earthquakes 

Constructing elevate<l foundations in earthqualc 
areas may require additional structural expencli­
tures that should Le nole<l in cost estimates. Local 
building ufficial_s or a strnctural engineer should he 
consulted to evaluate local conditions. 
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Stairs and Utilities 

Elevating a residence may resull in increased c.ost 
for stairs and for utilities lhal must bt clevatcJ 
above grade. These costs were not considered i11 

tJ1c estimates presented here since they vary with 
height of elevalion, cost assiE,rnment, i.e., ·who pays 
for installation of utilities, and elevation method. 

Regional Cosl Variations 

The cost data presented above are based on 
national averages, and do not take- into account 
regional cost variations. 

Cost lnflation 

Building costs are <lifficult to pre<lic t because of 
the tendency for the cos t of basir construction 
commodities-lumber, concrete, and steel--to fluc­
tuate antl to vary relative. lo each other. The costs 
here arc eslimalcd using data for the spring of 
1983. 

on-Cost Considerations 

Cost is not the only determinant for selecting the 
material and method for elevating. ,'vlarket accept­
ance (l>Uycrs an<l banks), architectural design inte­
gration, climatic conditions. site conditions, an<l 
anticipated floud hazards should also he con­
sjdere<l. 

ESTIMATING FORMS 

The forms on the following pages can be used fur 
making cost estimates for r.onvcnlional an<l ele­
vated f011ndatiuns. 
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------

SLAB-ON-GRADE ESTIMATING FORM 
TO DETERMINE LOCAL COSTS 

Compute the following and enter: 

Square Footage of Floor Area 

Lineal Footage of Perimeter 

Square Footage of Foundation Wall 

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

=$ 

Trench for footing X LF =$ 

Place footings X LF =$ 

Lav-up or form & pour 
foundation wall X SF =$ 

Fill & grade for slab X SF =$ 

Place vapor barrier, wire 
mesh & insulation X SF =$ 

Place & finish slab X SF =$ 

Lavout house on lot 

Grand Total $ 
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CRAWLSPACE ESTIMATING FORM 
TO DETERMINE LOCAL COSTS 

Compute the following and enter: 

Square Footage of Floor Area 

Lineal Footage of Perimeter 

Square Footage of Foundation Wall 

Number of Piers 

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

Layout house on lot =$ ------

Trench for footing X ------ ---
LF =$ ------

Place footings x ------ --- LF =$ ------

Lay-up or form and pour 
foundation wall X------ ---

SF =$ 

Place pier footings X ------ --- Ea. =$ 

Lay-up or form and 
pour piers ______ x ___ Ea. =$ 

Backfill X ------ ---CY=$ 

Floor Girder X---- -- --- LF =$ 

Floor Framing X ------ --- SF =$ 

Insulation & sealer X ------ --- SF =$ 

Subfloor X- ----- SF --- =$ 

Place floor slab X SF .------ --- =$ 

Grand Total $ _____ 
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------

BASEMENT ESTIMATING FORM 
TO DETERMINE LOCAL COSTS 

Compute the following and enter: 

Square Footage of Floor Area 

Lineal Footage of Perimeter 

Square Footage of Basement Wall Area 

Number of Basement Support Columns 

Enter your costs (combine labor and materials) and extend: 

Layout house on lot =$ 

Excavation & spoil removal X SF =$ 

Place footings X LF =$ 

Place pier footings X Ea. =$ 

Lay-up or form & pour 
foundation wall X SF = $ 

Parge wall X SF = $ 

Set drain tile X LF =$ 

Backfill X CY =$ 

Place vapor barrier 
and wire mesh X SF =$ 

Place and finish 
floor slab X SF =$ 

Place girder X LF = $ 

Frame Floor X SF = $ 

Place subfloor X SF =S 

Grand Total $ 
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------

------

WOOD POST ESTIMATING FORM 
TO DETERMINE LOCAL COSTS 

Compute the following and enter: 

Square Footage of Floor Area 

Lineal Footage of Girders 

Number of Posts 

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

: $Layout house on lot 

Auger or dig post holes 
and remove spoil X Qty -= $ 

Place concrete punching 
pad X Qty = $ 

Place poles X Oty =$ 

Backfill poles and plumb X Oty =$ 

Set girder X LF =$ 

Frame floor X SF =$ 

Place insulation & sealer X SF =$ 

Place subfloor X SF =$ 

Grand Total s 
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WOOD PILE ESTIMATING FORM 
TO DETERMINE LOCAL COSTS 

Compute the following and enter: 

------ Square Footage of Floor Area 

Lineal Footage of Girders 

Number ofPiles 

Total Lineal Footage of Piles 

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

Layout house on lot 

Bring pile-driving equip-
ment to site X 

=$ 

=$ 

Furnish and drive piles 

Set girder 

Frame floor 

X 

)( 

X 

LF =$ 

LF =$ 

SF =$ 

Place insulation and 
sealer 

Place subfloor 

X 

X 

SF =$ 

SF =$ 

Grand Total 
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------

CONCRETE PIER ESTIMATING FORM 
TO DETERMINE LOCAL COSTS 

Compute the following and enter: 

Square Footage of Floor Area 

Lineal Footage of Girder 

Number of Piers 

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

Layout house on lot =$ 

Auger or dig pier holes 
and remove spoil X Oty=$ 

Place concrete footing X Oty=$ 

Form & pour piers X Qty=$ 

Backfill X Oty=$ 

Set girder X LF =$ 

Frame floor X SF =$ 

Place insulation 
and sealer X SF=$ 

X SF=$Place subfloor 

Grand Total $ 
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RESOURCE MATERIALS 



Glossary 
Base Flood Elevation (BFE) 

The elevation for wl 1ich there is a one-perc<'n I. 
di a.nee in any givt11 ) ear that flood levels will cquaJ 
or e"r.,eed il (see S/ll'1·in/ Flood Jfa:ar!I ,. t rr.11.,). The 
BFE is d1~termine<l by sta tis tii·al analysis of stream-
0ow records for U1e watershed anJ rainfall and 
n111off characteri:-tics in till' general region of 
th<' watershed. 

Coastal High Ha1,ard Aml 

The purtion of a coastal noodplain that is suhject 
to high velocity wal«"rs caused by tropical storms. 
hurricanes, nortJ1castcrs, or tsunamis. Label.e<l 
V Zones on Flood l.nsurancc Hale Maps. tlicsc 
areas cxpr ricnce breaking waYes of tltrcc frc l or 
more. 

Debris lmpad Loads 

Lua<ls induced on a s lrncturr by :wlid ohjel·ls 
carried Ly flout! ""ater. Uehris can indudr Lrcc-s. 
lumbrr. displarc·d ~ec lion!'- of structures. ta.ilks, 

runawa~ boats, and cl11111ks of ice. Debris irnpad 
loads are difficult to pr<'dit:L accurately, yet rea­
sonauk allowances must Le made for them in tlw 
design of potentially affrt.:t«'ll slnwll1res. 

Encroachment 

Any physical objee l placi;u in a !'loodplain that 
bintlers thr pas~al!c of water ur uthcn"isr affec tJ-
0ood flows. 

Exis ting Construction 

Thuse slruelurcs aJn·ady l'Xisti11g ur on which 
constrnr ti on t>r substantial irnpro\'cnw nt was 
started prior t o the dfcc:tivc dale of a cummuuity'::. 
floodplain 111 :ma~c111cn I. rc~ulations . 

F lood or Floodiin~ 

A gt>neraJ and l<'111porary i.:ondjtion of partial or 
l'Omple te inundation of normuJly dry land areas_ 
Flooding results from Ilic overflow of inland or 
ti.rial waters o r l;he unusual and rapid accumula­
tion of surface water runoff from any source>. 

Flood Insurance Rate Map (FIRM) 

An offic ial map of a con11nu11ily, issued or 
approved b)' the Federal Emer~crH.:y ~lanagement 
1\ gcncy, that delincat,·s both the special h azard 
arras an<l the risk premium zones applicable to the 
community. Zones arc as follows: 

Zone A (unrnumbered) - special lloo<l hazard 
area in11ndated Ii) Lhc 100-year flood; <lcler­
minecl hy aµpro:-.i111at1· methods will1 no base 
flood r lc, ation sli own. 

Zones A J- A30 - special fl ood hazard area 
i11u11dalcd by the 100-yl'ar flood; det ermined 
L) dcta.ilc-d rnethodb witl1 base flood elevations 
shown. 

Zone B - arc-a bc b, ee11 Ilic- limits of th<; 100-
, ear flood a:nd t lw 500-year flood, or certain 
~rC'as suhjed Lo l 00-) e;r flooding with averag(' 
<lcp lh~ less lh an J foot, ur areas protected b) 
levees from tlH· 1,a~e t1 ood. 

Zone C - unrn of minimal l1ooili11g; localt'tl out ­
side the luni ls uf the 500-year flood. 

Zone V (unnumbNed) - area subjec t to wavr 
a.tlion. ,,·ithout base flooJ elf', ation shown. 

Zo11ei- V 1-V 30 - spt:ciul flooJ hazard area of 
100-) car com;tal ilooding with velocity (wave 
al'lion) : Lase flood clcvatious shown. 
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Floodplai11 

Any normall) dry land area that is susccpliLlP lo 
heing inunclateu by water from at1) natural source, 
ThiE area is usually low land adjacent lo a river, 
stream, wakrcourse, orcan. or lake. 

Floodplain Management 

The operalion of a 11rogram of corn~clivc and 
preventive measures for reducing flood damage, 
includi11g bu l not limiteJ to flood control pro• 
jects, floodplain land-use regulations, flood­
proofing of buildings. and cmcrgcnc) prepared­
ness plans. 

Floodway 

The channel of a 1iver or watercourse and Lill! 

adjacent land areas lhat must be reserved to 
discharge the 011r·-pcrccnt-probaLility flood wi lh­
out cumulal.ivcly increa,-•ing the water surface 
elevation more than a desi1:,rnateJ height, generaUy 
one foot. 

Hydrology 

The science of the behavior of water in the atmos­
phere, on the earth's surface, and underground. 

HydrodynaJlJic Loads 

As flood water flows around a sl rue tu re it imposes 
loads on Lhe structure. These loads consist of frontal 
impact by the mass of mo\'ing waler against the 
struclure, <lril{; effec; t alo11g the sides of the structure, 
and eddies or uegative pressure cm lhl' slructurc's 
downstream side. 

Hydrostatic Loads 

Those loau.s or pressures resulting from tl1c static 
mass of water at any point of flood water contacl 
with a stmcture. They are e4uaJ in all clirec.tions 
an<l always act perpendicular to the surface on 
which tJ1ey are applie<l. llydrostatic loads can 
act vertically on strurtinal rnembrrs such a.c; 

floors, decks, a11d roofs, and can act laterally on 
upright strncturaJ members such as walls. piers, 
and foundations. 

Mean Sea Level 

The average height of tl1e sea for aJJ stages of the 
tide, usually determined from hourly hcighl ob­
st'rvations over a nineteen-year period on an optm 
coast or in adjacent waters having free access to 
tl1c sea. 

New Construction 

Stmctures on which conslructio11 or substantial 
improvement was slarled after the effective date 
of a community's floodplain management regu­
Jation8. 

One-Hundred Year Flood 

(Sec Sp11cial flood llm:u.rd . lrl'<1s). 

Permeabilil y 

The properl) of soil or rock that allows passage of 
waler through it. 

Regulatory Floodway 

Any t1oodway referenced in a floouplain 
ordinance for the purpose of applying floo<lway 
reg11lati ons. 

~pecial Flood Ilazard Areas 

Areas in a community that have been tdcn tifictl as 
susceptible to a one-percent or ~realer chance of 
flooding in any given year. A 011l'-perccnt 
probabili1:y flood is also known as the 100-year 
-flooc.l or the base flood. 

St ilJwater El<·Valions 

The elevativ11 thal the surface of the water would 
assume if all wave action were absent. 
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Storm Surge 

A rise above normal water level on 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 exceeds 50 
percent of the market value of the structure either 
(a) before the improvement is started or (b) if the 
structure has been damaged, and is being restored, 
before the damage occurred. 

Watershed 

An area from which water drains to a single point; 
in a natural basin, the watershed is the area contri­
buting flow to a given place or stream. 

Wave Height 

The vertical distance between a wave crest and the 
preceding trough. 

Wave Crest Elevation 

The elevation of the 100-year storm surge plus 
wave height. 
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Sources of Design Information 
Information Required Purpose or lmplleetlons ofData Possible Fonna of Data Potential Sol.orOH of Data 

• Na11ona1 Frooo Insurance Pre, • ReQ1J1res 1oca1 ,c,,,,mun,t1e:s to • Program ,egula11ons • Feaeral 'lsurance Adm1n,sfrnhan 
9•am (NFIP) Imp•emen1 Uoc,dpla,n regula1,ons • lns"rance •ale 1nlrnrnahon and • Federa1 Emetgency Managernen1 

• Sets m1rnrnum standmds lor tabt~ Agency 
lloodpla1n reguIa11ani; • FltJO<J lnsuram.:e SlucJ1e,s • Sra1e F1rioor1a,n Manageff1MI 

• Proh1b1ts looeral funding fo, • FIOOd Maps Cov,01na1,ng Agency 
pro1ecls m v,01a11on ol llt-Wr.,ta,,, Sec11an 13:62G111o~r1rres • Local GovF<nmeni P1anrnng 
1eguta11rwis Aoenr.v 

• Prc,h1b1ts teoetal loan ~uaran-
10051 lrn l')fOJt:( :s ,r, v,olatoJ!'l ~ 
t1~x,dpla1n regulallons. 

• f-smbHstie-s tlOOd insurance rme 
d1llere<1tials tor p1operhe~ 111 
, Of)() prone areas 

• loca Government Pt;:Jttrnr'<I • Implements llocx:1pl~in regulahons • P1anr11ng ano Zoning OtcJ1r1anc:es • Local Govetwnenl P1am1jog 
Prcigrams • Determm@s toi-at tt00dpla1n Agency 

,equla1<ons oased on NFIP 
• Zoning Map, 
• Bu1r.·J1nQ CorJ~s • Loca Government E.nq1neer 

uu•t1ei1rie!:. (,nc.1uoe~ 200mg a11d • 0.,,I0,ny CW« 0 11,,.,d:s 
£Ut.Jrt1v•~1Cfl re(JUlillllJl"S f1er­
lt.Hmd(ICt' stcinda1d~ Ptar"l!lerl 
Urn1 Deve!opmenl o~dinanccs 
buIIU1ng codes elc ) 
Note L.xa1 regu1a1,ons can be 
ser a1 a h,gner s1anoa,o than 
NFIP m1n1mum slandards de­
pe<1clln9 on 10<.al needs and 
circumstances 

• S1a1e Flooc,pla,n an<1 i.oas1a1 • Provides sratewde liooapla1n • St.ile pn,grafT, 1egtilallons • Srale Ftooopla1n Manapemenl 
Zone Ptograms oevelopmen- regutalIons ano • Stale developrient guIdelmes Coo1c1na11ng Agency 

yuIdel1nes • s1a1e Qfl,ce of Coas1a, Zone 
• Regulales de"w"eloomEnr 1n Mat1agem'?f'lt 

c;oa51a ,-,ne, • S1a1e O11,ce ,:,1 Na1ura1 or Waler 
• Covrd1na1es 1mptt:.tl'len,c:1hon ,I Re5e,u1c;es 

NFIP ,n Ioca1 II.msd1C1tons and 1n 

areas wh~,e mu.hpte slate 
agen._,ei have--ar\ ,ntPtesr ,n 
IIC'll)(J1ng 

• Cle.-J11rtQt'lou~e rot Fioooptam 
Maoagemen1 1"to,mat1Cll 

• Reg1onaI P1ann1ng Gestr•r:l•('lnS­ • Can f}rOVide aoc:li11onaI ,egula • Program ,~111,at,ons • RPg1ona AuthtJftl1es (e g Ten 
lll G1J10etines •ions anc:, g1.11oet1nes tor 1eg,o,1ai1 • Dev~Jopment guIri,-,1In~ ~essee Valley Aulhontv Appa-

,unsdicuor~s 1acn1an Regional Comm1ss1on etc ) 
• Coord,nares au1v1tH~~ r,t d1lh:~r • Regional Planning Cornm1ssmns 

enI dgenc,e!: w1tn1n ll'h! reg,ar • River Bas.t\ r.ornm1s~ or1s 
• Svurr.~ r,I ,nh)t1Tt0l,t,n .::ind 1n 

some casei, recn,ucal a:;s sian.ce 

• Federal Age11r y Re,iuiremen1s • May 1n,:1udt' ,egula11oos re1a1,ng • P,og,am regulall0'1S • LI S A,my Corns ol Engmeers 
anc1 Gu,Oehnes 1vm,;r 1nan NFIPI 10development ,n ltOQd,p,ooe • Emmonmental Pmtechon Ag~nry 

areas(~ 9 Cmps of Fng1neers • Fede1a1 Eme,gency Managr, 
permits !or developnwmon rno•" Ag~ncy 
naviyatllf ,wers, • S1a1~ Hocdpla•n Managemenl 

• Ma,.- nvol11e te,der~1 lu1"j'f'T\J it P C<X,,d,nat,ng Agency 
oso ot wnicn Is ,es1nctel'.l u, • I Of'..al Ptanning Agency 
rIo'lCJ•Pr0tie ~,t>a!it 

• Pro1ec1s ma'r ,e0u1~e tedera. 
app,ovat 10, Oe'Jelonrnent 1n 
flOOd· p,one a,eas (e g En­
vuonrnemat lripaci Sta1emen1s) 

Information Requln,d Purpose or lmpllcations of Data Pouible Forms of Data Potential Sources of lnlorma1lon 

• AOOd Hazard Boulidari~ • Delermi,-,es wrie,e tloccJplam • Flood Hazar<l Bounda,y Maps • Loca1 Govemmefll P1ann,ng 
,egu,aho--,s ,nsun.:mce 3nd led• • Flood Insurance Rate Maps Agency 
eial ltnanc,ng res,trn:hons appl\ • Ftood Boundary and Foe.odway 

• Ocre,mines s:o~c1!1l. llOOd haz Maps • Local Government Murnc1pat 
artJi.ories • Hydrolo,91~ Aliases Eng1nee,

• Determines. va11able rtf"JOO lt'SU' • 1oca1 Zon,ng MJps 
.-ttlC'r rare ,,)1"1r.-s • Flood Insurance Slud,cs • State Flf>OdCta1n C,)OrchnatH"IQ 

Agency 
• Fl().)O D~ptrl<:- • h''llhi.ate.s plevdlll)fl~ 11r wt!t\..h • Flood Devaltnns 

11000 oamage ,s 11~ely 1ooccar • Waler Surtace Prot1les • S1a1e C)tl,~e ·~ Na1u,a, Re 
• DeleWl1nes apr,,opoate build • Strearr, and Coast C,oss-sec1,ons SOl,rC~t; 

1f"!g 11re-,,a11cns fo, rneel•ng • Fiooo Insurance S1ud1es 
110,mpla1n regula1101,s and rtood • Federal lns.urance Aorrnni$rra 
1nsuran('"eU$1$trwt1ons and rales hDfl 

• lnd1ra1es nydr<'Slattr 1C"larJs 1n 
110::,d-p,ane a,eas • Felera, Eme,gencv MaMg«-

men, Agency 
• Fl,X,O Wa!O' \/(>lnr11y • De1erm,ne.s riyorodynamit: • F•oooola,n Tec~"'c.' S1uo1es 

1,oat1s 1rt 11ood-prone areas • Hyd,olog1c S1L1rlies • U S Armv Co,p~ of Eeg,nee,s 
• Ot"t~m-,,nes denr1~-l'"Oa J1ooas • Flood 1nsu•ance Studies 

,n IIC>J1'l•01C"lne orec!!- • tJ S (ip.·,l"Y.llr: S,J' JPV 
• ln01calrs oolerihal ty erns•cr 

~no siope de1enorel,or• 
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• Wa,,w10 1,m<i • 1r,d1l .JIil'!, 1r,·,p,,etante tll 
P•nero~nry -~Vt1.t·uarirm ,1s. µar: 

• Hydrograi)l1:,. 
• Ft00dp1a1n lecnnri:al Slu01f'~ 

• Heg1or,a1 Autho~1,es 
Tennessoee, Vall,;y l\~ll10f1ly 

01 tne oe..s,on orogram • H1sto,u;a1 Records Appalacrnan Ae(J,onal u,m 
• Influences des,gn ul 11oooproo1,ng • FIOO<J lnsuiance Studies m1ss1t.tn 

tect1n1oue5 sur.h -3S flCO:S!l'lields '1111er Basin CornfYllss,ons 
• lnlh1cm.::f's des•gn _11 ct,a,nage 

syslern~ • HyC,tull•IJI( f n1:J1nc..-:r1ng c,)'l 

• tnltuences design~ we1 1l<XX1 -su1tan1s 
pu;,011ng techn1ciues 

• Surveys t,y Proless1e>nJI S1alt 
• Ov1at1tJn o, FlCOOJng • At1oc1s. seepage 1nm Ornld1ngs • FloO<lpla,n TecM,cal S1ud1~ 

i:ind sa1u,a11on 01 sols and 
u1.ulct1ng ma1enats 

♦ l\lleCIS lhe 1englh ol time lac11i 

• H1sto11cal Rec{l(Os 
• F1CX>d insurance S1ud1es • U 5 Department 01 me irner1or 

Water ano Powe, Gesoorces 

11es :'T'l,gnt be 1nac.ce.ss101~ 01 
inoperable 

Sen,,ce ,ooe,a1es vtJest ai 1he 
M1ss,ss,pn1 R,"e,r I 

• Affects building design rt!!lar1ve 
to OfU)t1tahor1 cunhg•Jrat1on and 
cno•c e of IIQOdproofing te~h,.,q..es 

• Freq..ency cl Flooding • lrd1uenc~s r.;1te dmu..:H • Flooopra,n Techn,eol S1uo,es 
• Allec1s ch0<ce ot IIOQdproohng • H1s1oucal Records 

lechn•QUes especially those 
lhal reou1re ins1al!a1,on oefore 
ENery 1100<1 

• Indicates need tor spec1a1 acceS-$ 

• Ct,male and Wealtl<'r • l11d1cales lreQuer1cy and type ol • WeAlher Se,v1ce Recods 
prec;.1p1tatK>O an(J 1n Tum the • H,s1011cal RecO<dS 
type and mag,.,tude nt Hooding 
111al IS likely 

• Grr~1r,d Water Level • Influences ootent1al water • Gcolog,c S<Jrl~ys 
pres...<t.Jre on too11ngs founoa • Sot Analys,s Reports 
hons dnLJ noors 

• Altects s,1e design l<"CM1ques 
lor con1,oll1ng waler ,unofl 

• Stru~1ura1 Floo<J Con11o1 Meas· • EY1s1rng measures can aHecl • Feas1b411tv Studies 
ures leg darns 1evees chan s11e 11 1he hm,ts 01 1ne tlooo con- • Design Spec1t1cattons 
nel 1mp,ov~ments) ltd dev,cc- are e,ceei..1et1 • Pre>oao11,1y Aeporls 

• Prooosed measures can wrien 
,motementea a·,e, bas,r: ltoc,o &;1a1a 

lnlormatton Required Purp<>M> or fmpllcatlono ol Data Possible Forms of 08ta Potentl•I Sources ot Information 

• Pnys,10,1,.aoh1c: Fea1U1es. 

• Too1YJ1apr,v 

• AHecls IQC-at1on and magrntuoe 
vt lt{'.:i,d1ng ..:m 1ne S!IE-

• IOef'ltl!lPS are;.;s nl rhl= 'Slit! rhal 
shoul<l be avu,decl Or 0•0le<:IN1 

• Affects Ot1flnl~l1on ,11-,lt1lJld1t.,f'1 
a, ,d da.1My of bu1r! e1ernentt t11 
1oes11e: 

• lt1e-nt1hes pnvs1ta1 c.on-;tra1nt~ 
~no rlftVdtlla.gf.$ In, Slit:! dt:i-vel 
1.Cmll;'f"t 

• lntlue,,te~ s.1t1n<7 nt ouudm_ys 
• ln\111.-ale-$ MQS.1c111 ,)lllen1,a1 
• ln<11r.dleS Meo tor .:ind lmts,bll 

1ly ri( using hit tl1dl~11al on me s.lte 
• lnC,1c.ale!i: appropuatc- "Sile de-

E-tgr, 1eCf1rnuucs lor cont,0,1,ng 

walor ,u"'oH 

• l0POQrapn1c Maps 
• flOOdpla,n lechn.cal S1vo,es 
• Site Surveyc; 

• Topog,apn,~ Maps 
• Flooopl.11n Tochn1Ga' Sh.Jd 1es 
• S<te Surveys 

• Loe-at Government Plarm,ng 
Agency 

• Local Government MJNC pa 
Engineer 

• Srare Fioodpla,n Caordinal1ng 
Agency 

• Stale oo,c e !or Na,ura1 ~e· 
su..1rc:e~ 

• So,1 C.onserva1,v, Se•v,ce IJ $ 
Departmenl ot Agrir:tJllofP. 

• U S Geologic Su1vey 

• Reg\Qnal Authr.Jl'll1~':. 

• Soll Ct,a,a,·rpm,1w • S,,1 Pl1'"1S•ty 1nt1i.1...-ntes v,e tale 
ot wate.r ,u,,nfl and llood1ng po 
lc.'f11tal 

• Oeler,r,,nes ir1e feasio1hty and 
oes1gn soec.;11H.,.:Ju1ons tor useof 
1111 materrrtl to clcvi11C !Ju1kJ11"9S 
Iha use ul backfill ,round faun 
oahr)f\S atlC t:OOSIIUCltOf'ltil 

~aflh Ut!rms. 
• lnd1r:;iles reqwred depth 101 

10uungs. pilings n- cotum,,s 

• So,1 M;,ps 
• Soi Analys,s Aepo11s 
• Sue Surve-ys 

• HydfC>lfJ91r. --.1nd G1v1 ( 11y1,,eer 
,riq Consu11a111s 

• Surveys by Pr~ess,onal Stall 

• US Oepanmen1 01 !he Interior 
water ancJ Power Resl)urces 
Sefv1cl.!(ope,;.1ei. we~, ot 1ne 
M1ss1s~1pp1 River, 

• Am1ly.s1s of comb,r,ed etlecls ol 
the ,.Jse o1 1111 ma1r.na1 and ti,~ 

• Alfect,c; rt10,ce uf t>u1ld1ng .s,te~• SJr:rpp S1at11My 
topograpny ar\d soil <:natac 

des1g11 01 ruunda11oos looltngs tE¼r,sUcs 
a~d pl11ngs • S,1e Surveys 

• ,ril!uenre.s: erosion 
• 111d1c.a1e~ tne nE?\.'l(J t,,r te11al 1r19 

o· gwunCI rover to proiec1 siopes 

• Sde Su1veys 
al"ld thus can be a ta:ctOf 1n re 
dur.,ng hoochr,g evels 

• A,o~ n c.oritrof of waw, rur'°H • Vepe1a11on 

• G<'Ologi. ~.~, and t1yd•Qiog1c 
.and thus can be a lacf<Y 10 re 

• A1os. ir, oon1,01 ot wate1 w,,olt• Water Storayt:io 
survevs 

duc,ng Uood•ng •eveis • SIie Sur'1eys 
• Recharges grnJnd ..vater -supplies 
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FEMA Regional Offices 
The Fr:dcral Emergency l\lan­
agement Agency (FE>IA) was 
created in l 978 lo provide a 
single point of accountabilil) for 
all federal activities related lo 
disaster mitigation and emer­
gency prcparc<luess and response. 
It was established as an indepr·n­
dent agency in the executive 
branch lo consolidate a varicl\' 
of existing ageneies and offices 
performing related functions. 
The Federal insu rance Adminis­
tration (FIA), furmerl) a part of 
the Department of Ilousing ancl 
Urban Developmen t. is only 
responsible for a<lministcri11g the 
National Flood I nsurancc 
Program. This responsibility in­
cludes assisting stale and local 
governments in the implemen ta­
tion of flood-plain management 
programs and provi<ling informa­
tion on flooding lo communities 
and individuals. Regional o fficcs 
are the primary means by which 
FF,~IA's programs arc carried 
out at the state and local level. 

Region I Connecticut, Maine, 
Massachusetts, New Hamp­
shire. Rhode Island & 
Vermont 

J.W. Maccormack Pust 
Office Building, Room 442 
Boston, Massachusetts 02109 
(617) 223-9540 

Region n New Jersey, New York, 
Puerto Rico & Virgin Islands 

26 Federal Plaza 
Rm. 1349 
New York, New York 10278 
(212) 264-8980 

Region Ill 

Region IV 

Delaware, District of 
Columbia, Maryland, 
Pennsylvania, Vfrginia & 
West Virginia 

Liberty Square Building 
105 South Seventh StTeet 
Philadelphia, Pennsylvania 

19106 
(215) 597-9416 

Alabama, Florida, Georgia, 
Kentucky, Mississippi, 
North Carolina, South 
Carolina & Tennessee 

1375 Peachtree Street, N.W. 
Suite 700 
Atlanta, Georgia 317B2 
(404) 347-2400 
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Region Y Illinois. Indiana, Michigan. 
Minnesota, Ohio & 
Wisconsin 

Region VlII Colomclo, Montana, North 
Dnkota, South Dakota, Utah 
& Wyoming 

300 South Wacker Drivt• 
24th Floor 
Chicago, Illinois 60606 
(312) 353-8661 

Pccteral Regional Center 
Building 710, Box 2521i7 
Denver, Colorado 80225 
(:~03) 235-48 l 1 

Region VI Al·kansas, Louisiana, New 
Mexico, Oklahoma & Texas 

Region I X Al'izona, California, Hawaii 
& Nevada 

Federal Regional Center 
Rm. 206 
800 North Loop 288 
Denton, Texas 76201 
(~17) 387-5811 

BuilcUng- 105 
Presidio uf San Francisco 
San Francisco, California 

941~ 
(415) 556- 794 

Region VII Iowa. Kan~a:;, Missouri & 
Neb!'aska 

Region X Al.lska, Idnho, Oregon & 
Washingloll 

911 Walnut Street 
Room 300 
Kansas City. Missouri 64106 
(816) 374-5912 

f'ederal Regional Center 
mo 228th Street, S.W. 
Bothell, Wa~hington 98011 
(201:'i) 4Rl-8800 

Federal Emergency Management Agency 
Regional Offices and Boundaries 
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State Coordinating
Offices for the NFIP 
Each of U1e states, in cooperation with the Federal 
Emergency Management Agency. has J csignated a 
speci l'it; agency to coordinate implementation of 
the National Flood Insurance Program. This 
agency provides a link Le tween federal, sta1e, anJ 
local levels of government and between different 
stalr agencies with flood-rclat<'d rcsponsiliilities. 
The designated agency will typically be a clt:part• 
rncnl respon:;ible for nut11ral resources, emergency 
services, or physical development, and is a foeaJ 
point for information relating to flood insurance 
and floodplain management. It can he an 
importal1t source of physical data, information on 
community eligibility for floou insura.ncr, relevant 
state regulations, references to other agencies, and, 
in sorne instances, technical assistance. The 
authority of each statc ·s coordi.nating agern:y 
varies. aml tan Lest be determined tJ1rough direct 
c•mtact. 

Alabama Department of Economics 
and Community Affairs 

State Plruming Division 
P.O. Box 29:39 
34(i5 Norman Bridge Road 
Montgomery, Alabama 36105 
(205) 284-8735 

Alaska Department of Community 
& Regional Affairs 

Division of Municipal 
and Regional Affairs 

949 East 36 Avenue 
Suite 400 
Anchorage, Alaska 99508 
(907) 561-8586 

Arizona Department. of Water 
Resources 

Flood Control Branch 
99 E. Virginia 2nd Floor 
Phoenix, Arizona 85004 
(602) 255-1566 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District of 
Columbia 

Soil & Water 
Conservation Commission 

#1 Capitol Mall 
Suite 2D 
Little Rocle, Al·kansas 72201 
(501) 371-1611 

Department of Water 
Resources 

P.O. Box 388 
Sacramento, California 95802 
(916) 445-6249 

Colorado Water 
Conservation Board 

State Centennial Building, 
Room 823 

1313 Sherman Street 
Denver. Colorado 80202 
(303) 866-3441 

Dept. of Environmental 
Protection 

165 Capitol Avenue 
Hartford, Connecticut 06106 
(203) 566-7245 

Dept. of Natural & 
Environmental Control 

Division of Soil & Water 
Conservation 

Edward Tatnall Building 
P.O. Box 1401 
Dover, Delaware 19901 
(302) 736-4411 

Department of Conswner 
Regulatory Affairs 

614 H Street, N.W. 
Washington, D.C. 20001 
(202) 727-7577 
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Florida Department of Community Iowa Iowa N atLtral Resou1·ces 
Affairs Council 

Div. of Resource Planning Wallace State Office 
and Management Building 

2571 Executive CtT. Circle Des Moines, Iowa 50~19 
East (515) 281-5029 

Tallahassee, Flori<ia 32301 
(904) 488-9210 Kansas Kansas State Board of 

Agriculture 
Georgia Georgia Depm·tment of Division of Wate,1· Resources 

Natural Resources, 109 Southwest Ninth Street 
Environmental Protection 'fopeka, Kansas 66612 
Division (913) 296-3717 

19 Martin Luther King, Jr. 
Dr. , S.W .. Room 400 Kentucky Dep~utment of Natw·al 

Atlanta, Georgia 30334 Resourcei-
(404) 656-3214 Division of Wau:·r 

18 Reilly Road 
Guam Office of Civil Defense Fort Boone Plaza 

Po:-t Offire Box 2877 Frankfort, Kentucky 40601 
Agana, Guam 96910 (502) 564-3410 
011-671-477-9841 

Louis iana Louisiana Department of 
Hawaii Hawaii Board of Land and Urban & Community 

Natural Resources Affairi-
P.O. Box :na P.O. Box 44455, Capitol 
Honolulu, Hawaii 96809 Station 
(808) 548•7539 Baton Rouge. Louisiana 

70804 
Idaho Department of Water (504) 925-3730 

Resoill'ces 
State House Maine Bureau of Civil Emergency 
Boise, Idaho 83720 Preparedness 
(208) 334-4470 State Houst> 

187 State Streelt 
lllinois Illinois Department of Augusta. Maine 04330 

'l'!'ansportalion (207) 28!J-3154 
Division of Water 

Resources Maryland Maryland Wate)r Resources 
Local Flood Plain Programs Administratio 11 

300 North State Stl'eet. Flood Management !:iection 
Room 1010 Tawes State Office Building 

Chicago. Illinois 60!i10 D-2 
(312) 793-38(;.J Annapotit;, Mai·:ylan<! 21401 

(~01) 269-3 26 
Indiana Department of Natural 

Resources Massachusetts Massachusetts ,Water 
608 State Office Building Resource:- Commission 
Indianapolis, Indiana -!6204 State Office Building 
(317) 232-4160 100 Cambridge StreeL 

Boston, Massachusetts 02202 
(617) 727-3267 
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Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

Michigan Department of 
Natural Resom-ces 

Water Management Division 
P.O. Box 30028 
Lansing, Michigan 48909 
(517) 373-3930 

Minnesota Department of 
Natural Resources 

Division of Waters 
444 LaFayette Road 
St. Paul Minnesota 55101 
(612) 296-9226 

Mississippi Research & 
Development Center 

3825 Ridgewood Road 
Jackson, Mississippi 39211 
(601) 982-6376 

Department of Natural 
Resources 

1101 R. Southwest Blvd. 
P.O. Box 1368 
Jefferson City, Missouri 

65102 
(314) 751-4932 

Department of Natural 
Resow·ces & Conservation 

32 South Ewing Street 
Helena, Montana 59601 
(406) 449-6646 

Nebraska Natm·al Resoui-ces 
Commission 

P .O. Box 94876 
Lincoln, Nebraska 68509 
(402) 471-2081 

Division of Emergency 
Management 

Capitol Complex 
Carson City, Nevada 89710 
(702) 885-4240 

New Hampshire 

New Jersey 

New Mexico 

New York 

North Carolina 

New Hampshire Office of 
State Planning 

2½ Beacon Street 
Concord, NH 03301 
(603) 271-2231 

New Jersey Department of 
Environmental Protection 

Division of Water Resources 
P.O. Box CN 029 
Trenton, New Jersey 08625 
(609) 292-2296 

State Engineer 
Bataan Memorial Bldg. 
Santa Fe, New Mexico 

97501 
(505) 827-6140 

New York Department of 
Environmental 
Conservation 

Flood Protection Bureau 
50 Wolf Road-Room 422 
Albany, New York 12233 
(618) 457-3167 

North Carolina DepartmenL 
of Natural Resources & 
Community Development 

Division of Community 
Assistance 

512 North Salisbw-y Street 
P.O. Box 27687 
Raleigh, North Carnlina 

2761 1 
(919) 733-2850 
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State Water Commission 
900 E. Boulevard 
Bismarck. North Dakota 

58i101 
(70 1) 224-2750 

Ohio Department of Natural 
Resource& 

Flood Plain Planning Unit 
Fountain Square 
Columbus, Ohio 43224 
(614) 265-fi755 

Oklahoma Water Resources 
Board 

12th Floor Northeast 
10th & Stonewall 
Oklahoma City, OK 73105 
(405) 271-2533 

Department of Land 
Conservation and 
Development 

1175 Court Street, N.E. 
Salem, Oregon 97310 
(503) 378-23~2 

Department of Community 
Affairs 

551 Forum Building. 
Room 317 

Harrisburg, PA 17120 
(717) 787-7400 

North Dakota 

Ohio 

Oklahoma 

Pennsylvania 

Puerto Rico 

Rhode Island 

South Carolina 

South Dakota 

Tennessee 

Texas 

Utah 

Puerto Rico Planning Board 
P.O. Box 4119, Minillas 

Station 
D-Diego Avenue 
Santw·ce, Puerto Rico 00940 
(809) 726-7110 

Rhode Island Office of State 
Planning 

Statewide Planning Program 
265 Melrose Street 
Providence, RI 02907 
(401) 277-2656 

South Carolina Water 
Resources Commission 

3830 Forest Drive 
P.O. Box 4440 
Columbia. SC 29240 
(803) 758-2514 

Department of Military and 
Veterans Affairs 

Division of Emergency and 
Disaster 

State Capitol 
Pierre, South Dakota 57501 
(605) 773-3231 

Department of Economic 
and Community 
Development 

Division of Local Planning 
1800 James K. Polk 

Office Builcfu1g 
505 Deaderick Street 
Nashville, Tennessee 37219 
(615) 741-2211 

Texas Dept. of Water 
Resources 

P.O. Box 13087, Capitol 
Station 

1700 North Congress 
Avenue 

Austin, Texas 78711 
(512) 475-2171 

Office of Comprehensive 
Emergency Management 

1543 Sunnyside Avenue 
Salt Lake City, Utah 84108 
(801) 533-5271 
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Vermont Environmental Conservation West Virginia West Virginia Office of 
Agency Emergency Services 

Division of Water Resources Room EB-80 
State Office Building Capitol Building 
Montpelier, Verrr,ont 05602 Charleston, WV 25305 
(802) 828-2761 (304) 348-3831 

Virgin Islands Disaster Preparedness Wisconsin Department of Natural 
Office Resources 

Box 1208 Flood Plain-Shoreline 
St. Thomas, VI 00801 Management Section 
(809) 774-6555 P .O. Box 7921 

Madison, Wisconsin 53707 
Virginia Virginia State Water (608) 266-1926 

Control Board 
P.O. Box 11143 Wyoming Wyoming Disaster and Civil 
Richmond, Virginia 23230 Defense Agency 
(804) 257-0075 P.O. Box 1709 

Cheyenne, Wyoming 82003 
Washington Department of Ecology (307) 777-7566 

Mail Stop PVll 
Olympia, Washington 

98504 
(206) 459-6288 
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Performance Criteria 
The foUowing p erformance requiremenls aud 
criteria idc11 Lif) a range of consi<lcrations that 
should he a<ldrcsscd during the design of residential 
stn,ctures for flood hazard areas. These 
performance critc1ia do nol rcprcsenl Lhe entire 
range of items applicable to each requirement. 
Instead, a selective number uf criteria have been • 
presented. 

The performance rctp.tirements all(! criteria arc 
applicable to all struc tural materials anti all con• 
slruc tion methods used in flood hazard areas. 
Traditional or conve11tio11al construr tion solutions. 
as well as innovativr tcchni11ues, are acceptable so 
long as the performance requirements and criteria 
are satisfied. 

DEFINITIONS 

Terms important to proper interpre tation of the 
performance require men ts a11d cri tcria are tlefine<l 
as follows: 

Applicable Codes 

The system of legal regulations adopted Ly a 
community setting forth standards for the co11• 
slruction, addi tion, modification, a.n<l repair of 
buildings a.ml ulher struc tures for the purpose of 
protecti11g the health, safely and general welfare of 
the pnblic. 

Commun it~ 

Any state ur µolitical subdivision lhert'of with 
authority to adopt and enforce floodplain manage­
ment regulations for areas within its jurisdiction. 

Design Flood (Base Flood) 

The desigu fluoJ is Lhe base or 100-year floo d used 
for purposes of compliance with the ational 
Flood Insurance Program ( NFlP). 

In roaslal high hazard zones the 100-) car fhJod 
includes wave heigh Labove the stillwater level. 

Design Loads 

The design load is the 111i11i11111m loading rondi tion 
tJiat the building should lie J"si~tlf'rl lo rt>sis t. 
Some loading cumUtions most Lkcl) will lie 
de fined in tlie applicable codes whill' u thr r load 
comlitions (e.g., flood impa<: t loads) will liuw lo lw 
de termined. The foUowing loa<ls constitu LI' tlw 
design loud and shuulLl IJ~' c•unsidel'ed a,,., m in.i111w11 
loading curu.litions as dc·fi11ed in Criterion A. 1 
(Rec Ldow): 

/)Nul /,r,ad (IJ) 

The wdglr l of .JI p<' rt11.1.11cnl constmction. Tiu­
dead loud i11cludcs a) the weigh 1 of thf' s b1ll: lu re· 
itself. b) th<' weight uf all materials of construd io11 
incorporalcd i11to lhc b uilding that an: to hr 
pcrman<'nll)' supported L ) the stru c ture, i11d udi11g 
l,uill•in parli I.ions. c) the wei[!;ht of permarwn I 
equipment. and d) forces due lo prt'strl'ssiu~. 

Cra, ily live loads result from both the• 1.11·, ·upaiir~ 

(Oooc) and the environment (roof) o f lh r L11ilJ i11g. 
as stipulated in the applicalJlc eodr . T hese irw l11dr . 
where applicahle, loads causcJ b) soiJ u 11 cl h) dro­
stalic prcss11res. 

ll'i111l / , 011ili; ( II ) 

Wind loads st.ipulatc<l in the applicauk Pod,·. 

R l's lrainl Loads ( l<) 

Loads, forces, :rnd effects due Lu cu11lt'ae lion or 
expansion rcsulliu~ from tempera ture cli a11g:l's. 
shrinkage. moisture chan~es, creep in compon1·11 t 
m at,·rials, movement d11e t o diffr rentiaJ S(' Lllcmrn l 
or co111Lina t..ions thereof. 
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Flood f_,ond.~ ( F) 

LoaJs caused b~ the clesir-11 l1uocl, ,, l,ich inr.h,<le: 

- Flood-iu<lucctl di111ct1sional changes such as 
swelling of wood 01· lwavc of t'\.pa11sivt· fou11Ja­
lion soils 

\\I ater loa<ls us <lr~finc·cl in Section 602.0 of Ll,c 
C.urps uf Engineers' puhlicalion, f111od­
l 1roujr11{! H.c·rwlalio11s 

Soil loads as defined in Section 604,.0 of the 
Corps of Enginccrs' publication. Flood­
{'riw.fi11,"5 K<•gllifLI iun.~ 

Sr.rlions of 602.0 awl 60ti.o ol' Flo11cl-l'ruo.fi'nµ 
1{1•i!f11 lul ions (EP l l 6S-2-3 l 4. Off'icc- of Lhr Cl1 irf 
of Enf!;inrns. L.S. \rm~. Jww 1972). arr 
rq1roduced below: 

SECTIO/\, 602.0 W\TER LO ,\()S 

Sec. 602. l Types 

\\ at,•r load~. a~ df•fiJ1r d lit•r1•i11. an• loatl, ur prt',~un•,; on 
surl'al'•·, nf th,· builtlin<r,; and ~trnrlur,·s eau~•·tl and i11duc,·rlr:-
h~ Lil l' pn•,-,•nrl' of noorl 1, atn,;. Th,·s•· l11atlo ar,· uf h\11 

1,asic l~ l"'i;: h~ dro~tali<· and h~ drnd~ namir. 

Sec. 602.2 llydrostalic Loads 

I lydro~tali1• load,,, a.i·•· tho,,• 1·a11s,•d 111· 11at1•r t,ilhl'r aLorl' or 
Lr;kH, th..: gruund ,.urfac,·. fr,,,. or c:o;ifiu,·d, 11 hich i~ l' itlwr 
stagmml or mo,,·s al 11-ry low 1t·lot'ili1·.,. or up to fil'r' (.>) 
f'Pt>t 1wr ,1'1·ond, Tl11,s,• 11,ad,, arc> t>t prnl t,1 tlw prnd111•1 of 
tlll' 11al1·r prt'Sh1,rc• tinw;, th,· ...urfarr ,in•u ,>11 "hicli Llw 
prP,-;;ur,-• :ids. Tlw pl't'~~tlr" al llll) point ;,, t·qual lo tlw 
product of tlw 1111il 11,•itlit of 11at1•r (62.::i prn111d~ pn 
cuhi!' font) 1n11ltipli,·d !iv tli1· lir igl1l 0f II at,·r alwv1· tlit· 
po int orb) tlw li(· ighl l111d1irh c1,11fi1wtl ,,ala 1,oult.l 
Ji51· if frl't ' lo do so. llydruslat-ir pri•5sur,•s al an~ point 
ru·1· •''Illa! in all dir1•,·liortb and ah1ay~ act pnp,.nrlicular 
ltJ tl11· burfac,· 011 11 hit<h 1111') an' applied. For llil' p11rpos1· 
nf Ll11·,.r- llt•g11lati1,11~. Ii~ drnstati(' lo,111,. Jr•• ::11hdil'id,•d iHtn 
tl1t· folln11i11!! {) p•·:--: 

"''"'· 602.2.1 \ •Tlirnl Load:-

'J'h,,,.,, an· Iliad, :1cling 1 ,·rtie,111:,, do11 m, anl 011 linriz11ntal 
or in,·linnl :-urfor,·,- <Jt' h11ildi11g, 11r :- lnidur•·~. :-u.-h a.~ 
roof,.. tli•t•k,., ,r l'loi,r-, and 1, all~, l'an~l'rl 111 I hi' 1, l'ig:lit 
of 11ood wat,·rs al,m ,. Il11·111. 

S,·c. 602.2.2 LaliTal l.uads 

LalPral hvt.lro$lalie load,; ar•· th,,,,e II l1id1 ud i11 a huri­
zu11tal dir.,clio11. aguinsl 1,·rtical or i11dirll'rl :,urfacl'~, Loth 
;ibOl'l' and b,·low tlif' ground ;,urfar:t· anrl tt-nd lo eaust• 
lati>ral displac,•nwnt anrl 011•rt11r11in1? .,f th,, l111ildi11g. 
~lruduri·. o r parts tl11-r,·11f. 

1 pli fl load!, arr· tho~•· 1, l1id1 ad i11 a vnti t•all) urrn ard 
,lir1•t'lion u11 thr w11.lersidl' of horizunlal ur slopi11g surfaces 
of liuildi11g5 or st rucl11r~s, such as liast•mt•nl slabs, footings. 
floors, di>r•k::-. roofs anti 01·Prliai1g::,, 11) drustulic loads al'ting 
on incli1wd. rouncll·d ur irrc·gular ~urfa<:P~ ma~ LI' rrsulved 
into 11-rtical or uplift luails and lat,·ral load, based 011 the 
ir1•0111dl) of tlw surfares a.11d tlu• ,listrihution of h~·dn)­
&talir l'ff'SSIJff'~. 

Sec. 602.3 Hydrodynamic Loads 

1lyrlr,,)(I) nantiC' J,,ad~ .. . an· tho~r• i11d11l't·<I on h11ildings 
or ~1 rudun•s It) tlw l'lu11 u J' f'lood ,, atn nlUI ing al 
moll<·rat,. nr liigb \l')ocil) around Ih,· building.. or i;trur­
turcs ur part~ tlwn:of, aliow ~nund kl't·I. Such load~ ma) 
11cr11r ltPl1,1, thP gruund ]1'1,·I 1, li l'111)p1·nin~~ or tonduit:; 
1·,isl II liirh allt111 frt·,· l'lo11 of lloorl "at1•rs. Ih drod, namir 
load~ ari• ha,irally of thr latNal I) pt• anrl l't'l:it.t• lo ,lirf'rl 
irnpat'l lotHls Ii~ L11t· mO\ in~ ma~:- uf' wal1' r, and Lu dra,q 
Inn•,•,:. a$ Ift,- 1, at,-r flow,,. an,untl tlw 0Lstr11c1i,m. \\ lwr•· 
application of hydroth namir load~ i~ l'l'l[uiri·d, lhc load~ 
shall lw 1·urnput1·d or ,•;.timat,•d h~ rPc:ogniznl and authnri· 
lalin· ml'lht1ds. \!t·thod~ for nal11ati11g 11atPr w lrn•ilit•~ and 
rrlat,•d d~ narni,· pffrc:t~ ar•· 111·~ 011d llw scopr 11f lh••sr­
R1·g111alion5, liu1 shall bl' ~u l>j1·d In n•1~l''- unrl approl'al bv 
tlw Buildin:r ( lffieial. 

~l'c, {102.3. J (.omrrsiQII to [•,t1ui1alr111 II~ drostalii: Loads 

For cas,·s ,, lwn ,,atl'r I Plocitie,- de, 1101 ;•vf'l'd IO fr1•t 
l'rr ~,.<:nud, ll~namic ,·ffrct, of th,· murinj! wall'r rnav b,• 
cunYnltd into cqui1·ale.11t h~ dro;;tatii· loads by irwrPa;;ing 
tl11• depth ol wat,·r lo tlw Rl-lJ IUo•' thr IPwl ul th,, base 
nr 1h•sig11 flood l. Li~ aJ1 aniou11l ,Iii. 011 th1• h1•ad11 atl'r sid,· 
and al10\'f' the f!r<>1111d lewl rtnh . 1•tp1al to: 

.') 
a \ -

dli = ________ 

\ i., tlw 111,,•r;igP vr•locity of th,· 11 at,•1· in fl'd p,·r sl'eond: 
I! is the aceticration of ~ravity, 32.2 fret per sr-ro111I: 
a ib Ll11· t'OPl'ficienl nf drag or ,:lta1w fadur (Th,· 1alw· of a, 

1111IPss otlicrn is,· 1·rnl11atP1I. , !tall nol be lcs;. tha.11 l.~5) 
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The l'quivale11l surchargf' depth, dh, shall be added lo tJ1e 
depth 1masured b t• tw,•en the di-sign lrvel and the RFD and 
the ri-sullant pressures applied to, and uniform!) 
distributed across, tlw 1·ntical projected area oJ the build­
ing or structure which is perpendicular to Lhe flow. Sur­
faces parallt>I lo the flow or surfaces" l'lted hy the lail­
wall'r shall lw considered subjrct to hydros tatic pn·sstir<,~ 
for depths lo the RFD only. 

Sec. 602.4 Intensity of Loads 

S1·c 602.-U \ t>rtical Loads 

Full intensity of hydrostatic prt>ssure caused by a depth of 
1,ater helwccn the desig11 clcvation(s) and the B FO applied 
ovrr all surfaces involl'cd. liolh abm e and helow ground. 

Si-c. 602...1-.2 Lateral Loads 

Full intensity of hydros tatic pressure caused by a depth of 
water het\\'CCn tl1c d,·sign f"lernlion(s) and the RFD applied 
over all Hirfaccs inrnlved, both ahovr and brlow ground 
le1el, except that for surface, exposed to frer water. the 
design depth shall I.it> increased by one foot. 

S,·c. 602.4.3 l plift 

Full inl•'nsily of hydro~tatic pressures causPd h~- a drpth 
of wal<T bl'l" 1•e11 the dt>.sign lcl'cl and the RFD acting 011 

all surfaces involved .... 

5,·c. 602.4.-1- llydrodynamic Loads 

I l~·drodynamic loads, regardlcs~ of method of evaluation, 
shall be applied al full inlensil~' owr all above ground 
surfaces between thr ground level and Lilt' RFD. 

Sec. 602.5 Applicability 

I lydrostalic loads shall be used in Liu> de~ign of buildings 
and structures exposed to water loads from s tagnant 
flood waters, for conditions when water w locilies do 
not rxcccd fil'f• (3) fePL per second, and for buildings 
and structures or parts thereof not exposed or subject to 
flowing "·atcr. For buildings and structures, or parts 
thereof, which are exposed and subject to Oowi11g water 
having l'Clociti1·s grealer than five (5) feet per second , 
hydrostatic w1d hydrodynamic loads shall apply. 
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SECTION 604.0 SOIL LOADS 

Sec. 604.1 Applicahility 

Full cunsidcration shall he given in the design of buildi1tgs, 
structures ru1d parts theri:of, to the lo ads or pr,·ssun·s 
resultinf! from th,· presence o f soils against or over the 
;;tructuri; . Loa<ls M pressure!> shall ht> compute,! i11 

accordanct' with accepli:d engineering practice, giving full 
c"ni;ideration to the dfects that thl' pres~nce of lloorl 
wakr, aboVL' or within the ~oil, ltas on loads and prr.ssur1'$. 
When e\:pru1~iw: wil~ are pre:s,,11t. th,· Bu:iltling I Jfficial may 
rcquirr· t;hat :;p1!cial provisions be ma<lc in Iounclutinn 3Jl<l 
wall <ll,sign anJ construr tion to safrguarrl against damagr. 
due to this n:par1sh1:11.-ss. I le ma) rnquin; a special 
inw~tigation and rr port to provide these design a.nd 
,·onstruction criteria. 

Flood l 111J111d /,oa<is ( f,'l) 

The loads caused Ly lhc <lesibrn iloot.l as defined 
in Seelion 603.0, "Jrnpac t Loads," and St:ction 
605.0, " Hurricanc and Tidal \\- ave Loads," of the 
f.o rps of Engineers' pubJicatio11, Floud-Proofi11g 
Regulations. ln the case of Scclion 605.0, where 
no specific guidance is provided, design !oat.ls shall 
be recommended by a professional engineer. (Also 
refer to FlA-7, De.~ign and Co11.~truf'lion Manuul 
for N1•sidr11/ia.l [Jrtildi:ngs in Coastal /Jigh /{u-:;ard 
. l reas, cited in this manual's preface.) 

Section 603.0 of Flood-Pron/inf! lfrgnlalions 1s 

reproduced below: 

SECTIO 603.0 TM PACT LOADS 

Sec. 603. l Types 

Impact loads arr those which N:sull from floa i-ing di·Lris, 
icf' amJ a11y noalaJ)le object o r mass carric<l Ly lluod 
waters striking agaiust Li1ildings and structure~ or parts 
thcr1·of. Thc~c loath are of three ha.sic types: normal, 
sp~cial aml extreme. 

$1•c. 601U.1 Normal Impact Loads 

i\urmal impact load~ ii.re those wl11ch relate to isolated 
nccurrence6 of logs. ice blod.., or fll,alaLle olJjei:ls l'.>f 
normally e11co1111t1·rNl 5izes strikin~ l,uiltling:s or parts 
thereof. 

Sec. 60::U.2 Sprcial Impact Loads 

Sp,;cial impact loa,ls ar1• tl1osc w liic li n·latc tu larg•· con­
glomerates vf floata!Jlc oLjccts, ~uch a:; Lrokcn up ice 
lloal~ and accumulation of f'loating debris, either ~trikin~ 
or resting against a building, ~tructure. or µarts th<'l't'O f. 

S,•c. 603.1.3 Ex trcnlt' lmpar.l Loads 

Lxi-rcmt' impact loads an· Ll1ost' ,, hich rdatt- tv Ji;rg,· 
Jfoatahl<' ol>j,:<•ts an<l masses such as ru11awa} bargPs l'.>r 
collapsed lmildings aud structures, striking thr, building. 
$LruclurP or c,,mpo1ll'nL uud,·r consideratio n. 

Sec. 603.2 ApplicahiHty 

Impact loadi, ~houlcl Lt· consi1forl!d in the design of buiJd . 
u,g~. struclur"s a11d part~ ll11·i-<'nf as stipulat1·d l,dow: 

Sl'c. 603.2.1 l\om1al lmpacl Loads 

.\ t:onrcntratr d lo ad acti11g liurizo ntall)' al the RFD o r at 
any po int Lclow it, CtJual to the impnct force. pro<luce<l uy 
a I .000-pound mass traveling at tlw w·locity of the flood 
" ater a11d a,·ting 0 11 a one (1) ~l.{ltarP fou l i;11rf111.·1• o f tlw 
s trut:Lurr,. 

Sec. 603.2.2 Special Impact Loads 

\Vlwn•i;p1•cial impact loads arc likely Lo occur. such loud, 
shall b,• consid1•rrJ in th,, design of buildings, structnres. 
or parts thrreof. Unl1•s,; a ratto nal and drLailPd aiialysis is 
madP and i;ub111itt~<l fo r aµproval by th1: Building Official, 
Lhr intensity of load shall L1· takm as 100 pounds per foot 
a<'ti11g horizontally owr a 01w-foo t wid , horizontal strip al 
tlw RFD lUSt'. tJw lt·vd of ll1e hasc or design flood], o r at 
am lr!vPl lw lo" it. \\ hrn· natural o r artificial barriers exist 
wl;idt would d frc tively prevt nt thrse special impacl load~ 
from occurring, the loads may lw ignorrd in the tl< ·sign. 

Sec. 603.2.3 Extreme Impact Loads 

IL is considtin'd imprar. l.ical to dt-sigu buildings ltuving 
atl.-quat<! strr,ngth fur resisting f >.tre111c impact loads. 
Accordingly, cxc1:pt fo r special cases when exposure to 
these loa<ls is higltl) prohable an d thr rPsulting darnag~s 
ll.rl.' t•xtrcmely sev~rr, nu allo wan,:es for tlws,' loads nc,,d 
he made in tlrn rlt-sign. 

Flood or Flooding 

A general an<l temporar) condition of partial 
or comple te inundation uf normally dry land 
areas from : 
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- the overflow of inland or tidal waters 
- tJ1e nnusnal and rapid accur1111lation or .run-

off of surface waters from any source 
mudslides (i.e., n1urlflows) which are 

proximately caused or preeipi lated by 
accunmlat.iona of water on or under thc 
grouud. 

The collapse or subsidence of land along the 
shore of a lake or other body of water as a 
resu.lt of erosion or undermining caused by 
waves or Curren ts of water exceedi11g; anlici­
patecl cyclical levels or suddenly caused by an 
u1111sually high waler level in a natmal hod) of 
water, aceompanied hy a severe storm, or by 
an unantieipaled force of nature, suc11 as a 
flash flood or an abnormal tidal surge. or b) 
some similarly unusual and unforeseeahle 
event which results in flooding as defined 
above. , 

PERFORMANCE REQUJllEMENTS AND 
CRITERIA FOR RESJDENTIAL STRUCTURES 
IN FLOOU HAZARD <\REAS 

PERFORMA CE REQUIREMENT A 

The building, its contiguous slructure(s), an<l its 
service systems shall be designed to withstanJ thr 
design flood without causiug unacceptable risks to 
its occupants or to adjacent property owners. 

The Luilrling complies with Performance llc:quirc­
mcnl. A if the following conditions arc satisfied: 

Cri lerion A. l : Strength 

The building is designed to resist the follo¼~ng 
Joads, acting simultaneously: 

1.1 D, L, H., and F 
1.2 I) , L, H, F, and Fl 
l.3 D, L, R, W, F, and Fl 
1.4 D, }{, and F 

LS D, R, W, F, and Fl 

Where the working stress method of design is used 
the following provisions apµly: 

2.1 l n load combinations 1.1 through 1.5 all loa<l.s 
arc applied as listed or as required Ly the 
applicable codes for the same load combina­
tions wilh loads F and Fl. 

2.2 Allowable (working) s tresses cannot be 
exceeded for loading l'Onditions 1.1 and 1.4. 
For all other loadi11g conditions I.he allowable. 
stresses can be increased b) the amoun t per­
mitted in applicahle codes for design agains t 
load combinations inclu<lin~ wind or cartJ1. 
quake load. 

Where ttllimate-)oad design is used (such as 
instances where the American Conncte l!ls lilutc, 
Hui/ding Code l<PquirPme11t;; for Reinforced Con­
r-rel e [ AC I 378 , ACI. Detroit, current edi lionl , is 
applical)le) loatl factors arc applied as recommend­
t.:c.l in the applicable standard, and F will be com­
bined wit!, L, or factored as if it were a live load 
for loading condi tions 1.1 a:nd 1.4. For all other 
loading con di lions loads F + Fl will be combined 
with W, <.>r ,; onsjdcred lo be equivalent to a wind 
load. 

Test 

Structural analysis and/or physical simulation. 

Commentary 

The criterion provides a suilahle margin of safely 
against structural collapse when the building is 
subjected to the hasc f1ood. The intent of the 
criterion is that the margin of safety for these 
buildings, when subjec ted to the base flood, be 
no less than the inargin required for other build­
ings not subjected to flooding. It is assumed that 
loac.ls r may acl on the Luilcling over a long period 
of Lime. while loads Fl are short-term loads. Thus 
the margin of safety against load combinations 
containing Fl need nol exceed that provided 
against wind or seismic loads. 
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TIii' combined load of earthquakes and floods is 
not cunsidercJ here because of the low probabi­
lity of a 11oo<l uud an earthquake occurring simul­
la11eously. Where tsunami flooding is the base 
flouJ, eartl14uake loading should perhaps Le t.:on­
sidercd roncurrently. 

Cril,~rion A.2: Stability and J'lolalion 

There sltall be a factor of safety of 1.5 against 
overturning. sliding, and 0otalion under the 
following load.: 

1> + "\\ + It + F + Fl 

Test 

Stn11.: l1Jral w1alysis and/or physical simulatiou . 

Commentary 

This crit erion prov-ides a suitable margin of safcl) 
against sliding and overturning. Tl1t: most critit.:al 
loau combination i::. being considere<l. Tie-down 
devices cau be used to achieve struch.nal stal1ilil y, 
provided it can he demonstrated tJ1al deterioration 
of lhcse clcvicrs during the service lifr of the build­
ing ur L) 11uud conditions will not cause Lite 
factor of safel y to fall below its stipulated ,aluc. 

Criterior A.3: Provision Against Ot>bris and Scour 

l ru.css it call Ge df~monstrated that lite l'lood 
w;;iteri, will ht> s tagnant, or that there will Le no 
flouting 1lebris during the design floo<l, the follow­
in~ pruvieions appl) : 

1.1 Uuildi.11g on stilts shall comply with Si.:dion 
612.2.3 of t he Corps of Engineers· publica­
tion, l•'louil-/Jrovfing l<rgu lations. This 
section is rcvroduccd below. 

Sec. 612.2.3 Huilding on "Stilts" 

Tilt' ln1ilding IIIU) I.J r 1·onslruclerl abovl' tlw RFl) Lus,· 
lhl' l,·vr-1 vi' llw Lat,,· or rb;ig11 flood] by supporling il 
011 ' 'slil ls·· or vlher et'llumnar typ<' rnemlwrs, such as 
columns, pil'r~, and in certain cases, walls. r.t1·ar spacing 
ot' , 11pport rn t>m b\'1'$. measurl'd perpendicular to th•• general 

direction of lloc,J flow shaU nol be less than cighit (8) 
fePL upurl at lhe closest point. Tlw "stil ts·· shail, ru, far a& 
pr.wlira!Jle, 1,,-. rornpact anti free from umwccssary appen• 
U:ig'!f which wuuld lPnJ 10 trap nr r•·strict fr,,,, pa.s•a1gf' of 
debris during a Oood, Solid "alls, or walll'cl in co lumns 
are permissibh- if oriented 11 ith th1· longe,;t ,I irnr11sion of 
the mt mLr.r parallel to the flow. ··Stih;.'' shall 61" of a I)' p1· 
that causes the least obstrucliou lo tlw 1101,, and 1the lea.st 
polrnlial for trHpping floalin!( dehri$, .Foundalion supports 
for tlir "~tills'' may bP uf any approwd lypf' capa!JJ,, of 
rrsisting all applied loads. such as sprrad footings, mats, 
pile~ anti ~imilar types. ln all <:as1's, the eff1·ct of sub­
merg<'nce of tlw soil and arlditionaJ flood water r.::lale<l 
loads shall b,• r1·cugnizcd. ThP potential of surfac:e scour 
around the ,;tilts shall be recognizt•d and protecti,,e 
nwasun's prul'idrd, as requir1•<l. 

l.2 For flow velocities i11 excess of 5 feel per 
scrond the hy<lrod) namic loads in F shall 
Le assumed to act over lhe entire width of 
Lhr building, perpe11ilirular lo the direction 
of flow I and reasonable vertical clearance 
shall be provided fur th e passage of debris. 
The depth of all fo11ndation elements shall 
allow for the potential effocl of scour. 

Tcsl 

Strurtural artal)sis and/C>r physical simulation. 
Evaluation of <lata and documentation for desip1. 
t ests. a11d i11stalla1ion ; evaluation of plans and 
specifications. 

Com mentar)' 

Criterion J\.3 is <lcsign e rl lo prevent structural 
collapse caused by the accumulation of floating 
debris or the undermining of foundation elements 
as a result of scour. Part of U1e provision iis de­
signed to avoid debris accumulation. The other 
part provides adequate s trength lo resist the 
c-ffccts of lhe formation of a barrier over the 
r-n lire width of the building. Buildings arc exempt 
if il can Le demo11strated that no debris will accu­
mulate and no scour will occur. 
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Criterion A.4: Disruption of Service Systems 

The service systems shall be designed to resist the 
loads stipulated in Criterion A. l with safety 
margins as stipulated in A. I against disruptions 
which may endanger human lives. 

Test 

Engineering analysis and/or physical simulation. 
Evaluation of data and documentation for design, 
tests, and installation; evaluation of plans and 
specifications. 

Commentary 

This criterion only appLies to disniption which may 
cause fatal accidents, such as rupture of gas lines. 
Lesser load levels are stipulated in B. l for disni p· 
tions which constitute a health hazard. 

Criterion A.5: Execution of Rescue Operations 

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

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

1.1 Allow the safe evacuation of the occupants 
out of the building 

1.2 Allow the safe transfer of occupants from the 
building to rescue vehicles 

1.3 Provide means of access or adjacency for 
rescue vehicles. 

Test 

Evaluation of data and documentation for dcsig11, 
tests, and installation; evaluation of plans and 
specifications. 

CommenLary 

Criterior A. 5 is designed to prevent the entrap­
ment of building occupants by rising water levels. 
Part of the provision is designed to prm,i<le means 
to evacuate the building (e.g. , windows, roof trap 
door). The other parts provide for the accomoda­
t ion and execution of rescue operations (e.g .. by 
boat, helicopter). 

131 



PERFORMAl'\CE REQlJTREME~T 13 

The Lu ilding, its cu11Lig11011s slrnchm:(s). and its 
scrvicr sptems shall be designed to will1sta11<l the 
<.ksign flood withou l causing unaci·cplaule health 
hazards Lo its occupants. 

The LuiJding complies with Pnform:u1c<' Hecriire­
ment B if the following co11<litio11s arc satisfircl: 

Criterion B.1: Disruption of lJtilil)' Connections 

IJuilJing utility eonnertions shall be <lesigued to 
resist the following; Ioad8: 

AL loading contlilioM: 

1.1 11 + 1. + R + \\ +l"+Fl 
l.2 U +\V+ R + F + FI 

Thr building utilit) connections shou ld nnl ~115· 

tain: 

2. 1 Permanently Jisruptetl :mtl/or 1.irukcn attaeh­
m eut with Lheir fix t11res awl/or s11 ppor6ng 
structural clcinents 

2.2 Leakage or esc:aµ<' of c>ffluclll that 1·c,11ld 
c:onlarn inate drinking w.lter 

2.:3 Ruµ1ur r of electri•·al se rvice l11ttl \'ouJJ «·aus,· 
elcclroculion and/or rirC'. 

Test 

Evaluation of data and <locurne11talion for tlcsign, 
lests. and installations: evaluatiorl uf pla11S aud 
specificatio11s. Inspection and/o r lcsling of built 
clements when deemed rssential. Dr-termination of 
conformances lo generally accepted codes. 
standards and engineering and trade practices. 
where applicable. 

CommenLary 

This criterion appLlcs to all uliJiL) conntctions 
subjecl to the force. of Lhe desig11 flootl. Ltility 
connectiOJJS which are designed Lu disconnect 

tluring the design L1oo<l without the re lease of 
delclcrious substam:es a.re exempt from provisions 
l. 1 a.rid 1.2. 

Crilerion B.2: Provision Against Drinkjn~ Water 
Conlamination 

Thcri' will lie no co11Lu111inalion of drinking water 
with sewer dfl11ent or flu1)d waler. 

Criterion 8.2 and Performance l{cquirement ll 
arc dremctl satisfir<l if U1e following provisions 
urr met. 

1.1 Approved l>a-:kl1ow prevenkrs or devices are 
i11stallcil on main ,vatrr service lin~s. al water 
wells and/or at suiLublc b11ilding locatio11s to 
pro Lee t the S) s lcm from Lack flow or back 
siµhonage of llood wakrs or other co11Lami­
na11ts i11 the e\:Clll of a line l1rl'ak or temporary 
discon11el'tion. 

I>rvir-es are iustaJlc<l at aceessibk Joe a lions am! 
111uintainc <l in g-ootl working ortln. 

1.2 Sanitary sewl'r a1ul storm tlraiuage systl'Jn con­
nee tions c1re pro\ ided with approved barkflow 
prevc>Hl<'rS ur devices install('d al each 
diseliarge point. 

1.3 No storm or l1ood wa ters are drained into 
sys lcms designe<l J'or sewage onl~, a11d vir·c 
"1-ersa. 

Tesl 

Gvaluation of rlata and ducu men la lion for Jcsir,rtL 
tests, anti installation~ evaluation of plans :mtl 
spccificatio11s. 

Commentary 

Critt'rion B. 2 is tlesigncd to prcvc·n l con larniuation 
of drinkillg water witli sewer efll.ue11l or flood 
waters. Also, the criterion is designed lo prevent 
rlamagc lo fixtures and interior finishes (e.g., floor­
ing:, wall surfaces) from hackflow or back 
siphonagc of nood waters. 
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Criterion B.3: Provision Against Conlaminalion of 
Potable Water Wells 

Private potaLlc water wells shall not Le contamina­
ted by toxic substances or impurilies caused by the 
design floo<l. 

Criterion l3. 3 is deemed satisfie<l if the following 
provisions arc satisfied. 

1.1 Privalc potable wr ll water is not supplied from 
a water table localed less than 25 feet below 
grade, nor from any deeper su pply which may 
Le polluted by contamination entering fissure 
or crevice formations. 

1.2 Each well is provided with a watertight casing 
to a distance of at least 25 feet Lclow the 
ground surface that extends at least one 
foot above the well platform. 

Test 

1•:valuation of data and documentation for design, 
tests, and installation; evaluation of plans and 
specifications. 

Geological analysis of site. 

Commentary 

Criterion 13.3 is designed to prevent the contamina­
tion of water wells used as a source for potable 
water. Part of the provision provides against Lhe 
contamination of the water supply source. The 
other part provides against the contamination of 
the water removal system. In any case. local 
health codes should Le consulted. 

.. . ... . . ..... .t ... I I . ' ' ' . '. ... . .. . .. . . . . . - • • • • • I I t I ' 
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Pf.HFOHJ\IA~CE RE()LIIREI\IEl\T C 

'1'111• l,uilding, ib 1•ontip1nus ::.-lrud11r<'(:-). and it, 
H'n i,·P "~ :,lt·ms :-l1all he dcsigiw1l lo 111Lhstarnl lhr 
dPsiµ_u t1ouJ \\ ilhou I sw,laini11g da111a~c of 1111-
anc·plahle ma1-,rnitudl'. 

l'hr 1111 iiding r:0111 plic·-. "i th PcrfomtmWP [{ t'tfuir<'• 
ll1('111 C if the folio~, ing eu11tlition~ ar<' satisfi,·d: 

Crill'rion C. l ; PrO\ ision \1-{ainsl Permanent 
D:m1agc 

l llllt:r loaJin~ c-umlitiou:, 1. I lhrou1h J.3 llir 
l1uilcli11g a~ a II hole. or a11~ r-k111cnt Llwrl'of. :>halJ 
nol ~u ffl'r pcrn111111·11l damage\\ hich ,, 01dd n:tjuin· 
repla1·<·111enl ur nt.tJor rcpnir, or wltieh 11 otJ!rl 
1•-.[C'11:-i\l'l) 1111pJir iL~ inlt·111lt-d li1111'1i1>11. 

I.I l) + l. + H + \\ +(,'+fo'I 
l.:? I> + \\ + H t- F + Fl 
1.:i lJ + L +- H 1 F + Fl 

'1 IH' nilt-rh.111 i:< deemC'd -,_a l isfird if ~lrC!,h and ti(· · 
lkrtiun limils 1111d<:"r loa,lin~ co11dilion-; 1.1 
lhro11¢1 l.3 du 11ul e:-.eerd lhosr ::-lipulatcd i11 
applkal,ll' eod1·:-. or if it 1·a11 l,c <lcmon-;trat,·cl that 
dc·fl<' rlio11s cau~rd I." load 1:ombinaliun:-. l.l 
Lhru11gli J.:1 ean lw arruuwdatcd h~ s11ital.ile de Lail 
and Jd1·411ati- llnibilit~ of l'if'm«·nt~. 

Tesl 

E, alualic,11 of tlula anJ tl1 w11 men tation for tlc·"i!!H, 
tcsli,. :md in!,lu.l lation: e,alualion of plans and 
s1wtifiratiuns. lnspection and/or testing of lrnill 
dem<·nl:- when deemed l'S$ential. Uclcrminalion of 
rnnforrnmwt· to general!) acc<'p led .:;La11tlaf(b anJ 
,·ngi1w•·ring anJ lrode prurtirP , whrrP npplic-abl1·. 

Co111111enlary 

l'liis niterio11 assures tlial the design fluod will 
1101 n.H1:,,e e:-.cl'ssivr <lamage. Effccls of sw••lling 
cam<'d In inc-rea:,,•d 1nuisl11re or inunclalion mu!>t 
'11· induded in F. 

Criterion C.2: ProYision Againsl Unnecessar) 
l)amage 

\ll li1 ing areas, major 11tililil's, furnacl'::,, and air­
r·o111lilioni11!,( units shall nol lw suLrnergcd l,~ lhl' 
ell-sign flood . 

1.1 Li, ing area::- shall lit· •·u11sidercd h.ihi loblc• area::: 
Lhal pro, idt> f<Jr tlw t•s:,;t•n tial tw<·cls uf p1·oplt- : 
lidng. !'lt'l'pi11g, di11i11g. ,·ouling anti sanilalion. 

1{1-crcaliun areas. libraries. and utlwr spl't·ialit~ 
arras arc Lo be co11sid1•1'C'fl habi lal,lc arl'as a11d 
therefore !>huuld 1wl lw ,,ubnwrgnl u~ tlw 
1frsi~l'J1 lluutl. 

1.:2 The cite I rical S)'Slt!lll •·urn 111 iC',- wi Llr Critnion 
f'.:2 if Lhc fullo1dnµ. eo11diliu11,- aJ'C' s:ili~l'ic•d: 

1.2 1 \II portion:.- of the elet'lricaJ sy,,lem 
inslalkd lwlo" Lilt' 1.lt-::i~,1 l'lond kVl'I 
are Htilauft- for 1·onlin11uu::- s1rlmJl"l'gl'lll'f' 
in watl'r. 0111~ s11umer~i!Jl1' l~ pc ,-plit-1·'.:, 
arr u::,i•<I and c·tmduiG loralrd bPlo\, llw 
ilrsig-11 flood lcH•l arr s,·lf drain i11g: if 
t'ultjl'd lo flooding. 

1.1.2 Lil!ltlin:; panel:.. Jislribulion panel:,, u11d 
all olhrr statio11M) clrf'lrical et1uip111r·n l 
an· local<'cl al,o, e lhr d1· i~, nood. 

I.::S l'hc 111echanical S) sh·m eo111plirs with Cril<'ri­
on C.2 if the following ronuitio111, are i,a tisf'it'u: 

1.:{.1 IIC'a ling, air-ronrlitiuning, and vr11lila-
li11g arr ins tall<·d above llH· design flood. 

1.3.2 ,\II dud v. urk for,, arm air healing 
S) :,Lem:, localed !Jduw llw drsii,1 lloocl 
lnl'I is pruvi<lt'd will, c·nwrgenr·y OJH' II · 

inbrs for drainabrc· of dud$ after a 11oucl 
condition. 

I .4 The plu111bi11!! S) stem r·u111pli1·~ with Cri lt.11fo11 

(..2 if Lhe fol1011 ing 1'011clilion:; Ul'l' ,alisfied: 

J .-1 .1 Tanks. su ftencr:; a11d hrn !er:- are irn,Lal­
leJ al.,ove lht· t1,,i;ign fluntl. 
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1.4.2 Plumbing below the design flood 
level will not suffcr loss of stability 
or loss of tightness thal will permit 
leakage or physical damage lo fix ­
tures and joints and connections Lhat 
will permanently impair functioning. 

1.4.3 Utili l) connections designed to dis­
connecl during the design flood arc 
easily reconnected. (Sec Criterion 
13.l.) 

Test 

Evaluation of dala and documentation for design, 
tests, and installation; evaluation of plans and 
specifications. 

Commen tar) 

Criterion C.2 is designed lo prevent unnccssary 
damage of living areas. major utilitic~, furnace~, 
and air-conditioning unils b) Lhc design flood. 
Part of the provision is designed to deYale living 
areas and equipment abo,·e the design flood. Other 
parts are designed lo prevent the damage of utili­
ties and mechanical/clcclrical conncc lions below 
the design flood. 
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