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P reface  

Whenever po s iLl  . residen tial tru hues h ou ld  
not  be  l ocated  in flood-prone a r  · as . Fl ood ing i n  
these areas i v irtu al ly assu red at omc point i n  
the fu ture , bringing wi th il L h  po len lial for 
propert <lamage-no m atte r  h ow w ll <l trudure 
is rle signed-as well a dange r  to  buil <li n11  occ u ­
pan ts. H owever, i t  is not always possiuk to 
avoid flood-prone ar •as. This manu al is fo r 
d · sign r ,  dcveloµ rs, builders, and other w h o  
wiJ1 t o  buil d  levated r e  i dential truc tu rcs  in 
flood-p ro11 areas prudent! . 

The reader of this manual are assum d Lo have 
know ledge of conv ·ntional residential 01 1stmction 
p ra ·ticc ; the manu al is lim i ted lo the p c ial design 
is u 'S confronted in elevated cons truction.  

ThIB is  a revi · 011 f a  m anual of the ame t itle pu b­
Ii ·hed i n  l 9 76 by the Federal In  uran e Aclm iui­
s trati on . Thi r vision reflects change since 1 9 76 
in floodp lain manag men l techn iques and r gu • 
l ation , improv ments in con truction ma terials 
and p ractice in rea es in con truction costs, and 
addi t ions lo t h e  relcvaut l i t  ra lur  '. Thi revision 
also con lain in ·reased information on e levating 
strnctu re in coastal areas, alt 1 10ugh all the tech ­
n iqu s de criLed here apply lo bo th coa Lal an<l 
riveri.11 ar " a  unJe o lherwise s t ated. 

A econd document, publi hed by the Federal 
Emerg n y Managemen t Agency ( Ftl\lA) Dl•.�ign 
Gu idelin es for Plood Dflmagl' Rrdu r l i on , upp le­
men ts thjs manu al's discussion of e ievat d resi den­
tial struchi res w i th infomiation on the full range of 
other floodplain managemen t t. ralegie . 

A third documen t, Drsign and  Cn 11 s l r11 rl io 1J 
/Wa ruwl for Rr.st:dl' n l ia l  B1L ilding. in Coas tal High 
llazard A r  as, i published  jointly by FE MA and 
the LI . · . D par lrn n t  o f  Housing an d · rLru 1  Dev ·l­
opmen t. I L  provid ' s t ru c tu ral f: ngin t:: ring gui tle ­
lines aud other informa ti on on d signing slru ·tu res 
in coas tal areas su bje • t  lo scv re wind and veloc ity 
wave forces. S tructu res in such areas 'hou l tl  not be 
designed  wi thou t consu l ting i t .  

V 



ENVIRONMEN
r

fAL AND REGULATORY FACTORS 



Flooding and the 
Bu i l t  Environment 

Rivers an d  seacoasts have al ways been focal p oints 
for development. Access to water has provided 
drinking su pplies and sanitation, an important 
sou rce of energy, and a valu able part of the trans­
portation sy stem. Rec reational opportunities and 
aesthetic enj oyment fu rther  stimulate watersid 
development. 

This development pattern, however, leads to a con­
flict between the natural and built enviro nments. 
Th e need for direct access to water places hu m an 
settlements in low-lying areas that are subject to 
periodic flooding by rivers and the sea. In the 
United States, m ore th an six million dwellings and 
a large nu mber of nonresidential bu ildings are 
cu rrently located in the nation 's 60 million acres 
of floodplains. Floodi ng of these floodplains is 
responsible for m ore damage to the built environ­
ment than any other type of n atural disaster. The 
total fl ood damage in 1 9 78, for example ,  was an 
estim ated $3 .8  billion. The following year, 
Hurri cane Frederic alone caused 1.8 billion in 
dam ages. 

I 
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RIVERINE FLOODING 

Floods are 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 absorbed by soil or vegetation 
seeks surface drainage lines, following 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, flash flooding, a quick and intense 
overflow with high water velocities, can result from 
a combination of steep slopes, a short drainage 
basin, and a high proportion of su rfaces impervious 
to water and unable to absorb runoff. 

I n  addition to the direct threat to buildings, 
development in riverine floodplains alters natural 
topography , modifying drainage patterns and 
usually increasing storm water runoff. Develop­
ment also displaces much of the natural vegetation 
that formerly absorbed water and decreases the 
permeability of the soil by covering it with build­
ings or with nonporous surfaces for roads, side-
walks, and parking. The effect of these changes is 
to increase the severity of flooding throughou t the 
riverine environment. 

COAST AL FLOODING 

Coa  ta l  flood ing is generally due  to evere ocean­
based storm system . H u rr i canes, tropical torms ,  
and  ex tratropical storm such as  " n o rthea ter " a rr 
thf' p r i ncipal cau es w i th flood ing occu rring when 
� torm ti des are h i gher  t han the normal h i gh t i  de , 
and are accompanied by water moving at r lat ively 
h igh v loci ty and veloc i ty w av ac t i on .  The 
m a x i m u m  i n ten ity o f  a torm t id occu rs a t  
high t�dc, o · torms that  per  i s t  through several 
ti des a re the most everc . 



The velocity and range of  coastal floods vary in 
part with the severity of the storm that indu ces 
them .  The damaging effects of coastal floo ding 
are caused by a combination of the higher water 
levels of the storm tide and the rain, winds, w aves, 
erosi on , and battering by debris. 

The extent and nature of coastal flooding is also 
related to physiographic featu res of the terrain and 
the characteristics of the adjoining body of water. 
Pacific coastal areas are vulnerable princip ally to 
earth quakes, tsu namis (seismic ally induced tid al 
waves) and other natu ral forces that can trigger 
excessive erosion, mud slides, and flash flooding. 
G reat Lakes coastal areas are subject to erosion an d 
severe win ter storms. The Atlantic an d Gulf Coasts 
are consistently ex posed to the forces of hurri-
canes, lesser tropical storms, and northeaste rs. 

Coastal flooding is m ost frequent on the Atlantic 
and Gulf Coasts, which are made up of a su ccession 
of barrier islands, beaches, and dunes. These 
physiographic ele ments are maintained in dynamic 
balance as sand is m oved by wind , waves, and 
ocean currents. This self-replenishing beach-dune 
system takes the bru nt  of the force of storm 
surges and helps buffer inland areas. 

In coastal areas the re moval of beach sand and the 
leveling of dunes, along with the co nstruction of 
seawalls, jetties an d piers, are common practice.  
These can help destroy the shoreline's natu ral protec ­
tion system, exacerbating the impact of storm 
surges and high winds. 

3 
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Floodpla i n Management  

Tl 1erf h ave 1 01 1 v  b en a t l emp ls to tnodc r a l  the 
im pac t u f  rive - r i l l(:' i1 o l i ng, wi th rnnjo r  f r l  ral 
effor Ls in U \ f' L : n i t r u  Sta tes . i n  · e 1 936 . U n t i l 
rec · 1 1 1ly , Utc�e efforl huve Leen t:oncen lraled  on  
fl ood rontrol mra  u n'. devi . eu to reduce o r  
cl i m i1 1 a tc ·  rl uodi 1 1 g i lsel /'-ch ie fly da n r s ,  I :vc·cs a iH1  
� i ,n i l a r  trn (' t u ral , orks. I J esp i Lt:' a 1 1 1 1 1 1 1 lwr of 
po i fo c  rf' u lL , tJ 1e�e rn ea mes h a \ e not u cc 'rrd i l  
i n  r<' du · i 1 1 � l'l oou damagl' -ieni fican lly . 

S i nce tl i · m id- l 960: ,  l lw r · fo r  · ,  federal  po l ic i e  
ha,, , reiln: ll'd a r cogn i t ion tha t  s tru r lu raJ  w ork 
neeu to be N ,m pl -•men ted by nonstrn c tu raJ  mea­
su re . H a l lwr  L l t u1 1  Lry i ng old� Lo p re c n t  fl ood­
c 1 1 rre 1 1 L fl oo, I µla i u  m anaucm 11 t p rograms ad d rc s 
Lite n ' e u  t. o  reduce L l 1r l o se i n cu rrt'd wl 1 t · 1 1 
i 1 H'Yi l abl r .  flood in g do(' . h appen . 

Ele , a L i 1 1g re iden L ial . t ruc h.m·- a liuw t h e  rca c - h  «J f 
flood water�. thr u hjrr L  o f  th i rn anuaJ i 0 1tly 
01 1 r  u f  s \'C raJ Jl vodpl a i n  m a1 1ug;cmc 1 1 L  tccl 1 1 1jq ues 
ru rrr 1 1 ll� used tu  rrdu re  fl ood da mage . Fnr 
r:-. a.m pl<' . con  L ru c t fo 1 1  i s  proh ib i ted i 1 1  r i t i  al 
fl ood pla in a reas ( termed  fl odway �) u uk " il ha 
Leen d ! Lr r u i l rwd th a t  <· un trnc l i on  wiJJ n o t  i n -
C're a t' fl ood l \' els e lsewhere . \\ " her huil 1 l i 1 1 a a re 
alread� located i n  the e c ri t ica l  a reau, Lher ra 1 1  
ri tl i r r  Le · rdol'a lcd  ou l of  I I H' f1 0od a rea ,  < 'k l'a ted ,  
ur fl oudproo fed tu r -·dw · e the Jama"e t J i r_ wil l 
s11 ffr. r i n  a f l ood. Bu il d i ngs th a l  arc bailly d arnau  d 
by flood i 1 1 a  can b razed or Jloocl p roo fed  ra ther  
th an hein� restorad to  thei r originaJ v u lnerabl 
( ·011 d i t io1 1 .  V acan t l and in fluod - p rone ar>a cru1 be 
pu rchased ll) the locaJ 0 1 1 1 rn u 1 1 i t y and re e rved for 
recreat ion . farm i ng, or othe r  aft u c . 

T I i l '  ·c aH<l u l hcr fluu t lp l a i n  m c11 i ageme 1 1 l  te c l u i i ­
que, ( d i  c u �  ed in lJ P.� ig1 1 G1 1 idrl i 1H·s fo r Flood 
/J11m 11w• H l'd11 l ' l io 11 . r. i tr.u in the Pr • face )  can he 
u sed i 1 1  a tuord i 1 1 a Lcd w a) to re pond to each 
t: lJl l l l l J U l l ib  ·s \ ar iu 1 1 . n eed ' re , ourcc s .  a uu  f1uod 
h azards, t-:k \· .tt< · < L l'l ' , i t!  n tia J  tn i dures, if u c <l al 
.. iks appropri a l < ·  for t l 1 < ·rn ,  can Lr. u efu] om ­
purn ' 1 1ts o f  dkr t iY< ' floudp lain rn a11 agc 1 ne 11l .  



ATIO AL FLO O D  I N S U RA CE PROGRAM 

The '.\I al i  on al Flood I 1 1 s 1 1  ran re Program ( F1P) i "  
t l i c  fe d •raJ crov l'l l l ll l ' l l  t ' s  p r in  r i p a l  a<lrn i n istra l i  \'e 
mcc l i ,m i  ·m for retlu ei1 1 g Ouod damagt . E t ab­
lisl u :ti L� Cougrf 'ss i n  1 968, Li t t '  TI P i · atim in i�­
lere<l L� L l i r  Fednal E rnergt • 1 1 c � \ l anagcmen l 
Ag, ' 1 1 t : � · ( F l•: Jl .A ) . Tl w /\ F l  P i n;·u res Lu il d i ngs and  
thr i r  unte1 1 ls i n  lloud -pronc area , whe rt onve 1 1 -
tiu 1 1al i n  u ran · 1 ·  haJ ,  p r ior  tu th t ·  FIP,  Leen 
g(-' 1 1  ra J l y 1 1 1 1 arnila bk. 

Th e N F I P  p roYi tles t ! 1b  in:-;u runcc� only iu eom ­
mun i lic that agree to i 1 1 1 pk 1 1 1 cu t  c ompn :hen · iv( · 
lanu-u r p l ann ing and 1 1 1:.11 1 <tU' • 1 1 1c n l  to re tlu ce L I i t :  
l ikrl ihuod of fluuJ dumag1: i 1 1 tl 1 r · ir j u ri di c ti on  
Com m u ni ty re , p<msc Lu t h i. i ncen t i ve generaJ! y 
iln·ohTs tl w aJup liu 1 1  o f  toning, buildi ng cut.le, and 
de \ , J upm n l  rc i ru la t iu r ts t l t a l  p lace variuu . re4u i rr ­
m 1 1 1 . anti rr::, lr ic l iun. u 1 1 1 1ew c uw t ru c ti un  auJ  on  
ub  l an tiaJ i 1 1 1 pnn t' 1 1 1 enL to r ..; i stin o· r ons t ru c tion . 

\ r, J p  / /w t  s o J 1 1 1 •  /01 · ,i l  µon• m 11H-' 1 1 / s hm·P o du1 1 / l 'd 
rod1 1 s u 1 1d  : 011 i t 1f o / ' lli 1 1 t1 1 1 1 · 1 1s th a t  11 1 ·1· ro 1 1 s icfrm li ly 
1 1 1 on• r1 • .� l ril ' l fr 1 •  1 /1 1111 ! '1 1 • 1 1 1 i 1 1 i 1 1w 1 1 1 .� rt'</H irl ' cl by 
fl-: \ !  ·-I .  7'1 1 1 ·  n · .� 1 1 / 1  i.� / / , a/ .fi1 1 1 1 i / iori ly 1 r i l /1 tl('si{!II 
req1 1 ir1 • 1 1 1 11 1 ! 1 .� io um• , · 1 J 1 l l l t 1 1 1 1 1 i 1 1· , ·11 1 1 1 1 " /  /1 • rd i1 1d 
/ } /l l ' {,� ( ' /r/1 ( ' /'f ' , 

Tl 1t · rale _ lru · lme o l' Ll w \ I· lP 's i n  u nu1c · pre ­
miu m,;  rc i n forN" �  tJ 1 1 • i 1 1 lrn l o f  lhe c r<•gct l a t i un  
b) chargi 1 1g h igher i 1 1.s 1 1 ra1 1 cc ra l c ;;  for bu ihli rws 
su uj · ' l  t o  �•Tea lt· r ha:Gard .  ' 1 ' 1 1  ·sr in�u rance rates nre 
c l  p rirnaril � · on l l i e  l>a..i� of <l c:i gn a te ll h az ard 

zun ·s and  th t- 1 'rn t i o 1 1  u l' the lmildi 1 1 g; o r  � tru d ur 
u i  re l a liun t o  l J 1r l t · \·, • I o f  floud ing l ikel y tu oc-cu r  
i n  c a  I i  zone. Th i. d i ffr : rC ' n tia l  ru t · - tru ctu rc 
p rm·iJes a ·ig1 1.i fit:an L J'inut t cial i n ce n tive tu loca le ·  
J ) l l i l d.u i g in l t ':;s l i azarduu: Z01 1 1 ' . or tu im; r  · a  I '  

buil t. l i ngs lluod sa fr l) l.l ) rk\ al ing L 1 1 ◄ • 1 1 i  l t i gl 1  'I '  

tJ 1 an lh t' !'. I · l l ' 'z; 1 1 1 i 1 1 i 1 1 1 1 1 1 n  dt'Yati o 1 1  · . 

5 



GUU OF �EX ICO 

lUl'lft l 

F ig u re 1 . 1 .  F l ood I nsu rance R ate Map  

ON POST-TYPE  FOUNDAT ION 
A Zones 

l o w e s t  f l oor  e---"""11 
/' 
· 1  

V Zones 

b o t t o m  o f  
lowest  
struc tura l  
member  

F i gu re 1 . 2 .  E l evat i on  R eq u i rements for Post· 
Type Foundations 

6 

I t  · thu vital to be aware o (  the .FI P  rate truc­
h i re ,  a wcU as l <JCal rf. g1 1 l ations ,  when siting an<l 
Jesigning ne,  de elopmcn l or u bstan tial improve­
men ts  to e x isting  cons tru c tion. Thi in formation 
ta 1 1  ue oLtai ne<l from l ocal i nsu rance agents, pu b l i c  
offie ial an d rebrional FEi\ lA office . 

BA F. FLOOD ELEVATIO.  (BFE's ), A ZO £ , 
A .  D V 20 F:S 

The � F IP  an <l reJ ate <l l oc al a n d  La te regula tions 
<lc fin l ikely fl ood  level on the l iasi o f  the ' 1 00-
year" no <l, whi h is the floo<l that  h as a one 
p r ent  chan e o l ' h i n tr equallcJ or exc eded 
<lu ri ng any giv n )  a r. Over a 30-: .a r  pe riod , the r  
i u  at l ea t a  26 percen t  chan ,� that t h i  "Lase" 
Ouod wil l  occur. 

Th · La · flood e levat ion ( 1 3 F E 's) or likely flood­
ing I vcls, at differen t  si t i n. a c mmun.ity du ring 
U1c J 00-year flood arc J ,t rmim:J on th basis of 
his toric records cl i i n a ti · patterns, and hy<lrologic 
and hydrau lic data. A co 111 m u 1 1 i t y 's BFE\s ar · 
m appe<l on  flood insu rance rate map ( FI R 1 1 '  ) , 
whir. h ar p rovided L)· F�;\ f  A for u by local 
flood plain m a.nager an<l F F: \! .  official ( see 

igure l .  I ) . 

F J R !\1 '  g0 1H::'rally h O\  n.ood-p rone ar a as ith · r  
Zone or Zones. R iv rin ' flood -pro ne  areas 

an <l c astal flood - prone area su bject to storm 
surge" wi U1 veloc ity wav ' o f !  ss than th ree fee t  
du r ing I.he I 00-ycar flooJ a r  g nerally classed a s  
Zone FEM ' s  Jc. ign tandar<l ( ~ee Figu re 1 . 2 
and 1 . 3 )  fo r Zon caJI for the top of a building' 
!owe  t floor ( iucl u <l ing uauem n ts) to Le elev ate<l 
to o r  aLov the 13 FE. ' Coa tal h igh hazar<l areas" 
arc howu on FI R M '  as Zo1w . The \i Zone i 
the porti on  o_f the noo<lplain u uject to  storm 
su rge with vel o  i ty waves of three f t or more 
< l uring the J OO-y cc1r tloo<l. FEi\f A s tandards for 
V Zones r qu i re t lw lowest portion o f  th 
t ru c tura.l 1 1H::muer su ppor ting Lhc lowc t floor to 

b kvat •d on pilings or other ·olum ns to or aJ)O e 
tl 1 c BFK In add i tion, th • spa below the lowe t 
noor in a V Zone mu t n ot be u · <l for human 



h abi tation and m u .  t be free of oh tru llon 

� flP r i · q  u i re · n 1 1 · 1 1  t ,- i'4 J I' • \ :1 1 1 d  \ Zu I H '� 1 1 .� of ./ 11 1 1 1 1 11 ry 
1 ')8 1 1 1 r ! '  ,- 1 1 1 1 1 1 l l a r i z ( • d  i 1 1  F i }!U l' I '  I .  L 

':\f o lr. th at FIR .M 'c arc bas · cl on a v ari · t) o f  us. n m p­
tiun aLuu t ex p ec ted  floo cJ V<'rit) , devel opmen t 
pat terns. r lt .  Th ac tu al I vcl o f  f1 oodi1w from a 
1 0 0-y ar fl ood m ay Lt: sii;i i i fican Uy grea ter ,  J u  
addil ion,  the "500- ear" fl ood lev 1 ,  whic l 1 w ou l d  
be ign i fican tly gre a ter than t h e  1 00 -y ar f1 uu<l'  , 
c u l d  c on ce i v a bly occu r 0 1 1cc or cve 1 1  mor · o ftrn 
du ring a building's I i  f l ime.  The e u n cer tainties 
are -fu r ther  reason · fur Joc a ti 1 1g bu ilili n gs in less 
hazardou s ZO l l <'S or e levating them h i i:rhcr than the 

F I P' m in imum e l1:rntions. 

ON S L AB F O U N D AT ION 
A Zones  

--, 
F i g u re 1 . 3 .  E l evat ion Requ i re ­
ments fo r S l ab  F ounda ti on s  

BOTH A A N D  V ZO N E S ( Numbered and U nn u m bered ) 

A l l  s t r uc t u r a l com pone nts m ust  be adeq uat e l y  con nected a nd anc hored to p r event f lotat i on ,  co l l apse ,  or pe rmane n t  
la te ra l movement of t h e  bu i id 1 ng du r i ng f loods .  
B u i l d i n g  m ater i a l s  and u t i l i t y  equ i pment  must be res i s tant  to f l ood d amage . A l l mach i n e r y  and equ i p ment  s e r v i c i ng  
t he  bu i l d i ng m u st be e l e vated to o r  a bove the  Ba se  F lood E l evat ion ( B F E ) , i nc l ud i ng f u rnaces ,  heat p u m ps ,  hot  water 
h eatP.rs , a i r •co nd it i on e rs ,  wash e r s , d ryers, ref r igerators and s i m i l a r  appl i a nces , e l evator  l i ft m ach i ner y ,  and e l ect r i ca l  
j u n ct i o n  a nd c i rcu i t  b r eaker bo xes .  
Any  space  des igned fo r  human ha bi tat i on must be  e l ev ated to o r· a bove the  B F E , inc lud ing bed room ; bat h room ; k itch ­
en ;  d i n i n g , J i v i ng , fam i l y ,  and recreat i on  room ; and off ice , profes s iona l s tud io ,  and com merci a l occu pa ncy . 
Uses perm i t ted i n  spaces bel ow t h e  B F E  a re ve h i cu l a r  park i ng,  l i m i ted s torage ,  and  bu i l d ing access ( s t a i r s ,  sta i rwel l s ,  
a nd e le v at o r sh afts on l y ,  subj ect l o  des ign requ i reme n ts d escr i bed be low for wa l l s ) . 

A ZO N E S  ( A 1 -A30 1 

B ui l d i ngs m ust be e l evated such tha t  the l owest f loor  O nc l ud i ng basemen t !  is e l e vated to or above the B F E  on f i l l ,  
pos t s ,  p i e rs .  col u mns , o r  ex tended wa l l s .  
Where f u l l y  enc losed space e x i st s be l ow the  B F E ,  wa l l s  mus t  b e  des igned to m i n i m i ze bu i l d u p  o f  f l ood  l oads b y  
a l l ow i ng w a t e r  to a utomat i ca l l y  e nter .  f low t h rough ( i n  h i ghe r ve l oci t y  f l ood i n g } .  and  d r a i n  f rom t h e  enc losed a rea . 
F o r  low ve loc ity cond i t io ns ,  ve n ts ,  l ou vers ,  or va l ves can be u sed to eq ua l i ze f l ood l eve l s  i ns ide  and ou t s ide enc l osed 
spaces . Fo r  h i gh ve loc i t y  co nd i t ions ,  break away wal l s  ( see be low ) or permanent o pen i n gs sh ou l d  be used .  

V ZO N E S  ( V 1 •V30 ) 

B ui l d i n gs m ust be e l evated on  pi l i ngs 01 col umns  such  th a t  t h e  bottom o f  t he  s t ructura l  mernber supporting 1he l owest 
f l oo r r s  e l e va ted to o r  a bo ve the BF E .  
Bu i l d i ngs m ust be c e r t i f ied by a regis t e r ed pro fess iona l arc h n ec t  o r  eng i n eer t o  b e  sec urel y fastened t o  adequate ly  
anc h o red pi l i ngs or co l um ns to w ithstand ve loc i ty  f low a nd wave wash . 

Space be low the l owes t  f l oo r mu s t  be free o f  obs tr uct ion  or e nc l o sed W i th breakaway wa l l s  ( i .e . ,  wa l l s  des igned and 
c onstru cted to co l l apse u nder  vel oc i ty  f low cond i c ions w i thou t  j eo pard i z i ng th e bu i ld i n g 's str uctu ra l  s u ppor t . 
F i l l  may  not be used for s t r uctu ra l s u pport .  
No  const r uct ion i s  a l l owed seawar d of the  mea n h igh t ide l l n e ,  

F i gu re 1 . 4 . Key  F loodp l a i n  Requ i rements of the N at iona l  F l ood I nsu rance P rogram as  of J anua ry 1 984 . 
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S i te Select i on and Analys i s  

ITE SELECTIO 

W henev r p ssiLle , it e lc  ti on sh u l tl avoi <l 
fl ood -prone :U-f'as. I f  Lh i  i 1 1 0 L  p ossiblr. i t  hou ld  
be recognized th a t  t lw ri uk  and  evcri ty of flood.in()' 
generally tlecre ase wi l l i  the. distance from th e 
river than nel o r  from oas t al w a ler. . H ow ver, t h .i� 
i. n o t alw a) the a e, o i t i  i m p or tan t t u d 1 ·c k  
th e level o f  e x pected fl od i n  rela t ion t o  the 
propo ed si te. l f  the base fl oo<l e l  va t ion ( 13FE)  
has n o t  bee n d tcrm ine<l it wou ld  be  wise lo  co 1 1 -
su l t local fl oo<l hi t ory da ta before m ah.i 1 1 g  a i i n al 
si le . elec t ion.  

The regul at ion- of Lhe N a tional Fl od l nsu ran e 
Program ( N  F l  P) , ·pe i fically pro h ib i t  bui lding or 
l a n <l fil l  in a 11 oo d w a y ,  i f  ·u h h :tS  been d siguatcd , 
if the resu l ts wou ld  o li-tru t l  Lhc  il ow of  fl ood 
w ater an <l th r · by in rease fl ood l i c-igl t ls . 
S i m il ar ! � , liu il ding in a coas tal h igh haz ard ar "'a 
is al o not perrn i lle <l u nle the tr n c t u rc i land­
ward of the  m an h igh t ide  level . 

l ) c vc:i opn l t:l1 t J 1ou lu  b d iv  rlccl awa> from 
ident ified mu dsli J ,  o r  e ro�ion - pro n  are a · . O nly 
wh re jte  and soil  i ,we t iga l ion an d pro pose d on-
t ru c t ion s t an d ar ds as  urt com plete  a fo ty for 

fu 1-u n· re ide n ts hou ld  u ch si tes b con ider  d. 

Ove rall .  cu tom ary si t > ckc tion cri teria J 1ou l d  l>e 
u <l to evalu a te Lh suitabil i ty  o f  a i te .  D ra i n ­
age, heigh t o f  L he  w a ter table ,  o i l  an c l  .rock  forma ­
tion , top ography , w a ter u pply . a1 1 rl ewa�l' 
di · p o al c apal.ii li t �  hou l cl  Ll ·  1:onsidere cJ alonv  
with econ omi , an d p lann ing cri teri a such  a 
l' OSt ac ·c . , a n d  comp atib le lan<l u se .  

SITE A 1 ALYSI 

The site cleme 1 1 L  of p rim ary irn por tancr for 
an alp:in� an c l  vate<l r :jtle n liul project  a rc 
floo ding, soil , and ·win d d ta raderi t ics. 

� ·  ' .. .  ..,,. · - ·· . ' 
. r  . 

• ._. I, '• � � ' 
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F i gu re 2 . 1 .  H yd rostat i c  F o rces 

L _I 
F i g u re 2. 2. H y drodynamic  F o rces 

1 0  

Flood ing Characterist ics 

Flootlwalcrs impo. t� liydros la l i, forces an<l hydru­
dy ,w. 1 1 1 ir - for es . 1 1 y<lro la l ic  forces re. u lt  from lhe 
static m ass of watf'r at llil) point o f  f1 ootl water 
cuntac l w i th a structur . Tlu;y urc equal i n  all 
dir ctions au<l alway act  perpendi cu l ar to the 
su rface on wh ich they are appl ied .  H y drostat ic 
l ua<ls can act V ' r ti cally on s t ructu ral  member� 
such a floors an c .l d •cks,  anc.l. an act late ra l l y  on 
uprigh t L ructu ral member  such as walls, p iers , an d 
fuu 1 Hl a l io1 1s ( ee Figu re 2. 1 ) . 

1 1  d ro tlynam ic force result from th , !low o f  
l1ood water a round  a struc tu r ' ,  including a drag 
e ffect a l ong  Uw sides o f  tl ic s tructure an d c<l 1l ir"' 

1 )r negati v e  p rrs urcs 011 Li te stru e lu rc 's Jown ­
strcam side ( F igu rr 2 . 2) .  These are morr omm on 
in flash floods , coas t ai  floods, aml wh t:n 11ootl 
water i s  w in cl -<lri-1- cn. 

A numhcr of hy tlrologic fa toL mu  t uc entluatc<l 
in t l t c- J .sign of an e levatt'd true tu re :  

D<'/ J l h  o f  xpect  <l fl ooding and,  in coastal 
areas, height of wa,·e cres ts, wh ich  will de ter­
m ine th requ ired el ·vation of a bu il<li ng  a11 d 
the hplrostatic forces to be expected. 

l·'r1'q u en 1y of  floo<li ng, which is the amount  
o f  time between occu rences of dam aejng 
Doods. Th i  will l tavr an important influ ­
e J 1 ce on  sitr selec tion .  

/ J u. ra l io 1 1 of  flout.ling, w hi h a ffec ts tl 1r leuglh 
of time a Lui lJing may be inaccessi ble ,  a� ·wel l  
as th e saturati on  of soils and buil<liug  ma te 1· i ­
ab. 

T '1 · lo r ity of flood \va tt:rs an<l wave s, which 
i n lluencf's hotJ 1 hori zon tal hydrody namic 
loads on b u i l ding e le m nts e x posed to thr 
watr r and <lchri s impa t l oad, from ·watc r ­
bornC' oLj cct8. 



Ra te  of riJe which indicates how rapidly 
water depth increases during flooding. This 
determines warning time before a flood, 
which will influence the need for access and 
egress routes elevated above floodwaters and 
whether valuable possessions can be kept 
underneath the structure and moved only 
when flooding is imminent. Flash flood areas 
often receive little or no warning of flooding. 

Another hydrologic factor is ice , which in northern 
climates can cause serious damage to strnctures if 
flooding should occur during the spring before the 
ice melts. In some cases winddriven ice or ice j ams 
have comple tely demolished bridges, homes and 
businesses, snapping large trees and pushing 
buildings completely off their foundations. 
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 are especially likely to occur. 

Hydrologic data concerning a si te, including both 
technical studies and historical records, can often 
he provided by the local or state government and 
federal agencies such as the Federal Emergency 
Managemen t Agency,  the U.S .  Army Corps of 
Engineers, and the U.S. Geological Survey. If 
needed information is not available from these 
sources, engineers familiar with hydrologic and 
hydraulic techniques can analyze the flooding 
potential. 

Soil Characteristics 

The characteristics of the soil in a flood  area-soil 
bearing capacity , for example-can he important 
in determining an appropriate design . H ighly 
erodable soil would not he desirable for use as fill 
in elevating a stru cture in a high velocity area 
unless the fill is properly protected.  When erosion 
removes soils supporting building foundations, the 
foundations can fail ( see Figure 2.3) .  

F igu re 2. 3. E rosion Caused This 
Foundation to Col l apse. 

1 1  
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F i gu re 2 .4 .  W i nd Fo rces 
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�oil tla ta ru1 Le ob taineJ  from oil u rvey reports 
puLl ish · d by the �o il Con , ·rva tion S rvic<> of  th 
U .S .  D <�partmeut o f  grirn l t u r  . I t  m ay ue 
desi rahk lo con u l l a ll ualified oil ngineer 
farnil iar wi th L h  · o i ls  a l  t h  i t  . 

Largr. •  calc lopographi map f ground e levation 
t aJl bt' used Lo de term ine natu ral drainage pal lern , 
mu <lsli d •. an ti erosi on -prune area , and the feasibi ­
l i t)' of using fi ll . Lo al or t a le agenci  s or the U .S . 
Cculogical urv y can often upp l) lh is i n forma­
tion. Detailed top graphic maps ( 2 -foo l ont u r  
in terval o r  les ) mu  ' L u u ally be elev loped a part 
of tJ1 r  site- peci t' ic inve ligat ion and  are ne e~~ary 
for cJ veloping grading an d land c aping p l ans. 

Winds 

Buildings elevated o ff the grounJ  can Le more 
.. -u l ncrablc Uian 0 U1 r bu i J cl i r tu to  w ind ( ,  ee F igu r 
2 .4 ). Da ta on  e x pec t  J \\iuds arpcar i n  bui l t.ling 
code ru1 J ' ' ta r u l anl 58 . 1 of the Ameri an 
Nat ional Standard Ins t i t u te. V i •sip._n und Con­
sl r11 c l io 11 •l /a n u a( for lfo.id n t ial Ru ildi,igs in 
Coa8 / (L/ l l igh l la:a rd /I rras , c i teJ i 1 1  th Pr face, 
< l i c uss1 : design ing for wind  in coastal areas. 



S i te Des ign 

ite <les ign for J eva t , i.J  , true tu re shou ld  fol l ow  
:; tandarc l  p l a1U1i 1 1 g  c ri teria applic able t o  any jtc 
,vork .  Ty p i  ·al fac tor t o  rnn  iue r i 1 1 c lmle -lopes, 
1 1 al u raJ grades  d rainage , v ·go ta l ion ,  orientation, 
z;oning, an<l loca tion of  su rrounding bu i l di n gs as 
wcJ I  as rx p cL< ·<l d ire lion of  Ouur l  Oow.  

SITE FLOO ) )I G C I I ARACTRRISTI CS 

HuiJtl ings �hou l<l be po itione<l in the a rea of the 
s i t  th a t  wil l  e.xper icn ·c lhc l o west n od l evel� and 
ve lu< ' i l i i ·  . 1 1 1 euastal ar as, t l i i  means a fa r Lack 
from thr beach a .. possiL Jr  and i f  f ·asi.Ll , beh i .l ld 
du ne-. Buildi ngs s l i o u l <l  Le oriented  to p re en l 
tJ 1 ci r  smalJ e sl c roi,s- ·ec tiom, to th flow of  
floo<lwatc:r. This re <l t r ce,. th 'u rface area on  wb i I t  
flood a 1 1 J  :: lur rn for ·c can  ac t .  

\\ h r 11 mu l tiplr Lu i l tl ing;: arr to I JC.: p lact:d on  the 
- a1 1 1 e  �i t c ,  the objec th·e of si t e d.e ig1 i  i..: the same as 
for an i n<lid<lu al Lui J<li ng. ) 1 1c approach i· l o  
d i  pe r. • ' L u ikliug l h ruughuu l l. he j tr ,  appl ) i ng  
tJ t f' c ri tf'ri u c l i  c u ssed abO\ e to each Luilcli ng. An  
al kmati\'t' to smh <li�JH:' r  al .  when Jo ,aJ zo n i n g  
urd 1 1 uu t cl 's allow ( e. g, , a p lanned uni l <lcYe lopmen t 
ord i 1 1 u 1 1 1;t' ) ,  i ,. to group  l:11 1 iJ <lings in c l u  · ler .: on  llw 
safe ..:t p arts  o f  the 5.i Le . lea\·i.ng; t h  ' mor  vu l  ncralAr 
area"' open .  Thi., approach 1 10 t  only r<> <luc r flood 
<l ,unage Lut can aJso al Jow on: a ler flex ibil ity in 
prott"tincr the natural fea l 1 1 r  ·s on t h e  sit<· ( �cc 
Figure 2 . .rc ) . 

A<ljaee1 1 t  Lu i ld i 1 1g:, ,  bu lklwads, o r  otl i r �l ructurr 
hou l J  aLo be onsider ·d in . · i lr l uy ou t  both  for 

thei:r potenti al to cr •en an <l d i vert  flood \ aler 
mi <l wali'r-1.iornr ddJTi awl  for their potent ial to 
becume floati 1w deLri thc111s  · l vc:s. Bu l k lwad 
al ·o t<' n d .  t o  divert floo<l wat ers around t heir ends ,  
udvn.'el) a ffrc tinp; atlj ac ' n t  i l C:i .  

F igure 2 .5 .  P l an ned Un i t  Deve lopment 
Ord i nances A l low G reater F l ex i b i l i ty i n  
S i te Des ign 

1 3  
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F i gu re 2 .6. S i te  Desi gn  to R educe F lood Hazards 
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ACCESS A N D  EGRESS 

Access to and egre fro 11 1 a huilding can b facili­
tated by locating parking and drivewa s-a · well a� 
th e bui lding-in the area u f  a i te J , as t  lik ly to b 
flooded . Access and ·gress are im portan t du ring 
flooding to ensure tha t  building occupan t can 
wacuat and that police and fi re p rotec t ion and 
othe r  cr i tic al c rv ic e  can c:on tinu to bt' p rovid d .  

�0�!,'1,rr '5RUl1UU· 10 
U"9Ull:: fU�L.ef..lCf-
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I n  new developments, roads should be 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 (Figu re 2. 7). To reduce potential erosion , 
siltation , and runoff problems , roads should not 
disrupt drainage patterns, and road crossings 
should have adequate bridge openings and culverts 
to permit the unimpeded flow of water. If roads 
are to be raised, the slope of embankments should 
be minimized and open faces stabilized with 
ground cover or terracing. 

VEGETATION 

Vegetation aids i n  slowing the rate of storm water 
runoff by holding water, thus allowing it to filter 
into the ground or evaporate gradually. In  
addition, vegetation helps p revent erosion and 
sedimentation from flooding. aturaJ vegetation 
should be retained wherever practical, and new 
plantings should be introduced in locations that 
will be most affected by runoff. 

Crushed stone can be used to control erosion under 
low-lying elevated structures and other locations 
where vegetation is difficult to maintain. 

Larger bushes and trees can be sited to deflect 
floating debris away from elevated foundations. 
Landscaping can also be used to screen elevated 
foundations from view.  Trees, plantings, fencing, 
etc. , can all provide this dual function of utility 
and aesthetics. 

FLOOD WATER DRAINAGE AND STORAGE 

Good site drainage in riverine areas allows flood 
waters to recede from a site without e roding it or 
leaving standing water that causes damage to 
s tru ctural elements or health hazards from stagnant 
water. 

Water enters a riverine site either from precipita­
tion or as surface runoff from upstream portions of  
the watershed. W hat happens to this water can be 
a m aj or determinan t of the degree of flooding and 

F igu re 2 . 7 . I mproper ly S ited Streets Can B lock 
Emergency Egress and Access 

1 5  
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the amou nt  of floo <l damage. i tc cl 'V  · lopment  
th at in •r ase the volume of s lorrn wa l ·r runoff 
·an in  r "ase flooding level . l <l al l  . runo ff r a lc 

afte r  dcvelopmcn l houlrl no l exceed tJ 1 c  ra les 
l,c for cl vel u p nicn l .  

� i l r  design J iou l <l wurk Lo  p ro le  l the  individual 
i lc as well as l. o m in i m ize incrcasc J. floo<l Jev l 

eJ ewh r .  1 1 urnL  •r of  key fa Lor u h as lh · 
amoun l of 1 1or 1 porous u rface and tl 1 c  a m ou n t  of 
on- i l  �u r fa ·e w a l  r s torage an in par t <lc lerm ine 
th ab il i ty of  a si te lo ah orb wat r .  Land-u 
rcb11.tl ation in 'Orne cornm u ni L i  ·0 r>tp..a i re <le  l -
op · r  to <lefra_ · parl o f  the osl of de lopi1 irr 
r 'gionaJ wat  r re t r 1 1tio1 1  i tc to  offae t the effects 
o f  <lev l upm ·n l .  

On  the i t ', op n chauncls · an  be  usc<l both to  
<l i  e r t  a t e r  away from rodahl areas, u h a 
~hor l  l · p lop " ,  aud l o  co llc t an d tra1 1 sporl  
waler runoff to  larger drainage ·o tn cs .  Channels 
with grass over are approprial  ,,·h re the ··hann l 
gradient and con qu nt  water v -locit �- arc l ow; 
they th u crv a per ·ola tion tr nchr.s by allowing 
gradual in fil tration while wa ter i b ing lrans­
por l t" <l .  Where vege t a tion cannot  b e_t ahl i he<l,  
concr l and a phal t pa'\ling or riprap can b used 
as channel l inings .  l l ow ver. su rh lin ings can 
in ' r · asc tl i c  loc i t )  of runoff awl con id  ration 
houl<l be given to vcloci ly check to on t rol th 

ra te of flow. 

0 1 1  omc i t , i t  may be pos iblc to u e fill 
malrr ial-fr I I I  e i th ·r on -site or off-si te- to 
im p rov • Jrai 1 1ag • and con "lrol runoff. µccial 011 -
si<lcra t i on h ou l d  br given Lo s il onJ i l io 1 1  and 
lope tabil i ty ,  as wdl a flooc.l w ater v • lo 'i lif> and 

dura l i u 11 ,  to a oid e rosion du r ing floo<liug. W hen 
re  truc t u rin topography ex pos d cu t  a11 tl. fill 
slope , as well as l,orrow ru1 d � tocl,v ile ar •a�, 
hou ld l,c pro l ed .  Ru noff shou ld  be divert d 

from the fac , u f  Jop , and lope should Le 
staLi l iz  <l wi th grou nd cover o r  re tain ing walls. 



DUN E PROTECTION 

Dunes provide a natu ral sho reline- defense against 
s lorm surges and waves. Most coastal commu ni­
ties require that c onstmclion Le L hind the 
primary dune and tha t  dunes not be cu t or 
breach d by si te features such as walkways or 
beach access roads. Cross-over walkways shou ld  
he  provided (see Figu re 2 .8). 

Existir1.g dunes shou ld be ma.in lained th rough 
vege tation and sand fencing, which limit wind  
losses and p romote further dune growth. I f  no  
dunes exis l and the beach is su fficiently wide 
succe sive ti rs of sand fencing can induce dune 
form ation ; some communi ties require th is be fore 
a re idence can be built 

I I 
' 

F igu re 2.8. Dune Access 

1 7  



ARCH ITECTURAL DESIGN EXAM PLES 



Many of  the twentieth 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 V illa 
Savoie at Poissy ( 1929), for example; is lifted 
above the ground on pilotis, freeing the lower level 
for parking and affording a spatial continu ity with 
the landscape (Figures 3 . 1 and 3 . 2). In his 
Towards A e w  A rchite ctu re Le Corhusier was 
exu l tant about the possibilities of elevated design : 

The house on columns ! The house used to 
be su nk in the ground :  dark and often humid 
room s. Reinforced concrete offe rs us the 
colum ns. The house is in the ai r, above the 
ground ; the garden passes under the house. 

F igu re 3 .2  

F igure 3. 1 
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Sine the Y i l l a .__ avoic was ·ent e red 01 1 a < l(J)ne-l i ke 
ri c.· i 1 1 a l a rge pa, turc, Corbusi c r  c. l i <l n ot n •e d tu 
concern him el f w:i t h  Lhe proJ J lcm of flood ing. 
0 th r ma  t r of  modern archi  Lectu rr. , howev 'r . 
l tavr u ed  thr p ri nc i p l es u f  e levated  resi dential 
rles ign lo create aes lhe ti ally sa t isfying a1 1 rJ fun c• 
ti onally sou n d  re · 1wnse to hazardous flood comli ­
Lion 

:M ic  v an cl r B ahe ' Fant worth l l ouse ( 1950)  
co nsi <leretl om: f the great icow of mo<lem archi ­
Lectu rc ,  we a l  le a  l ome o f  i ts ap pearance.' Lo i t �  
floo<l- 1 Jro1 1 ° si t · ( Figu res 3 .3 and  3 .4) .  Uu il t alon cr 
the Fox R i  e r  i n  ru ral I U i no i s ,  t l 1 e  hous , was 
design d t o  accom m oda t  a Lody  o f  wa l r tha t 
overOow · i ts Lank. eaeh sp ri np;. ,\ l ie · -o l u ti o 1 1 tu 
t lw p rol>lcrn wa to rai. c the p l ane  of the fi rs t floor  
above thr  fl oo<l I n:I , crea ting his firs t c le ar-span 
building. The resu l t in g tru c tu r> c 'ms to float 
above i ts si t 

Cood  design a11d good flood p ro tec tion mu  t con ­
tin ue  lo  be t r  a led tog;e t l 1er. Good de ign n tails 
e ffec t ive L U.' of the i t  and care fu l co1 1 id ·ral io 1 1  
o f  the need o f  U\ surrounding nci rrhLorhoou :.nJ 
commu n i ty . The Les t  hou se p ro ,  i <le a clear  
Lransi l ion from ground  to dwelling, in tf 'ITTa t i ng  the 
foundation w i th Lhe re� t f the lruc turc . C realiw· 
land caping w i th trees ,  sh ruL , anti f nee c an 
enh arn.:e the appearance  of  deval  cl truc tu r s Ly 
of lening the e ffec t of poten t ially l i ar h or barren 



exposures. Inve ntive lan dscaping also helps t o  
con trol erosi on and protect the d welling from the 
impact of debris and high velocity fl ooding. 
Effective use of terracing an d level changes c an  
help achieve continu ity with the surrounding are as 
and, equ ally important, provide a sense of variety 
by indicatin g the different func tions that occu r 
simultaneously on a single site . 

Such site consideratio ns are but one part of a total 
elevated design scheme. The followi ng examples 
are concern ed with some of the m any other 
impo rtan t factors involved in floodproof design. 

F i gu re 3.4 
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Des i gn  St ud i es 

The following desi6TJ1 studies were developed by a 
number of archi tectu ral firms and architec tural 
school using the i n fo rmation prrsen ted iu U-us 
m anual. 

llRI OGEPORT, CON N ECTICUT 

\\ i th  a11 elev ation rf ' < Ju irem n t  o f  J O  f re t  above 
�ade , the arch i tcl' ls hav · dcsig11 ed these l u  'i. 111") 
townhou c arou nd a raisr<l central ·oc i aJ  deck 
( Figu res 3 . . '5 an < l  3 .6  ). Pa rking  i� l of'a l cd Len ca th 
the dC "ck. ·\ cct' to the deck awl to the tow1 1 -
ho 1 1 ,.es L pro\'ided U) stairs a ru l  a timber ram p. 
Thr ram p  prm·ide aere  s for ch i ldren , the handi­
capped and the <' l dnJy . D u ri ng t ime.:. of fl ood.in�, 
Lht' r am p can al o be used fur <lri v in� au tomobiles 
and rescue , ·ch ides up th e Jeck lcH·l. ted girders 
resting on cunerc te pier support Loth I.hr social 
deck and the townhouses ( F igure 3 .  7) .  The deck 
has a double floor construction ,  allowing add ·d 
insula tion an<l 11rotect iug u t ili ty ·crvices. 
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CHAR LESTOWN AN D EWPORT, RHODE 
I LAN U  

Th · arch iLccL  here has c h o  e u  two ca  e tu <l 
areas, Newport and Chari ' tow,1 R houe Island. 
�ilh distinc lly diff ren t  c u l tural an d n a tu ral 
condi t ion tha t  affec t flood design consid ·rat iow. 

ewpor l i� a compa t comm r ial  and recreation 
en l ' r  tha t has many res idence along the w a ter 
dgc. The area tudic<l in . ewpor l  is a protcc lt: <l 

harLor  with acce s from Rhod Island , oun<l i n tu 
Narragans : 1. t lla . . Th por tion of Charl sto wn 
tha t  is tJ1c cond slu<ly area is a beachfront area 
with vacation hou  e d velop mc1 1 t . \l ost d velop­
menl is in a coas tal  A Zone.  Bo tl . 1  lu 1. 1 ' - are as have 
high de clop 1 1 1  ·n t pr ·ssu res . 

In bo lh area his to ric s · 1uc aw.t com munity 
values i nfluence th <lcsigo of  eleva ted s tru t u  res. 
ln 1 • wport th c los prox im it) of a l l doric 
D istri  · t  injects height , bulk,  mat rial , nn<l si1. 
considera li ns into any pla.im <l J v l opment .  
( I n  l l 1 r  • a , ( '  of  h istur i c  .s t ru c t u re:; i n  1l oudpl a i r 1� 
l isted on the . a t io 1 1a l  N f 'f!iS l f ' r  of llis t o ri , : I'lar s ur 
a t a le inn·nlur� o f  I i i  ' l u rk p l u t:e!' . r t ' ' t or a l i on ma� 
l Je a ·co m p l ished w i t h o1 r t c l 1 · v at i nµ:  t h e  l'i n- l fl oor 
tl t rough a variance proc  dure . )  imil arl y in 
Charlestown imp! · lcvat ing tru r. lu r  s wi l l t c  ut 
reaard for th · na lural cu v ironmcnt,  uul < l  produce  
u ngainly and visu ally  d istra · t ing  e lement  . I t  i 
nee · sary in flood area design to not  o nl )  me  't 
en gin ring requ irements but Lo also b -• cogn i­
zan L of Lhe visu al e ffect such <l i!:!11  w i l l  ha VI' on 
the pr vailing charac lcr o f  the area. 

Charlestown 

An inv n lor of  cri tical natural fac tor� was m a<l · 
to de tc rm ine how an<l w l i  r developm nt  ·hou l<l. 
tak · place in tJ1e Charlevtowu floodp lain .  As a 
res A l t  p c i fi l an d  area wi thin Lhe floodp l a.in  was 
deemed accep t abl · for r • i de n tial t.lev · lop tnc1 1 l .  
The analy i s  then proc >cdcd to  the eval u a tion o f  
rn t hou of '1evatio 1 1 appropriat to the drv • l op• 
mcn t  area.  



Base F food Level 

F igu re 3 .8  

For numerous fu nctional 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 limi ted (Figure 3 .9) .  A small-scale, 
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single-family scheme was chosen for visual con­
tinuity 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 and 
driveways, playgrounds, etc . ,  are located on the 
lower surrounding areas. Ramps and steps are used 
to accommodate the height differences from 
parking to the finished first floor. 



Newport 

Development  in the wharf area in Newport, Rhode 
Island, is structured by a combination of natural 
and cultural conditions. Although separated from 
the older historic areas of Newport by a highway , 
its proximity to them requ ires special considera­
tion of height, materials, and size. It is in a special 
flood hazard zone, yet its water's edge location 
makes it visually attractive. Changes in the use of 
the wharf area and its new relationship with neigh­
boring areas have resulted in an expansion of  com­
mercial and residential development. The low 
height above sea level means that new structures 
would have to be raised approximately to the level 
of the highway to comply with local flood regu­
lations. For the restoration of historic buildings, 
bowever, 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 techniques, because 
different zones in the wharf area are suited to dif­
ferent elevation s trategies (Figures 3. 1 1  to 3. 1 3). 

F igure 3. 1 1 

F igure 3 . 1 2 
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In lhe area far the t from the w ater, earth fill off  crs 
flood pro tection and a gradu al l evel ·hange from 
thal of Lh e high way . A trausi lionaJ miJclle sec t i on 
could combine berming wi th raised � tru ' l u re_. 
L vel changes can be i n tegral  d by linhing 
cx:tendeJ deck with ramp a:n d slairs. In the area 
closest to lhc wa ter, raised s lni c tu r · s , ould nu l  
alter the w ater- lo- l and  relati011sh.ip or b l o  · k  ,iews. 
Comm rc iaJ uses are m ost  likely lo loca te i n  t l 1 t.· 
fil led area, wher firs t floor space s are u able .  
Residential , r ·Aauran L ,  a nd  small office u es are 
mor uitabl to the rais , c1 s lru c tme , which afford 
increa ed p rivacy and he l ler views. 

paces under  and L lwc n th new builtliuu-s 
can be u ·d  for pedes trian malls and l hus  r i n­
force the touris t  and commercial u _cs u f  the 
area. Veck.s, bal 'Olli s and tr llises can con t H '! ' L 
c:uffere 1 1  t bu ilding l vels . · Lili tie� for the rai_cd 
stru c tu res could be nrn L nea th lh s rai cd  
decks and  trellises and th 1 1  in to tl tc fill. being 
prot ·c ted from flood d amage .  This m ruupula tio 11 
of th spaces anti level chai1ge creat · t i  hy flood 
µrot  c lion cnhau  ·s lh vi�u al in lrkal' ) and human 
calc of lhe wharf. 

29 
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SA FRANCISCO, CALIFORNIA 

Pacific coas t flooding is generally associated w i th 
high seas and rains. Ocean sto rms accom p anied by 
high winds have cau se d  c onsiderable erosion and 
dam ag Lo beach and coastal fl ood p lain prope r ty . 
lnland rai n storms , on th e other h an d , fallin g on 
the m ou n tain us t rrain cause m aj or canyon and 
vall y ll ooiling. Both coa tal and c anyon 0 ooding 
are dangerous high-vel oc ity situ atio ns, . low-risi ng 
an d  lower- velocity condi tions occur  on coas tal 
m arshes and low-lying riverbeds. 

The archite t has developed several very inter s ting 
and <listfoc tive residential concep ts for singl • an d 
multi- fam ily h ou sing. The u se of lan dscapi ng, 
fences, an d e t 'r ior decks m inim izes th · elevated 
ap pearance of the stru c h1 res while p roviding fu n c­
tional visu al  h ighlights. Structurally the tw o  
c oncep t.s are qu i te <li ff e renl .  Althou gh both 
concep ts u e woo d  I J Osts, the single - family 
residence uses a two-way s tru c tural grid su p por ting 
pre fabricat d h ousin •7 uni ts, while the mul ti- family 
s truch1 re is c onve utionaJ wood fram e  c ons tru c tion 
buil l u pon a w ood-post-supp orte d plat form.  

Parking for both  res iden tial co ncepls is u n der the 
slructu r  



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 parking, 
storage, and sheltered recreation space separated 
from and helow 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, and fences, architectural 
variety with continuity is achieved. The fences are 
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 attic space. 

\ ' 
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Wa ter Heilter 
50 gal. Emer. 
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Gas 
Electric 
Telephone 
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Base F lo od Level  

Septic 
Tank 



Multi-Family Residential Concept 

To reduce costs, the architects have designed a 
conventional wood frame structure built upon a 
wood post platform (Figures 3 . 1 7  and 3 . 18) .  
Raising the first floor to at least eight  feet above 
grade provides an opportunity to put parking 
under the building. This reduces the area of the 
site that has to be built upon and places cars closer 
to apartments. However, parking under the 
structure requires fire separation. Exposed 
entrance stairs and fencing minimize the elevated 
appearance of the structure while providing visual 
variety and pr ivacy. 

1 

,I 

F igu re 3 . 1 7 

It ' � ! ��· , ' r��--­, 
F i gu re 3. 1 8  

V 

I 

F lood Level -- --- ---
A 

33 



l 

1 -- , 
F igure 3 . 1 9  

F igure 3 .20 

34 

·'- _ J-
J ,.� 

' __ J 

CHICAGO, ILLI OIS 

Flooding in the Midwest is of two types :  riverine 
and lake flooding. The charac teristics of both are 
usually slow rise and low velocity . However, flash 
flooding and lake shore scouring can and do occur .  
The Great Lakes area, more speci fically, the 
Wisconsin ,  New York , Ohio, and Michigan lake 
shores, have experienced growing problems of lake 
flooding and slow erosion caused by the inc reasing 
occurrence of high waters and high winds. 

Garden Apartment Concept 

Although elevated eight  fee t and constructed of 
rein forced concre te block, this rowhouse does not 
appear to be designed  for a potential flood condi­
tion ( Figures 3 . 1 9  and 3. 20) .  The covered parking 
and entrance level is handsomely integrated with 
the above living levels by rein forced concrete block 
walls that organize the entire s tructu re. The walls 
are construc ted parallel to the direction of possible 
wate r flow. Unfortunately , the architect enclosed 
the stairway-entranceway, with a potentially, 
serious e ffect on flood insurance rates. 



Aesthe t ic Cons iderat ions 

There i s  a com m on misconception than an  elevated 
residen tial structure will he inherently unattrac­
tive-a box on sti lts ( Figure 3 . 2 1 ). This is not true. 
Elevated s tructures offer challenging design oppor­
tunities to be aesthetically appealing as well as 
functionally sound. 

Residential development requires a significant 
financial investment, and if it is aesthetically 
appealing it contributes to the economic value of 
the area, both for the owner and for the com­
munity as a whole. All communities have both 
positi ve and negative examples of this. Good 
quality tends to foster better quality, and poor 
conditions lead to even poorer conditions. 
Appealing design can thus  be an important element 
of making the most of our limited  development 
resources. 

F i g u re 3 . 2 1 
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BUILDING DESIGN 

The integration of the foundation with the site and 
the building is perhaps the most important aesthe­
tic challenge when designing elevated structures. 
Many elevated structu res give the impression that 
the support foundations are treated separately 
from the bu ilding 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 part of a building, rather than only "some­
thing to set the building on. " A well-designed 
elevated residence should provide a smooth transi­
tion from ground to dwelling, with the foundation 
integrated with and complementary to the building 
itsel f. 

Other special considerations when designing 
elevated residences inclu de the design of any 
needed stairs and the use of the areas under the 
structu re. More general considerations include the 
shape and form of the building (configuration , 
shape of roof, etc . ) ,  tex tu res and color of building 
materials, the use and treabnent of balconies, 
terraces, railings, windows, shutters, screens, and 
entries, and the arrangement of interior spaces. 

F igure 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 a·ppears to be 
part of the building rather than stilts holding it up. 
It  shows how a modest, simply designed building 
can also be very aesthetical ly appealing through the 
use of natural materials and interesting treat­
ment of fenestration and lighting fixtures. Simple 
but wel l-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 wel I 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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F igu res 3 .28 to 3 .29 .  Th is is an  exce l l ent exam p l e  of c lu ster-type el evated res identi a l  development . 
The development i s  we l l - i ntegrated w i th the s ite ; the va rious leve l s  seem to ro l l over and b l end w ith the 
dune. The vegetat ion and s imp l e fenc i n g  add much  to this mar r i age. The i ndiv idual un its a l so re late very 
we l l  to each other ,  p rov id i ng a good exam p l e  of an  ove ra l l deve lopment's bei ng  "more than the sum of 
its pa rts. " The i nd i v i dua l  un i ts p rov ide the i nd iv i dual amen i t i es-pr iv acy, p l an l ayout ,  etc. -wh i l e  s t i l l 
be ing a part of a comprehens ive whole w i th a st rong  sense of commun i ty. The fo rm ,  sca l e  and cha racter 
of the deve lopment a re a l so excel lent . The sl oped roofs, the ba lcony t reatment, use of l evels, a nd  the 
articu lat ion of the othe r e lements add var iety and a cha racter that comp lements the s i te and over al I 
development. The use of mate r ia l s-colo r, textu re, sca l e-a lso contr i bu tes to the design's appea l { see 
a l so F igu res 3 .63 to 3. 70) . 

F igu re 3.30. The exter io r  t reatment of th i s deve l ­
opment adds v isual  appea l to a deve lopment that 
cou ld otherwi se be qu ite monotonous. The 
exter io r  colored pane l s  w i th wh i te structure and 
coord inated i nte r ior pane l s  provide i nte rest ,  
as does the simp l e  treatment of ba lcon i es w i th a 
var iety of p lanes, pane ls, ra i l i ng and roof t re l l is 
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, wel l-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
cally 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 actually 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 successful ly 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 scale 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 
(materials, texture, color) to create a sense of 
variety essential for an aesthetically pleasing 
development. 



F igure 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 appl icable to any style. 
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Recent Desi gn  Examples 

The p r j ccts in thi_ c · Lion are om of Lhe bc_ l 
dcsi b'l l exam p l discovered in a tatc-of- lhc-art 
surve y comluc lct.l a ·  part o f  the dcvclo p 1 1 1  · 1 1  l of 
this m anual.  W h ile Lh cs examp l · range from a 
in,,Ie - family <let a hcd uni t  lo a rnu lt i - fani il)' h iah 0 • 

rise , there appear ' to be a cle ar lren tl lowart.l h igher 
tlen i L y , c l 1 1 str r- type development.  Thi  i 
probahly due  Lo h ioher l and rnlue.: and  the CX j JCri­
ence gaine d from m aj or flood ovl' r the l ast cou pk 
of decade·. Th i · is a prom ising trend tha t  encom­
aP'C p rofr ional di' ign inYol v men l in re ·itlen t ial 
tru tlu r -'s au d l acL Lo a more eompreh ·nsiH'. 

approaeh lo le\" a led rcsidF.J l l i al 11 1 1 tl o lh<"r deve l op • 
men l i n  no <I - p r l l l l' arra .. 

Vir tu ally al l  Ui · recrn t ll sign ex am pl es Lhat wen ·  
·ubrn i lle <l i n  rcsp on <e lo  our su n-ry Wl't<' coasta l .  
� op µosed to rin:: rin e ,  p roje · ls . Th is su �ge l Lhal  
the state o f  t b c  a r t  i bcin � . c l fo r the  rnu� l  p ar t 
in coas tal ar a , rsperiall in the hi«l11.:r- 1 1 sr re.::or t  
arras. I L  hou l tl h e  n o t  · • l . hO\vcvcr. tha t  w h a t  is 
Lr� i.n a  Jon ' in  com,tal areas a.1 1  uften he applied 
1 1  · ce -sfo l l y i n  ri , e rin e .  l aJ�c .  a nJ  othrr fl ood­

p rone areas as well . 
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F igure 3.40 
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THE LOGAN HOUSE 
Tampa, Florida 
Arch itects :  Rowe Holmes Barnett 

Arch itects, Inc., Tampa, Florida 

The Logan House (Figu res 3 .40 to 3 .45) ,  located 
adjacent to a federally protected tidal estuary near 
Tampa, Florida, exemplifies a skillful blend of  
flood protection and energy conservation, The 
natural site of the house , only four fee t  above sea 
level, suggested the possibility of flooding. Flood 
regulations requ ired Rowe Holmes Associates to 
elevate the structure an addit ional six: feet. They 
chose, however, to raise the house almost eight feet 
to be able to use the first level as both a carport 
and protected ou tdoor living area. 

The 2 ,000-square -foot stru cture is designed in 
what is known in Southern vernacular as the 
"dog trot" style , incorporating a long breeze ­
way/ventilating device covered with the same 
roof as the house bu t open on the si des. The 
wood frame house is supported on 10 -inch-square 
pressure-treated pine poles augered deep into the 
soil to withstand hurricane forces common to this 
area o f  the country. The floor se rves as a horizon­
tal diaphragm to provide the pole structure addi­
tional rigidity.  

Several of the features that protect the Logan 
House from flood damage also promote energy 
conservation. F or example , elevating the structure ,  
the m ajor flood protection strategy, helps draw 
cool ( lower)  air up and through the house . 

A central utility core-unfortunately located on 
the lower level where it is vulnerable to storm 
forces-is serviced by a stairway , allowing pro­
t ected access to the carport and outdoor space . 



F igu re 3.4 1 
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F igu re 3.44 

F i gu re 3.45 
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SUMMERWOOD ON THE SOU N D  
Old Saybrook, Connecticut 
Architects : Zane Yost & Associates, Inc. ,  

Bridgepor t, Connecticut 

Summerwood on the Sound (Figures 3".46 to 3 . 50) ,  
a 76 -unit clu ste r development, won a 1979 design 
award for architects Zane Yost & Associates, I nc .  
The development i s  built on  a peninsula tidal 
estuary protected by  a barrier beach. 

Equal in importance to protec ting the bu ildings 
from flooding was the preservation of the salt 
marsh ecological environment .  For this reason,  
the archi tects chose to locate the units only along 
the natu ral contours of the 30-acre site. For 
further protection of land as well as buildings, 
the structures are elevated above flood level ,  
topping crawl spaces with internal drains to permit F igu re 3.46 
flood water to pass in and out. The wood frame 
structu res are covered with horizontal siding and 
use picket fences to soften the effect of the raised 
structu res. Redwood stairs and decks adorn the 
water side of the units. 

Although the ove rall density on the site is low 
( 2 .5 'units/acre), the clustering of the units makes 
for a comfortable neighborhood scale. 

F igure 3 .47 
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F igure 3.4g 
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F igure 3 . 5 1  
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THE BRE AKERS CO DOMIN IU M 
Redington Beach, Florida 
Architect : Rowe Holmes Barnett 

Architects, Inc. , Tampa, Florida 

The Breakers Condominium in Redington Beach,  
Florida (Figures 3 .5 1 to 3 .53) ,  is composed of 38 
two-bedroom units oriented to take advantage of a 
spectacular ocean view. Using a "double saw-tooth 
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 1 973,  
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 heavy 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 u nits also share 
a game room and beachside pool and deck. 



•lte and first floor plan � 
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F i gu re 3. 54 
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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 1920s, 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 

1 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 dining 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. 
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F i gu re 3 .58 

F igu re 3 .59 
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STARBOARD VILLAGE 
Pensacola Beach, Florida 
Architects : Davis & Associates, 

Archi tects & 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  the Gulf of  Mexico. All the 
living areas are 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 struch.tres are concrete frame and slab 
systems, supported on concrete-piling with shear 
walls designed to withstand hurricane forces. 
Wood-accented sh.tcco 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 concrete slabs. 
Wood louvers then enclose the units. 
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G U LL POIN T  CON DOMI JUMS 
Perdido Key , Florida 
Architects : H. Shelby Dean-Richard H. Fox, 

Arch itects, Annis ton, Alabama 

The design of this 16-unit condominium (Figures 
3.63 to 3. 70) on the Gulf of Mexico successfully 
integrates storm protection , energy conservation, 
function, and economics. 

The architects used pile construction to elevate 
the units several feet above the minimum required 
by the National Flood Insurance Program. This 
was done because analysis of the flood insurance 
prem ium rate structure showed that the added 
margin of safety from the additional elevation 
wou ld  qualify the units for sign ificant  savings in 
annu al insu rance costs. 

F igu re 3.63 
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The Jrniltlings' x leriors ar · of ct:<lar .  The building 
were configu r  d to reduce the impac t of hu rri · am: 
winds wh ile maximizing views and privac . , L the 
am , time ,  fen strat ion was pl aced to  max imize 

natural ventilat ion .  This and the use o f  in u l a t ed 
glass have reduced lhe need to u c the uni t s '  a i r­
condition ing. 

A variety o f  form.  and hap s prov ide v isual 
inte rest and a variely of l iving space for the u 1 1 i ls '  
oc  u pan ls wh o us the uni l. m slly as vaca tion 
home . The unit are i tua ted around a cen tral 
pool an<l landscaped ar a which prov ic..les the occu ­
pants a well-defined community space.  

JOUTH UEYl,T ION 

F igu re 3 .65 
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DESIGN AND CONSTRUCTION GUIDELINES 



Foundat ions 

The  l'u m m un 1 1 1 c t l l nds o f  dcH1 l i n µ; rrsi d cn tia l  
stru c t u re. arc C'a r l h  fil l , e lev a t e . c l  founda l. ior r .  
hea r  waJ ls, post · , p i lr.s . and  p i r rs . The  �t ' l cc t i on  

of an  rkval ion ltr. l m ique  depend. on a n t 1mbn 
of var ia l 1 l e  , i ndud ing hy cl ro l r)giC fac tors, phy. i­
ca l  c o ndi l i  1 1 1  ul Lhr s i t e .  and co, t .  The rle ter­
m i n a t ion of the approp r i a te L rc l l 1 1 i q 1 w  rrqu ires 
anal y i . o l' Lh · se fa tor� in Li l e  on lf 'X l of fed ra l 
i; la te, and local rcl!u l atnry rcq u i rr 1 1H'n ls. I n  somf' 
ca  • i l  · a 1 1  be a 1h an t agro LL to 1 1 :;c a comb ina t ion  
of  e l evat ion m ( • thods .  For  · xampk, a build in g; 
faj ·ed on fi U at one end a n d  p ie rs o r  pos t at the 
o ther ro1 1 l d  p rov ide  grou nd  floor ac ce  s a t  the 
cud u f  U 1e build ing away from the fioodpla in  
wh ilf' m in i m i7. ing oh  t ru r tion o f  flood waters 
a t  t l i c  end 1 1<'arcr the s t ream han nel . 

The foll ow ing di cu ssion of the tle ign and l'on ­
lni c tiou o f  e lcrntct l  re i den tial  true tu  re� i ba etl 

on acet"p t , tJ bu il r l i ng prae tic1· . C : cncral l y , a ron -
tTati e approach has been taken in o r<ler to  

en u rc com pl iance w i th the bui l din r, c odes mo t 
widely u se rl iu th e L n i ted  ." la te . J n  addi tion the 
pe r forrn anc  ni teri a  p rc.,cn ted l a lcr  i n  th i  m anual 
can  be  I I  c d  to  rev iew a bu ilding'� t xp c t cd re­
· ponse to fi ooding. An aly ·i · of flood - i n  du ·cd 
l oad·· and soil e m1di t io 1 1 . ,  a� well a.s norm al l o ads, 
tre es, and defl ·etion of s tru c tu ral member  , i� 

requ i re r! to en u rc sa ti fac to ry building pcrform­
am: 

.\ n l < ·  1 1 1 ::i l  l 'ou n c l u l i o n ::  i 1 1 \ Z o 1 1 1 •,- � l 1 C J 1 1 l d lw  
, fr:,. il,!: r H' d i n  a 1:u irc l . 1 1 1 1 · P  , ,  i L h  / ) 1 • .� iµ. 1 1  11 1 1 d  Co 11 -
. l ru � · l  io1 1 \ /11 1 1 1Hd for H , ,.� iden l ia l B11 ildi1 1{!'-� in 
r :orL.'lu /  ll igh 1/a::.ard .· i rl'f1 .� . i · i  l ( · d  i 1 1  I he Pn• fa( T. 
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F igu re 4. 1 .  E l eva t ion by Ea rth F i l l  

6 6  

FIL L  

At  m any  -Zone si tes wi th low-vela i l  fl oding i t  
is fcasibl lo elevate tmctu res on earth fill (Figure 
4. J ). Bar th fil l is a widel y u d elevation technique  
that with prop r constru ction prac tices and  
male rials can be  the most economicaJ mean o f  
elevating u huil<ling two or  th ree fe t above grade 
or  in som location even h igher. Fill shou ld  not 
Le u ed in V Zones , where high-velocity flooding 
o c u rs or al sites where fill would constrict th 
flow of fl ood waters and caus incrca e e l  fl ooding 
heigh ts or veloci ties. 

1 h advantages of fill ( a� oppo�ed to piles or 
sim i lar eleval d (ound ations) inclu de i ts generally 
lrad i tional appearance ,  as o f  accc s to the l owest 
floor ( i  . .  , 1 1 0  s tai r are requ ired ), the ability a l  
many si te to connect the fiU d area to  h igher  
ground for mcrg ·nc) eva uation i n  a flood , th 
sa fe tr of Luil<l ing el ·men u; from de terioration 
caus d Ly e po ure lo flood wat r , an<l the 
thermal insu lation th earth provides the bottom 
of a house . I n  co ld  clim a te , fu rthermore ,  sp ring 
flood water und ·r a house elevated on pile c an 
fr ·eze, witl1 the danger  of uplifting th slructu r  . 

s i te' topography and oi l 'onditions may pre• 
dude  us  of  fill. B for fill is pu t in p lace existing 
vegeta tion a111.l a.1 1y  unstable topsoil mu t be 
remove I. The fi l l sho l l ld then b plac •d in  l ayers 
not exceeding 12  inche d ep ,  wi th la er om­
pac led with pneu matic or sheepsfoot roller 
or viLrating com pa ·ting equ ipment. For mos t  
residen  t:ial applic ation , compac lion to  95  percent  
of th m aximu m d · nsity obtainable ·wi th th 
Stan dard Proctor Te t Method issued by tl1 
Am ri · an Society for Te ting and Mat riaJs (A TM 
,tandard D-698) is usually �U fficient. 

Pro i�ion mu t be ma<l for ad q u at su rfac 
drain age and e ro ion prol  c tion. Riprapping may 
bl' requ i red for c rit ical e · po d s lop of a fill 
pad. 



ELEV ATED FO UN OATIO S 

In some situ ations ite topography , poor soil 
ond itions1 aesthe tic , or ost considerations m ay 

m ake il desirable to u se an tended m asonry or 
rein forced conc re te fou nda lion to cl \ ·ate a h o u e 
u p  t o  three or fou r fee t above grade. Su ch a fou n­
dation can be berm ed wi th eart h fil l to p rovi d e 
eas acces an d a c onven tional a ppearance. 

Ele ated fou ndations m u  t L designed to with ­
stand both hy drody nam ic force caused. by 
velocity wat rs an d h y dro tat ic forces caused by 
tan di ng wate r. Thi s m ay re qu ire ad ded r in forcc­

ment i n  the w alls. W h ere th fou n dati on is no t 
berm ed wi th fill , a fu r th r de ign c onsi dera ti on 
woul d b the p rovision of u f ficien t openings in 
th fou ndation to allow the u nimpcde<l flow o f  
flood w ate r s  th rou gh th foun dation. This can 
help mini mize  b o th hyd rodynam ic an d hyd ro -
tatic forces with ou t affe cting the stre ngth o f  the 

fou n da tion i f  de s i gned prop rly . 

S H EAR WA LLS 

l 1 c ar wall , al thou gh more om monJy  u c d  for 
m o tel , apartm en ts, and other more ma ·sive 
tructure , an al o be use d  to ele a te smaller  

resi den tial stnictu res ( Figure 4 . - ) . 

he ar wall acts as a d p beam in resisting 
fore s in thr plane of the wall. tru turall., , 
th mo t c ritical de ig r1 c on i deration is the low 
re i tance of a shear wall to latcraJ forces. h ear 
walls should thus b u cd only in  area su bj 'C t to 
low- to moderate-velocity flooding and should be 
placed parallel to the expe teu flow of flood 
wat rs. I t  is importan t  that loau and impact 
forces be determined for the <'ntire ran ge of flow 
directions. In addition, a shear wall' vu ln raLili ty 
to lateral fore s makes it c ritical that  connection 
betw en the wall and the foun dati on element 
below grade b well de igned. 
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F i gu re 4 . 2 .  E l evat ion by Shear Wa l l s  

6 7  



F igure 4 . 3. E levation by Posts 
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F i gure 4 . 5. Re info rced Concrete Co l l a r  

68 

POSTS 

Post foundations (Figures 4 .3  and 4.4) u se long, 
slender wood, concrete , or steel posts se t in pre­
dug holes. Posts can be round, square , or rec ­
tangular in  section,  though square and rec tangular 
posts are easier to frame into than round ones. 
With steel pusts, wide flange shapes or pipe or 
square tube sections are usually used. 

F i gu re 4 .4 .  E l evation by Posts 

Post foundation holes are dug by hand or machine. 
Posts longer than 16 feet generally require machine 
assistance for safe handling. Posts are generally 
less resistant to lateral forces from flood  waters 
than piles or reinforced concrete masonry piers. 
Bearing capacity and stability of posts can be 
improved by pouring a concre te bearing pad at the 
bottom of the hole and/or pouring a concrete 
collar around the post after it has been partially 
backfilled ( Figu re 4 . 5) .  

Post Embedment 

The depth to which posts should he embedded 
depends on soil conditions, including the depth of 
the frost line ; vertical loads ; lateral loads from 
flood waters , debris impact, and wind forces ; the 
an ticipated erosion and uplift; and the spacing and 
size of the posts. 

The following comments and sketches indicate 
embedment techniques for wood posts ; steel and 
concrete posts ' requirements are similar. 



lfnf<' D<'fJ l 11 a nd  Pm; / En d BPa rir,g. Wood po t - ar 
generalJy cmbcdd ·<l 4 to 8 fee t. Hole exeavatiuns 
beyon<l 8 fr · l  bec ome' u nf'conomical o p ile are 
used .  

I f  <l jgn loads arc vmaJI ,m <l the alJowable oil 
hear ing caµa · i ty i ade quate, i . .  , <l ·nst• an<l or 
med ium - tiff clay . the post can be e t  on undi-­
turb >cl  arth a t  the bot tom of lhe hole ( Figu re 
4 .6 ) .  

For l arger loa<l s  an <l/or  poorer  o il on di t ions, u 
conerr tr pad should be pou r d in to the Lo t lom  of 
the  hole ( F igu re 4 . 7 ) . The pa<l houJd he ap pro • 
imately a th ick as half i t  diameter, with a mini ­
m u m  th icknes of 8 in he�. 

Jf ex tr mrl) poor  soil conditions are encoun te red 
it may be I I  ccssary lo u se concrete backfilling or 
pie r I a d iscus�c<l below ,  or lo  <lri e a group o f  
piles ,m<l ·ast  a pile cap for each p o  t to br.ar on,  as 
hown in Fii:,"t l re 1t . 8 , an ·horing the po ts st · c u r  ·ly 

to the cap . ThL can be  mor<> e>..pen ive Lhan oth r 
foun dation ty p s .  
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Wo d posts can  also be  upportccJ enti rely out  of  
the ground on  concr t e  piers (Figur 4 .9 ) .  fore 
thorough maintenan ·e is possible with this ap ­
proach , but additional. bracing may be required 
for lateral stabili ty . 

Hole Siz e. In post construction the hole shou ld  be 
a m inimum of 8 inches larger in diameter than the 
greatest dimension of a po  t s  ction. This allows 
for alignm nt and backfil ling. 

Ba kfilling. Clean, well -com pac t  d backfill is 
necessary to ensur a stru ctur  with good la teral 
stability and resis tance against wind and water 
u pli ft. Common backfill mat rials arc sand ,  gravel , 
cru shed rock, p a gravel, soil •cmcnt, concrete ,  an, 
ear th . 

Granular fil l th at p rovide good drainage are 
generally considered the best . D rainage around th , 
posts at grade level should be positive to keep 
water from col l ecting and deteriorating the posts. 
Backfill materials should be me ·hanically tamped 
to adequately compact them .  Wetting such back­
fill materials as earth or gravel will aid compaction. 

Back filling 111 hble with concrete ra ther than 
gravel or sand, as shown in Figu re 4 . 1 0, a<lJs tabil­
ity to th stru ·tu re and increases the bearing 
area. 'hallower embedm nt may b · possible with 
this me th od .  

oil cement i s  an economical alternative to con­
cre te and attains strength nearly equ al to it. Soil 
cement is made by mixing the earth removed from 
the dug hole with c mcnt in a ratio of l part 
cement to 5 parts ear tJ i (plus water as directed by 
the manufactu re r ) .  To achiev the best results 
all organic matte r should be removed from the 
earth , and it should he sifted to remove all parli ­
cles larger than l inch .  



Anchorage 

Lateral fo rces and flood fon:cs ar les l ike l y to 
overtu rn or upl ift po ts if the po t  ar anchored 
to a foundation .  Two way to anch or posts are to  
embed them in concrete o r  to  fast · n th rn to m tal 
strap , angle , pl a tes, etc. , tha t  arc Lh m elves 
an  ho rc<l i n  con r le foo tings , pi •rs or pile aps. 

Figure 4. 1 1  shows one  method of anchoring woo<l 
po l in conr r�t<' . Large ( 5/8- to 3/4 -inch in 
diame ler) sp ikes or l ag bol ls are <lriven in lo th 
pos l around its bi ts . The: posl is pJ a  eu in l u  lhe 
hole and secured to  bracing re:; train ts to prevent  
movemen t through the foo ling while th  oncre.te 
ets. 

Th meta l  fastcnJng me thod of anch orage can be 
u sed ahov<> or b l \ groun d. Figure 4 . 1 2 h o w  a 
s4 uarc woo d post l ag bo l ted to a metal hoe  that 
is anchor d in a pier. I n  Figur 4 . 1 3, heavy gaug 
galvanized teel strap arc used to anchor the wood 
po t lo a conrre le pad. 
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PILES 

Pile foundationc ( Figu re 4. 1 4 ) u s · l ong, Jen der 
wood, s teel .  or re in forced concrete piles t.hat are 
driven or j etted in to the ground. Vert ical I oad can 
be carried l iy d riving pile lo  a Joa<l-Learing laye r, 
su 'h as ruc k  ( end -b "aring p i !  s ) ,  or L ,  dr iv i ng  lhe 
piles <le p enough in t( th earth to d ·vc lof J  nou 
f r i  ti n Lctwe 0 11 th su r f  ac , o f  the pil " anti the 
u rrou 1 1 dfag soil to arry th load ( fri tion pile ). 

Fri l ion µil s, which can also have an 'n <l-b aring 
com ponen t ar  mo t often useJ. for typ ical l ight  
r si dential l oads. 

Pil are s tru tu rally stronger  than posts an d arc 
th ere fore mo re su i tabl e for tfo• ex treme ··wind aml 
watf'r fo rce� an d ero ion in ·oa.staJ V Zone . Pil es 
in Zone ·  shou ld  be designed in ac or<lancc w i t h  
n1 •f.ip.,11 a n d  CtJ 1 1 .� I  ru c l  io 11 .\.Janwd for R , • .� iden-
l i a l  B 1 1 ildinJ1. i, t Coa .� l al l 1 iJ!,h Hn:urd .• I rP1H . i te < l  
in th ' Pre face. 

Pile  Mat t>r ia l s  

Pile · can L concrete ,  steel , or wood. I n  coastal 
area , \ h re - L �e l p i l e"  arr n t tlc · i rablr bec :m e of' 
corrojon prob le m  , co r ic re t '  µile_ can Lie parti u ­
I arly good wh  11 · ombincd \\i th p reca L conc re te 
floor beam s ;  uch stru c tu ral ystem can bf' 
e ffic i 1 1 t  e ·onom ical, anJ flood resistan t .  
C u n  re te pilt's can h e  particu l a rly su i tab le  for 
bu i l ding o f  more th an two ~ torie . 

The , u l ne raLilitie� of' u i ffc:::rcn t pil mat  rial 
to envi ronmental ond i tions are di cus.- u i n  the 
ma t  rials ·ec t ion l ater i n  this m anual .  

Wood  pil e  a r  pro1 , a u l y  the 1 1 1 0. t wi <l� ly  u s  d 
f ou n tla l ion for C' lt'vatrd r · i <len lial tructnrrs. 
I n  son 1 e  lo  ati n , squ are t i mucr  are pre ferre d 
over  round  p ile bccaus ol' co  t, availabi l i ty . and 
· ase of framing an d conne · t ing the strn tu raJ floor 
b ams to th pile . The most popu l ar suitaLI ' size :;  
( in inches) arc 1 0  x 10 m1J 8 x 8 qu ar rough awn 
member . 



Round timber piles are al o fr quen tly used. 
( ; cne rally, rou nd piles are availab.le in longer 
lengths than qu are timbers, and for length s 
grea ter than about 25 feet rou nd pile are fre ­
q u en tly the only piles available. Round pil s are 
of len pre ferred because lh ·y can provide !!I ater 
c ross-sec t ional area, p riph ral ar a, and sti ffne 
than squar sec tions, particul arly the 8 x 8 timbers. 
A minimum tip diam tcr of abou t 8 inches. and a 
Lu L L  or top diam ter ( a t  the floor beam lev 1) o f  
about 1 1  inche o r  mor are recommended for 
round pile 

Pile Ernhedmcn l Methods 

A major consideration in the e ffcct iven ss of pile 
foundation is the me t hod of in e r ting piles in to 
the groun d. This an d term ine the amoun t of the 
piles' load resi tance . It is bes t to u se a pile drive r, 
which uses leads to hold the pile in posi tion w hile 
a single- or dou ble-ac ti ng hammer (delivering about 
l O 000 to 1 5 ,000 fool- pounds of ncrgy ) drives 
piles into th grou nd.  pil driver sh ould be used 
for prccast concret  pil ~ and · teel piles. 

The pile driver method ,  while co t-e ff ctiv for a 
rlev lopment with a nu mber of hou es being con­
structed a t  one time, ca.1 1  b expensive for a single 
residence. An economical alt  rnative the drop 
hammer, consists o f  a heavy weight (several 
hundred pounds) that i.: rais d by a c able attach d 
to a power-driven winch .  Th weigh t  is then 
dropped . to  1 5  fe t onto the 'nd of the pile. 
Drop hammers muvt be u ed w ith care because 
th y can dam ag wood piles. 

D isadvantages of pil driving in clude  difficultie s  
with alignment and with setting a driver up on un­
even terrain. The advan tag is that the drivin o­
operation force soil ou tward from around  the pile 
compacting th • voil and causin g increased friction 
along the ides of the pile , which provid s greater 
pi le load resistance . A mu ch less de irahlc but 
frequ ntly used  meth od of  inserting pile in to 
san dy coastal soil is ' 'je tting. "  Jetting involves 
passing a high prcssu r str am of water through a 
pip advanced alongsid the pile .  The water blows 
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a hole in the and in Lo w h ich the pil is · ontinu ­
ou ly pusheJ  or d ropped un til the require d dep th  
i s  r ached .  and i then tam p · cl in Lo  the cavi ty 
around the pile  and I.he end of the pile pou nded 
" · th the l 1cavic�t sledge hamm 'r or other weight  
available. · n for tunately , je t t i ng loo ens not  only 
the oil arou n<l th pile bu L al so the oil below Lh 
ti p . Ther fore , only low end and side fri c Lion l oad 
eapa ity i� attained , an d the piles mu t be  i nserted 
deeJJer into the grou nd  than if they were J.riv ·n. 

If tJ1e soil is u ffic iently clayey or  silty , a hole c an 
b excavated  Ly an auger or oth r mean . The hole 
will stay open long nough to d rop in a pile.  ome 
'ands hav enough clar or silt to  also  perm i l  the 
digging of a hol  . 1 hen sand or pea gravel can be 
pour d an d  tamped into the eavity around  the pil . 

gain , this doe not provide as good load re istancc 
as driving the pile in to th ground , an d longer pi les 
are necessary . With short wood piles, ome  final 
driving with a sledge hammer  can b h lpful .  

oil Condi l ions and Embedment Oepth 

Local bu i ! J i 1 1 i,t ( 'Odr,- ofl t' n  .-. pt ·c i l '� t lw  r < 'q u i n ·d 
t ' m bt · Jnu · n t  Jq i l h  o f  p i l l -;;. . «-' . � . . L o  u l  k ::i :- l  6 ft� 
l lc lo ,, gradt' .  - , u c h 1 • ( ) ( k :- o f t e n do  no t  t ah. 1 1 i n t o  
,HT01 1 n t  l lw .0 1 1 d i l i on,._ u l  :;p< " < ' i f i · "i l l'"- : u ,mi l,:; 
r 1 1g i 1 H ' < ' r  ... hou } J  be 1 · c J 1 1 .� 1 1 1 l rd  i n  doub t fu l  si t u ­
a l i u 1 1s . 1 1 1  aJd i l i u 1 1 .  D 1 1 .� i�n 11 n d  r:0 11s l ru l' t io 1 1  
·\ 111 11 1wl  fu r  H cJ .� iden t ia l Bu i ld i1 11£ · in r.oas tal  l l igh 
1/a:::;urd A n•a.� .  t i kd i n  l l H · Pr < ' fa t t · . pro\' i d  •:,: u si. · ­
f1 i l  i n  fu rrna  l io 1 1  o J t  I I t  it .� 1 1 ! ,j c ' ! ' f . 

The req1 1 i re J  d ·p th o f  pile emb dmc n t  depends 
prim arily on th · nu mber o f  piles u ed , the size and 
weighl  of the stru cturc 1 an c l  the type of  oil a l  the 
build ing ite. The pile deplh i also influenced by 
the lateral force from flooding ant i  wind a11<l 
de Lri im pa · L , th e manner in which the pile are 
in ert < l  in to th oil, an d the need to  allow for 
e rosion of the oil that ' l l  pports the piles. 

ln  riv r int :  e nv irorm1ents Lhe oil typ s and Lhe 
anchorage provi c.lccJ Ly the fri · t ional force o f  
the soil against lhc side o f  the pile  \'ary w idely. 
Sand is the dominan l soil component  i n  most 
oastal a reas , but in some areas t h ere may h • 



an urnlerly iug l ay r o f  sev ral J'ee l o f  cla . Gen  ral-
1 y , clay soil p roviJ · grea ter load -beari ng capaci t  
w i lh less pen lration L l tan sawly soils. 

Clay soils ar also less u se pti Lle to erosion .  The 
depth of erosion o f  sanely oil caus d by wave 
action is virtu al ly  im pos ib l ,  to predict. Piles 
su pporti n g r si den t i aJ struc Lure on and y coastal 
shoreli n e  hou l d  penetrate th e ground  dee ply 
enough to p roviJ resistance to wind and wa ler 
loads ven after ex tensive rosion has occurred .  

Posts arc often backfil l J part ly  wilh concr · t  · to 
im prove t heir rcsi l ance lo Ja t cral force . The same 
technique  can be used with piles. After  piles are 
d riven , the at a around  each pile is c l ug out an <l a 
thick eoncret collar i pou red, extern.ling several 
f ·et  below grade . L tch coll ars provide p rotec tion 
from minor erosion . a<ld ome tle adweight to the 
stru cture and increase piles· pull-ou t  re istance . 

PmR 

Pi  •r foundation., ( Figur 4. 1 5 ) are suit abl in area 
awa from a ri ver  or coastline whe re flood wate rs 
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Pier foumlations u e brick co 1 1c rctc m asonr) 
bl01.:k. ,  or pourcd - in -p l a  r concr tc- to cir.vale 
structu res. To rcsi t horizontal wind an<l water 
fo re ·s, piers shou ld re st on suLstan lial spr ad 
footings or a 1:,,radc beam,  with r i n forcing stc I 
rods cxtc 1 1 ding from these r,J mcn ls through 
the fuU  height of the piers to resd t n sil strc sse . 

Pier Material s 

The vu lncrahil ity of pier mate rial s to emiron­
mcntaJ r.on<litions is iliscu'- c�d in L hr  m aterial.., 
� · t ion later in th is man u al .  

Orick and Co ncrete Masonry Piers 

llr i ck  piers and eon rdc m asonry pier hou l d  
he a min imum of  1 2" x 1 2' '  an< l  reinfo rced with 
steel rod ( Figures 4 . 16 am.I 4. J 7 ) . Hol l ow  con ­
cret masonry units iohou )d k filled witJ1 conc r  tc . 
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R inforced brick piers can be us - d to elevate 
structur  s l½ to 6 feet off th ground.  Concre te 
masonry piers ar e ffec ti e for el vations of l ½  to 
8 f et. In gen ral, the height of Teinfor d con­
crete masonry piers hou ld  be limit d to a maxi­
mum of ten t imes th ir least dimension .  S4uare 
piers ar pre ferabl . f the p iers ar rec tangular 
the long r dim nsion ishou ld not exce d the 
shorter dim nsion by more than 50 p rcent. 

According to the N ational Coner t Masonry 
Assoc iation , th allowable working stresses for 
concrete masonry pi rs are the ame as tJ10 c fo r 
tlte design of concre te m asonry walls. The p ier 
masonry shou ld  be laid  with type M or mortar. 
The assoc iation also recommends th at th pacing 
between piers supporting floor joists not exceed 
8 fe t in th dir c tion pcrp ndicul ar to the joists 
nor 1 2  fe t in the di r ction parallel to joists. 

'I hese minimum req ufr  ments appl wh - ther the 
pier is free standing or l aterally braced. In cas s 
wh r · exceptionally large loading condi t ions may 
xist, the pier cross-s ct ion sh ould b incr ased 

and/or additional reinforcement added .  A larger 
cross -secti n can be obtained Ly u ing piers several 
fe t in length. The long dimension shou ld  be 
placed parallel to anticipated flood Dow, as in 
Figur  4. 18 .  Jn coastal ar as, however, flood 
forces may coni in at an angl.e, loading  such a p ier 
adversely so alt matives h uld be considered. 



Poured-in-Place Concrete Pier 

Pou r d -in - pl ac concret piers ar- essentially r • 
i nforc d oncrete colu m ns. They are as t  in for ms 
set in m achine- or h and- dug holes. The holes can 
be widened or belled at th has to form a footing 
integral with the pier, or , as h own in F igure 4 . 1 9 ,  
a sep arate footin g can b pou r d . If oil conditions 
are a ppropria te th footing can b clim ina t  d and 
loads l · ft to nd bearing an d friction betwe n th 
soil an d  pier (Figu re 4 .20) . Poured - in- pl ac pier 
of the latter type can be particu l arl y  effective for 
l arger homes or dev lo p ments of sin gle-fami ly 
h om es an d townhou ses. 

Pou red - in - place Coner tc piers an b us d to 
ele ate a stmctu re l ½ to 1 2  f et o r  rn or . The 
dimen ions, reinforcem ent , and spacing o f  co n ­
crete piers de pend  on  the t pe  o f  building framing 
used an d on bu il ding and en viro nmental l oa ds ;  
stru c tu raJ an aly sis is require d. 

Pier Footings 

Pie r footing sizes are a direct  functi on o f  soil 
be aring apacity an d loa cling, and an be compu ted 
on th e b asis of l ocal codes. D ep th o f  pier foo tings 
depends on lo  al fro t penetration 1 vel s an d  
xp  ct  d floodi ng ,  wind ,  and ero ion l evel s . 

Footings in areas wi th  soil of hi gh o lume  chan ge 
poten tial can be u n stahl , an d sh ou ld b de igned 
with the gui danc f a  soils engin 'er .  

BRACJNG E LE V ATED FOUN DATIO S 

o------ AtJCl-iOf( '5fl'(J.f' 

eJNfO GBO ClltJC... l 

F i g u re 4 . 1 9 . R e i n fo rced Co ncre te  P i e r 

Elevated foundation element mu t b brae d 
when anal i indica tes that th eir iz , nu mber, 
spacing, and cmbedment wil l not be sufficient to 
re i t lat ral forces. Even in areas where low­
velocity flooding is anticipated,  bracing can pro ­
vide added assu rance that th structure will with­
stand the impact of floating debris or greater-than-
cxpc  t d flood or storm force . Although bracing F i gu re 4 .20. D ri l led P i er Founda t ion 
pl ac d underneath a structure ma  be truck by 
floating debris, the e ffe ts of thi on a structure' 
survivability are generally outw i ghed b bracing' 
b nefic ial  e ffec ts. 
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Knee Braces and  Diagonal Bracing 

Knee braces ( Figure 4 .21 ) and diagonal bracing an 
be eff ctive in providing lateral strength. Lu rnber  
more than 2 inches thick i s  u su ally recom mended.  
Bolts are p re fe rred over nails for connec ting 
bracing, becau se of bolts ' greater resistance to 
pullout forces. Knee bracing is u sually bolted 
between the floor joist an d post or pile. 

D iagonal brac ing (Figures 4.22 and 4 . 23 ) i s  bolted 
at the base of one post or pile and fa tened in a 
like manner to t he adj acent post or pi l e ju s t  bdow 
the floor beams. Although diagonal brac ing is 
more likel y than knee bracing to he struck  by 
floating debris, this is generally ou tweighed by th 
greater lateral stability with diagonal bracing, 
especially in highe r  elevated structures. Steel rods 
can sometimes he u sed to diagonally brace wood 
posts or pile . The rods are fitted throu gh drilled 
holes flooded with wood preservative and fastened 
with nuts and cast beveled washer . Welded 
connections or drill holes can be used to provide 
rod bracing in steel post or pile foundations. uch 
rods are u sually 5/8 to 3/4 inches in diameter. 
tce l  diagonal ties, whil effective, requ ire con ­

siderably more monitoring and m aintenance than 
,vood b ausc of steel 's susceptibil i ty to orro i on. 

F igu re 4 .23 .  D i agona l  B rac i n g  



Shear W alls and Floor D iaph ragms 

In areas w i lh l o w - to m o dcra l -v locity floo ding, 
uh  •a r � alls p l uced p araUc l to the flow of flood 
w u le rs an <l fi rmly at tached  Lo pile r pos t can 
h I p  l .>racc t h  m ( F i!?,lJ rt' 4 . 24) . 

With w o od sh ar wall  , the ply wood i�e , t h  
tr  ng lh  of  w all edg  , an d Lhe  w alls' a nc h.oragc a r  · 

aU i m portan t to c ffC'cti ve bra ing. 

A hear w al l  c an J; u ·ed in 1 · onju n  t ion w i th a 
floor diaph ragm ( Fi gu re 4. 25)  t o  lran fer h ori­
zon t aJ  for ' • or reduce e m bed mcn l J cpth when  
for ·xarnpl r ,  sol id  ro k i r ached when  digging 
foun lla t ion hole . floor diaphragm can Le 11 d 
wi th • i t h e r  pole fra me ur p l a t form coust rncti o n .  
Floor diaphragms u .  u aJJ �  rai l  for J. / :..- or 3/4-
inch p l y w ood. 

The eY re l a ler!tl forces rn ou n terd in oa t al  
V Zone c an r ,qu i re t h e  u se of tru s�es grad 
beam , or s lal t�  to I rovicle adequ ate -u p port .  
Th ar di cu · ed in D< "s ign 11 11 d (on · / ru rt ion 
Manua l  for R ,•s iden l ia l  B u ildin;t in Coaslal  lligh 
Ilu:urd rl r<'a.� , i t etl  in th e Pre face .  

F i g u re 4 . 24 .  Shear Wa l l B raci ng 
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F igu re 4 . 25. F l oor D iaphragm B rac i ng 
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F igure 4.26. Toe Na i l ing  P rov ides 
L im i ted Pu l l -Out  Res i stance 
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Framing Construction and 
Connections 

The framing construction and framing connections 
in an elevated home can be critical to its ability to 
withstand flood forces with minimal damage. 
Construction in most non-flood areas must support 
loads imposed by the weight of the building 
materials ( dead load) , weight of people and objects 
( live load) , and modest loads imposed by wind. 
Under normal conditions and with typical methods 
of framing construction and framing attachment, 
these loads act downward through gravity to hold 
the building's structure together. 

However, these loads represent only a portion of 
the loads imposed on any structural system in 
flood-prone areas, particularly in coastal V Zones. 
Additional forces can be applied to these structures 
by floating debris, velocity flooding, e treme 
winds, and wave action. These buildings ' structural 
system must be capable of withstanding these loads 
and still support the structure and its contents. 

Coastal V Zones are v irtually certain to be 
subjected to the extremes of these forces, and 
homes there should be designed in accordance with 
Design and Cons t ruc tion Manu,al for Rrsiden-
tial Buildings in Coastal High Hazard A reas , cited 
in the Preface. 

Even in riverine and coastal A Zones , however, 
prudence suggests that homes be built with a 
margin of safety beyond that needed in non-flood 
areas. Consideration should also be given to the 
possibility that flood forces may be greater than 
those anticipated on the basis of past floods or 
hydrologic analyses. Coastal 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 expensive, 
e.g. , having floor 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 methods uncommon to the carpentry 
trade. Simple nailing, for example especially end or 



toe nailing, pwv ide li ttle re�Ltanc to flood forces, 
partially becau se of the tend ncy to spl i t  th wood 
in the toe•nailed member ( Figure 4 . 26 ) . Bo lts, l ag 
bolts, or nail in metal anchors at right angles to th 
direction of force ( F igu re 4.27 ) are wel l-known 
method of inc reasing tructural str ngth .  

The following paragraph di cu pru dent  fram ing 
con truc tion and connection  pra tice from the 
b llom up , s tarl ing "W;th the fou ndation -to-floor­
heam connections an d floor beam construc tion 
and ending with wall-to-roof onn ctions. 

FOU DATIO -TO-FLOOR-BEAM 
CON ECTIONS 

Pos t and Pile Foundat ions 

The connection of a post or  pil fou ndation to 
the framing sy Lem of a tru c tu re is influenced  by 
the me thod of framing used and the cross-sec tional 
shape of the post or pile .  

Fra m ing M/' l h od.� . Two differen t methods for 
framing into pos t or p i le foundations are in ommon 
use today : pla tform constructi on an d  pole frame 
con !ruction .  

Pla tform construction n tails im ply utting po t s  
o r  piles off at t h  desired  eleva t ion an d framing 
th m will beam · to support floor j oists and deck. 
The platform thu formed serv � as the first 
habi table floor and construction platform for an 
ty pe of conventional framing stmctu r  desi red 
( Figure 4. 28) .  

F i gu re 4 .27 .  Meta l  F ram in g  Anchors 

F igure 4. 28.  P l a tform Construct ion  

8 1  



F igu re 4 .29 .  Po l e  F rame Const ruction 

F igu re 4 .30 .  E xter i o r  Po l e  F ram ing  
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In what is termed pole frame construction, the 
posts or piles are extended up to or throu gh the 
roof, with beams framing around them as supports 
for floor joists and roof rafters (Figure 4 .29). This 
method securely tics the entire structure together 
and is ex cell en t for sites where lateral forces may be 
strong. 

A basic problem with piles i5 their alignment .  
Posts can be plumbed and aligned easily before 
they arc backfilled, but piles must be jacked and 
pulled into position. This can Le more of a problem 
with pole framing than platform construction. A 
solu tion is to locate piles either on the interior or 
exterior of a structure, 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 i s  not a problem 
when using bolted  or spiked connections as shown 
in Figur 4 .3 1 .  The framing is then the same as 
for any other timber member. 

F i gu re 4.3 1 . Bo l ted Connect ion to Rou nd Po le  



Another cmmection method is to eliminate the 
curve of the pos t or pile Ly clapping and then con­
necting with bolts, gusset plates, or other devices. 
As f'igu res 4 .32 and 4 .33  show , a dappcd post will 
form seats that assist the beams in carrying vertical 
loads. Posts that are small in section , however, 
should not be dapped or they will be weakened. 
Generally , there should be a thickness of post or 
pile for the bolts to bear on equ al to the total 
thickness of the fioor beam. Two bolts should be 
used to connect beams to each post or pile. 

Spike grid connections (Figure 4.34), standard in 
bridge and warc.hous construction are less com­
mon in residential practice . A singl curved grid 
inserted between the post or pile and the beam 
substantially increases the strength of the bolted 
connection. With the curved side of the grid against 
the pole and over predrilled holes, a high-strength 
threaded rod i s  used to squeeze the two wood 
surf aces together, forcing the tooth of the spike grid 
into the grain of both members. The high-strength 
rod is t hen  replaced with a conventional bolt of the 
proper size. A flat spiked grid is used  to connect 
two flat surfaces, and a double curved spiked grid to 
connec t two rounded  surfaces. 

F igure 4 .34. Sp iked G r i d  

F igure 4 . 32. Dapped Gusset P l ate Connect ion  

F igu re 4 .33 . Dapped Pol e Connect ion 
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F igure 4 .36 .  Masonry Pier- Strap Anchor 
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Pier Foundations 

Pier fou n dations are generally used for pl atform 
fram ing constru c ti on rather th an pole framing 
constru ction . 

Piers c an  be c onnecte d t o  floor beams in several 
ways. pi r's reinfor ing teel rods can be ex­
tended fr om the pier and bent over or into the 
fl oor be am (Figure 4 . 35). A metal strap weU­
anch ored in the pier can be bol ted th rou gh the 
beam (Figure 4 .36) .  Or ( Figure 4 . 37) steel anch or 
bolts can be embedded in the pier and bol ted 
through the beams wi th nu ts and l arge-diameter 
washers. 
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F igu re 4 .37 .  Masonry P ier- Bolt Through Beam 

https://L\1--.JP
https://THf<'.Ll


The Lo l t  should be a l  1 ast 1 inch in diamete;r anc.l 
embedded at least 12  in -hes in concre te pier and 16 
inc.hes in masonry piers. If two floor beams abu t on 
a pi r, a h must be anchor d separately (Figu re 
4 . 38). 
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F igu re 4 .38. Beam Sp l i ce on  P ier 
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F i gure 4 .39. F l oor Beam w ith 
Cant i l ever Overhang 
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FLOOR BEAMS 

The floor beams attached to foundation lements 
in tum carry the floor joists and ubflooring. Since 
floor beams th at are as long as the width or length 
of residential stru tures are often difficu l t  to find  
and hard to  handle, i t  is common to u se splice 
Spli ces may occur in several place� and need  no t  
always he located directly ov r supports. 

Floor beams ar often 4, x 10  s or up to 6 x 12's 
but they m ay Le built up u sing standard framing 
lumber, such as two,  th ree, or four 2 x !O 's or 2 . 
1 2 's, spiked or bolted togcth r. Wh re beams 
are built up using a good grade of lumber for th 
laminated members, the trength of the bu ilt-
up beam can equ al  that of a solid member. All 
members of th ' bu il t -up beam sh ould b continu­
ous between su pports , becaus splices materially 
reduce str ngth .  l 3u il t -up members should incl u d  
only one splice al any one location .  Th nds and 
tops of built-up members shou ld not be direcUy 
expo ed to th ' weal.her. 

The primary floor beams spanning betwc n su pports 
sh ould  pan in the direction parall I to the flow of 
potential floo d wa ter. This orientation allows th 
first transverse member perpendicu lar to flow to b 
the floor joisl .  Thus, in the case of an "xlr •m , flood 
th beams wou ld not b subjected to the full fore 
of floodwater along th ir more expo ed urfac ·s . 
This also r duces th pot ntial for floating debris to 
damag the structur , and pl aces th , lowest obs tacl • 
to flow above th floor b am. 

CANTILEVER 

A can tilever is a proj cting beam that extends 
beyond its support The b am must b continu­
ous (not spliced) over the la  t support prior to  
the cantil vere cl sectio1 1 , and <lepen<ls on  the vertical 
load appli · d for counteracting reactions (Figur '  
4.. 39). The practical limit recommended for a 
cantilever i normally one-th i rd  the length of th 
b am span prior to th , cantilever. 



The advantage o f  this method is that it can reduce 
the number of piles , poles, or piers requ ired  for a 
given area, as illustrated in Figure 4.40. Reducing 
the numb r of piles can resu l t  in potentially lower 
cost and fewer obstructions to the flow of flood­
water and debris. Residences supported in this 
manner have the additional advan tage of hav-
ing the first row of  pile et back ,  reducing the 
vi ·ual impact of elevating the tn,1cture. A canti­
lever design may use l onger spans for the. main 
floor beam and thus  may require larger beams . 
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F i gu re 4 . 40. Cant i l ever Used to Reduce N umber 
of F ou ndati on  E l ements 
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CO CRETE FLOORING SYSTEMS 

Recen t! developed flooring system using precast ,  
pre tressed concr  ·te for floor beams, joists, and/or 
subflooring can often be usefu l in el ·vatcd s truc­
ture . Constru ction and connec tion te hniques for 
these sy terns arc bey ond th cope of this manual .  

FLOOR-BEAM-TO- FLOOR-JOIST CO ECTIONS 

posit iv conn ction is also requ ired ben ath 
the first floor level between the floor joists and 
floor beam ( Figu re 4.4 1 ) . Metal cormcc tors now 
available provid strong positive 'onn ction ( Figur 
4.42).  M e tal trap can also be us d provided proper 
nailin11 is done and a sufficient nu mb ·r of straps is 
in tallcd .  t the minimum every othe r joist and 
wall s lu d  shou ld b anchored , ith a strap , and even 
more for mor s ver loads (Figure 4.4 3 ) .  A good 
wuud 1:u nne  · t or ha  al ·u bl'C n c i r.  duped.  The 
rapaci l _ o f  the;·<" cun ncc.: t ion.  d t' Jwrn.ls d i r  · 1 · t l y 
on t hr 1 1 u 1 1 1 b r r  of  oa i l s  and Lhci r i m l i v i d ua l  i; aµa­
c i ty to  re:. i · t load." l ransvn,.;c l o  the i r a i • . Pu l lou t  
resistance along th  ax is is not  use d ;  rather,  the 
nails arc plac d at righ t angl (pe rpendicular) to 
th loads being tran ferred betw ·en th wood 
members. The nu m ber of nails counted in  figuring 
the total ronnection capacity o·f a gi en joint is th 
lower numb r th at · ists on e ith ·r si le of  the 
joint .  For cxampl , in the connection of a floor 
beam to a floor joist, if fi e nails arc in the b am 
and four  are in the joist th , capacity of th 
connection is limited by the four  nails on the joist .  



FLOOR JOISTS 

Cro s-bridging of all floor joist is recommended 
to tiffen the floor system .  The elevation makes 
th floors (particu larly the fir t floor) more ac es­
sible to uplift wind force , a well a to the force 
of m oving water and floating debris. E ffective 
cro s-hridgiHg requ ires i 

nominal 1 x 3 '  8 feet on c nte r maxi­
mum 
solid bridging ame depth u.s joist 8 feet 
on center maxi mu rn. 

SUBFLOORlNG 

Two methods are commonly u sed fo r suLlloor 
construction : nominal 1 x 4 , or 1 x 6 boards placed 
diagonally o er the floor joi ts (ei ther tongue-and­
groove or square -edge with expansion space between 
boards) and p l ywood sub flooring used to er ··ate a 
floor diaphragm . When a p l) wood suhfloor is 
pl ann  d, guidelines for th ick.ti ss and meth od · of 
at tachment in relation to joi t spacing can b 
obtain d from t h  Ply wood Con. s l mdion  Guide 
published annually by the mcrican Plywood 
Association . A well-constru c ted firmly at tached 
subfloor can h an important asset i n  revisti ng late ral 
force 

ubflooring is typically nailed dir · Uy to the 11oor 
joists. ailing with annu lar ring nails or deformed 
shank nails is recommended . These na ils provid 
extra trength against pulling ou t when  the floor 
syst ·m  is ex posed to loads other than gravity . 

A sys tem of nailing and ad hesive appl ic ation of 
1->lywood ·with tongue-and-groove joints along th 
long edges of the shee t avoids the need for block· 
ing along th es edges. This produces a more level 
floor antl offers a tronger diaphragm ac tion to 
re ist ho rizontal flood force · .  
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F igu re 4 . 43 .  Meta l S trapping 
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FLOOR-JOJST-TO-WALL CO N ECTION 

Elevated structu res experienc increased wind 
forc -'s bccaus wind spe d increas w ith levation.  
Ex terior walls are u s  d as ten ion m mocrs to 
transfeT wind uplift fore _ at the roof  clown to 
resistance provided by the foundat ion .  It is u ually 
necessary to us galvan ir.ed metal strap conne •t ions 
from aJ ternate ext rior wall tuds to th floor j i ts 
or fl oor beams and from fir t floor tu <l to second 
fl oor studs ( Figure 4.44 ) .  The capaci ty of the e 
connections depends on the numbe r  of nail u sed . 
Manufac tu rer brochu res can be u tl to ascertain 
onnectors apaci t_ ant! thus the pacing requ i r  d .  

WALL SHEATHING 

Ply wood is th mo t c mmon sheathing in use for 
exterior walls (Figures 4.45  an d 4 .46) .  The m ajor 
aJvantages of plywood are that it braces the wall 
framing to resist ra ·king tress s an <l i t  foTm a 
continuous tie from floor b am to top plat when 
properly in talled. 

Ply wood used for sheath ing struc tu res elevated up 
to 1 0  fe t ahov the ground h ould b ex terior 
grade and not less th an 1 /2-inch tl rick. _ ailing 
shoul<l be with sixpenny nails, spa ed 6 inches 
along th edges of th panel an<l 12 inch s on 
interm · J iate tu ck 



Structu res elevated more than 10  fee t should be 
sheathed with 3/4-inch exterior grade plywood , 
nailed ,vith eio'h tpenny nails spac d as before . 
Deformed shattk or annular ring nails and plywood 
mth ex terior glue are recommended. 

WALL BRACING 

l 3racing vert ical wall� against racking is  a common 
bu ilding prac tice, especially for weak m aterials 
such as some of the newer insulated sheathing. 
Wind forces and late ral forces from moving water 
are also significant  fac tors in determining whether 
and to what ex tent  t o  brace ver tical walls. 

Common wall bracing methods are a let-in diagonal 
wood brace, diagonal boards and ply wood . A 
common method similar to the let-in diagonal brace 
is a ligh t-gauge galvanized steel s trap nailed 
diagonally lo each s tu d  at the outside corners and 
framed walls. 

WALL-TO-ROOF CO NECTIONS 

Probably the m os t  cri tical s tructural connection 
for wind resistance are those betw en walls and 
the roof. For single- family residences, the roof 
structure is u sually roof rafters of 2 x l O's or 2 x 
1 2  s or roof trusses built  up of 2 x 4 's or 2 x 6 1s. 
Whether rafters or tntsses are used, they should be 
spaced al abou t 16 inches or 24 inches on cen ter ( 1 6  
inches is the more common spacing). Roof con­
nections are cri tical because these connec tions are 
l imi ted in nu mber-at most  they can occur at every 
roof rafter or truss. 

t\ number of available galvanized metal connectors 
place the nails in an orien talion to best resist uplift 
and lateral forces. 1 anufacturers '  brochures provid 
the ne essary design inform ation . 
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F igu re 4 .46. Wa l l  Sheath ing T ie f rom 
Roof to Cei l i ng 
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F igu re 4 .4 7 .  Shu t ters for Window 
Prolec t i on 
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F igu re 4 . 48 .  Protect i ve Uti l i ty  Shaft 
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Related 
Design Considerat ions 

G L ASS PROTECTIO 

Even moderate s torms or rou tine high winds can 
cause large lo  se of  gl ass in bu il ding , particu larly 
along a coa. t .  Broken gla ma) allow rain and 
floodwater and high winds to  enter  the _ t ru c lure . 
Water  damage can ruin furni hings and eventually 
damage structu ral members . Wind allowed into an 
elevated tru tu re increa~e the u plift load n the 
structure as it app lie p re su re to the ceil i ng and 
wall urface . 

Exterior shu tterE an be use<l to protect glas . .  For 
small openings the traditional lou e red shu tter 
offe r some protection.  Additional pro tec t ion i 
po_sible us ing 1 /- -inch plyw ood attached to the 
ha k of the shu tter , whi h will take the di rect 
forces from the s torm (Figu re 4.4 7). This method 
allo ws coverage o f  fairly l arge areas of  gl as 

UTI LITIES A N D  !\1ECH AN ICA L EQUIPME T 

�tru tu rc s in flood-prone ar as are co mmonly 
erved by comliination s of  e lec tricity , w ate r, 

sanitary sew "r . gas ( both n at u ral an<l bottle<l) ,  
an<l telephone. Typical installation for th 'SC 
util i Lic · expo e them to pot 1 1 tial dam age from 
t1 oodin° and storm action. I n  the ca"e  of an 
ele v ated fir t lloor, the c orm ·c t io 1 1  from an unJer­
ground  u tility lin ' to th floor above fu r ther 
expo c th ' line lo po. ihle <lamag and/or con­
tamination Ly floo<lin g; an<l s lorm ac t ion ,  U n<lcr­
grou n<l service are also susceptible to damage 
when c ro ion of the p totectiv soil cover leaves 
th m expo cd  <l ur in g flooding. 

D amage to  util i ty lines can l ead to contamination 
of  <lrinking wa ter, discharge o f  effluent from sewer 
l ine ga explosions. and fi re� and /o r  shock from 
damage<l electrical systems. 

The mo t vu lu rabl ect ion of  anr un<l  rgrou .nd  
utility li n e  i s  the portion between tJ1e ground and  
th e pl ace it en t e r  the  elevate<l fi r-t floor .  A mini ­
mum amoun t of protec t ion c an be ob taine<l by 
loca t ing these u til ity riser on  the sides  o f  interior 
el at d foumlation demen ls opposite the <li rc ct i.on 



of flood wate r. This can m in im ize damage from 
veloci ty  water or floati ng  debris . A more secure 
method  i .  t o  place all uti l i ty L ines com ing from 
un derground  w i thi n a protective, floodproofed 
shaft under the elevated fi rst floor (Figure 'k48) .  

If elec trical and telephone lines are su pplied from 
overhead service lines , they should he connected 
through the utility company's meter system above 
the expected reach of flood waters. However ,  this 
requirement is often in conflict with the power 
company 's policy regarding the reading of meters 
and their location. If this is not possible ,  the con-
nection should be made within a waterproof F igu re 4 .49 . E l evated Condenser Un i ts 
enclosure. All distribution panels or other major 
electrical equipment should also be located above 
expected flood waters. Branch circuit wiring should 
be fed from the first floor ceiling downward to mini-
mize wiring on the first floor. 

ll mechanical equipment (furnaces, hot water 
heaters, air-conditioners, water softeners) should 
also be elevated above expected flood waters ( Figure 
4.49). An attic location, if available, would provide OVcRHEA!l UTILITY u!JEc5 
the equipment maximum safety. Heating and/or 
cooling systems using ductwork to carry tempered 
air should be provided with emergency openings 
at their lowest elevations and a minimum slope on  
horiz ontal duct runs in  order to allow the system to 
drain in case it becomes submerged. Figure 4 . 50 
illustra tes some of these concepts. 

Sep tic tanks shou ld be floodproofed to ensure 
that flooding does not cau e the tank to rise out of 
the ground if the tank is partially empty , as well 
as to ensu re against d ischarge of effluent. 

BUILDING MATERIALS 

One way to increase the safety of building materials 
is to elevate the building higher than the minimum 
floodplain management requirements. Even then, 
however, flood waters may still reach building 
materials, so they should be protected . 

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

F i gu re 4 . 50 .  Locat i ng U t i l i t ies 
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onditions, and will require special at tention to 
protecting bu ilding materials. The climate and the 
desi red appearance will determine whether the 
exposed underside of a floor should be sealed . 
Sealing exposed floors can protect subfloor and 
joists from the elemen ts ,  improve insulation , and 
help conceal utilities. 

The material used to enclose floor spaces should 
be res i  tant to water damage or inexpensive to 
replace if it is not resistant to damage. Exterior 
grade plywood heated with pre ervatives is water­
resistan t and can be effective .  Gypsum products 
should not  be used unless an acceptable level of 
performance is assured. Regardless of the material 
used,  some provision must be made to allow water 
that may find its way into the floor sandwich 
during storms an d flooding to drain out ,  and for 
th joist paces to dry out. 

Wood 

W ood expo ed to the elements should be protec ted 
by treabnen t with any one of a number of chemical 
preservatives to make the wood resistant to fungi 
attack ,  .insec ts, bacteria, and rot. Connections 
should be designed so that water will not collect on 
or in them. They can be protected with protective 
flashing, by treating saw cu ts and drill holes wi th 
preservatives, and by painting connections. The 
Am r ican  Wood Pre�ervcr._ In ti l u l e, Ty on '  In l e r­
na l iunal Buil d i ng. 1 945 Ga l lo ws  Road ,  V ienna 

irgi n ia 2 1 80 .  can p rovide  specific gu iddin  .,- _ 

Steel 

In riverine areas steel framing and foundation 
mem bers exposed to the clemen ts should be pro• 
tected by galvanization or by painting with rust­
retardant paints. The need for painting can be 
eliminated through the use of surface ox.idizing 
steels high strength low alloy) .  

In saltwater environments , exposed structural steel 
shapes, beams, pipes , channels, angles, etc . ,  undergo 
v ry rapid corrosion, and their use should he 
avoided . Small connecting devices such as bolts,  
angles, bars, and straps should be hot-dip ped galva-



nized aft r f ahrication and coated with a protective 
paint after installation. Standard galvanized sheet 
metal joist hangers and other connecting devic s 
deteriorate rapidly despi te their galvanized coating 
and also r quire additional pro tective coatings. 
Small anchoring devices, nails, spikes, bolts, and lag 
screws should, whenever possible b hot- dipped  
galvanized. With sheet metal clips and hangers, the 
special nails used should also be galvanized. Regular 
inspection , maintenanc , and replacemen t  of 
corroded m Lal parts is necessary when steel is u sed 
in th  coastal env ironment. Steel rods used to  
reinforce concrete or  masonry piles or p iers require 
special precau lions to p revent saltwater from 
r aching the steel through hairline cracks in concrete 
or through masonry joints. This is discussed below. 

The American Iron and S teel Institu te 1000 
Sixteen th treet , Washington , D .C .  20036 , can 
provide specific guidelines. 

Concrete and Masonry 

The durability of rein forced concre te and masonry 
block can be improved by th use of chcmi  al 
additives mixed with the concre te and mortar and 
by special treatments and coatings. Additives ar 
nu merous and vary from those thal will prevent 
spalling due to freezing to those that will improve 
strength.  Su rfac treatments and coatings , such as 
silicone and epoxy paints, can b used  to reduce 
water absorplion all.d pene tTation and to pt ven t  
damage by airborne pol lu tants . G uidance in  the 
use of concrete and masonry can be obtained 
from the Portland Cement As ociation, Old Orchard 
Koad , Skokie, lllinoi 60076 , and the a tional 
Concrete M asonry Association P.O. Box 78 1 , 
Herndon, Virginia 22070 .  

INSU LATION 

Lile exposed walls of c nventional structu res , the 
exposed floor of ele vated residences musl  be 
insulated against h at losses and heat gains. 
Depending on the climate, two fac tors should be 
considered .  First ,  elevating a building will expo e 
pl umbing ;  such p lumbing must be i nsulated against 
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freezing. In  extremely ld clima les, heating 
c ahl s may he necessary wi th the insu l ation . 
Second , in ul a tcd floor decks may be suLjeet  to 
floodwaters an d should the re fore have either 
impermeaLI , closed-pore insu lation able to wi lh-
tand water subrner ion  or insulation that can he 

repl aced economicaJJ (Figures 4 . 5 1  throu gh 4 .53)  . 

BREAKA WAY W ALLS 

As ind icated in D1c•s ig1 1 an d Cn 11 .dnu: l i11 11 
Maouol  for ffrsidn1 1 i11l lfo ildinl!s in toa s l al High 
H1Jz11 rd A rl'a.s, c it cl i n  tJ 1e Pr face. the area u nder 
an el ev a ted 'tru<:lure in a V Zone must be free of 
ob tniction or be c on truc te<l with h r  akaway 
wans (e .g . .  l at ticework) designed to coll apse under 
t ress wi thout jeopardizing the tructu ral su pport 

of tJ 1 e  builcling ( Figure 4 .54) .  Loads from floocl 
wate rs an d v. atcrbornc debri ar cri tical considera­
tions in designing breakaway waJis. 

RETROF ITTI N G  E X I  TI NG STR CTUR ��S 

Exis t ing residential struc tu res in flood l 1azanl  ar a 
an oft ·n be rai eel in -p l ace to a l i i�l icr �lcv :;ition to 

reduce their su ccptiliilit) lo llooc l  d amage .  Th<' 
pr incipal cons ideration i n  rai ing c .  iti1 1 g  strnctu r s 
i o ften tl 1  · ost ;  gene rally , the tc ch 1 1ology ex i t · 
to rai c a lm o  t any struc tu re , e ven mu lt i  tory 

buildings, bu t tht' co t increases as the di fficu lt) 
merea s. 

R i c.lential st ru tu res have- Leen sati factorilr 
raised up to n ine fee t. csth<' Lics, i n tended u se , 
ne <led flood elevation ,  iu1 d stru tu raJ stabil ity 
inOucnce th · height elec ted. G eneral ly the 
addit ional cost to raise a s tru c tu re an additional 
fool or o I mall compar 1 d lo the in itial •t -up 

ost. 

The new foun da tion for an existing :tr u · Lu re 
shou ld b elect  <l anu d s i !meu as di cu s  ed 
earl ier. 

R aisin•r in-_pl acc is g nerally fcasiule for structures 
that are l )  acce sible below the fi r · t  floor for 
pla c  ment  of j ack an d beams, 2) l i gh t  enough to 
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be j acked with conventional house m oving equip­
ment, 3) small enough that they can be raised 
in one piece, an d  4) stro ng enough to withstan d 
the stress o f  the raising process. 

Woo d frame residential and light commercial 
stru ctures with first floors above the ground 
(normally with an 1 8-inch crawl space beneath the 
first floor) are particularly suited for raising. 
Wood frame stru ctures with basements below 
the first floor are also accessible and lightweight ; 
however, raising the superstructure does not 
protect the basement, and the basement shou ld 
be filled wi th  a granular material to provide struc­
tural stability for the walls. Brick , brick veneer, 
and m asonry s tru ctures, while heavier and more 
difficult to handle, can also be raised. 

Utility equipment l ocated  in a basement c an often 
be m oved to a higher room, such as an upstairs 
closet, or an attic. It is importan t to ensure that 
the closet or attic fl oor can su pport the weigh t  of 
the equipment.  If necessary, an elevated addition 
can be bu ilt to house a furnace, hot water heater, 
and other equipment formerly h oused in a 
basement. Protecting utility equipment in this way 
can be useful even if the house itself cannot or 
nee d not be raised. 

Raising a struct ure usually i n volve t he follow ing 
steps :  

- D iscon necl all p lumbing, wiring, and util i ties 
t hat cannot  be raised wi th  the s truc t u re. 

- Pl ace steel beams a n d  hydraulic j a cks beneath 
the structu re and raise t o  desired e levat ion.  

- Extend exist ing fou ndation w a lls and piers 
or c onst ru ct ne w found ation.  

- I f  a base m f'n l  exists remove water heat r, 
fu rnace, etc. , and fil l  basement with granu ­
lar mater ia l  to su pport  basement w alls . 

- L o wer the stru c t ure o nto t he exte nded or n • 
foundat ion .  

- Adj ust w al ks, s teps, ramps, plu m bing and 
ut i l i ties and r grade s i te  as desi r •d ,  

- R econn ·ct  all plu mbing , wiri ng, and utilitie, 
- I nsul a te  ex posed floor  to reduce heat los and 

prol c t  p lumbing,  w iri ng, u t i l i t ies and insu l a ­
t i o n  fro m possi ble water dam age. 

i!J?UlJ;f lO\J 
--�+- Pl.eNU M  

F igure 4 .53 .  Doub l e- I nsu lated F loor  
P lenum,  P i er Foundation 

F igure 4 .54 .  B reakaway Wa l l s  
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COST ANALYSIS 



Once a communi ly dec ides that the cconomjc 
risk an d environmen tal impact of developing 
floodplai n l anrl fo r resi dential use is acceptabl 
the  dollar c o~ t  o f  th a t  development must he 
valuatecl . Two factor bear sign i ficantly on 

any such  val u a t ion :  -f i rs t, the wt cost o r  con­
struc tion th.a l  m ts Lhc stanrl arcls of the 
_ a tional Flood lnsuranc Program ( . ' F I P )  i n  
ligh t of the poten tial and  unpredict able h azard of  
f1 oo<ling an <l the  losses lha l  m ay ensue ; se cond. 
the co  l diffe rent ials bctw en constni c tion on 
ele vated founda tions and conventional hu ild-
i . n g methods. ( - ole that ~ tandards adap ted by 
local j u risruc tion <1re o ften m ore tringent  than the 
N F l P's . ) 

H i ·pe a lt' d  ;;: t • 1 d i , ·� h ;i u · .:lh , , ,rn 1 1m l  l l w �a , i l l l,!� 
t h ;i I c. n l 1 f '  r◄ 'a l i zr ·tl o ,-,·r L l w  I i  I 'd i nw of a ,- [ ru c ­
t un'  b ,  l 1 1 1 i l d i 1 1 • •· 0 1 1  a ri1 i �P d fonnt l a t io 1 1  ; i rf' 

. r 

u:,; 1 1 al l � r.0 1 1 i- i de ra b\ 1 •  1d 1 1 · 1 1  n , m pan · d 11 i t h  l l u-
0 1 1 1 ' - L i nw i 1 1 c r,0 a,-i-- i 1 1  co 1 1:,: l n i r· I i o 1 1  ro;a t :- fnr  11 1 1  

◄ ·krn t c ·d fou 1 1 d a t i u 1 1 .  T h i �  i .,  l ;1 q!d� lw 1 • ,1 1 1 � ( • t l w 
t l w  m w- l i nw fou 1 1 d a t i o 1 1  r · r ,� 1 .� u n · . rr 1 H - r,�lh 1 1 1 1 h  r . . 
l ' i u • l' ,- ix  pt' l'l, ' l ' I J I  u f  t l w  l u l a l 1'. 0,.; f o r  ;J LTs i tkn L i .d 
:: l r u t ' 1 1 t 1T .  11 h i k· [ I H'  fl uod i n ;-il l l'a l l (' t• • ,-a \' i 1 1 µ-� t l , . 1 1  
c a 1 1  l w  a , • I J ir" ·d O\TI ' t h e  l i fr  u l ' H ,;, l ni d 1 1 1T 1 1 .\ 
I ' \  • ,·a t i 1 1g i t  rn 1 1  l w  , . 1 1;:i derab l r • . 

The economic co�t to Lhe in <li,.i<lual o f  huilding a 
horn · in the floodplain consis ts o f  bo th flood 
d am age that wi.Jl occu r  and the cos ts of whateve r 
measures are tak n Lo mitiga te such damages. Tht> 
cost of flood damages to the homeowner m a) Lr 
partially shi fted to f · deral. s la te ,  a.n il l ocal govcrn­
m en t t h rou gh low -in te res t l oans a.n u lax dc <luc­
Lions for losses incu rred. I n  'om m unities part i­
c ipa ting in th _ PI P, the owner  of a new ham c:111 
purchase 11ood insu rance.  E s  cn tially . flood i n su r­
anc e allows the homeow11c r lo sp read the llood 
risk to othe rs facing the same hazarus and ,  morr 
importantly , permit 011c to pa) for expec ted 
flood  losses, which are unprcilic t ahk as to size 
and time of oc urrence , in predictabl ann ual pay ­
ments. These are m o r  manag able lh an  un ­
ex pec ted flood losse s, espec ially if mor  than on  
large flood happcus  lo occur i n  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 tlata and estimating forms 
are provided for roughly estimating one 's 
particular foundation costs. 

1. Slab-on -grade, c rawl space, and bas eme n t  
f 01wda t ions  were selected as three o f  the most 
common types of Tesidential 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. ) 
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Conventiona l Foundations 
S lab-on -G r ade $4 .6 1 per sq . ft. 

$5 . 1 3  per sq . ft. 
$ 1 1 .0 1  per sq . ft. 

Craw l Space 
Basement 

E levated Foundations 
Wood Post 
Wood P i l e  
Concrete P i e r  

E st i mates-Spri ng 1 983 

$6 .96 per sq . ft. 
$6 . 58 per sq . ft. 
$7 .08 per sq . ft . 

F igu re 5 .3 .  F ou ndat ion Cost Esti mates 

% I ncrease of 
Tota l Hou se Cost 

Do i  l a r  I n crease , 
Fou ndat ion 
Cost On l y 

E levated 
Foundations 

Wood Post 
Wood P i l e , 
Concrete P ier 

Wood Post 
Wood P i l e 
Concre te P i e r  

2 .  The c ti m ate ar su mmarized in Figu re 5 .3 .  
Th y ar has d n th foundation and de k 
o f  a 1 ,500-squar - foot house, .. 8 'x50', with 
a mall offs t. The tolal cost of this house 
is approximatel y $60,000 , excluding land. 
All estimates w r based m1 F l  I rnnstruc­
tion pra · ti ce 

:t U,:;ing da ta fn m t l t is l sampl i ng. t he  
avera1;e · ost o f  ea h c0 11Yent iona l founda t ion 
ty pr is · ) l l l pareJ. tu  the. a ' r age wt o f  each 
elc ,·a t ed fou ndat ion  t pe .  Th is  urn pari.:on L­
don i n  l o way. : f i rst .  each fou 1 1 J a l i 1 n a. a 
perct'ntag o f  t he  co t � f  t he 1 1n t ire hou e 
( onven t io n a.1 fou n d a l io 1 1s " P r · c · t u L l ished a 
basr I 00 ) arn.L sc ·on t.l  t h  do l l ar i 1 1n  as◄ •  i. r 1  
the os t f t l w  l'ou nda t i 0n  above .  

Conventiona l Foundations 
Sl ab  on Grade Crawl Spaces Basement 

+5 .9 +4 .6 - 1 0. 1  
+4.9 +3 .6 - 1 1 .  1 
+6.2 +4 .9  -9 , 8  

$3,525 $2, 745 -$6 ,075 
$2 ,955 $2 , 1 75 -$6 ,645 
$3, 7 07 $2 ,925 -$5 , 895 

F igu re 5.4 Cost D i fferent ia ls, Convent iona l  Vs .  E l evated F oundations, for House Cost ing $60,000, 
E xc l ud in g Land . 
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4 . Figure 5 .5  graphi ·aUy co rn pare:. l i t e  co  1. of 
00 1 1 s t ru ct i ng  the d i ffere n t  ty pes uf  foun ­
dat ion. a t  various eJrvations. Not , l h a l  
i n c re a si ng t he cle v a t io 1 1 i n c rea c_ co  l a t  a 
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F i gu re 5. 5. R e l at ive Costs of Fou ndat ions E l evated to D i fferent He i ghts 

1 03 



1 04 

Fill 

Fill can often be used in A Zones to elevate con­
ventional foundation uch a~ J ab-on-grade . The 
cost of this approach varie widel . depen ding on 
the availbilit , qu ality and u ni t  co t of fill as well 
a the height and com paction necessar . Local 
building o fficials or oil engineer . hould be 
consulted  to aluatc lo  al conditions. 

COST COMPARI O CAV EAT 

The comparati cos t  data given above do not tak 
i n to accou n t  a number of factors that can affect 
ei th r La,  i construction co ts or long-term insur­
ance costs. 

Insurance Costs 

ln uranc rate under the F IP  vary greatly d · 
peniling on the e levation of a building and other 
feature rel a ted to flood afety . Diff r nces in 
these rate can over hadow the con truction co t 
cli ff rential di cu ed in thi chapt r, an d should  
be  con id  r d carefully in m aking de  ign deci-
10ns. 

Design Assumptions 

Each h ou e e levated on piles, po ts and pier� wa 
as urned to have 21 foundation el · m n t  . In addi­
tion,  each el ment w·as as u med  to be an ave rag 
length th at included the len!!th below grade anil 
th I 0 ngth b tween grad and th , stru c tur  . Th s 
length are 16 fee t  for pile. , 1 4  f et for po'ts, and 
1 5  fc t for pi rs. In pra tice ,  both the nu mber  and. 
length of foundat ion lcment il l ary depending 
on soil conditions, exp t d fiood l ·vel , tc. 

Earth quakes 

Con t ru t ing elevat -•d  foundation in earthquak 
areas m a) require addi tional stru c tural e ,  pendi­
tu r 'S that should be noted in cost stimate . Local 
building o fficials or a struc lural engineer should be 
con ult •d to valu ate local onditions. 



tairs and U t il i ties 

Elevating a residence may re ult in in reased cos l 
for lairs an d for u til i ties tha t mus t  be elevated 
above grade . These costs were not consid · red in 
the c Lima l  s pr s n led he re si nce they vary wilh 
hcigh L of cl vation, cost as ignm nt, i . e . , who pays 
for ins t allation of u tili ties, and ele alion m lhod. 

R egionaJ Cos t Varia tions 

The cost data p resented above are based on 
national ave rage , and do not take into accoun t  
regional cosl ariations. 

Cost In flation 

Building cos ts are difficu l L  Lo predict because of 
the tendency for the co t of basic cons tr u c tion 
commodi ties-l u mber, c oncrete, and st el -- to flu c­
tu a te and to ary relative to each other. The costs 
here are cst imal d using data for the spring of 
l983 . 

on-Cost Considera tions 

Cost is not the only de te rminant for ·el cling the 
material an d me thod for elevaLing. �l arket a cept­
ance (buyers and banks), archi l ctural design inte­
grat ion clima tic conditions, si le concliLions , and 
anticipated flood h azards shou ld also h con­
sidered. 

ESTIMATING FO R MS 

The fo rm on Lhe following page� can be used  f r 
making cosl e 0 limales for onvent ional and ele­
vat  d fou nda tions. 
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SLAB-ON-G RAD E EST I MAT I NG FORM 
TO DETERM I N E  LOCAL COSTS 

Compute the fo l l owing and enter : 

Square Foo tage of  Floor Area 

Lineai Foo tage of  Perimeter 

Square Footage of Foundation Wall 

Enter you costs (combine labor and materia l )  and extend : 

Layout house on lot 

Trench for footing 

Place footings 

Lay-up or form & pour 
foundation wall 

Fill & grade for slab 

Place vapor barrier, wire 
mesh & insulation 

Place & finish slab 

Grand To tal 

= $  

X L F  = $ 

X L F  = $  

X SF = $  

X SF = $  

X SF = $  

X SF = $  

------



CRAWL SPACE EST I MATI NG FORM 
TO DETE R M I N E  LOCAL COSTS 

Compute the fol lowing and enter : 

Square Footage of  Floor Area 

Lineal Footage of Perimeter 

------ Square Footage of  Founda tion Wall 

Number of Piers 

Enter your costs ( combine l abor and materia l )  and extend : 

Layout house on lot 

Trench for footing 

Place footings 

Lay-up or form and pour 
founda tion wall 

Place pier footings 

Lay-up or form and 
pour piers 

Backfill 

Floor Girder 

Floor Framing 

Insulation & sealer 

Subfloor 

Place floor slab 

Grand Total 

= $ 

X L F  =a $  

X L F  = $ 

X SF = $  

X Ea. = $  

X Ea. = $  

X C Y = $  

X L F  = $  

X SF = $  

X SF = $  

X SF = $  

X SF = $  

$ _____ _ 
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BASEM ENT EST I MAT I N G  FORM 
TO DET E R M I N E  LOCAL COSTS 

Compute the fo l low ing 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 mater ia ls )  and extend : 

Layout house on lot 

Excavation & spoil removal X 

Place footings X 

Place pier footings X 

Lav-up or form & pour 
foundation wall X 

Parge wall X 

Set drain tile X 

Backfill X 

Place vapor barrier 
and wire mesh X 

Place and finish 
floor slab X 

Place girder X 

Frame Floor X 

Place subffoor X 

Grand Total 

= $  

SF = $  

L F  = $  

Ea. = $  

SF = $  

SF = $  

L F  = $  

CY = $  

SF = $  

SF = $  

L F  = $  

SF = $  

SF = S  

$ _____ _ 



WOOD POST EST I MAT ING FORM 
TO DETER M I N E  LOCA L COSTS 

Compute the fol lowing and enter : 

Square Footage of  Floor Area 

Lineal Footage of G;rders 

Number of  Posts 

Enter your costs (combihe labor and materi al ) and extend : 

Layout house on lot 

Auger or d;g post holes 
and remo ve spoil 

Place concrete punching 
pad 

Place poles 

Backfill poles and plumb 

Set girder 

Frame floor 

Place insulation & sealer 

Place subfloor 

Grand Total 

= $  

X Oty = $  

X Qty = $  

X Oty = $  

X Oty = $  

X LF = $  

X SF :::: $  

X SF = $  

X SF = $  

------
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WOOD P I LE  EST IMAT I N G  FO R M  
TO DETERM I N E  LOCA L COSTS 

Compute the fo l l owing and enter :  

Square Footage o f  Floor A rea 

Lineal Foo tage of  Girders 

Number of  Piles 

To tal L ineal Footage of Piles 

Ente r  you r  costs ( combine l abor and mater ia l ) and extend : 

Layout house on lot 

Bring pile-driving equip-
men t to site X 

Furnish and drive piles X 

Set girder X 

Frame floor X 

Place insula tion and 
sealer X 

Place sub floor X 

Grand Total 

= $  

= $  

L F  = $  

L F  = $  

SF = S  

SF = $  

SF = $  

$ 



CONC R ETE P l  E R  EST IMAT I NG FORM 
TO DETE RM I N E  LOCAL COSTS 

Compute the fol lowi n g  and enter :  

Square Footage of  Floor Area 
L ineal Footage of Girder 
Number of Piers 

Enter you costs (combine  labor and m ate r ia l ) and extend : 

Layout house on lo t 

Auger or dig pier holes 
and remove spoil 

Place concrete footing 

Form & pour piers 

Backfill 

Set girder 

Frame floor 

Place insulation 
and sealer 

Place sub floor 

Grand Tota/ 

= $  

X Oty = $  

X Oty = $ 

X Oty = $  

X Oty == $ 

X L F  = $ 

X SF = $  

X SF == $ 

X SF = $  

$ _____ _ 
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G lossary 

Base Flood Eleva t ion ( BFE) 

T l 1 e  J ernl i on for wh ich Ll i er  · i i'  a one- pt; rCCll l 
ch ance in any !ti, r. 11 year thal  fl ood len'.l:1 will  equ al 
or e CC'ed i t  ( · e s,,,, · i" l Flood l la :urd ..-1 re 11.� ) .  Ti s e ·  
BFE i dct rm ined  by .. Jati'-ti al illl alysi� of tr  am ­
il m r cord. for Li te waterJ 1 ed  and rain fall and 
m noff l 1 ara ' tcri ... tir· i n  th gcJ '1 ra1 r gion of 
Ll1r wat rJ1 - d. 

Coa Lal H i gh Ha- ia rd Area 

The portion of  a coa tal il ootl p l ain th a t  iu u bject  
to h igh veloc i ty wat ·r .. caused Ly l rop i a l  torm . 
hurri ·an ' . north ca te r , or lsunam is. Label d 
V Zone.: on flood I n�uran ·e R ate .\l apu, thes 
area· expcri 'nee breaking , arc of th rc fcc t or 
more . 

Oebri · Impac t Load 

L ads 1ndu cc cl on a s tru ·tu re by ·ol id objrc t.s 
·arrie i l  by fl ood w ater. Dl'br iE · an indudr trc _ . 

lu mh  -r, di p lace d sec tion . of · tr u  ture . tanks ,  
r unawa) Loat · . an <l chunk of ic . Debris impac t 
load are <l:i tficu l t  to prr di · t  a ·  •uratd . . ye t  r a­
rnn aLle allowa1 1e s m us t  b -· m ade for t l irm jn tl 1 r 
de-irn of  p otentially aff c lr d  s tr n dures .  

Encroachme n t  

. ny phy i cal  oLje  · t  pl a  ·e < l  i n  a noodp lain that 
h in <lc• r I.h e pa sage of w a te r or othcrwi a ffects 
flood flow . .  

Exis l inj!; Cons t ru c t i on 

Tho e s lru r tu r  � al r ady · i ti . ng  or on which 
con tm . tion or .. u b  tantial impruYern nt was 
tarttd prior to the effective <la l of a commu ni ty '" 

11 oodplain  t n im aµ:em n t r �u lations. 

Flood or Flooding 

A ge1 1 · ral an < l  t e m porary unJ i l ion of  I artial r 
romp ! te i n 1 1 n J. ;. H io 1 1  of no rmall) d r  l and areas. 
Fl oJing r su its fr i Jm lhc overfl ow of in l and  or 
tidal wat r or t l i r  u n 1 1�1 1 al and rap id acGu mula­
t ion o f  1,u rface w ,-1 te r  ru n o ff from an , :-;ou rce . 

Fl od l nsmancc Rale Map ( F I R M )  

A n  offi • ial  map uf  a · ommun i ty .  L u d o r  
app ro ed  1,y the Fe<lf'ral �mcrgen  y Manag ·n1e 1 1 t  

o-cncv that de l inea te both the sp · eial hazard 
I:, , 

areas an I the ri�k p r m ium  zone app l i  · able to th · 
ommu11 i l) . Zan s are as follo ,.r� :  

Zom• ( unnumbered ) - :pecial 11ood hazard 
are a imm dat d IJy the l 00- ·ear 11oo<l ; dct r­
rn ine<l by app ro� i 1 1 1 at meth ods w i th  no  bas 0 

fl ood ek,·ation shown ,  

Zones A I -A30 • p ·c ial  tloo<l hazard ar  a 
i nu n dated hy th 1 00- \' - ar 110 d :  del  rm ined 
1 1 1  d tailed � ,ethoc l�  "vith Lase 11ood elevat ions­
J i  , 1 1 .  

Zone B . area  L 0 L ,,·ce 1 1  L h  limi t � of th I 00 -
) ear  flood and the 500-) a r  Oood , or certai n  
a r  a .. su bj ect to l OO-y ear  Ooo<l ing wi lh average 
<l p ll 1 s  les IJ i an J foo t. or ar a p rol t <l l l ) 
leve ·� from the La  · ll ood . 

Zone C - ar>a of m in imal fiootl ing ·  l o  ate <l ou L ­
s i dP the lim its o f  the  300-. t:ar lloo<l . 

Zone V (unnumbered)  - a r  a u bject to wav(' 
aC ' lio1 1 .  with ou t  Las 11ood ele at ion shown . 

Zones V 1 - ·30 - �peeial floo<l h�ard ar a o f  
!00-) far coastal fl oocUng w i th  vcl cit) ( waYe 
a L i on ) ;  ba ·t Ooo<l dcvat io 1k shown . 
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Floodpla in  

An  normally d r  Land area  that i-. u c ptiLlc to  
l ieing inundated  by  wate r from an) 1 1 aturaJ ·ou tc 
Th is area i_ 11 uall low lru 1 d  adjacen t to  a ri ver, 
str am . watercou rse ocean , or l ake . 

Floodplain M anagemen t 

The operation o f  a p rogram of  corre c tive and 
prcv n tive m · asu r /'or r ·du ing flood damage ,  
in clu ding bu t not l im i ted  to  flood con trol pro­
jects ,  floodplain l and-use regu l ations, floo<l ­
vroofing of bu ildings, an d cm rgency p repared­
ness p lans. 

Flood way 

The channel of a r ive r  or w at rco u rse and t l i  · 
adj acent J ami areas that mus t  be res rv •d to 
di charge l11c one- pc rc nt- 1Jrobabil ity flood with ­
ou t u mula tivcl y im:rrasing the water surfa · 
l vation  more tha1 1  a t.l ign al ·<l height,  .o-en • rally 

one foot. 

H ydrology 

The scie,n c of th'  behav ior u l' water in the a tmos­
phere on the ear Lh 's su r focc, a.nu umJ.,rgroun d .  

Hydrodynamic Loads 

A flood wat -· r  flows aro und  a trnctu r , 1t impose 
loads on Lhe tru ctu rc. The~ luad.s ·· onsist of fro11 taJ 
un pa t by Hi , mass o f  m oving_ water against t11e 
stru c ture drag c ffr:ct along th · si tlc!' of the tructur  , 
and ·· ddics or n · gativc pres urc on th ' stru ctu r 's 
down t ream si tl -· . 

Hydrostat ic Loads 

Those loads or pr ssu r re ul tin from the tatic 
mas of water at any point of flood water contact 
with a t ru ·tu re. They are · qual in all direct ions 
and alway act p ,rp ndi · u l ar to th u rface on 
which  th y arc app li ·<l .  J lydrosta tic load t. :an 
a · t  ve rtically un tm ·tu r aJ  members uch as 

1 1 4 

floor , deck:". and roofs, and can act laterally on 
upright strn c tu raJ m rnb rs u ch as walls , piers 
an d fou ndation . .  

Mean ea Level 

The av rag · h igh t  of th s ·a for all stag s of tJ 1 c  
ti de, usu ally de term in ed from hourly height oh• 
s rvations over a nincte n -ycar p rio<l on an op n 
coas t  o r  in adjacent wat rs having free a ccs to 
the ca. 

ew Construction 

Structure on  w l i ich cons t ruc tion or ub  tantiaJ 
im provem 'Ill was tarted after t l te e ffe ctive <lat 
of a communi ty floodplain management rcgu ­
l at ionv. 

One - Hundred Year Flood 

( �ee p1' c:ial l• 'lood lla z ard Areas) .  

Permeability 

The p roperty o f  oil or rock that aJ low pavsag of 
wat r through it . 

Regulatory Floodway 

_ ny t1ood wa re fer need rn a flooJp lain 
ordinance for the pu rpo of appl ing flood, a 
r>gulations. 

pecjal Flood Hazard Areas 

r 'as in a · ommunity that have L en iden tified as 
..,u ccptible to a one-p 0 rcent or gr 0 a te r  cl tan ·c of  
flooding in any given car. on -p r n t  
p roiJaLil ity flood is aJ o known as th · 100-year 
flootl or th ha flood. 

St i l lwater El va l ions 

The elevation tha t  the su rfa · of th , wat r wou ld 
assume i f  all wave atti on wer ah. ent .  



Storm Surge 

A rise above normal water level on the open coast 
due to the action of win d stress and atmospheric 
pressure on reduction on the water surf ace. 

Substantial Improvement 

Any repair, reconstruction, or improvement of a 
struc ture, the cost of which equals or exceeds 50 
percent of the market value of the structu re either 
(a) before the improvement is started or (b)  if the 
structure has been dam aged, and is being restored, 
before the damage occu rred. 

Watershed 

An area from which water drains to a single point ;  
in a natural basin, the watershed is th e  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 1 00-year storm surge plus 
wave height. 
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Sources of Design I nformat ion 
Information Requlred 

• Nauona1 Rood insurance- ?m• 
grarn ( NFIP ) 

• Loca l  GovP.rnmPfi! Planntng 
Programs 

• Sla1e Floodpl9 n ano Coas1a1 
L"'1e Prog rams 

• neg1o n0 I P1a nn1f"lg Aestr• ct1ons 
Of Gu,a elrneo 

• Fede, aI Age nr.y Requ11e me �1r, 
ar lr1 Gu 1dP.l11,_., i ut t'f 1r,an FIP ) 

Information Required 

• Fl ood Deplh!-

• Flooct Wa re,, Veluo:y 

Pu'l)OM' or lmpllcatton, of Data 

• Rec.iu,,es t�al comrnu nit,es 10 
,mpl�me�I l l00dpl a I,1 regul a 1Icns 

• Sels m,rnmum anot1fd:a for 
l l o-id ,a In ,egu lahons 

• Pr0tt1t,,I l e,Jt>r al h1n ng I 
0101ecrs 1 1 1 v1Qla11on JI l !oodp1a1 · 1 
1 eyu1ati:1it1 s 

• Pron1rl ts ledetrt1 I 1, guarrtt1 
toll).; 10, p,o . rs � v10,a M)r1 ol 
lloodpla,i requla: ,uns 

• =sr I sties I IOC)(j 1nsu, a1 1ce rale 
d1ffer�n1 1a1s Int n10Pe• 1,es 11"\ 
I cod Pr<J'"le reas 

• 1,,1p HTitn's ll�pla1n � ul· t,Lrs 
• 0�1erm1nes local f-ood ota1n 

•eg1Jla11on oa ·ed or, � IP 
u,o l1n • t ,ru l u t� /Of'1ng .:. nd 

�u division r u 1 a1 1on s �r • 
10, n, a •1c� !i:a ,idar o s , Ptaorie<l; 
U11, Dev lt ,or ent 0'0Ina11�es 
011 l r:Jmg r.odes el<: ) 
Note Loca1 regu Ia1,ons c a� be 
'ie' at  }t t1 1tt,er s1;;1ndnrd t r,an 
NFIP •111rnmu, :a ,d ards , d e• 
p.;nar•tg on local nPedS no 
ci,c.ur r+stanc es 

• Provides 'it-a\ew1dl-' floor1p t,r,t 
Ol?¥ e1i:,pnienl ,egu a l• l')f' I S: and 
gu rd ew1Eis 

• Aequra•es oeve1uurm-.m 1  n 
<;;-- -�;ti 1or1es 

• Cct.HoIr,a Ic-•s ,mp• meniat,on o 
NFIP ,� Ioc 91 1� 11� drC hOl'S ana n 
�•..a,; wn�r� mu n p ie state 
9Qe nc  es a i.-e an r1e•�fil n 
llood,nq 

• C1ea 11 ngho us12' :o, Ftoocto 1a1 •1 
tv ar ,ar1 cmc•1• t"\�1� '"'1&11 n 

• Can DtOVtOP aa hUna1 'f'QU•B · 
lK>rls ,a'1d qL 1deilnes IOt 1eq 1ona1 
,u1iscut11oc 1s 

• Cooro,naIes ac riv111es- 01 a1 tfe, 
P ri l  �g Pr ic1es w 1th1., JhP reg,o, 

• StJ\HGt· c,I nl nrm ,on a '1d rri 
4i0me ca ses recn nical ass,stance 

• �.,, 1 nctuoe ,egi. , 1at1ons elat1'ig 
o deve.c,prr,en1 ,n 11000 .plOfle 
,!lte.!:IS Ip g Co rps ol F r.g•nce r 

pe. 1m1  s to, develo pfT'lef ll on 
,,a1 11qa b e nv e1.s > 

• "'"� ,. , (l, Vf? fed:(!r, il I\Jnoing lhfl 
u>F-" ot wh ir IS re st11c te ,n 
.11000 -orone tt'a!i 

• Ptc 1JPt 1s -n-1 y rernmi fen ral 
r1np 1 a 01 aevf:lopmPn\ ,n 
11000 p•t• n� a,oas (e g E n  
vitcinme !",,a, 1mpa ::1 Simer n 1s) 

Purpooe or lmplla,tlons ol Data 

• Dcf P r rnnes wt.ere f1oodola n 
,egH a11 ons 1 '1S u (a nre aria fed 
e•a1 tma nc..ng ,es.u•ct•onE 3ppl� 

• Deie rri .nes specific tt<Y raz 
ctrd l.Ut tes 

• Oe.1e,rn neE-. .-.1 r 1.101c. hU01'1 rri� , u 

;i r 1t e ra tr nm - � 

• lntiir.a:t.:s t'-�vatto n:i at wh,cf, 
l'ooc, cla r ij!;j� •s lol<e ry lo ocr.ur 

• Dctcrm,r s app rop,,a!e bv Id· 
1ng e1eva t 1rn1s. I meew1g 
f 1Nldpla11 1 1,:g..Jlation� and f�x)d 
1nswar\(.'.f! ,ei;ilnt: .on� and H1tes 

• tnd•t;aldS hyd,os1a:,r laaos 1n 
l lnoo -pron"' areas 

• 0 rerm,nes ya,ooy narr,c 
ioaos , n flOOd -prone aieas 

• DP em\i"le oeo r 1s -1 mpac1 •naas 
1ri tioco -or0'1or' arf'aS 

• ,nau.a lt?!i PU?r'"'t1a l '™ c-ros1on 
and s tone c 1a re r 1J--at,o'l 

Poulble Form• of O■la 

• P rogram regLJa11Q<1s 
• 1,,s ur nc� , a, infnr rnauor, r\nd 

l ab(es 
• Fk>o l rsw arcf' Sludws 
• Flooo M�ps. 

S ec l,on 1 362 Gurde,·nes 

• PIAsrnng and Zon,nq Orc!,nances 
• Zr:·1mg MctO!.i 
• B11rlrJ1119 Code, 

• Stale p 1ogram 1egula11c,,,� 
• Staie o v e lOl)<nert gu,d�hries 

• Pr()(Jr am 1equ 1a1 ons. 
• O eve•npmern gu, Atma; 

Poaaible Forms ol Dara 

• Flood �aza•d 80..nctar y Maps 
• Flood lnsJrance Rate Maps. 
• F 00d Bo..noa•v afid Flr:><,dw-d\ 

�aps 
• HydrOIC<;J•C A11ases 
• Local Zur,ng Vaos 
• ooa 1n Hance Siu01P.s 

• F·ooo E IPvat,ons 
• Water St.,1ece Pmf1 1es 
• Sl 1eam and Coast Cr�S•SeCIIU'lS 
• F1 1nsuarce S1ua.e5 

• FIOOd0'a,t\ TeGhl"I c a �udfl?'i 
• Hya1olO!J1C St ua,es 
• Fiooo 1'15Jrance Sfudies 

Patenttal Source1 of Om 

• Feoeral Insurance Mm1n1s1 r Hon 
• Feomal f t11ergencv Mariage menr 

Agency 
• S1att- floocJplalf\ \'1anagem�1 

C,-,oroinatr�g Agenc. y 
• LOC.:\I Gr,Ye,rmner.i P1anrw-.q 

Agern;y 

• I oc.al Goverr,m n Plar.ning 
A ency 

• l oc.:-11 GC'ver n Or"1 Enq1 riee1 
• J•ld•ny Cod e 0•1,c1al s 

• Sid i!' FlcJO<Jola,n Management 
Conr ,na 1 r ng Agent y 

• Scale Olf,ce al Coas 1aI Z one 
Managem�nt 

• S1a1e 01 1 1cc, ol Nalu•al o, Water 
nP.sf'lurce� 

• Re ,anal Aumor•llf�S (e Te n• 
nessee Va l ey Au1hc,1,1y A poa· 
1 cn ,� n  Reg,on I Cornrn,ss,cn. elc ) 

• neg1ona1 Pft1n ning Comrri1s-;:1v,s 
• .R •�c· Ba�• n Comm1ss1ons 

• lJ S Army Corps ol Engrnecrf 
• [nv 11 unrnernaJ Pt0techon Agency 
• Fed dr a l  Emerge nc M a r1ag�­

mrn1 Agenr.y 
• Stale Flood plain Manag ;,rm,n• 

Coorci ,n;,r,r,g Agteocy 
• t ocJI P1annrng Agere 

Poteoti■I Sources of lnformalion 

• Local Gover n"'en1 Planrnno 
A ,.,,cy 

-

• Loca GO\leinmeri1 'V:un1t: 1p al 
Engrnee, 

• S1a1e F'OOdp lrJ n Coordma ung 
A cincy 

• S1a 1e OIIIC(' ol Na turai Re 
SO\JICCS 

• Federal lnsura"C 'e Aom1n1S. 1'D· 
uor• 

• Fcdera1 Emergency "'1anage­
rnen1 Agerr .y 

• U S Gt!c�xJ1c S wvev 



• Ouial 1un al F looding 

• 1 r,d11 :a1e5 1moo·rance o t 

cmt1 t']en.t:y F-VBt:ua l 1o,i 1 rtS uar l 
.ii n,e :i �,gn program 

• 1 t 1l h.1F1r'ICes des1yn o' l lncdnrt)C'I 1ng 
IP.1 ,nn1 qup-.; �r:.h as tla:1(1 she-10� 

• l 1�llut 1nces OP.S1gr'I , ,t tJtii:J.I,.,.agr ... 
syarem� 

• lnlluP.nr;:es oes1g,-, of �'1!: hood 
proof ing l�t:nn1oues 

• Aftect5. seepage 1nlo bulld,ngs 
llrtu ssturalmn of SOIis ar'ld 
b1-11 ld1ng mater ials 

• Atl t:!t!l� u, length ot 11m 1ac.:itt-
1Er. m1gr11 oc 1r1occe-ss 1ble o, 

1nope I aule 
• Aller.rs tJullumg design retai,,e 

lo oi 1entartLO conftguca1,on and 
cno, c.c of tl11t,1<1prl•1r,�g I chr1oues 

• t 1 y<1 t0Qli1Ph5 
• f luodpJa1t"' Te-cnruc-al S1ud1 Ps 
• H1�IOt1l.'.a l Aeco,ds 
• P l<1<Kl l n�u• nee SlucJ,..s 

• Floodplain lecnnical Sturhe.s. 
• H,stouca! Recor !i 
• Flo..1 l t rsu, nee Stu�P..S 

0--- ------------+---------------'---------------' 
• FreQuenci ()I F ooo,ng 

• CbmaIe ano Weather 

• S:r11ctura F 00d Coro1rol Meas • 
ures te g dam� levee� c an 
nel 1mprovemenls) 

ll\lormallon Requlnld 

• Phy5'og ,apti1C ,=f: 11n?'.i 

• lor> ranny 

• So11 aia,ac · te1 1 s1tr.!-i  

• Slupe S1ati,I 1 1 1  

• Vege1a1,on 

• waie1 S10 ,age 

• 1nt 1uences siIe tt,o,c 
• AHec:1s cheice ol t loc,dmoof1n 

1i:.:nn,queo, espe.:1a11y Invse 
ltlal ,equ1re 1 '1Slallal"()(l oe1ors 
every l loocl 

• l ndIr.ah:s need to· sp ,,aI access 

• l nd,cates l requency �nd type 01 
prer:1r.i11auon and In urn . the 
typ aniJ magmtuclc or flnOCI cg 
i r,a1 , s ,, k el v  

• Influom,es p,1ren1 al wa1e, 
ores .swe 0'1 TQI •f'9$- h,unoa-
1 ,�ms .and r101.,r s. 

• Al lec15 s 1e des, n 1cchr 1ques 
k.H t:onl tcil 1r ;g wa,er ,ui10lf 

• f- ,, 1�1 ing ·1 ,easL1 res ,an allec'. 
Sl i t 1l 1he hl'll lS .ii lhe llcx,d CO<'\, 

• Proposed m�sutes can when 
,mp1emen1ect a l ter Oa-!-!IC htxld Clalct 

Purpow or lmpllca11ons ol Daill 

• Attects 1oc.a1 1on 3nd niilgn,1ud 
1 ii rino('j.ng on 1he s,te 

• 1u . nt 1 1 1� ar(�as ct 1ne s1 e 1ha1 
�t�111..J l(1 tJe .av._.. eel er prole 1 . eo 

• AHec S i..,\Ht-'f1!at 1u('r disl r t t JUhun 
..-mi rJe.,�i,y r.t cu,n e4c"1E!nls 
ltlP Sl 1 e  

• h1P-n f d1e!, Pt1 r,1�a 1 ,:-onslrajrm:, 
�nd .1 r;j'ltiV lt,'ll,lf!i:. l r 1r --,jlU ew,1 
upr."lent 

• lnf lue,,r es. �H11n9 1)1 bt11ldrngs 
• 1 f"l�l 1fil e eros1tin nntent1al . �O •<.ale� nee;J tor and fe.1;,l)rl-

ry of tlS1f"lg 1 111 � ,r11pria1 _.n rne, �,it:: 
• lna 1cates app1oprralP sI1i> d . -

Sl<,Jfl t echtHUUIJS tr u  conlmlltflQ 
water ru 11i:i,1 

• S.. 111 porUS•l 'V ,r.itoe1 1 \.�!li Ihe ,a:e 
ot water 1unn1 t a,, / ,W(J1ng p11 
ter<t11a• 

• De1e,rn1n1.\!> •ht" 1ed!:401,1ty n<I 
dr>S1gr r  so111:.itrc3110'l5 tor uSf' ot 
1 11 1 ma1e11n1 10 elevate t,u1'd1ng!t 
u1,� usE ui oack t1 ll around l0t..n 
dali t in� anu ,·onslru(:1 ,an a1 
ear1h utHms 

• lrio 1ca1f'I� w•m.art.1d Uep1h tor 
l<.011ng, p 1,ngs nr tol,,mns 

• Atlfx.:Is t=noicn ol hrnld1ng s,tes 
me u se a' li lt ma, •n;it ana the 
rJ t�i;.14r , ol ,niJndat,ons loot ing& 

nd 0111 f'l;i:s 
• h 1l luence� e,"s,f,n • �<1,tat es ,.,� nel'd h fl ter r�r.,ng 

or g rmmd cover U.l prute1;• si"pes 

• Aid.$ • I"' tlJr"'ltlJI )I ,r t(!r 1un(1Cf 
n<1 1nus " W a !ar.'Or 1n  ,e-

dur.,ng lrrx,d ng evels 

• Ards , n conrrol 0f water runo• t  
a rio thll& n be ;; t;Jc • in re 
duw� lioodtr,g le11ets 

• Ri,charge, grciuno wal r ,unl)t1 • 

• , dn1a1n ecr ,nicat s1ue1 1es 
• H1s101Ical Rec(l(OS 

• Wea.lhG:f Sef1J1Ce R Ofdf. 
• H1.ston ·al R tlfds 

.a Gc<.�og,c Sur cys 
• S,,,I An.ilySIS Flepc"s 

• J t!'ds1 ,11 v S1ud1es 
• Des,gn Spc1c,h t ,rrnon� 
• Pr ab1t1 1y 9ep0fls 

Poaaible Forms ol Dita 

• Topograph,c Maps 
• Fic.x.)d 1a1f'\ fecnnicat Studies 
• Site &,i, ve s 

• loougtaphK Maps 
• F1cxxm1a,n lechr.cal Srumes 
• Sole Survey5 

• S,.1 Maps 
• Soll Anatvs,s Rt1po1 t s  
• Sir 5;,Jr vuvs  

• Analysis 1 )1 com ,ne<1 ell..CIS 01 
loP091aP1 1v  a,10 sc,I c� ra<. 
1e,tsl1c:s 

• Soe Su,vevs 

• S,te Surv y<; 

• Geologic sor1 ano nyd•olog1c 
s,J,�e\ls 

• S ,,� Sur VL•VS 

• Aeg1t1nat A.LHht'Jt ,IJ�5 
- TPtinF'�!.�x:t al l F� Ault1r'ltriy 
-At>Da•d, t,,an Heg1c,,, .. 1 Cr.,,r 

n1iss 1u r, 

R,ve, B cH,1rt C mmiss,an.; 

• Hyd 10I09t c F,,g,n�r 1ng Con 
ts.urt n1; 

• &Jtveys y "rotess.olldl StA!I 

• U S  Dapa f lme� of th� I nrer tor 
W.alei .-1nd Power Hesou • reis  
Service ( opera rl:"15 we:;1 o l  ine 
M1ss1S!;1pn1 Ri ve,, \ 

Po1""111I Soun:u al lnfo,matlon 

• lo::.al Go1.em1Tten1 Plar�1n 
Agency 

• Loo.it Govern en M. LJ1'1l " IOal 

Engine r 

• State Ftooclola,n ClJIJ•c r,nar ,ng 
Agency 

• State (.Jlhc: t" kA Na.rural Re 
swrces 

• Sn.I Cun�e.• ,al�'I Se • v 1ce u 5 
0ep.,r1moot  ol i\gr,(s,llur<' 

• U S  GP.Ohl!,•<. S1 ,r vey 

• R 1onal Au th0rd1i"� 

• HycrOh.>g1r.: ancJ C1v1I L n .y1 11pp1 
•"Q Con5u l l n 1 s 

• Sur,eys by Prr)e�•,-,n;,• St al l  

• U S Dep"' 1 1men1 o t t t 1e tr�renrj1 
Water ano Pow1:1 Resou,ce.s 
Se1v1 ce 1ooe,a 1e� wP�l ot rf 1t 
M•ss1ss1pp 1 R1 ve1 t 

.!I 
,!I 

8' 
e 
� 
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FEMA Regional Offices 

The Federal Emergency Man. 
agement Agency (FEMA) was 
created in 1 978 to provide a 
single poin t of accountability for 
all federal activities related to 
disaster mitigation and emer­
gency preparedness and response . 
I t  was established as an indepcn. 
dent  agency in the executive 
branch to consolidate a variety 
of existing agencies and offices 
performing related functions. 
The Federal Insurance Adminis ­
tration (F IA ), formerly a part of 
the Departmen t of Housing and 
Urban Development, is only 
responsible for admin istering the 

ational Flood Insurance 
Program . This responsibility in­
cludes assisting state and local 
governments in the implementa­
tion of flood -plain management 
programs and providing informa­
tion on flooding to communities 
and ind ividuals. Regional offices 
are the primary means by which 
FEMA's programs are carried 
ou t at the state and local level. 

Region I 

Region II 

1 1 8 

Connecticut, Maine , 
Massachusetts, New Hamp­
shire, Rhode Island & 
Vermont 

J.W. MacCormack Post 
Office Building, Room 442 
Boston, Massachusetts 02 109 
(617) 223-9540 

New Jersey, New York, 
Puerto Rico & Virgin Islands 

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

Region I I I  

Region JV 

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

Liberty Square Building 
105 South Seventh Street 
Philadelphia, Pennsylvania 

19106 
(215) 597-94 16 

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

1375 Peachtree Street, N.W. 
Suite 700 
Atlanta, Georgia 31792 
(404) 347-2400 



Region V 

Region VT 

Region VII  

I l l i nois ,  I ndiana, Michigan . 
Minnesota, Ohio & 
Wisconsin 

300 , outh Wacker Drive 
24th Floor 
Chicago, Il l inoi 60606 
( 3 12) 353. 66 1 

Arkan as ,  Louisiana , New 
M -• · ico , Oklahoma & Texa 

:F'ederal Regional Center 
Rm. 206 
00 North Loop 2 

Denton , Tcxa 7620 1 
(8 1 7) 3 7-58 1 1  

Iowa, Kansas . Mis!Souri & 
Nebraska 

9 1 1 Walnut St reet 
Room 300 
Kansa Cjty , Mi oud 64106 
( 16) 374-5912 

VIII 

• Den tlf 

Feditral Emergency Management Agency 
Regional Offices and Bou ndaries 

Region V I I I  

Region T 

Region 

Colorado, Montana, North 
Dakota, outh Dakota, Glah 
& Wyoming 

F'cderal Regional Center 
Building 7 1 0 ,  Box 25267 
Denver, 'olorado 0225 
(303 ) 235-4 1 1  

Arizona, Cal ifornia, Hawai i  
& Nevada 

Building 105 
Presidio of San Fmnci co 
, an Franci c , Cal ifornia 

9'1 129 
(4 15)  556-8794 

Alaska, Idaho, Oregon & 
Wa:=.h ington 

Federal Regional Center 
130 228th �treet . . .  W. 
Bothe l l .  Washington 9 0 1 1 
(20'1) 4 1- 00 
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State Coordinat ing 
Offices for the NFI P 

Each of  IJ ie states, i n  cooperation with the F deral 
Emergency :'lfanagemcn t  Ag ·ncy , has d signate<l a 
sp c i fic agency to  coordina te  implem ntation of 
th I atim1al • lood Jn u ral ! c Program. This 
agency provides a l iuk b I:\ en fed ral , stat . a.n d 
local level o f  govcmm 'nt and b tween diff r n t  
tat agencies with flood - rela ted r e  pon ibiliti s . 

Th ' dcsig11ated ag ncy will typ icall) be a depart­
ment rCSi->onsible for natu ral re ourc s ,  emergency 
cr v ices, or physical development, and ia a focal 

point for i n forma tion relating to flood insu ranc 
and fioo<lplain m anagcmer1t . It can Le an 
important sourc of phy sical data, information on 
ommunity eligi b i l ity for flood insu ranc , r lcvanl 
tatc regulations, re forenc s to other agen iee , and , 

in some in ta.nee-, tech n ical assis la1 1c . Th 
authori ty of  ach tat 's coordinating ag ·ncy 
varies, and can b st be determin d through d i r  
contact. 

Alabama 

A laska 

Arizona 

1 20 

Department of Econ mic " 
and Community Affairs 

State Planning Division 
P.O. Box 2939 
3465 Norman Bridge Road 
Montgomery, Alabama 36105 
(205) 284- 735 

Department of Community 
& Regional Affair 

Div ision of Municipal 
and Regional Affairs 

949 Ea t 36 Avenue 
Suite 400 
Anchorage, Alaska 9950 
(907) 561-8586 

Department of Water 
Resource 

Flood Control Branch 
99 E. Virginia 2nd Floor 
Phoe nix , Arizona 5004 
(602) 255- 1566 

Arkansas 

Cal ifornia 

Colorado 

Conne.cticut 

Delaware 

District of 
Columhia 

oil & Water 
Con ervation Commission 

#1 Capito! Mall 
Suite 2D 
Little Rock, Arkansas 72201 
{501) 37 1 - 16 1 1 

Department of Water 
Re ource 

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

Colorado Water 
Con ervation Board 

State Centennial Building, 
Room 823 

1313 Sherman Street 
Denver , Colorado 80202 
{303) 866-3441 

Dept. of Environmental 
Protection 

165 Capitol Avenue 
Hartford , Connecticut 0 106 
(203) 566-7245 

Dept. of atw·al & 
Environmental Control 

Divi'ion of Soil & Water 
Conservation 

Edward Tatnal l  Building 
P.O. Box 1401 
Dover, Delaware 1990 1 
(302) 736-44 1 1  

Department of Consumer 
Regulatory AffaiTS 

6 14 H Street, N.W. 
Washington , D .C. 20001 
(202) 727-7577 



Florida 

Georgia 

Guam 

Hawaii 

Idaho 

I l l inois 

Indi ana 

Department of Community 
Affairs 

Div . of Resource Planning 
and Management 

257 1 Executive Ctr. C ircle 
East 

Tallahassee, Florida 3230 1 
(904) 488-9210 

Georgia Department of 
Natural Resources, 
Environmental Protection 
Division 

19 Martin Luther King, Jr. 
D1·. , S.W . .  Room 400 

Atlanta, Georgia 30334 
(404) 656-32 14  

Office of  Civi1 Defense 
Po t Office Box 2877 
Agana, Guarn 969 10  
0 1 1-671 -477-984 1 

Hawaii Board of Land and 
N atw·al Resources 

P .O. Box 373 
Honolul u ,  Hawaii 96809 
(808) 548-7539 

Depa1tment of Water 
Resourc s 

tat House 
Boi e, I daho 83720 
(208) 334-4470 

I llinois Department of 
Transportation 

Divi ion of Water 
Resoul'Ce'-

Local Flood Plain Programs 
300 North State treet , 

Room 1010 
Chicago, Il l inois 606 10 
(3 12) 793-3864 

Department of Natural 
Re -ource 

608 State Office Bui lding 
I ndianapol is. Indiana 4fi2 4 
(3 1 7) 2:�2-4160 

Io a 

Kansas 

Rentucky 

Lou isiana 

Maine 

Maryland 

Massachusetts 

Iowa Natural Resource 
Counci l 

Wallace State Office 
Builrli ng 

Des Moines, Iowa 503 1 9  
(5 15) 281 -5029 

Kansa. State Boarri of 
Agriculture 

Division of Water Resources 
1 09 Southwest N inth Street 
Topeka, Kansas 666 12  
(9 13) 296-37 1 7  

Department o f  Natural 
Resources 

Division of Water 
1 Reilly Road 
Fort Boone Plaza 
Frankfort , Kentucky 4060 1 
(502) 564-34 1 0  

Louisiana Department of 
Urban & Community 
Affairs 

P.O .  Box 44455 , Capitol 
Station 

Baton Rouge , Loui iana 
70804 

(504) 925-3730 

Bw·eau of Civ i l  Emergency 
Pr paredness 

State Hou e 
187 State Street 
Augu ta, Maine 04B30 
(207) 289-3 154 

Ma1·yland  Water Resource , 
Administration 

Flood Management Section 
Tawes State Office Building 

D-2 
Annapolis, Maryland 2 1401 
(301 ) 269-3826 

Ma ·sachusett Water 
Re ·ource� Commi sion 

State Office Building 
100 Cambridge Street 
Boston ,  Massachu�etts 02202 
(617) 727-3267 
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Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

1 22 

Michigan Department of 
Natural Resources 

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 55 101 
(612) 296-9226 

Mississippi Research & 
Development Center 

3825 Ridgewood Road 
Jackson, Mississippi 3921 1 
(601) 982-6376 

Department of Natural 
Resources 

1 101 R. Southwest Blvd. 
P.O. Box 1368 
Jefferson City, Missouri 

65102 
(314) 751 -4932 

Department of Natural 
Resources & Conservation 

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

Nebraska Natural Resources 
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 Me;xico 

New York 

North Carolina 

New Hampshire Office of 
State Planning 

21/2 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 
(51 8) 457-3 157 

North Carolina Department 
of Natural Resources & 
Community Development 

Division of Community 
Assistance 

512 North Salisbury Street 
P.O. Box 27687 
Raleigh, North Carolina 

27611 
(9 19) 733-2850 



North Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

State Water Commission 
900 E. Boulevard 
Bismarck, North Dakota 

58501 
(701) 224-2750 

Ohio Department of Natural 
Resources 

Flood Plain Planning Unit 
Fountain Square 
Columbus, Ohio 43224 
(614) 265-6755 

Oklahoma Water Resources 
Board 

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

Department of Land 
Conservation and 
Development 

1 175 Court Street, N.E. 
Salem, Oregon 97310 
(503) 378-2332 

Department of Community 
Affairs 

651 Forum Building, 
Room 3 17 

Harrisburg, PA 17120 
(7 17) 787-7400 

Puerto Rico 

Rhode Is land 

South Carolina 

South Dakota 

Tennessee 

Texas 

Utah 

Puerto Rico Planning Board 
P.O. Box 41 19, Minillas 

Station 
D-Diego Avenue 
Santurce, 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 Building 
505 Deaderick Street 
Nashville, Tennessee 37219 
(616) 741-221 1  

Texas Dept. of Water 
Resources 

P.O . Box 13087, Capitol 
Station 

1700 North Congress 
Avenue 

Austin, Texas 7871 1  
(512) 475-2171 

Office of Comprehensive 
Emergency Management 

1543 Sunnyside A venue 
Salt Lake City, Utah 84 108 
(801) 533-5271 
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Vermont 

V irgin Islands 

Virginia 

Washin gton 

1 24 

Environmental Conservation 
Agency 

Division of Water Resources 
State Office Building 
Montpelier, Vern,ont 05602 
(802) 828-2761 

Disaster Preparedness 
Office 

Box 1208 
St. Thomas, VI 00801 
(809) 77 4-6555 

Virginia State Water 
Control Board 

P. O .  Box 1 1143 
Richmond, Virginia 23230 
(804) 257-0075 

Dep artment of Ecology 
Mail Stop PVl l  
Olympia , Washi ngton 

98504 
(206) 459-6288 

West Virgin ia 

Wisconsin 

Wyoming 

West Virginia Office of 
Emergency Services 

Room EB-80 
Capitol Building 
Charleston , WV 25305 
(304) 348-383 1 

Department of atural 
Resources 

Flood Plain-Shoreline 
Management Section 

P.O. Box 792 1 
Madison, Wisconsin 53707 
(608) 266- 1926 

Wyoming Disaster and Civil 
Defense Agency 

P. O. Box 1709 
Cheyenne, Wyoming 82003 
(307) 777 -7566 



Performance Criter ia 

The following p r formance r qu irements and 
crite ria iden tify a range of ·on iJera tion that 
hou ld be addrc sccl during t h  desi gn of r ·si dellt "i al 

st ru c tu res for flood hazard area . Th 
pcrforman c crit ·ria do not repr sen t  the <! l ltire 
range of i tems appl i  · able lo each rcqu i rcm ·n l. 
Inst ad a · Jec t i ve nu mb 'r o f  'ri t ria l t a.vc l.i •f. 1 1 ·  
pre e 1 1 ted . 

The perform ance requ i r  m n ls aml -ri taia  arc 
applicaLle to all tru hual mat erials and all con­
struc tion methods u rd  in fl ood hazard areas. 
Trad i tional or r. nvent ional con L ruc tion 0J1 1 tion::, 
ai:; well us innovative tr h rriques, are ace · ptabl so 
long; a the performance requ i r  m n t ' :md ri teria 
ar a tisfi cu .  

OEF IN ITIO� 

T rms importan t to prop ' r  in terpr tal ion of the 
perfo rmance requir ·m nL an d ri l ria ar d • fin ·d 
as follow 

App l icable Codes 

Th y stcrn of  legal regu la tion adop ted by a 
communi ty set ting for th s tan dards for the con-
truct ion,  addi t ion ,  modificati n ,  and r pair of 

bu ildings an d o ther structure for th pu rpo t> o f  
pro t c ling the health , afcty and gene ral wel fare of 
the public .  

Comrnuni t ' 

Any · Late or  poll Lica.1 ·u btlivi ivn thereof wi t..h 
au thority L u  adop t a.l'ld 0nforcc fl oodpl ain manage­
men t regu l ations for ar · a  w i t h in i ts j u ri  d ic tion . 

Design Flood ( Ila e Flood ) 

The de ig: 11 flood i:· the Lase or 1 00 - , ar flo  d u s  d 
for purpo s o f  com pl ian e wi th  th ' al ional 
Flood Insunm e Program ( \ FIP). 

l n coa L al high hazard zo 11rs lhe 100-y ar flood 
in clu de · wuv heigh t  abo c the stil l a ter I vel. 

De  irn Loads 

The de.,ig1 1 l oad is the rn i 1 1 i mu m loading cond i tion 
that th Lu il < l ing sh ou ld Le de  igne<l to resis t . 

ome l oa ding c n<li tion m · t l ikel) wil l  be 
ti · fi ned in th<> appli ahle code  whill '  o ther load 
cor  di tiun ( e. g . .  flo <l im pac t lo3 < l  ) w ill ha, , ·  lo  b l '  
dctrrrn ine tl .  Th fo llowing loads co 1 1 stitu lc I h i ·  
design l oad and "houl cl be con i clered aJ min im 1 1 1 1 1  
l o ad ing condi tion · a '  cle fi n  d in ,ri te rio n . 1  
( " ,, below ) : 

l rr1d l. 11od  ( IJ) 

The w • i r,h t of all pc rr 1 1 aucn t on l ruct iou .  Thl' 
dead load inc lude a) tl ic we igh t  of lh 1° · t.11.1 c tu rc 
i t e l f , b th w ·igh t o f all m atc·rial of on ... tr n c t io 1 1  
i n  orpora tcd i n to th build i ng 1J1at are to be 
perm an en tl) 1 1  ppor le<l by th • � tni c ture ,  jnc lu l l i n:,r  
bu ilt- in par ti tions, c )  the wrigl i l of pernu.inc 11 I 
qu ip men t. an <l <l )  force> due to p r s t res:in t' . 

Gravit _  li\ 'c l oad re u l t  from holh th · OL't'up ,m 1 · � 
( floor) and the n vironrn ·n t  ( roof) o f  the Lu i lt l ing , 
as 'ti pu l ated in t he  applicabl ' codl ' .  These i ndu , 1 
wh<>r applicaJJI , loads cawed l>) soil a 1 1 1 l  h� dru-
lat ic p r ·  eu r 

Wi1 1 c l  Luc1 1 J.� ( 1 1 ) 

i n <l loa<l sti pu la l  <l i n  lh appli ·ab le co<l l ' .  

R C's l ra i 1 1 l f.,owJ (U ) 

Load fore s, a nd  c ff · • t due lo co1 1 l rac l ion or 
expan ion resu l ting from t em perat u re d 1 ,U1ge . 
' hrin k agc .  rnoi h.t rr ch an r s · reep 1 1 1  compom·n t 
material , m ov ·men L due tu  l i ffcren ti al -ntlc mco l 

r · 0 1 1 1b i rult io1 1s l hn 'of. 
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Fluod L 1111 1J.� ( f,') 

Loarh; c au sed by the J c0.si�1 floufl ,  \ h icl i  i 1 1cl u clc : 

- F!ood- inJ.uce J. d i m  ·n · io1 1al cl t ang' · u c l i  as 
:;wcJl i 1 1g  u f  wuud u r  hea\' c o f  1 : .>. pa 1 1sifc founda­
l i on  soils 

W t.et r loads  u · d fiiH·t !  in �ectiu n 6 0 2 .0 of the 
Corps of E ngi ne-ers ·  pul>l i 1 ;a l i on , F/0 1 1d­
l-'rn oji" 1 1� U t•{!,u lu l iu n .� 

S il loads a dc fi 1 1e <l in 'cd i n 604 . 0  f Lhe 
(o rps t) f P. nginecrs · pub licat ion F/ond­
['ro1 1.fi 1 11£ R ,1g1 1 {,i t io 11 .� 

Scc l iun · o f  602 .0  a n d  604 .0  o f  F/1 1 1 1 11- l 'roufing 
H. 1 1t!11 /u l ions ( E P  l l 6S -2 -j J 4 . Of t'i .c of L i te Chie f  
o f  l� r i+,rinc -r · ,  l · . �· . \ n i t } . J u nr 1 9 72) .  arc 
rr pro <l u ce<l IJcl o w :  

SE CTIO � 602. 0 W A T E R  LO A O S  

' cc .  602. J Ty pes 

\\ a l t' t  l oad�.  a� d 1•fi 1 1 ,, , i  l w n · i n .  afl ' l oa d .- or pn :,. u rt ·� 1 1  
·u r l 'a t· • ·o < l l' t lw  l w i l  l i ng� a 1 1 d  nru r. l u n·_,; ca u:,; , • d  a n d  i 1 1 d 1 1 c , 'd 
LY l l tr prl'�l 'nr , · nf fl o t l  ,rn l t • r� . T lw;:, · load .  ar , · u l ' t wo 
ha.�ir l �  pe.� :  hyd rl l� l a t i , ·  a n d  I i �  drvd�  1 1 a l l l i r .  

Sec. 602. 2 l l ydros la l ic Loads 

1 1  nl ro., t a t i c • load� an• Lho�i · , • .1 1 1�• ·d I n· " atn d tht' r  ahon· o r  
b,: l ,) 1 1  t h . ,  :,.rrou1 1 1 l  ,,u r foc , · . fr! ' • ·  c , r  ro;1 fi 1 1 , • 1 l .  ,,·h i r. h j 5  · i thn 
�ta:.m an l  1 1 r  nu , , , · � a l  , . . r� l ow 1 " 1 · 10 1 : i t i , · , . r > r  l l f !  lo l'i ,·r ( .i )  
l'P t' I  pn ,,,en 1 1 I I .  Th , •� • •  load� ar, · 1•q 1 1 aJ L u  t i t ,• pr01 l u t ' l  n f  
I h , •  11 a t 1 • r  pn ·  � ,m• l i 1 1ws l h , · u rf 11c 1 ·  1m•u 0 1 1  1d 1 1 ch  1 1 1 1 • 
prl'., tJrt> ad� .  Th,· pn·s�1 1 r1· a l  a n �  po i , i t j,. l ' ' J l l a l  LO t l H' 
prudul ' l  ( )  I' t l w  u 1 1 i l  1, 1 · i � l 1 L  o I' " a l n  ( 6:2 . .  -, p1 ► 1 1 1 1 d� pn 
ru bil' f1 1o t ) m ul t i p l i , ·d L� L i l l ' h r i.,h l ( J r \\ il [ ( 'f  a l iu1 1 ·  L l lf' 
µo i 1 1 t l • r  b� 1 1 ,r  l"' i" l i l  1 , 1  w h id 1  rn 1 1 fi ,wd \, a t , · t  wou ld 
ris , ·  ,i i' l'n · , · l o  d o  �o . l h dru l a l ir - pro •;;�u r, • ; a l  an ,· p i 1 1 t  
un · 1 · quul i n  a l l  d i r < ·dion� a n d  al w ay,;; aC' t 1 w qwnr l ie u l a r  
l ,  t h , • �u rfai:, · 0 1 1  1 ,  h ic l ,  1 1 1 1 · 1  an' appl i r , I . Fo r  L i l \ '  pu rpo� , ·  
1 1 1' t h 1 •:;1 • H , ·gu l a t iou� ,  h �  d n  i;L il l i < · l oad,,  an· .,u l i d i ,· i d , · t l  i 1 1 to  
t h , ·  fol 1 ,, 1 , i 1 1 �  t �  p• •s : 

T l wst' u r t ·  l oat 18 uct i 1 1 11  \'Pr t i l ' a l l �  r lo ,\ 1 1 "  un i  0 1 1  lwri�o n l a l 
1 1r  i 1 \c l i r wd  �u rfac , •,; o r  l , u i l d i 1 1�� • , r  � l n l l ' t  l l r• · � ,  , 1 1 rh  a.� 
r o 1 1 1"�, d < • 1 •k  - or Lloo r�. ,1 1 1d  " a l k  < ' a 1 1� 1 ·d l 1 � t h" W t' i/! 1 1 1  
o f  llood " ..i l •r a l ,01· , ·  1 1 1 1 ' 1 1 1 .  
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S, ·c .  60:.. .:... :. f .a l na l l .tJads 

I . a l t - ni l  h v d ro,, t 11 l ic loa d �  a n ·  l h o,w w h ich ac l  i 1 1  a hori­
zu 1 1 t al c l i ; , . t t iu n ,  uga i 1 1 s t  \'! ' r t ii :ul or i n el i 1wd ,;u r foces, Lot h  
ahu vi: ,.m c.J b, · l ow  L h 1 1 {! r  und  � u r farT and  L , · nd  Lu cau�r 
l n t rral d is p l u  't ' lll l) l l t  and ( ) \' f 'fl l lrni n/! o r  t h ,• hu i l d i ntr, 
::, l ru d ur• · . o r  parts l l w ri ·o l'. 

l p l i f t l o a d� an ·  l l 1 < 1 S 1' ,, l i id 1  u t in a \ 'f•rl ic a l l �  up 1,·ard 
d in•d io 1 1  0 1 1  t ! tr l m drrs i d r  of h1 1r izo 1 1 l a l  or ,;lu p i 1 1 u- su r fact'� 
<, I' bu i ld i ng, o r  s l ru cl u ri : s ,  such  a; La,wn l l ' n t  s l ab,;, foo t ings . 
Aoor. , d ,� rk,-,  rno f� a 1 1d  U \'f' rhang� . I l _\' d ro l a l ic loads ac t ing 
0 1 1  i n d i ,wd ,  ro und i ,d < r im:gu lar :;u r fu ·c: rna� l ie r• ·so h·tid 
i 1 1 tu ,wlical or u pl i ft l oads anti f o lnal load� Lasl 'd u 1 1  l he 
geo rn eti: o f  th , · ·u r fac ·s aru l t h , ·  rl i · t ri bu t ion  o f h yclro-
� alic prt ,; 1 i rt' - . 

Sec. 602.3 Hyd rodynamic Loads 

1 1 \' f l roch n a mic l oad · . , . an' t ho,;,• iu dm•1-• d  0 1 1  bui ld inl,!i:\ 
n ;  sl ruclur i : ,  ll \ l l w  l'h J \\ 1 1  I' l'lom l  w a t • · r  mm i 1 1� a t  
mu J1 · ru t , · , , r  h iu- 1 .J  \ ' . . Jor i  I ,  arou nd I h , ·  hui l d inJ!� or � l ruc-.- . 
tu m, r par l� t lw ni1 1 f. a l )(J \ 'I' l!ro 1 1 11 d kn· I .  �urh  l oad� m,l l '  
, • 1 i r  l i ,• l o \1 t l w !!l'O u n d  1 1 ' \ t ' I  w h r n  opr1 1 i 1 1/!,; o r  tnn 1 l u i l..; 
n is l  " h i c:h  al l r r n fn · • ·  l ' l u"  u l' l 'louJ. " at , -r: .  l l�·d rud) n am ir · 
l o ad,; an ·  hnl'-i r a l l �  u f l h t • l a t • · ra l  I \  pt' and rr l a l l '  tu rl in-•r t  
i m pac l  load:< I , �  t h , · 1 1 1  , in� ma,� o f " a l . .- r .  and lo d raJ! 
f, r <;, •,,, u · t l 1 1 • \, at < · r  flo ,, :; aro u n d  t l w  o l ,,; t ruc t ion . \Y l 1 1 · r, ·  
appl i t: atiu n o f  hy d rod�·nam ic loac.Js i .� n :q u in ·d , t h e  loads 
., l i a l l  l w  co 1 1 1 p 1 1 t  • d or 1 · � t ima l 1 •d h� r1 •c 1,g1 1 i z 1 · d  and au t ho ri ­
lat i ,. , . n w l l u  d" .  '\ J , , L hod., I'< r 1 ·rn l ua t i 1 1 �  \\ a l l ' r  l' t' k w i  L i t • ,  ·a 1 1d  
rr l U L f'd  d �  1 1 amir ,., rr♦ - cl . a rt • I i• • �  ( l l l d  t lw tl'Op1• I )  f t h1 •�· · 
K, •.,-u l al ium: , L u l  "h a l l  L 1 ·  mb,j , · f ' I" l o  rl ' \' i t ·w and  approl'a l  by 
the l foi l d in/! C J  f'fi c ial . 

:-1• •. 602 . 3 . 1 Lon wr:<io n l u  l·:q u i ,  a lr n l  I I �  dnl' ta l it:- L ads 

For  ca. , ., \dwn ,,·a t  · r  q • l uci t i t':< do nut  " " ce,• d  I O  frd 
p · r  �1->co1 HL d �  n ami,• dfr cl. o r  t hl ' 1 1 10\' i l l/! w a ter  may bt 
ru n vt · rh · d  1 1 1 ! 0  ,.qu i ra l e n l  h� d ro� L a l i < • lo arl s. by i 1 u: rP.a.�i t 1g 
t h , · d l' pt l i  of "· a t t• r to t lw R F U  [ U>'t' t lw lrv•' I o f  t lw ba5P 
or dt"ig1 1  flood J .  I i )  a1 1 amou n t dh ,  on  th , ·  lu ·ad w a t n  s.id r 
and  ahovr t i l t' 1r ro 1 1 1 1 1 l I P \'f' l 0 1 1 1 � , l'lJ LJ a l  to : 

d h  = _______ _ 

\ is t h , ·  a, , · ra1p · \', , J oe i l � 1 1 1' l h l '  w a l ,: r  iu i'l' l ' l µe r 5l 'cun d :  
/! i.s t h e  acce l rrat ion o f  g raYi ly , 32 .2  I' · · l  pe r , e l' O J H L  

a j,;  L l w rQi> fficii- 1H o f  d rag o r  �hap,.. fof' l o r  (Th< ·  ra l tw • i f  a .  
1 1 1 1 1 1 ' ;;, o th , •rn i�< • 1 · , a l 1 1a L P 1 I .  :: ha l l  1 1 0 \  be k, t han 1 .25 )  



The equivalent su rcharge depth, dh, shall he added to the 
depth measured between the design level an d  the RFD and 
the result an t  pressures applied to, and uni formly 
dist ributed across the vertical projected area of the  build­
ing or structure which is perpendicular to the flow.  Sur­
faces parallel to the flow or su rfaces wetted by the tai l ­
water shal l he considered subject to hydrostatic pressures 
for depths to the RFD only . 

Sec. 602.4 Intensity of Loads 

Sec 602.4. 1 Vertical Loads 

Ful l  intensi ty of hyd rostatic pressu re caused by a depth of 
water between the design elevation(s) and the RFD appl ied 
over all surfaces i nvolved, both above and below ground .  

Sec . 602.4.2 Lateral Loads 

Full in tensi ty of hydrostatic pressu re caused by a de pth of 
waler betw een the  design elevalion(s) and the RFD applied 
over all surfaces invol ved , both abov and below ground 
level, except that for su rfaces exposed lo free w ater, the 
design depth shall he incre ased by one foot . 

Sec. 602 .4.3 Upli ft 

Full i n tensity o f  hyd rostat ic pressures caused by a depth 
of water between the d esign level and the RFD acting on 
al l  su rfaces involved . . . . 

ec. 602 .4.4 H ydrodynamic Loads 

I lydrodynamic loads, regard less of method of e valuat ion, 
shall be appl ied al ful l  intensity over al l above ground 
su rfaces between the ground level and the RFD. 

Sec, 602.5 Applicability 

H ydrostatic load s shall be u.sed in the design of bui ld ings 
and structures exposed to w ater loads from stagnant 
nood waters, for cond i t ions w hen water velocities do 
not exceed five (5) feet per seconc! , and for buildings 
and structure or parts thereof not exposed or subject to 
flowing water .  For bu ildings and structures, or parts 
thereof, which  are exposed and subj ect to flowing waler 
having veloci ties greater th an five (5) feet per second , 
hydrostatic and hyd rodynamic loads shall apply .  
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SECTJ.ON 604.0 SOLL LO A DS 

Sec. 604. l Applicability 

Full con�id t !ra l ion hall hr. g iv ·o in lhc Jesign of liu ild i 1 1gs , 
slrnc tures and parts tl icreo l', to the load · or pressure, 
re u l t ing from lh<: pri:�enc ' o f  soi ls  against ur over the 
slruclu re. Lo ad� or pressures shall be com puted i n  
accordance w i t h  a c  pl · J  f' ngin ·t•r ing pra · lice,  giving fu l l  
co nsidnralio n lo t he  dfecL� tl ial L l 1e prcscnc1 ! of 1lood 
w a L , ·r, above or w ith in th �o i l , l 1 as 0 1 1  load aml pr ·�su rcs . 
W hen r: xpar1si 1·1, soils are pres 1 1 l, the Iluild in/( ( Hficial  may 
n:11 uirc Lha.t sp( :c ial provisions l, made iu fou n dat io n and 
wal l de ign an d con Lruction  to safeguard agai nst damage 
d w.'. lo L his cx pai1.si11c n e;, . l� f'. ma_ rNJ uirl'. a spc 'ial 
i.1 1 ve. ligation and r\ ' por t to provid ,· these design an d  
co n truction •rit 1 :ria. 

Flood I mpal ' l  LofJ.d · ( Fl) 

The loads cause d  by Lhc d 'Sib'11 fl o o d  as Jefined 
in ·c l ion 603.0 , ' i mp act  Loa<ls, " and , ectio 1 1  
605. 0, ' ' l l urrica.r1  · anti. T i dal W ave Loads, ' '  o f  t h  
Corp of Engineers ' p u bli ·alion , Flvod-Proofing 
R rg1.1 fo t ion.s. I n  the case of Sec tion 605.0  where 
no spec ific gu idance is provided d ign loads sh all 
b ,  recom mended b a professi onal engineer .  (Also 
r fer to FI - 7, Dr:; ign a 1 1 d Co n s l m c t i.vn Manual 
fu r l< esiden l iu l  Bu ildings in. Coas t a l  lfi.gh Ila:: ard 
A rcri.s , eilcJ in L h i  ma nu al 's p rc fae · . )  

Sec tion 603.0 of  Flo od-l'r oofin;.r H, !�t1 lat io 11 .� is 
reprod u ced below : 

SECTIO 603.0 l l PACT L O A DS 

Sec. 603. 1 Types 

I mpact load, am t J 10  ·e w h ich r suit  from lloating debris, 
ic(' and any  tloatalll · ohjcc l  or mas carrieu hy flood 
waters Lrikin against bui ld ings and slruclurcs or part 
thereof. These• l nad arc of th roe basic ty pe : n ormal , 
special ru1d t� x lrernc .  

ec .  603 . l. l  'ormal I mpact Lo ad s 

. 'f ormal impact loads an :  thos · w h ich rel alt' lo isolaled 
occurrences o f  logs, ice l,lot.:k� or Hoatahle oLj ts n f  
norm aJly cncou ntereJ · i ze� str iking hu ihl i ng:; 1 1 r  purls 
thereof. 
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��c. 603. 1 . :2  ·· pecia.l lm pacl Load-

, pccial impact k, .id » .in- t h  sc w l1 ic l 1 re late Ln l argt co n ­
glomerate· of floalahle oLjects,  such as lirokc1 1  u p  ice 
11oat s and accu mu lation of floating dcbri�, c i tht:r striking 
ur rest ing  again t a bu i l c l i 1 1g, struc t ure ,  ur pw·ts tl1 - rcof.  

vi'C. 603. J .3  E xtreme I mpact Loads 

Extreme  im µact loads are tho t· w hich rdatt ·  to large 
11nala l , lc obje cts anJ  mass\' . uclt as runa 11·ay hurgcs or 
collapsed b1 1 i ld i 1 1 gs an d t ructu re , strik ing the  h uild ing, 
. lru · Lu re or compouent  un d, \r  cons ideration . 

Sec. 603.2 Ap p licability 

I m pact loads sh ould b · co 1 1sicl r : rcd i.r1  lhi: d esign o f  b ui ld ­
ings, �tructu re ant i  purls thereof as stipulal •d l ie]ow : 

' , •c .  603.:!. l '\ormal Impact Loads 

:\ co1 1  enlratP J load ucLing horizo1 1 tally al t l w  l{F I )  or al 
any poin l lido w i l, eq ual lo the i m pact forct , µro d uccd Ly 
a J ,000-po irnd ma�s Lra, ·el i ng a l  t i le  veloc ity of L l ie fl ood 
" aln an !l i;ct iug on a om· ( I ) . 1 1 1 1 are foot .,u r faci· of thr  
tru◄;Lurc. 

Sec. 603.2.2 S p · c iaJ I mpact Loads 

W h c r1 ·  spec ial im pac t  loads ar · l ikdr to o cou r, such  loads 
hall Le considered in tlic d r· ign of liu ili l ing , »lruclures. 

or parts Lherr.of. U n le s a ral io1 1aJ an rl dl' lailc d ru1alysi  i ·· 
mad e ,m d �ul,mitted for approval L y  th · Bu i lding Official , 
the in ttnsi ly o f  I ad sh all he Lal-: ·n as 100  pounds pc:r foot 
acli.r1g horizon tally 0 1•c r a o ne-foot w ide L 1orizon la.l · Lrip al 
lhe RFD [ usr . thP. levf'l of the l,a;e or d es ig-11 ll ooJ J ,  or al 
any hwrl brlo w i l . \Vh l' re na LUral  or art i f ic ia l  barriers exist 
"' hic h would df11ct ivcly prevPn t these pe.cial i m pact loads 
from O l'curring, t lw l oads may be ignore 1 l  in t h e  design. 

· ·ec. 603.2. 3  Ex Lr ·m · l rn pac l Loads 

ll is c01 1 .  i <l t:rnd i m practica l  to d1 •sig1 1  Luild ings h av ing  
ad cq uale stre.11gth for  resist ing t : x tn: mi :  i m pact loads.  
A ccordi ngly,  x ·cr t for spc ial cas w hrn n, pu urr lo 
t lu:s, · l oads is h igh] _  probable am.I the re ·uJtir1 tlanu1ges 
are extre mely scV!.!rl! . no allowatH}<"S for these loads n� d 
l , ' m ade i n  the  d ign . 

Flood or Fl ooding 

A gen raJ and lc m porary cow.1 ition of partial 
or comple te .i nu 1 1<lalion of normally dry l and 
areas from : 



- th overflow of inland  or tidaJ wate rs 
the unusual an<l rapid accum ulation or run­
off of su rface wuters from any source 
mudsl ide ( i . e . , mu<lflows) wh ich arc 

proxima lel caused or p recipita ted Ly 
accu mulation of ,va 'ler  on or under Lhe 
ground.  

The collapse or su usiden e of Ian d alo1 1 g  the 
shore of a lake or olher body o f  wa ler as a 
resu l t  of erosion o r  underm ining cause<l by 
wa e or urrcn L of wat r exceeding an tic i ­
pat d cyclical levels or su <l<lcnly cau s <l b an 
unu u ally high waler 1 vcl in a n a tu ral body o f  
water accompanied by a severe sto rm , or by 
an unanticipated  force o( nature ,  such as a 
flash flood or an abnormal tidal surg ·• or by 
some similarly unusu al and un forese ablt:: 
event  whi h resul ts in flooding as defined 
above. 

PER FOR M AN CE REQ UIREl\11<: N T  AN O 
CRITERIA FOR RES IDENTIAL . TRUCT U RES 
IN FLOO D HAZARD REAS 

PERFORMA CE REQUIRE IE . T 

The Luiltling, i ts  con tiguou stmctu rc(s), and i ts 
se rvice sy Lem,  shall be d signed to wi tl 1 stan<l the 
d sign flood w:i lhou l c ausing unacc p table risks to 
its occupan ts  or  to adjacen t p roperty ow ners. 

The build ing  comµl ic v,i th Performan · c H equ ir�­
men L i f  Lh following co11 di lions are ·atisfied : 

Criterion A. l : St rength 

Tile bu ilding is designed lo  resist Lhe following 
l oads, acting simul laneously : 

J . J D , L, R and F 
1 . 2  D, L, H. ,  F, and Fl 
J . 3 D ,  L , I{ , W , F , an <l Fl 
1 .4 D fl , and F 

1 .5  D ,  R ,  W ,  F an d Fl 

Wher the working tress method of  design is u ed 
the foll wing provision apply : 

:.... J I n  load comb iJr ntions 1 . 1 th rough 1 . 5  all loads 
ar applied as lisl d or as ret.tu i red by Lhe 
app l icable code for Lhe amc load combina­
tion� wi th loads F and FI. 

-.2 Allowable (working) s tres es cannot be 
ex eeded for loading condi tions ] .1 and 1 .4 .  
For all thcr loading condi ti ons the al l owable 
tre ses can b increased by th amou n l  p r­

m i tt.cd i n  applicable co<lcs for design against 
l oad combination s including wind or eart h -
4u ak load. 

W h  · re uJt im,tte-load design is u sed (such a.s 
instances where Li te American Co11c re lc J ns li tu le 
Bu ilding Codr Requiremen l s  fur  l{e i1 1.{o rad Cu 11-
r : re l <'  l C 1 3 78 , AC I , De troit. curr n l  cdi Lion l , is 
applic able ) load  fac tors are applied as r com mend­
ed in Lhe applicabl tandard . and F will be com­
bined with L , or fac tored as i f  i L  w ·re a live load 
for loading condit ions 1 . 1  and 1 .4. For all olher 
loading condi tions loads F + F l will Le ombined 
wi th \V , or onsidercd  to be qu i  alenl lo a wind  
load. 

Test 

S Lru.ctural analysis an d/or phy ical sim ulation . 

Com men tar) 

The 1.:ri lerion provide a su itable margin of sa fety 
against s tr nc tu ral collapse wh n the buildin g is 
u bjected lo the base flood. The in ten t of the 

criterion is that 1he margin of  safety for 1hesc 
buildings , when su bjec led t the base flood, Le 
no less th an the margin requ ired for other build­
ings not · ubj •cled to flooding. l t  i as urned Lhal 
loads f may ac t on the bu ilding uv ' r  a long p ri od 
of time , whil e  loads Fl are short- L rm load . Thus  
t h e  margin of  afety against load com bina tion 

onLain ing Fl need not _ ceed thal p rovided 
against wind or sdsmic load . 
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The co mbined load of earthquak s and floods is 
no t cousider  cl her h cau c of th low p robabi­
l i ty of a fl ootl am.I an e arthqu ake occurring si m ul ­
taneously . W here t�un am i flootl ing i s  l he base 
flood ear thquake loading h ould p rhaps Le con­
sid reel oncurre!1tly. 

Crit erion A .2 :  tah i.l i ty  and  . lo t a tion 

There shall be a fac tor of  safe ty of 1 .5 again t 
overturning, li di1 1 g  an d flotation under the 
follo wing l oad : 

D + �' + H. + F + Fl 

Test 

' t ru c lu ral an al y sis and/or physical sim ulation . 

Com mentarv 

This cri terion p rovides a sui table mar!!in of safe ty 
agai1 1st sl id ing anrl overt u rn ing. The most enti al 
load om iJination is being ousidered. Tie-down 
device ·an he used lo  a hievc s tru tu ra] s t aLil i t  
provitletl  it can L tl em onsl rated th at de teriora tion 
o f  the c devices du ring the service li f o f  the bu ild­
i ng  or Ly fl ood onditions wil l 1 10 L  cause lhe 
fa tor of safety to fal l bel ow its st ipu l a tctl valu ' . 

Cri tnior . 3 :  Provision  Against Oebris and Scour 

nless it can be demonstrated tha t  the flood 
wat rs will Le sta6rna11 t or that there wil l  l J no 
floa ting c l  ·Lris during the de ign flootl . the follow­
inu- provision apply : 

1 . 1 Uu ilding 011  tilts shall am p ly with S ·t ion 
6 1 2. 2. 3  o l' the Corps of Engin eers· pu L l i  a­
ti un ,  flooil-Pruofing Regu la / ions .  This 
13 dion is reproduced below. 

Sec. 6 12.2, 3 Bu ildjng ou "Stilts" 

Tl i c  l 1 1 1 i l d i J 1� 1 1 1 :i �  I J  · 1 ;o 1 1structed aLon· l l ic H FD [ u� 
t l t t• k Vl' I  < > I  l l 1 1� 1 ,asc or de · i gn floo<l ] L,y supporting i t  
on · • �t ih8 - • r 1r o t l 1 1� r ol umnur ty pP mcm l.,er- . s u ch  as 
''. lumus, pi.-rt; ,  ancl in cl"rtain a e , wall, . ,  Cl( ,ar �pacing 

o1 ·u ppor l m flnth er�, mea ure rl pe rvenu i cu l a r  to th genna l 
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din:cl ion o f  Jloou flow l ia l l  no t  hr. Jr. than • igl 1 l  (8) 
fl!el aparl a l  t he close l po in t .  Thr '\t i l t · · · sha l l , as fo r as 
pract ical 1 lr. L1· ,�ompac L an<l frpe from u11 nr: ,r.� ary app1:n­
i lag1 • - 1ducJ 1  1� otdtl t r.nd to t rap or r<'slricl free pai,-age of 
dd1ris during a l'l ood . L oljd w a l ls , or wa l ltd in col umns 
art" pr.rrn is ibk i f  ori ented w i th t l 11• long st rl im ,� n  ion o f  
the member paral l e l  to t !w flo1 . · ·  ' t i l t •· shal1 Le o f  a l y p1 · 
that cau t's t lw le ast ol;sLruct i n Lu thP flow  and t ! II '  I : ·  '-'l 
pol1i1 1 t iu l fo r lrappi 1 1g flonl i ng <leLri: ,  Foun <lation supports 
for thi, "sti l ts . . m a.y bt· o f  any approv d t ypt c.ipal.,le o I' 
rt�sist ing all aµpl ied loads, s uch �- �pr,:a< l fno tu1gs, mat 
pikb an rl s imi lar t ype�. In al l ca�"� . the effect of �u l , ­
mergcne • o f  t l l l ' oi l  an <l add i tional Jlood water rr - latc, 1 
load� � l 1all bt· rPcogniu:d .  l'he po t r• n t ia l of su rfuct> . cou r  
around the  st i l ls shall h r  re cognized and prOtt>ct ivr 
mrasu rr•s  p r  vidtd , a n·qu i red . 

1 . 2 For fl ow vel ocities in ·xcess of  5 fee t per 
second the hydrodynamic loads in F shall 
Le assumed to  ac l over th · n tire width o l' 
the hu ilding, pc rpenilicu lar lo the direc tion 
of fl o w ,  and rca�onal> l e vertical I car an e 
shall be provided for the passage of  ( foLris. 
The depth of alJ fou nda tion ele men t shall 
allow for L hc poten tial efh: l  of scou r. 

Test 

... tru ctu ral analysi and/or  physical sim ulat i on . 
Evalu ation of data and do u m  nta tion for design .  
t ests and  ins talla lion ; evalu ation of  pl.ins and 
spec ific ations. 

Com men tary 

Cl'iterion A.3 i s  designed to p revent vtructural 
coll apse c au ed by th accu mu lation of fl o a ting 
debris or the underm ining of f ou 11d a t ion elcJl l nts 
as a resu lt of  scou r. Part o f  lhe provi ion is <l -
si!Tlled to  avoid debris a u mu lation .  The oth r 
part prov ides adequate strenglh to resist th 
cffe ·ts of the formation of a ba rrie r o e r  the 
cn tir w idth of the building. 13u ildings are e empt 
if it · an  Le demonstrated that no deLris wiU a cu­
m u l ate and no  scou r will o cur. 



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. l 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 p lans and 
specifications. 

Commentary 

This criterion only applies to disruption which may 
cause fatal accidents, such as rupture of gas lines. 
Lesser load levels are stipulated in B. l for disrup­
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 design , 
tests , and installation ; evaluation of plans and 
specifications. 

Commentary 

Criterior A. 5 is designed to prevent the entrap­
ment of building occupants by rising water levels. 
Part of the provision is designed to provide means 
to evacuate the building (e.g. ,  windows, roof trap 
door). The other parts provide for the accomoda­
tion and execution of rescue operations ( e .g., by 
boat, helicopter). 
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PE R FOl:lMA.  CE R EQ U I RE. lE l T B  

Th  bui l ding its con t ig1i ous  s l r u c tu re(s)  arnJ i L  
en i  c _ s tems  sha11 b e  dr  ign , J  Lo w ith land t h  

d sign flood w i th ou t  causing unaccep l aL lc h aJth 
h azard, t i t s  o ' l 1 1 a.H ts . 

The bu i ld iug cu11 1 pl ics w ith P�rforma 1 1  l l cqu ir 
men I B if Lh · following co1 1 ditio1L are �:i tisfie r l : 

Cri t e rion H. l :  D isrupt ion  o f  lJ t i l i l y Connedions 

Bu ild ing utili ty connc  · lions shal l  Le desi gned to 
te'5ist the following loads :  

. L l oacl i.1 1 g con di t ion � :  

1 . 1 I )  + L + R + \\ + F + Fl 
I . 2 D + W + R + F + Fl 

The b u il d ing u ti l i ty conn ·c t ion shou l d  not .sus­
ta i n :  

2, 1 Permanen t ly di ·ru p t •d  arnl /or l i r krn allach ­
m 'nt  w i th t.h 1�ir fix ture and/or � uppor ting 
tructural • lcmen t 

- .2 Leakage or •s ap u f  ·fflu rn t  that t ' <  u ld 
con taminate <lri11 1'.i.ng wa ln 

2.3 l{1 1 p lure of dtc l r i cal se rv ice lh a l  could c ause 
cle L rocu lion and/or fire. 

Te t 

£valuat ion of data and documen lalion f r Jesi gn 1 
te t , and in tallation ; valua lio 1 1  o f  plan · an d 
spcc ifi ·al  ions. I nsp • tion and/or te t ing o f  l, 1 1 il l  
e l emen ts when deemed  es en lial .  De term ina tion o f  
C l )n formanc  lo general ly a e p tcd odes, 
~tandar<l and engine ring an lrud prac l ic - � . 
wher applicable. . 

Commentary 

Th is cr i t 'rio 1 1  apµ l ic Lo all u ti l i ty · om1 clion 
su Lj ' ·l lo U 1 e fore.es of the de ign flood. l' l i l i ty 
01111 •c tion wh i  +.1 arc designed 1. , tli. · onnect  
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du ri ng the Je ibri 1  fiood withou t the rcleas of 
c l  l r t •ri ou. ubs tan · 1� arf" ex tn p l from pro isi ns 
1 .  I and 1 . 2 . 

Cri t e rion 13 . 2 :  Pro v ision A�ai nsl 1J rinki n 11 Wa t  r 
Con tam i.nat ion 

There w i U  b n u  ·on t a mi 1wtion of <l ri 1 1k ing w a ler 
wi th . l'wCr e ffluen t or flood wat ·r. 

C ri l rion 1 1 . 2  an <l Pe rformanc  Re4u i remen t U 
are dceme<l a tis !'ird l f  thr fol low ing p rovision 
a.re rn r l. 

1 . 1  App ro,•ed ha  •k n o \  p l't"\oC11 ter or dev ice are 
in �tal led on maiu wa l  't i-:r ice lin cu, at wat r 
wells an d/or a t  sui tab l  Lui l ding locations to 
pro t ·c l  the ·y stem from baf 'k flow or  b ack 
iphonag of Jloor l  wc1 lc r  or other conlami -

1 1 a.11 L  in lh t ' cv� n t  of a l ine J ,rc ak r temporar) 
dis mm , ·ti un . 

I )evic C '  are in  tai led  a t  a ' ,  i l.ik lo  · a t ion and 
main tain ., J in good working on) r . 

l . - :--ani t ary ewer and lorm drainau sy 'l m ·on -
11 c t i on  arc provided wi th appruvcJ hac kflow 
p re.., c1 1 L ers o r  dev ice i 1 1  lalk. d  a t  each 
Ji1, harg:e poi n t .  

1 . 3  "\o  s t o rm o r  nood w a te r · ar • drained i n to  
�_, l 1 1 1 s desi [ne d for ·wau' onl - an d i c  �· t> - ' 

vcr a. 

Tes t 

Evalua tion o f  da ta an<l do ·u rnen la lion for dc ·ign ,  
Lc · t and in stalla t ion ; evalua liun of pl an a n <l 
pccifications. 

Commentary 

Cri terion 13 . 2 i' Jc ig1 1c r l  tu pre cnl  con tam inat ion 
of drinking w a l  �r w i lJ1 wcr effluen t  or flood 
wa te rs. A l o, t h  c r i terion i r le signcd lo  p r ' v<.m t 
d amag · Lo fi · tur  s a 1 1 d  in terior finishc ( e .g. , tl oor­
ing,, wall u r face ) fro m uackflow or La · k  
iphonagc of flood w a ters. 



Criterion 8.3 :  Provision Against Contamination of 
Potable Water Wel ls  

Private potable water wel ls shall not he contamina­
ted by toxic substances or impurities caused by the 
design flood. 

Criterion B. 3 is deemed satisfied if the following 
provisions are satisfied . 

1 .  I Private potable well water is not supplied from 
a water table located less than 25 feet below 
grade, nor from any deeper supply which may 
be polluted by contamination entering fissure 
or crevice formations. 

1 .2  Each well is provided with a watertigh t  casing 
to a distance of at least 25 feet below the 
ground surface that extends at least one 
foot above the well platform . 

.. . ... . . . . · - · • • ' • • · · · 

Test 

Evaluation of data and documentation for design, 
tests, and installation ; evaluation of p lans and 
specifications. 

Geological analysis of site .  

Commentary 

Criterion B.3 is designed to  prevent the contamina­
tion of water wells used as a source for potable 
water. Part of  the provision provides against the 
contamination of the water supply sou rce. The 
other part provides against the contamination of 
the water removal system .  In  any case , l ocal 
health codes should be consul ted. 

I 4 1  a • p • • I ,_ • • t ' • . ' 

1 33 



PE IU'O H. M A N CE REQU IREM ENT C 

Ti l t ·  bu i l ding .  i t  1 · 0 1 1 t i g1 1 ou :-, st ru r lu re( ') ,  .u 1 d  i L 
i;< 'n  icf'  � s l · , ns ·hal l  U<' des igned  Lo 11 i th: Lunu L l i  
df' ."'i ;!H !loud ,,v i t / H  u t  ::-1 t :- la i 1 1 i 1 1 "  d a 1 1 1 a ;!f' o f  w 1 -
<1L• ( · c • 1 i l a h l · n i ugn i l 1 1 ck .  

Tl ir bu i l d i ng  · 01 1 1 p l i 1 •i,; , i t l 1  Pl ' J' l'o r 1 1 1 a 1 1  r H ryu in · ­
l l l <  • J I  L C i f  t h r · f ul l ow jnP"  c nJ i t iu n s  ar r '  satis fo , d :  r:, 

Cr i terion C. l :  Prov i ion ira in  l Perman  en I 

Cr iter ion C. 2 :  Prol ision Agains l  Unncct:ssary 
Oarnage 

\ l l  l i l ' i 1 1� a rea . maj o r  u ti l i t il· . fu rnace · , anJ a i r ­
c · n d j t ion i ng u n i t  sh al l  1 1 o l  l , e  u IJ nwrµ:cd  l.iy t lw 
dt: i gn llood .  

l .  l L i v i 1 1g; area hal l Le con. i dcred l r au i tuh l r. areas 
t h a l  prr n id l' for l l w  r�:-.l' n t ial need · of  pC'oph · : 
) i \' i l l� .  sl cp i ng. <l i 1 1 i 1 1 �  Pook i n g;  and 11 1 1 i l a l i o 1 1 .  

Uamage l lN·rea lion a rea , l iLra r i rs ,  and ol l u · r  .·· p r i al i l�· 
area .  a rc l o  Le con  id 1• r c c l  h abi ta b le a rc m, and  

l " n < l � r  l t ,a t l i  1 1 µ;  con r .l i t i o 1 1s 1 .  l Lh rou uh  J . 3 t h ( '  
l , u i l d i. n g  a� a whol e , o r  an�  rk·men l  L l 1 1 reof .  ha l l 
1 1 o l :-u ffe r pt r r nan r n l  darn ap;P w l i ic l , ,, uu h l  r q 1 1 i rr 
n · p l a c r 1 1 i c · n t  or majo r  rep a i r ,  or 11· l i i t h  1n1u l d  
e-. u 1 1 !-' i 1 tl � i 1 1 q  a i r i L: i 1 1 L t n ckd f'u n l ' l i  1 1 .  

I .  I V + I .  + K + \\ + F T  F l  
I . � I I + \\ + R + r ,  F l  
1 . 3 U + l . + K + F + F I 

T i l t · ni t  · r i o 1 1  i :,  d ei• mt t l  · a t i. · fi e < l  i i' :,; l re ·1- and  d1 · ­
fle ct io 1 1 l i m i ts J 1 1 1 d n  l o ad inµ: ( · 1mdi t i un ,  I . l 
lhro1 1 gl t  l . 3 du  n o t  t · -. e, · t • d  t l r o . sl i pu l a l nJ in 
app l i c aLlt e m k ,  ur i f  i l  c · a1 1  J ,c dcmu1Lt ra le< l  L 1 1 a l  
d r  l'l r c t i ons cm i :::ed  lH l oad to1 1 1 h i 1 1 a t io 1L l .  l 
L l 1 rou �h l . 3 <' an l.,C' acrom oda l cd I , )  Bu i lablc 1l c ' Lai l  
a1 1 d  ,1 1 l ◄· 4_u a l1 • lk, ibi l i l �  o f  d · mcn t . 

l 'os l 

E, al u a t ion o f  d a ta unJ d rn.:u ruen l a l ion for t l - s i i:, 1 . 
l e 1, t  · , and in s t a l l ation ; eva J u u l ion  o f  p lan a n d  
1wc i fi 1 : a t i u1 1s .  l nspcdion and /o r  t c. t ing o f  buil t 

elem n l  wl ien d e  med es en l ia l .  c lcrm i 1 1 a l io11 n r  
co 1 1 forn 1an • p  L o  geuera l ly accep ted stan dard an d 
engineer ing a 1 1 c l  t r ad <>  prad i l 'e< . w hne app l icaL l  

Co 11 1 1 1 1enL ary 

T l 1 i  · l ' r i l · rion a ·:,;u rfl� Lhal I. he t l 1 - .. i�n nood �i l l  
nu l  tau c r x ce ·iv Jama<r(• . f •� ff e l  o f . w el l i n u  
euu · f • d  h v  i 1u•rr a.:-ed moistu re o r  in u w l a t i C J I I m us l 
l tc · inel u ckd  i n  F .  
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lh( • rl" fu re sho1 1 l <l n ut bt' s 1 1 hmerg1 : d  J J) '  t he 
dc. ig11 tlou <l .  

1 . 2  T lw c • l c - c· tr i c a l  y_ tc· m rnrn p l i es w i t h  Cr i lnio ! I  
C. � i f  L i t e fol l uw ing  e u 1 1 d i t i o 1 1s a re .. :H i .  fied : 

L . 2. 1 \ I I  po rtio n.: o l' L i t e  de t: Lr i ea l  . � t e m  
i n :,, t al lt - d  l wluw  L I i t '  de ;: i µ: 1 1  f lood l e , d 
a rt' s 1 1 i l u lJl r fo r e o 1 1 l i 1 1 1 1 ou .;  s 1 i l ) ) ! J t · r 1r◄ • m·t · 
in wa l Pr. ( ) 1 1 I �  ;:u lJ Hw r · i J.,Jr l �  p i ·  .� p l i  t ·� 
arr u sed an d t1 1 1 1 <l u i l.. l oeal l0 t l  Lcl ow  L ill' 
ur::;ign ll o d lc , d a r(' st ." l f  d ra i r 1 i u � i f  
s u l ijcr l lo fluut ! i n�. 

· 1 . 2 _ _  l . igl r t i 1 1g pane l . i fo; l r i Lu t i  n pund . a nJ  
al l  o l l i e r  s la lio l l ,t r )  d 1�dr i caJ eq uip l l l c r i  L 
arc · loca l  d above t i t  · t !r iun fl ood .  

1 . 3  Thr mechan ir• , t l  y . t ern um p liPS with Cr ilcri­
nn  C. 2 i f  the fol lowing  cond ilio1 1 s  are  sa ti fied : 

1 . 3 , l Heat ing. a i r -cond it ioni n �, anti ven ti la ­
t ing ar t ·  i 1 1 · L a l l<' d aou, · c · L i le de · ign llood . 

t . :3 . 2 A l l  d 1 1 et  work fo r wa rm air hea t inu  
s. tern loc a led beluw L hc  tkign nood 
I ·  cl i:,; p ro v i t l  , t  wilh c rnc- rgL·rn ·y op n ­
i 1 1 g  fu r c l rainage o f  du ds af lt'r  u 11ood 
con d i l ion . 

1 . 4  The p l u m bing  ·yB le 111 to1 1 1 p l i1 · s w i t h  C r i te ri <Jn 
C. 2 i f  tht fo l l ow ing;  ·ond i t i onl:i  are a t. i f icd : 

1 .4 . I_ Tank . 1m l' t r 1 1 (·rs a 1 1 u  l rca t r r ·· an ·  in. · L al ­
k l u llove L h e  tle-ig1 1  f luod. 



Test 

1 .4. 2 · Plumbing below the design flood 
level will not suffer loss of stability 
or loss o f  tightness that wil l perm it 
leakage or physical damage to fix­
tures and joints and connections that 
will pe rm anently impair functioning. 

1 .4 . 3 Utility connections designed to dis­
connec t during the design flood are 
easily reconnected.  ( ee C riterion 
B . l . )  

Evaluation o f  data  and d ocumentation for design ,  
tests, and installation ;  evaluation of plans and 
specifications. 

Commentary 

C riterion C. 2 is designed to prevent unncessary 
damage of l i ving areas, major utilit ies, furnaces, 
an d air-conditioning units by the design flood. 
Part of the p rovision is designed to elevate living 
areas and equ ipment above the design flood. Other 
parts are de igned to prevent the damage of u tili­
tie an d mechanical/electrical connections below 
the design fl ood. 
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