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Preface

Whenever possible, residential structures should
not be located in flood-prone arvas. Flonding in
these aveas is virkually assured al <ome point in
the future, bringing with it the potential for
property damage—no matter how well a struclure
is designed—as well as danger to building oceu-
pants. However, it is not alw ays possible to
avoid flood-pronc areas. This manual is for
designers, developers, builders. und others wlho
wish to build elevated residential <tructures in
flood-prone arcas prudently.

The readers of this manual ave assumed Lo have
knowledge of conventional residential construction
practice; the manual is imited to the special design
issues confronted in elevated constructon,

This is a revision of a manual of the same title pub-
lished in 1976 by the Federal Insurance Adpiini-
stration. This revision reflects changes siner 1976
in floodplain management techniques and regu-
lations, improvements in construction materials
and practice, inceeases in construction ¢osts, and
additions to the relevant literature. This revision
also conlains increased information on ¢levating
structures in coastal areas, although all the tech-
niques described here apply to hoth coastal and
riverine areas unless otherwige stated.

A second document, published by the Frderat
Emecrgency Management Agency (FENAY, Design
Guidelines for Flood Damnpe Reduchion, supple-
ments this manual’s discussion of clevated residen-
tial structures with information on the full range of
other floodplain managenient strategies.

A third document, Desigse and Constrivetion
Manual for Residential Buildings in Counstul High
Hazard Areas, is published jomily by FENMA and
the U.S. Department of Hovsing and Urbun Devel-
opment. It provides: J engineering suide
lines and other information on de iening ~tructures
in coastal arcas subject to <evere . d and velocity
wave forces, Structures o sucltareas should not be
designed without consotliny it.
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Flooding and the
Built Environment

Rivers and seacoasts have always been focal points
for development. Access to wader has provided
drinking supplies and sanitabon, an important
source of energy, and a valuable part of the trang-
portation system. Recercational opportunitics and
aesthetic enjoviment further stimulate waterside
development.

This developmenl pattern, however, leads to a con-
flict between the natural and built environmments,
The need for direct access o water places human
settlements in low:\ ing areas that are subjeet lo
periodic flooding by rivers and the sea. In the
Uinited States, more than six million dwellings and
a targe number of nonresidential buildings are
currently located in the nalion’s 160 million acres
of floodplains. Flooding of these flovdplains is
responsible for more damage to the built environ-
ment than any other type of natural di¢ wer. The
total flood damage in 1978, for example. was an
estimated $3.8 billion. The following viar.
Hurricane ¥redence alone caused 51.8 Lillion
damages.




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 waler runof( from rain and melting snow.
Water that is not absorbed by soil or vegetation
secks surface drainage lincs, following local topo-
graphy and creating rivers and other streams.
Flooding results when flow of runoft is areater
than the carrving 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 \clocities, can result from
a combination of steep slopes, a short drainage
basin, and a high proportion of surfaces impervions
to water and unable to absorb runoff.

In addition to the direct threat to buildings,
development in riverine floodplains alters natural
topography, modifying drainage patterns and
usually increasing stoym water runoff. Develop-
ment also displaccs much of the natural vegetalion
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 throughout the
riverine environment.,

COASTAL FLOODING

Coastal Nuoding is generally due (o severe ocean-
base-d storm sy stems. Hurricanes, tropical <lorms.
and extratropical storms <uch u~ “Bortheasters™ are
the principal causes, with flooding occurring when
storm tides are higher than the normal high lide.
and are accompanied by water moving af refativey
high velocity and veloeity wave action, The
maximum mtensity of a storm tide ovenrs al

high tide, so storms that persist through several
tides are the most severe,



The vetocity and range of coastal floods vary in
part with the severity of the storm that induces
them. The damaging effects of coastal flooding
are caused by a combination of the higher water
levels of the storm tide and the rain, winds, waves,
erosion. and battering by debris.

The extent and nature of coastal flooding is also
related to physiographic features of the terrain and
the characteristics of the adjoining body of water.
Pacific coastal areas are vianerable principally to
earthquakes, tsunamis (seismically induced tidal
waves) and other natural forces that can trigger
excessive erosion, mud slides, and flash flooding.
Great Lakes coastal areas are subject to crosion and
severe winter storms. The Atlantic and Gulf Coasts
arc consistently exposed to the forces of hurri-
canes, lesser tropical storms, and northeasters.

Coastal flooding is most frequent on the Atlantic
and Gulf Coasts, which are made up of a succession
of barrier islands, beaches, and dvnes. These
physiographic elements are maintained i dynamic
balance as sand is moved by wind. waves, and
ocean currents, Thig self-replenishing beach-dune
system takes the hrunt of the force of storm

surges and helps buffer inland areas.

1n coastal arcas Lhe removal of beach sand and the
leveling of dunes, along with the construction of
seawalls, jetties and picrs, are common practice.

These can help destroy the shoreline’s natural proter:-

tion systein, exacerbating the impact of storm
surges and high winds.

‘w



Floodplain Management
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There have lony been attempts to moderate Lhe
unpact of riverine fTooding, with major federal
efforts in the U nited States since 1936. | ntil
revent . these efforts have been conrentrated on
floo ™ atrol measures devized to reduce or
climinate flooding 1 If=citelly dams, levees and
similar struetural wo 5. D pite a number of
positive resulls, theser s have not suceceded
m reducing flood dimage siymificandy.

Sinee the mid-1960s, theyefore. federal policies
have reflected a recognition that struetural works
need to be complemented by nonstructural mea-
sures. Rather than (rving solely to prevent floods,
current floodplain management programs uddress
the nced to reduce the losses meurred when
wmevitable Qooding does happen.

Blevating residential structures above the reach of
flood waters, Lthe subject of this manual, is only
one of severd floodplain wanagement lechniques
crrrently used 1o reduce tlood damave. For
example. constrnetion is prohibited wn eritical
floodplain arcas (termed floodways) unless it has
Lern detevmined that construction will not in-
rveaze flood levels elsewhere. Where buildings are
alrcady located in these eritical areas. they can
cither be relocated out of the flood arca. elevated.
or floodproofed Lo reduce the damage they will
safferin a flood. Buddings thal are badly daniaged
by tloodimg cun be razed or floodproofed rather
than beine restored to their original, vulnerable
condition. Vacant land mn flood-prone areas can he
purchascd by the local community and reserved for
recreation, farming, or other safe uses.

These and other loodplaby managenient techini-
qués (disrussed in Design Gudelines for Flood
Damage Redailion, eited in the Preface) can be
used i a coordmated way to respond to each
comnmuih < various needs, resonrees, and flood
hazard=. Flevated residential structures, if used al
sites appropriate for them, can be useiul com-
ponents ol {Tective floodplain manazement



NATIONAL FLOOD INSURANCE PROGRAM

The National Ilood Insu s Program (NFIP) is
the federal governmuent principal adiministrative
mcechanism for reduci _ flood damage. Fstab-

lished by Congress in 1968, 1he NFIP i< adminis-

tered by *' c Federat e rey Management
Ageney (I INEA). The N sures buddings and
their cont at- in flood-p m , where conven-

Gonal nsnranee had, prior to the NFio been
venerally unasailablc,

The NFIP provides this In: ranee onlvin com-
munites that a = o imp menl comprehensive
land-use plannin. cadsws e ment Lo redoce the
likelihood of 1T X dame i their jurisdictons,
Community 1 e Lo usi  ntive generally
involves the adopt Hu ol zonit = b ing code, and
development regulati '
ments and restrictiong on new « mstruetion and on
subsbLinlial ivprovements to oxizsting ronstructon.

: various require-

Nute thal same loeud govenunents have adopled
codes and sanine ordinnnces that are considerably
more restercive than fhe win. o cquired by
FEMA The result is Hal foncdiondy wdh design
requirenenls in one community cunnal be relied

on tlwrchiene,

The sate structuye of the NFIPs insuraner pre-

miums reinforees o intent of veulations

by charvine ligher insurm te~ for buddings
subject to greater hazard. 'Th w wsurance rates are
set primaviby on the basis of ¢ ated hazard

zones and the elevation of e ' rdding or structure
m relation to € leve! of flooding bkely to ocenr
i each zone. _his differenbal rate strueture
provides a gt ol finaneiad incentive Lo locute
bunldings in Je: Lazardous zones oy to inerease
buildings® Mlood safe vy elevating themn hiigher
than the N1FTIP's munmm eleviutions,

AN
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Figure 1.1, Flood Insurance Rate Map

ON POST-TYPE FOUNDATION

A Zones V Zones
- S
lowes!t floor bottom of
. 1 lowest
- structural
member
— /
[ N o
- P on

Figure 1.2. Elevation Reguirements for Post-
Type Foundations

6

[Lis thus vital to be aware af the NFIP rate struc-
bire, as well as local regulations, when siting and
designing new development or substantial improve-
ments Lo existing construction. T'his information
can be obtained from local insurance agents, public
officials, ind regional FEMA offices,

BASFE, FLOOD ELEVATIONS (BFE's), A ZONES,
AND V ZONES

The NFY and related loeal and state regulations
define Tikely Nowad Tevels on the basis of the **100-
year” flood, which is the flood that has a one
pereent chance of heing equalled or exceeded
during any g@iven year. Over a 30-year period, there
18 at least a 26 percent chance that this “*base”
Mowd wil} occur.

The base {lood clevations (BIIi's). or likely flood-
g levels, at dilferent sites in a community during
the 100-year flood are determined on the basis of
historic records, climatic patterns. and hy drologic
and hyidraulic data. A community’s BFE's are
niapped on flood msurance rate maps (FIRM’s).
wlieh are provided by FEMA for use by local
floodplain managers and FENA officials (see
Fivnre 1.1).

FIRN's generally show flood-prone arcas as either
A Zoncsor V Zones. Riverine flood-prone areas
and coustal flood-prone areas subject to storm
surges with velocity waves of Jess than three feet
during the J00-year flood are generally classed as A
Zones. FEMA's design standards (see Figures 1.2
and L3) for A Zones vull for the top of a building’s
lowest floor (includi: 3 hasements) to be elevated
to or above the B . “Cousta) high hazard areas™
arc shown on FIRM's as V Zones. The V Zone is
the portion of the floodplain subject to storm
surpes with velocity waves of three feet or more
during the 100-year flood. FXMA standards for

V Zoues require the lowest portiou of the
structural members supporiing the lowest floor to
le clevated on pilings or other columns to or above
the BIL. In addition, the <pact below the lowest
Moorin o V Zone must not be used for human



habhitation and must e [ree of obstructions.

NFIP vequirements for Aand \ Zaooesas of January
194 1 are scommanized Dy Fsure 14,

Note thal FIRM’s are bused on a variety of axsumyp-
tions aboul expected Mood severity, development
patterns, cte. The actual level of tflooding from a
100-y var tlood may be o aificandy greater. $n
addition, Uie 3500-¢v 7 Mood level, which would
be significantly greater than the 100-year floud’s,
could conerivably occur oner = even more often
during a building's lifctime. The ~ uncertaintios
are (urther reazons for locating buildings in less
hazardous zones or rlevatic thews higher than the
NFIP's minimum vlevatio s,

ON SLAB FOUNDATION
A Zones

lowest floor

W o

- [ :\_ - :| o L Rt —
Figure 1.3. Elevation Require-
ments for Slab Foundations

BOTH A AND V ZONES (Numbered and Unnumbered)

All structurat components must be adequately cannected and anchored to prevent flotation, collapse, ot permanent
lateral movement of the buding during Hoods.

Building materials and utility equipment must be resistant o flood damage. Al machinery and equipment servicing
the building must be ¢levated 10 or above the Base Flood Elevation (8FE), inciuding turnaces, heat pumps, hot water
heaters, air-conditioners, washers, dryers, refrigarators and simiiar appliances, elevatoc Lift machinery, and electrical
junction and circuit breaker bhoxes.

Any space designed for human habitiet.on must be elevated w or ahove the BFE, including bedroom, bathroom; kitch-
en; dining, living, family, and recreation room, and office, professional studio, and commerctal occupancy.

Uses perin tred in spaces below the BFE are vehicular park ng, limited storage, and building access {stabs, stawrwells,
and elevator <hatts only, subject 1o dusign requirements described below for walls),

A 20NES (A1-A30)
Buitdinas must 1 e such that the lowest Boor (Incoading basement) 1; elevated to or above the BFE nn fil,
Pos Ky, €O Mmns, O eE T und wails,
Wh iy enclo spat.i e w rhe BFE walls must be o desqosd o v e inadcdup ol fluod loads by
allowing water to zutomaucally r v, flow througn tin hig v veiocity fooding), and dran fiom the enclosed area,
For low veitn -ty @ ondt wre, vernts, asu , 0 valves ca 2 used to squalize flood fewils 1nside and outside enclosed
spaces. For hugli velucity cond.tions, Bivi... say walls {(see bi dw) or permanent openings should be userd,

V ZONES (V1.V30)

Bur . i be elevat L on puligs ar co’urng such tiat the botront of the stractural member supporting the lowest
floai s sated*~ ~c: setr BFE.
Buildin_. st 1 ¢ fu by a tered jeofessional arehimer o T2k to be securely fastunod to adequately

anchuied » 1gs or columns to v thstand velovity Foww oid wave va

Space hetow the lowest L oor muast b of vhstiuL.an or ¢ woihe reckaway walls {1 e, wails designed and
constiucted ‘ b1l g xovencty filow condivong without jeop. dizinn the building'’s structural support,
Fil may not be « fBooouetin it
No construction s showed ¢ ‘d ol ihe mean high Lde line,
Figure 1.4 Key Floodplain Requirements of the Nat . .20d Insurance Program as of January 1984.
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Site Selection and Apnalysis

SITE. SELECTION

Whenever possible, site sclevtion shiould avoid
flood-pronce areas, If this is not possible it should
be recognized that the risk and severity of flooding
generally deerease~ with the distance from the
gver channel orF from coastal waters. Hlowever, this
is not alway s the case. so it is timportant to check
the level of expeeted floods in relation to the
proposeil site. I the base flood elevation (BI'E)
has not been determined. it would be wise to con-
sult local flood history duta before ymaking a final
site selechion.

The regulations of the National Flood Insurance
Program (NF1P) specifically prohibit building or
landfil in a floodway, if such his been designated,
il the resulls would obstruct the (Tow of flood
waters and thereby wicrease flood heights.
Simuarly, budding in a coastal high hazard area

is also nut permitted urdess the structure 1s fand-
ward of the mean high tide level.

Development should be diveried away (rom
identilicd mudsbde or crosion-prone arcas, Only
where site and soil investication and proposed con-
struction standurds assure complete salety for
future residents should such sites be considered,

Overall, custosmary site selection enteria should be
used to evaluule the suitabslity of a site. Prain-
age, height of the water Lable. soil and rock forma-
tions, toprography . water asupply, and sewage
disposal capabiity should be considered along
with economic and plaung crilena such as

cost. access, and compalible land nse.

SITE ANALYSIS

The sile eloments of primary importanee for
analy zing an elevated restdential project are
flooding, soil. and wind characteri-tics.

v



Figure 2.1, Hydrostatic Forces

Figure 2.2. Hydrodynamic Forces

Flooding Characlerstics

Floodwaters nnpose hydrostatic forecs and hvdro-
dvinamic Torces. Tlydrostatic forees result from the
static muass of water at any point of flood water
contact with a structure. They are equal in all
directions and always act perpendicular to the
surface on which they are applied. Hydrostatic
loads can act vertically on structural inembers

such as loors and decks. and can act laterally on
upright structural members such as walls, piers, and
foundatons (see Figure 2.1),

Hydrodynamic forces rexult from the flow of
flood water around a structure, including a drag
effect along the sides of the structure and eddies
or ncgative pressurcs on the structure’s down-
stream side (Figure 2.2). These are more common
in flash floods, coastal floods. and when flood
water is wind-driven.

A number of hydrologic factors must be evaluated
0 the design of an elevated strueture:

— Depth of expected flooding and, in coastal
areas, height of wave crests, which will deter-
mine the required clevation of a building and
the hydrostatic forces to be expected.

~ Frequency of flooding, which is the amount
of time hetween occurences of damaging
floods. This will have an important infhi-
enee on site =clection.

— Duration of flooding, which affeets the lengtl)
of thme a building may be maccessible, as well
as the saturation of soils and building materi-
als.

— Felocily of flood waters and waves, which
mfluences both honizontal hydrodynanne
loads on building clements exposed Lo the
watcer and debris impacl loads from walter-
borne olyjects.



— Rale of nise, which indicates how rapidly
waler depth inereases during flooding. This
determines warning thne before a flood,
which will influence the need for access and
cgress 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 teccive litlde or no waming of flooding,

Another hvdrologic factor is ice, which in northern
climales can cause serious damage to structures if
flooding should occur during the spring before the
ice melts. In some cases winddriven icc or ice jams
have completely demolished hridges, homes. and
businesses, snapping large trees and pushing
buildings completely off their foundations.
Floating debns can be equally dangerous in this
regard. There is little that can be done to avoid
these plienomena short of avoiding sites where
they arc especially bikely to occur.

{lydrologic data concerning a site, including both
technical studies and historical records, can often
be provided by the local or state government and
federal agencies such as the Federal Emergency
Management Agency. the U.S. Army Corps of
Engincers, and the U.S. Geological Survey. 1f
needed information is not available from these
sources, engincers familar with hydrologic and
hydraulic techniques can analyze the {looding

polential. - Xy

Soil Characteristics

The characterigtics of the soil in a flovd area—soil
bearing capacity, for example—can he important
in determining an approprate design.  Ilighly
erodable soil would not be desirable for use as (ill
in elevating a structure in a high velocity area
unless the fill is properly protected. When erosion
removces solls supporting bulding foundations, the
foundations can fail (see Figure 2.3).

R}

-

'l(.-

Figure 2.3. Erosion Caused This

Foundation to Collapse.

M



Soll data can be obtained from soil survey reports
published by the Soil Conservation Service of the
U.S. Department of Agriculture. 1t may be
desirable to consult a qualified soi}s engineer
familjar with the soils at the site.

Large-scale topographic maps of ground elevations
can be uscd to determine natural drainage patterns,
mudslide- and erosion-prone areas, and the feasibi-
lity of nsing fill. Local or state agencies or the U.S.
Geological Survey can often supply this informa-
ton. Detailed topographic maps (2-foot contour
intervals or less) must usually be developed as part
of the site-specific investigation and are nceessary
for developing grading and landscaping plans.

Winds

Buildings clevaled off the ground can be more
vuinerable than other buildings to wind (see Figure
2.4).  Data on expected winds appcear in building
codes and Standard A58.1 of the American
National Standards Institute. Design and Con-
struction Manual for Residenlial Buildings in
Coastal Iligh Hazard Areas, cited in the Preface,
discusses designing for wind in coastal areas.

Figure 2.4, Wind Forces

12



Site Design

Site design for elevated structures ould follow
standard planning eriteria appli able to any site
work. Typicu fuctors (« sicer include slopes.
nalural grades, drait © veeclation, orientalion,
zoning and Jocation of sirronnding buildings, as
wellus expe ted din ncof fluod (low.

SITI FLOODING CHARACTERISTICS

Buiding- should be positioned i the area of the
cite (lat will expericrize the lowest flood levels and
velocitics, In coastal areas, this means as far back
froni the heach ax possible and Of feasible. behind
dones. Buildines should be oriented Lo present
their smalles eruas-seetions Lo the Mow of

floudw aler, Tlus reduces the surfaee arca on which
flood wnd storm torees can uel.

When mulliple butldings are to be placed on the
samne sile. the objective ol <ife desivn i the same as
foran ~'ividuad building, One approach is Lo
dispc Luddings throughout the site. applying
the riteria dlsulw d above Lo cach building. An
alteynative to such dispersal, when local zoring
orthinance  Jow (L‘.;_‘_'.. a planned anil development
otdinzan ). is to wroup buildings i clusters on the
salvst part=of t 7 o leaving ihe more vulnerable
arcas open. Thi: proach not only reduces flovd
damave Lut can al > allow o rflexal ity in
protecting then. 17w ontl e (see
IFigure 2.5),

\djarnt build’
should also be coagidired insite lavout, both for
ety potentiad to. »en and diverl flood wuters
and water-borne deby and for their potential to
become flo. ar caons vee. Bulkheads
also tend Lo divert | od waters around their ends,
adversely al”

~, bullheads, or other strictures

iy owdjacent sutes,

\
£ .i\

Figure 2.5. Planned Unit Development
Ordinances Allow Greater Flexibility in
Site Design



ACCESS AND EGRESS

Access to and egress from a building can be facili-
tatcd by locating parking and driveways—as well as
the building—in the area of a site least likcly to be
flooded. Access and egress are important during
flooding to ensure that building occupants can
evacuate and that police and fire protection and
other critical services can continue to be provided.

" REA MOST AFFELTED BY [ N -
IMPALT OF DEBRIS AND STREAMUINE CORNERS

= - _ .
¢ 1% GHAPE 10 REDU(E ' RE-ORIENT STRUCTURE 10

Re9icTANCE 10 ¥LOO9- ! REPULE TURBULENLE
WATER - ‘
| ST

<Y

~

. —
USE BERNS T0 0F - T S LANDSCAPING HELRS 0
> HELT FLOGVWITER (g‘vg ~—_ / DEFLECT PRERIS
/7

Figure 2.6. Site Design 10 Reduce Flood Hazards



In new developments, roads should be located

to approach buidings from the direction away
from the floodplain, so that access roads will

be less likely to be blocked by flood waters and
debris (Figure 2.7). To reduce potential erosion,
siltation, and runoff problems, roads should not
disrupt drainage pattesns, and road crossings
should have adequate bridge openings and culverts
to pennit the unimpeded flow of water. If roads
are to be raised, the stope of embankments should
be minimized and open faces stabilized with
ground cover or terracing.

VEGETATION

Vegelation aids in stowing the rate of stonn water
runoff by holding water, thus allowing il to filter
into the ground or evaporate gradually. In
addition, vegetation helps prevent erosion and
sedimentation from flooding. Natural vegelation
should be retained wherever practical, and new
plantings should be introduced in locations that
will be most affceted by nunoff.

Crushed stone can be used to control eroston undey
low-lying elevated structures and other locations
where vegetalion is difficult to maintain.

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

FLOOD WATER DRAINAGE AND STORAGE

Good site drainage in riverine areas allows flood
waters to recede from a site without eroding it or
[caving standing waler that causes damage to
structural elements or health hazards from stagnant
water.

Water enters a riverine site cither from precipita-
tion or as surface runofl from upstream portions of
the watershed. What liappens to this water can be
a major determinant of the degree of Mooding and

L

Figure 2.7. Improperly Sited Streets Can Block
Emergency Egress and Access
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the arrount of Mood daniage. Site development
that inc s the volume of slorta waler runoff
can irerase flooding levels, ldealy, runofl rates
after development shoutd not exceed e esles
before devetopment,

Nite di should work 1o protect the individual
sile az we s to minimize mercased {lood tevels
rlsewnrre. A number of key factors such i the
umonut of nonporous susfuce and the an unt of
on-sile surface wir we e uy part deter u
the ability of asit 5 ahsorb water. Land-use
repulationsin ... conununilics reguire devel-
opers to defray pi L 7 the cost of developing
regional water ret ke ites Lo ofiget the effects
of developmut,

On the ste, open channels can be nised both to
divert water away from erodable areag, such as
short steep slopes, and (o collect and Lrangport
water runoff to large 7 age courses. Cliannels
with ¢ s cover are ¢ ropnate where the channel
gradicnt and conscguent water veloeity arc low;
they then serve as percojation hes by atlowing
gradual infllration while watrr is bang trans-
porled. Where vegetation cannol be established,
coneretr and aspladt paving or riprap can be nsed
as chia nel linings.  However. such linings can

nere : the veloeily of runoff, and considérabon
shi Ibe given Lo veloeity cheeks 1o control Lthe
rate of flow.

On some sites it may be possilile 1o use il
matcrial—from cither on-site or off- ‘to
IMProve age and control rine ¥ Special con-
sideration : ould be given to soll e ' nd
slope stabi ™ 5 lood w - ter veloéities and
duration, Lo avoid erogion duri flooding, When
restrnicturk opography, exposed ot and fill
Alop aswe  us borrow and stockpile areas,
-hoald b protected. Runaofi should be diverted
from the face of dopes, and clopes should be
stabilized wilh growntd voser or retaming walls,



DUNE PROTECTION

Dunes provide a natural shoreline defens winst
storm surges and waves. Most coastal co wni-
t srequue that construction he behind the

pri “dune and that dunes not be cul or
breachied by site features such as walkways or
beach access roads. Cross-over walkways sliould
be provided (see Figure 2.8).

Existng dunes should be maintained through
vegetalion and sand fencing, which Limit wind
losses and promote further dune growth. If no
dunes exist and the beach is sufficiently wide,
successive tiers of sand fencing can induce dune
formabion; some communitics require this before
a residence can he built.

{ﬁﬂ S U‘[.]IIHII_T_. NI
‘/ - ]T/ —  rmemYITRTTIN

L. m
£

7

Figure 2,8. Dune Access
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ARCHITECTURAL DESIGN EXAMPLES




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 Villa

Savoie at Poissy (1929), for cxarmple, is lifted 1 1
above the ground on pilotis, freeing the lower level ! L I
for parking ang affording a spatial continuity with | =1

[~
the landscape (Figures 3.1 and 3.2). In his l
Towards A New Archilecture Le Corbusier was '
exultant about the possibilities of elevated design: ‘

F

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

igure 3.1

Figure 3.2

19
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Figure 3.3

Siee the Villa Savoic was centered on a dome-Jike
rise 1 a large pasture. Corbusicr did not need (o
concern himself with the problem of flooding.
Othier mazlers of modem architecture, however,
have used the primeiples of clevated residentiul
design to creale aesthetjeallv satislying and fune-
tonally somnd responses 1o hazardous flood condi-
Lons.

Mics van der Rohe'’s Farnsworth [louse (L9509,
considered one ol the great icons of modern archi-
tecture. owes al feasl some ol ils appearance lo ils
flood-prone site (FMigure: 3.3 and 3.4). Buut along
the Fox River in rural Hlinois. the house was
designed to accommodate a hody of water that
overllowe its buanks each sprine. Nies™ solutlion to
the prablen was to raise the plan " the first floor
above the Mlood level. ereating s [irst clear-span
building.  The resultting structure seenis to floal
above its site.

Good design and good (lood prolection must con-
tnue to he treated together. Good design entails
effective use of thr <ite and careful consideration
of the necds of the surrounding neighborhood and
commumnty. ‘Ihe best houscs provide a clear
transition from ¢round to dwelling, intcgrating the
foundation with the rest of the structure. Creative
landscaping wilh trees. shruibs. and fences can
enthance the appearance of elevaled structures by
soltenwing the c¢fiect of potentially harsh or harren

msa e m




exposures.  Inventive landscaping also helps to
control crosion and protect the dwelling from the
impact of debris and high velocity flooding.
Effective use of Lerracing and level changes can
help achieve contimuity with the surrounding areus
and. equally important, provide a sense of variely
by mdicaling the different functions that ocecur
simultanconsh on a single site.

Such site consideralions are but one part of a total
elevated design scheme, The following examples
arc concerned with some of the many other
mportant factors mvolved in floodproof design.

Figure 3.4

21



Design Studies
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Figure 3.6




CHARLESTOWN AND NEWPORT, RHODE
ISLAND

The architect here has chosen two vase stuily
arcuz. Newporl and Charlestown, Rhode Island,
with distinctly different cultural anl natural
conditions thal aftect flood design ronsiderations,
Newport is a compact commercial and reereation
center thal has many residences along Lhe waler’s
cdge. The area studicd i Newport is w protected
harbor with aceess from Rhode 1sland >ound into
Narragansett Bay. The portion of Charlestown
that is the sccond study areais a beachfrunt area
with vacation house development. Mosl develop-
ment is in & coastal A Zone. Both stedy areas have
high devclopment pressures.

In both arcas historic, seenic and connnunity
values inlluence the desigu of elevated structure:.
In Newport the close proximty ol a Vhstoric
District injects height. bulk, material. and size
considerations into any plawed developinenl.
(In the coxe ol nstore ~fenetures in Moodplaing
Listed on the Notional Register of Historie Plures or
a ztate inventory ol historie pluces. re=toration mauy
be accomplished without clevoting the Givst floor
irough a varianee procedure.)  Similarly i
Charlestown, simply elevating structures, without
regard for the natura} environmuent, cowd produce
ungaindy and visually diztracting elements. [ -
necessary i flood arca design 1o not only meet
engineering requirements. but to also be copru-
zant of the visual cffeel such desien will have on
the prevailing chasacter of the arca.

Charlestown

An inventory ol eritical natural factors wias made
to determuie how and where development should
take place in the Charlestown flnodplain, As a
result, specilic land area within the floodplain was
deemed acceptable for residential development.
The analysis tien procecded Lo the evalualion of
methods of elevation appropriate te the develop-
ment area.



Base Flood Level -1

. 4

Earth Fill
F Igu re 348

For numerous functional and aesthetic reasons,
earthfill with heavy stone revetinent 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 Jand available for safe bulding in the flood-
plain was limited (Figure 3.9). A small-scale,

; n'ﬂlllum‘w .
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Figure 3.9
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Figure 3.10

26

single-family scheme was chosen for visval con-
tinuity with earlier buildings (Figure 3.10). All
houses, a small amount of private spacc, and all
utihities 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. Rumps and steps are nsed
to accommodate the height differences from
parking to the finished [irst floor.




Newporl

Developiment in the wharf arca in Newport, Rhode
Island. is structured Ly a combination of natural
and cultural conditions, Although separated from
the ol v historie arcus of Newporl by a lughway,
its p1 v ity to them requires special considera-
ilon L, matenals. and size. It is in a special
foc 1 wavd zone, yot its waler's edge location
makes it vi-ualv altractive. Changes in the use of

e wharf area and its new relationship with neigh-
he reas have resulled in an expansion of com-
mercral ad residential development. The low
height «bove sea level means that new structures
would have to be raised approximately to the level
of the lughway to coauply with local flood regu-
lations. Lor the re-toration of historic buildings,
howevee. ihicis s no necd o elevate the first floor
a8 101'1:_/[ ds A variance 1\ Obldincd.

Analysis indicated that the optimal solution would
b a combination of clevation techniques, because

crent zones in the wharf area are suited to dif-
terent elevation stralegics (Figures 3.11 to 3.13).

Basa Flood 7

Figure 3.11

fe——— Berming —1
< Ralsed Structures

[igure 3.12

Dagg Flood 7

136°
MSL
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Figure 3.13
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In the area tarthest from the water, ear 1 fill ¢ fors

flood protec on and a gradual = ¢ . ..om
thal of the hiyghway. A transiho yrbeie seclion
could combin¢ berming with raise. Lo LR,
Level changes can be mteprated Ly lii. ¢

extended dechs with ramps and stairs. In( wren
closest 1o the water, rai-id ~tructuces woo d nnt

alter the water-to-land rclation: ) or ble .8,
Commercial uses are mos 1y tolor =1
filled area, where first tloor 3 ac 5 ant uw
Residential, restaurant and ¢ 1all office u- o
more stable ta the ra 7 mcteres, whi Tl

increased prvacy and brefter views.

Spaces under and between the new builc

cuan be used for pedestrian malls i "t . rown
(orce the tourist and comn ercial wees ol the
area. Decks. baleonies and ( va COIL Councd
different building levels. Uluwe  for th
structures could be run bencath wse ra cu
decks and trellises and then into the (il be -
protecial from flood danage. This wmianip "
of the sparws and level changr vroated y {loud
prolcction enhances the visud — ic oy and iuman
scale of the whart.

28
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SAN FRANCISCO, CALIFORNIA

Pacific coast flooding is generally associated with
high seas and rains, Occan storms accompanied by
high winds have caused considerable erosion and
damagce to beach and coastal [loodplain property.
InJand rain stoyms, on the other hand, falling on
the mountainous tesrain cause major canyon and
valley flooding. Both coastal and canyon flooding
are dangerous hagh-velocity situations. Slow-rising
and lower-velocity conditions occur on coastal
marshes and low-lying riverbeds.

The architect has developed several very intercsting
and distinctive residential concepts for single- and
muld-family housing. The use of landscaping,
fences, and exterior decks minimizes the elevated
appearance of the structures while providing func-
tonal visual highlights. Structurally the two
concepts arc quite different, Although both
concepls use wood posts, the single-family
residence uses a two-way structural grid supporting
prefabricated housing units, while the multi-family
struchure is conventional wood frame construction
built upon a wood-post-supported platform.

Packing for both residential concepts is under the
structure,

I~. ”.* i1 ;o .
R sl g

B A SR e A
L _t_%‘ \{)gd.‘l\’f_.\wf;lg oo . das Ij_ lL(QGQJ'Jk‘:é};C\P*‘ o

Figure 3.14



Single-Family Residential Concept

A two-way wood post structural grid supports the
living units at levels above the base flood and serves
to orgamize 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 belJow 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 js 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 arc located
18 inches above base flood level with all ductwork
i second (loor or attic space.

Figure 3.15
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Multi-Family Restdential Concept

To reduce costs, the archilects have designed a
conventional wood stracture bt upon a
wood post platform (Iicures 3.17 and 3.18).
Rasing the firsl floor to at least cight fect above
grade providcs an opportunity to putl parking
under the buillding. This reduces the area of the
site that has to be built upon and places cars closer
lo apartments.  However, parking under the
structure cequires fire ¢ aration.  Exposed

I

. : s Figure 3.17
entrance stairs and fencing minimize the elevated 9
appearance of the structure while providing visual
variety and privacy.

Figure 3.18

sa 3 Flood Le el
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CHICAGO, ILLINOIS

Flooding in the Midwestis of two Lybe @ viver
and lake fTooding. The charactc © 7 of

usaally slow rise and low velocily. However, flasi
flooding and lake shore scouring can aud do oceur.
The Great Lakes arca, mor —pevificaly . e
Wisconsin, New York, Ohio. awd Michiean Like
shores, have experienced  rowiny wobleins o) lake
flooding and slow crosion ¢ v d by the faep
occurrence of high walees and high winiis.

Garden Apartment Concept
Although elevated eight feet anil ee yuoted of
reinforecd conerele block. this rowh. +di n
appcear to be designed for a potenti 1 o conu
tion (Figures 3.19 and 3.20). The eover o parking
and entrance Jevel is handsomrlyv in “th
the above living levels by reinforeed co rrete bloch
walls that organize the entire struct v, The wall
are constructed parallel to the div tion o’
water flow. Unfortunately, the
the stairway-entranceway. with a ot nlaully
serious effect on flood |

ety
el

Lencrosed
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Aesthetic Considerations

There i~ 0 common miseonception than an clevated
residential structure will be inherently unatfrac-
tive- 1 box on stilts (Fizure 3.21). This is not true.
Elevat I «tructares offer challenging design oppor-
tunil =+ Lo be acsthetically appeahing as well as
func onally sound.

Residen  developnient requires a sigmificant
{inar~  vestmenl, and i 1L is acsthetieally

app I eon <{¢ e ceanomie value of
the area. bolh for the owner and for the com-
munity as a whole. All communities have both
positive and neeative examples of this. Good
quality temids Lo fosler better quality, and poor
condiionsg lead Lo even poorer conditions.
Appealing desien can thus be an important clement
of making the most of our hmited development
rCsSOUTee-.

o=

Figure 3.21
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SITE DESLGN

tevration nf ¢ velc nl and site should be
done =a that « » (wo ¢ unp auenteach other. \

el e analy <can e o clues to e liest
ih volt haild urils retuliun 1o Lopo-
‘ W Tocauen and urentaton. and localion of

tration (views, cte. ). cnley s amd parking

TNLES d BE .

:‘!:Z:E-m’; o Laudseup o e e use s trees. ::}lra.lbs. [vneces,

S1iDING ELEVATED ABOVE o walls. ele. sorves two pu e Llintegrates the
BOOPRATRE N~ o clevated portion of the d elop aCwith it

- . o hnes and, al ' ame U helps control

o o %; L )_(\ vioonand proteet o dwellin om the impact

iy e silebreis o fusl- - ovingwats o igure- 3.22 and

.o .\,%’ > Y- _\ ' ).

‘ o~ The redatin~ poanel compatibility of development
g owe v — s with the s o™ newhborhond and com-

I A e ma v tonld be reider din onder Lo s ve a
Figure 3.22 mae Croeonlinuity wilh the urroundiny reas,
coor v s nnattractive “hodge-podoe™ of un-
retated development,

Tercacr _nd level chan, = v e nsail to give a
cofv Ty Tta T oy diflerent waeas
wooc3tomt ol luddine with site.
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BUILDING DESICN

The integration of the foundation with the site and
the building is perhaps tie most important aesthe-
tic challenge when designing clevated structures.
Many elevated structures mve the impression that
the support foundatons are trealed separately
from the building and the zite, wiving the impres-
sion of a building set on »pindly legs (figure 3.24).
[t 1s essential to recognize that the foundation is an
integral pact of a building, rather than only “some-
thing to set the building on.” A well-designed
elevated residence should provide a smooth Lransi-
tion from ground to dwelling, with the foundation
integrated with and complenientary to the buiding
itself.

Other speciad considernlions when desrguny
elevated residences include the design of any
needed stairs and the use of the arcas under the
structure. More gencral considerations nclude it
shape and form of the building (configuration.
shape of roof, ctc.). textures and color of building
materials, the v-c and treatment of balronics,
terruces, ralings, windows. shutters. screens. and
entrics, and the arrangement of interior spaces.

A

Figure 3.24
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Figure 3.25. 1 1is w¢ ' ;
the same Tt - o — i . hisis an example of integrating the
foundation, ICoe o, t e a d the foundation so they relate
and roof r ‘i, 3 i ' " ¢ w. s foundation appears 10 be
anchorage di 2 y | " er than stilts holding it up.
the st ile, ' owa~ s, $mply designed building
olamepts. V =7 0t ¢ o T G Vi ically appealing through the
structire, 1tat [ f 5y i c - ke I~ angd interesting treat-
The fourdat n r B 0o o - o>n:d ghting {ixtures. Simple
with the b v o 100 -out landscaping ties the building
3.57). T T oto the site.
_—
R —
L
I
|
:
| .
Figure 3.27. Thisisa ¢ od e’ ¢ w e ¢ nii { 3 cluster layout can contribute 1o
functional advan as . “§) LT awtor 5 g ment allows for two sides of each
unit to h ve iceass/y v the S - L t ong, continuous {and often mono-
tonous) w rcocit, m L . figuration the materials, treatment
and formof t 21 wtsc ot rs ' ive.
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Figures 3.28 to 3.29 This is an ex fX. ooy o VI 3 ential development.
The development is well-integrataed : v v o over and blend with the
dune. The vegetation and simp s 1 - - ©+ mes also relate very
well to each other, providing a ¢vo < .- L s " thar ihe sum of
its parts.” The individual urits prov 1 B By, ayout, etc,—while still
being a part of a comprehensive who.. i . V.o irm, scale and character
of the development are also exc.i:rit, o) , finvels, and the
articulation of the other elementsads v+ - c t war =4 an overall
development. The use of matiricti—s: ) _ — i " pesl (see

also Figures 3.63 tec 3.70).

1
1'!' b
il -

Figure 3.30. The exirivy :

opment adds visual appe; to e o .
could otherwise be quite ytonc x
exterior colored panels with w  rst -~ g

coordinated interior panels 1ov.c

as does the simple treatment of bawcon - A
variety of planes, panels, ratil.i, Jo. 3
members,
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Figure 3.31. This is a good example of how a simple structural grid infrastructure can be used as a basis
for a relatively modest, well-designed and visually appealing residence. The plan is simple, developed
around the columns, but provides a very livable, interesting and functional space. The cantilevered
balconies also add interest as well as defined exterior areas. The roof shape contributes to a spacious
interior that makes the house feel larger than it really is, allows in natural light through the transom
windows, and through its form adds much to the overall aesthetic appeal of the design (see also Fig-

ures 3.40 through 3.45).
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Figure 3.32. The diagonal battens used to enciose  Figure 3.33. Passersby have to look very carefully

the stairwells for protection provide an aestheti- to see that this development 15 actually elevated.
cally appealing screen-textural affect. The colored Good use of landscaping and building form
awnings also add a necessary highlight to an includes attached and detached units.

otherwise colorless exterior. Nofice also the pole

light fixture.

AN

-
<5

—a

Figure 3.34. This strocture uses a mixture of materials, texture and color very successfully and provides
a variety of form for visual appeal. The space under the building remains open and light through a
combination of white unobstructed walls and piers, landscaping, and layout refative 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.

S
b
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Figure 3.37. In the interior, color, scale, texture, and floor arrangement must be given careful atiention
(see also Figures 3,40 through 3.45).
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Figures 3.38 and 3.39. Well-designed elevated residential structures can take many forms and styles. The
principles in this manual are applicable to any style.
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Recent Design Examples

The projects i this scetion are some of the Lest
desiun examples discovered in a state-ol-the-art
survey condurted as part of the devielopment of
this manual. While these examples range from a
single-faymly detached unit to a multi-family high

rise. there appears to be a clear trend toward hicher

density, cluster-type development. Tlus is
probably due Lo higher Jand values and the experi-
ence yained from major floods over the last couplr
of decades. This is a promising trend thal encouwr-
ages professional desion involvement in residen tial
struelures and Ieads 1o 2 more comprehensive
approach to clevated resiilential and other deselop-
ment in flood-prone arcas.

Virtually all the recent destgn examples that were
subntitted i response Lo our survey wese coaslal,
as opposed to nverine. projects. This supgges)s that
the state of the art iz heing set for the most part
in coastal arcas, capecially in the higher-use resort
areas. ) should he nuted, however, that what js
beng done i couslad areas ean often he applied
sucressiully m riverine, lake, and other (lood-
prone arcas ag well,
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THE LOGAN HOUSE

Tanipa, Florida

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

The Logan House (Jigures 3.40 to 3.45), located
aljacent Lo a federally prolected tidal estuary near
Tampa. Florida, exemplifics a skilfu) blend of
(Tood protection and energy conservation. The
natural site of the house, only four feel above sea
levc uggested the possibility of flooding. Flood
regulations required Rowe llolmes Associates to
elevate the structure an additional six feel, They
chose however, to raise the house almost eight feet
to he able to use the first level as both a carporl
and protected outdoor Iiving arca.

The 2.000-square-foot structure is designed in
what is known in Southern vernacular as the
“dog trot” style. incorporating u long hreeze-
way/ventilating device covered with the same
rnof as the house bul open on the sides. The
wood frame house is supported on 10-inch-square
pressure-treated pine poles augered deep into the
=oil to withsland hurricanc forces common Lo this
area ol the country. The floor serves as a horizon-
tal chaphragm to provide the pole structure addi-
tional nadity.

Several of the features that protect the l.ogan
auze from (lood damage also promote energy
conservation. For example, clevating the structure.
the major flood protection strategy, heips draw

cool (lower) air up and through the house.

A central utility corc—unfortunately Jocaled on
the lower level where it is vulnerable to storm

forces—is serviced by a stairway, allowing pro-
tected aceess to the carport and outdoor space.
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SUMMERWOOD ON THE SOUND

01d Saybrook, Connecticut

Architects: Zane Yost & Associates, Inc.,
Bridgeport, Connecticut

Summerwood on the Sound (Figures 3.46 to 3.50).
a 76-unit cluster development. won a 1979 dexign

award for architects Zane Y osl & Associates, Ine. L

The development is bwilt on a peninsula tidal
estuary protected by u barricr beach.

Equal in importance Lo protecting the buildings
from flooding was Lhe preservation of the salt

marsh ecological environment. For this reasorn,
the architec(s chose to locate the units only along
the natural contours of the 30-acre site. I'or

further proteclion of land as well as huddings,
the structurcs are clevated above (lood level.

topping crawl spaces with internal drains Lo permit Figure 3.46

{Tood waler Lo pass in and out. The wood {rame
structures are covered with horizontal siding and
use picket (ences to soften the effect of the raised
structures. Redwood stairs and decks adorn the
water side of the umts.

Although the overall densily on the site is low

(2.5 units/acre). the clustering of the units makes
for a comfortable neighborhood scate.

Figure 3. /
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Figure 3.51
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THE BREAKERS CONDOMINIUM

Redington Beach, Florida

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

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

The 1,200-square-foot units, compleled in 1973,
are composed of extenor 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 clevation. 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 units also share
a game room and beachside pool and deck.

- s s
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CAMPUS-BY-THE-SEA FACILITY

Catalina Island, California

Architect: Leonard E. Lincoln, AIA,
Palo Alto, California

Catalina Idland (Figures 3.54 to 3.57), developed as
aresort 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
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-
freated 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-unif 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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Figure 3.58

Figure 3.59
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STARBOARD VILLAGE

Pensacola Beach, Florida

Architects: Davis & Associales,
Architects & Planners, PA,
Orlando, Florida

Starboard Village (Figures 3.58 to 3.62) is a
33-unit condominium project consisting ol six
low-risc buildiugs on the Gulf of Mexjco. Al 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. Al structures are concrete frame and slab
systems, supported on concrete-piling with shear
walls designed to withstand hurricane forces.
Wood-accented stucco as the primary fimish 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 stabs.
Wood touvers then enclose the units.



PRI

T T T T Ix)

- N J—UI A . J N\f
H o [T I 5:1 |~ FE
L __¥ _—] "s_ _tﬂ | (.

Fo. SB
| v _ S %&A i
& 2R

TYP. FLOOR PLAN

Figure 3.60

i'l [

SECTION
Figure 3.61 0] 5 10 15

57



Figure 3.62
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GULL POINT CONDOMINIUMS

Perdido Key, Florida

Architects: H. Shelby Dean—Richard H. Fox,
Architects, Annjsion, 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 cconomics.

The architects used pile construction to clevate
the units several feet above the minimum required
by the National Flood Insurance Program. This
was donc because analysis of the flood insurance
premium rate structure showed that the added
margin of safety from the additiona) clevation
would qualify the units for significant savings in
annual insurance costs.

! PO

Figure 363‘
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Foundations

The common methods of elevahne residentia)l
struclures are earth DI elvated fonmlabons,
shear walls, posiss piles, and pievs, The selection
of an elevation technigque depends un a wmber
of variahles, incduding bvdrologie Tactors. physi-
val conditions at the sitr.and cost. The deter-
mination vl e appropriate technigue requires
analysis ol these lactor- in the context of federal,
slate, and loea) regalutory requinernints. In -ome
cases ttean be advanlaveons o ase a combination
of elevation methods, or example. a building
raized on (Ul at one end and prers or posts at the
other could provide ground floor access at the
endd ol the building away from the {loodplain
while mininmizing obstrmetion of flood waters
al. the end nearer the stream chanmel.

The Tollowing discussion ol the dezjgn and con-
strucdon of clevated residential struclures is based
on accepted building practice. Generallv a con.
servative approach has been taken in order to
ensure compliance with the budding codes mos!
widely used in the United States, In addition, the
performance eriteria presented later in this manual
can be used to review a binlding's expected re-
sponse to flooding. Anaysis of tlood-induced
loads and soll conditions. as well as normal loads,
stresses, ond defleclion of ~tructural members, 1s
required Lo ensare satisfactory huwlding perform-
anca,

Nole thal foundation= e V' Zooes <hoald be
desioncd i acenvidan e owith Design ond Con-
e o Manual for Rosidentiad Builldinges i
Coaxtal High Hasard treas: cited v the Preface,
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Figure 4.1, Elevation by Earth Fill
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FILL

Al many A-Zone sites with low-velocity flooding it
is leasible to clevate structures on carth fill (I'igure
4.1). Varth [U] is 2 widely used elevation technique
that with proper construction practices and
matecrials can be the most cconomical means of
clevaling a building two or three feet above grade
or in some Jocations even higher. Fill should not
be used in V Zones, where high-velocity flooding
occurs, or at sites where fill would constrict the
flow of (tood waters and cause increased flooding
heights or velocities.

The advantages of fill (as oppuoscd to piles or
similar elevated foundations) include its generally
tradilional appearance, ease of access to the lowest
floor (3.c., 1o stairs are required), the ability at
many sites to connect the filled area to higher
ground (or emergency evacuation in a flood. the
safety of buuding elements from deterioration
raused by exposare to flood waters, and the
thermal insulation the carth provides the bottom
of a house. In cold climates, furthermore, spring
flood water under a house elevated on piles can
freeze, with the danger of uplifting the structure.

A site’s Lopography and soil conditions may pre-
clude use of fUl. Before fill is pul in place existing
vegelation and any unstable topsol must be
removed. The fill should then be placed in layers
ot exceeding 12 inches deep, with layer com-
pacted with pneumatic or sheepsfoot rollers

or vibrating compacting equipment. Ior most
residential applications, compaction to 95 pereent
ol the maximum deunsity obtainable with the
Standard Proctor Test Method issued by the
American Society for Testing and Materials (ASTM
Standard D-698) is usually sufficient.

Provision must be made for adequate surfacce
drainage and erosion protection. Riprapping miuy
L required for criticad exposed slopes of a fill
pﬂl].



ELEVATED FOUNDATIONS

In some situations site topography, poor sol
conditions, aesthetics, or cost considerations may
make il desirable to use an extended masonry or
reinforced conerete foundation to elevate a house
up to three or four feet above grade. Such a foun:
dation can be bermed with earth fill 1o provide
easy access and a conventional appeuarance.

Elevated foundations must be designed to with-
stand both hydrodynamic forces caused by
velocity waters and hydrostatic forces caused hy
stunding water. This may require added reinforce.
ment in the walls, Where the foundation 1s nol
bermed with fill, a further desygn consideration
would be the provision of sufficient openings in
the foundation to allow the unimpeded flow of
flood waters through the foundation. This can
help minimize both hydrodynamic and hydro-
static forces without affecting the strength of the
foundation if designed properly.

SHEAR WALLS

Shear walls, although more commonly used for
motels, apartments, and other more massive
stryctures, can also be used to elevate smaller
residential structures (Figure 4.2).

A shear wall acls as a deep beam in resisting
forces in the plane of the wall. Structurally,

the most critical desizn consideration is the low
resistance of a shear wall to latera) forces. Shear
walls should thus be used only in arcas subject to
Jow- to moderate-velocity flooding and should be
placed parallel to the expected flow of floodl
waters, It is important that load and impact
forces be determined {or the entire ranee of flow
dircctions. In addition, a shear wall’s vulnierability
to lateral forces makes it crilical thal connections
between the wall and the foundation eleinents
below grade be well designed.

Figure 4.2. Elevation by Shear Walls
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Figure 4.3. Elevation by Posts
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POSTS

Post foundations (Figures 4.3 and 4.4) use long,
slender wood, conerete, or stecl posts set in pre-
dug holes. Posts can be round, square, or rec-
tangular in section, though square and rectangular
posls arc easier £o frame into than round ones.
With steel posts, wide (lange shapes or pipe or
square tube sections are usually used,

Figure 4.4. Elevation by Posts

Post foundation holes are due by hand or machine.
Posts longer than 16 feet gencrally require machine
assistance for safe handling.  Posts are generally
less resistant to lateral forces from flood waters
than pies or reinforced concrete masonry piers.
Bearing capacity and stability of posts van be
improved by pouring a concrete bearing pad at the
bottom of the hole and/or pouring a concrete
collac around the post after it has been partially
backfilled (Figure 4.53).

Post Embedment

The deptli to which posts should be embedded
depends on soil conditions, including the depth of
the frost bine; vertical loads; lateral loads from
flood waters, debris bnpact, and wind forces; the
anticipated erosion and uplift; and the spacing and
size of the posts.

The following comments and sketches indicale
embedment techniques for wood posts; steel and
concrete posts’ requirements are simiar.



Hule Depth und Post Fnd Bearing, Wood posts are
generally ¢rubedded 1 to 8 feet. Tlole excavations
beyond & feet hecone uncconomical. so piles are
used.

It design loads are sinall and the allowable soil

Learing capacity is adequate, i.e.. dense sand or
medium-stff clay . the post can be sel on undis-
turbed carth al the bottom of the hole (Yigure

4.6).

For targer loads and/or poorer smf conditions, a
concrete pad should be poured into the hotlom of
the bole (Figure 4.7). The pad shoutd be approx-
imately as thick as half its diameter, with a mini-
mum thicknrss of 8 inches,

If extremely poor soil conditions are encountered
it may be necessary Lo use concrete backfilling or
piers, as discussed betow, or Lo drive a group of
piles and cast a pile cap for cach post to bear on, as
shown in Figure 4.8, anchoring the posts sceurcly
to the cups. This can be more expensive than other
foundation £y pes.

woop PosT

W W

-POURED CONERETE
BACKF(LL |

= FOUNDATION BEACNS
AREA

Figure 4.7. Post on Concrete Bearing
Pad

BALKFIL

—FOUNDATION BEAR{NG
AREA,

L. _ _J
Figure 4.6. Earth Bearing
' Woop 06T
I 2UNTH
R viLe qrz'
‘ § 1

Figure 4.8. Post/Pile Foundation
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Wood posts can also be supported entirely out of
the ground on concrete piers (Figure 4.9). More
thorough maintenance is possible with this ap-
proach, but additional bracing may be required
for lateral stability.

Hole Size. 1n post construction the hole should be
a mingmum of 8 inches larger in diameter than the
greatesl dimension of a post section. This allows
for aligniment and back{iling.

Burk filling. Clean, well-compacted backfill is
nevessary to ensure a structure with good lateraf
stability and resistance against wind and water
uplift. Common backfill materials are sand, gravel,
crushed rock, pea sravel, soil cemenl, concrete, and
earth.

Granular fills that provide good drainage arc
generally considered the best. Drainage around the
posts at grade level should be pasitive to keep
water from eollecting and deteriorating the posts.
Backfill matcrials should be mechanically tamped
to adequately compact them. Wetting such back-
fill materiuds as earth vr gravel will aid compaction.

Backfilling the hole with concrete rather than
gravel or sand, as shown in Figure 4.10, adds stabi-
ity to the structure and increases the bearing
area. Shallower embedment may be possible witly
this method.

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

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



Anchorage

Lateral forces and tlood forces are fes )ikely Lo
overturn or upliff ot if the posts arc anchored
to a foundatic . 'L - wavs to anchor posts are fo
embed them i conerete or Lo fasten Lthem to metal

straps. angles, platre cte. that are Lhemselves v
anchored imcone te otings, piers. or | capa, . _wooD pooT TEEATD
WITH PREZTRAT . &

. ) GRADE: %
Figure 4.1) -hows one method of anchoring wood L !
posts 1 oncrete. Larce (5/8- to 3/4-inch
diami ™ ) sprkes oy lag bolts are driven into the
post around i "ase. he postisp. ced inlo the
hole and ¢ o to bracing © 4 inlg Lo prevent
movrment through the footing winle thi conerete
scls. —= T

: : R by SCREW
The metal fastening n thod of anchorage can be . a4
used above or below gre ind. Figure 4.12 shows
square wood post lag bolt(*d to a metal shoe that |
is anchored in a picr. In Kigure 113, heavy vauue
palvanized sterl straps are used Lo anchor the wood  —— - — — — —  ——
post to u vonerete pad. Figure 411. Spik:> Anchorage of Post
-
— N PosT VR I L500 POST TREATED |
g . W PRESERATIVE
— ANCHOR éHoF "-'Zﬁ__v |____‘I‘I’L%__ﬁ1__w[_~.
ELNFORLED CONCRETE
PIER
W \I
|
», L . .\¥ m HO’E BOL )
e i Q ——— GALVAMIZED 5TZAP
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Figure 4.12. Metal Angle Anchorage Figure 4.13. Galvanized Strap Ancnorage Detul
Detall
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Figure 4,14, Pile Foungations
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PILES

Pilc foundations (Figure 4.14) usc Jong, slender
wood, steel, or reinforced concrete pies that are
driven or jetted into the ground. Vertical loads can
be carried by driving piles Lo a load-bearing layer,
such as rock (end-bearing piles), or by driving the
piles deep enough into the carth to develop enough
friction between the surface of the piles and Lhe
surrounding soll to carry he load ({riction piles).
I'riction piles, whicli can also have an end-bearing
component, are most often used for typical light
residential loads.

Piles are structurally stronger than posts and are
thevefore mare suitable for the extreme wind and
water forces und erosion in coastal V Zones. Piles
in V Zones should be designed in accordance with
Design and Construction Maaual for Residen-

ttol Buwldinys in Coastal High Huzurd Areas, cited
in the Preface.

Pile Materals

Piles can be concrete, steel. or wood. In coastal
areas, where steel piles are not desirable hecause of
corrosion problems, conerete piles can be particu-
larly good when combined with precast concrete
floor beams: such structurad svstems can he
cfficient, economical, and flood resistant.
Conerete piles can be particularly suitable for
buildings of more than two stores.

The valnerabilities ol different pile matenals
to environmental counditions are discussed i the
malenals section later in this maiual.

Wood piles are probably the most widely used
lourrdation for tlevated restdentiad structures,

[n some locabions, squarc imbers are preferred
vver round piles because of cost, availability , and
case of framing and connecting the structural floor
beams to the piles. The most popular suitable sizes
(ininches) are 10 x 10 and 8 x 8 squarc roughsawn
members,



Round bmber piles are also frequently used.
Generally, round piles are available in longer
lengths than square timbers, and for lengths
greater than about 25 feet round piles are fre-
quently the only piles available. Round piles are
often preferred because they can provide greater
cross-sectional area, peripheral area, and stiffness
than square seclions, particutarly the 8 x 8 timbers,
A minimurn tip diameter of about 8 inches, and a
bull or top diameter (at the floor beam level) of
about 11 inchrs or more are recommended for
round piles

Pile Embedment Methods

A major consideration in Lhe ctfectiveness of pile
foundations (s the method of mserling piles into
the ground. This can determine the amount of the
pie~"load resistance. I js best to use a pite dover,
which uses leads to hold the pile in position while
asingle- or double-ucting harnmer (debvering about
10,000 to 15000 foot-pounds of cnergy) drives
piesinto the around. A pile driver should be used
for precast concrete piles and steel piles.

The pile driver method, wlale cost-effective for a
development with a number of housc: being con-
structed at one time, can be expensive for a single
residence.  An economical alternative, the drop
hammer, ronsists of a heavy weight (several
hundred pounds) that is raised hy a cable attached
tu a power-driven winch.  The weight s then
dropped 5 to 15 feet onto the end of the pile.
Drop haminers must be used with care because
they can damage wood piles.

Disadvantayes of pile driving wiclude difficulties
with alignment and with sctting a driver up on un-
even terrain, The advantage is that the driving
operation forces sol outward lrom around the pile,
compacting Ihe soil and causing increased {ricdon
along the sides of the pile, which provides greater
pile load resistance. A rauch less desirable but
frequently used inethod of inserting piles into
sandy coastal sol is “jetting™ Jetting involves
pasging a high pressure siscam of water through a
pipe advineed alougside the pile. The water blows
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a holc in the sand into whicl the pie is continu-
ongly pushed or dropped until the required depth
is reached. Sand is then tamped into the cavity
around the pile and the end of the pile pounded
with the heaviest sledge hammer or other weight
available. Unfortunately, jetting lousens not only
the soil around the pile but also the soil below the
tip. Therefore, only low end and side friction load
capacity is attained, and the piles must be inserted
deeper into the ground than il they were driven,

If the soil is sulliciently clayey or silty, a hole can
be excavated by an auger or other means. The hole
w il stay open long enough to drop in a pile. Some
sands have enough clay or sift 1o also pernit the
digring of a hole. Then sand or pea gravel can be
poured and tamped into the cavity around the pile.
Again, this does not provide as good load resistance
as driving the pile into the ground, and longer piles
are necessary. With short wood piles, some (inal
driving with a sledge hammuer can be helpful.

Soil Conditions and Embedment Deplh

Local buillding codes oftn specify the requiced
cmbedment dispthy of piles. e to at least 6 et
helow grade. Such codes often do not lake nto
aceunnt the condibons at speafie sites: a goils
engineer hiould be consulted m doubtiul situ-
ations, Inaddition. Desjgn and Construction
Vanaal for Residentiad Buildinzs in Coastul High
Hazard Areas. cited i the Preface, provides use-
fulinformation on this subjeet,

The required depth of pile embedment depends
primarily on tie number of piles used, the size and
weight of the stmicture, and the Lype of soil at the
building site. The pile depth is also influenced by
the lateral forces from flooding and wind and
debris impact. the manner in which the piles are
inserted into the soil, and the need o allow for
erosion of the soil that supports the piles.

In rivenue environments the sod types and the
archorage provided by the frictional foree of
the soll against the sides of the pile vary widely.
Sand is the dominant soil component in most
coastal areas, but in some areas Lhere nay be



an underlying tayver ol several lect of ¢lay. General-
ly, eluy sods provele | = load-bearing capacity
with less penetration Hhao sandy soils.

Clay sous are also less susceptible to eyosion. The
depth of erosion of sandy soils caused by wave
action is virtually impossible to predict.  Piles

supporting residential structures on sandy coastal [

shorelnes should penctrate the ground deeply
enough to provide resist~ ~ Lo wind and water
Ivads even afller extens . crosion has occurred.

Posts are often backfled partly with concrete to
unprove their resistance to lateral forces. The same
technique can be used with piles. After piles ave
driven, the area arownl each pile is dug out and a
thick concrete collar iz poured, cxtending several
feet below grade. Such collars provide protection
from minor crosion, add zome deadweight {o the
structure. and increase piles” pull-out resistance.

PIIZRS

Pier foundalions (Figuve 4.13) are suitable in arcas
away from aviver or coastline where flood walcers
move witlt low velocity and erosion will be
muinnal,

Pier foundalions nse brick, conerete masonry
blocks, or poured-in-place concrete to elevate
struclures. To resist horizontal wind and water
forces. ners should rezst on substantial spread
footmgs or a grarle beam, wit™ remforeig steel
rods extending from tl:
Lthe full beighit of the piers 1o

cienents Lthrough
sist Lensile stresses.

Pier Materials

The vulnerability of pier materials to environ-
moental condivonz is discossed in e materials
seetion Jater in thys manual.

Brick and Convecte Masonry Piers

Brick picrs and concrele masonry piers should
be amanimmm of 127 x 12" and reinforced with
stee) rods (Figures 4.16 and 4.17). Hollow con-
crele masonry units should be [illed with concrelte.
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Figure. 18. } al “oundation
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Reinforced brick piers can be used to elevate
structures 1% to 6 feet offl the ground. Concrete
masonry picrs are effective for rlevations of 1% to
8 feet. In general, the beight of reinforced con-
crete masonry piers should be himited to a maxi-
mum of ten times their lcast dimension. Squarc
picrs are preferuble. [f the piers are veclangular
the longer dimension should not exceed the
shorter dimension by more than 50 percent.

According (o the National Concrete Masonry
Association, the allowable working stresses for
concrete masonry piers are the same as those for
the desigrs of concrete masonry walls. The pier
masonry should be laid with type M or S mortar.
The association also recommends that the spacing
between piers supporting floor joists not exceed
8 fcet in (he direclion perpendicular to the joists,
nor 12 {ect in the directon parallel to joists.

These minimum requirenieats apply whether the
pier is free standing or laterally braced. In cases
where exceptionally large loading conditions may
exist, the picr eross-section should be increased
and/or additional reinforcement added. A larger
cross-scction can be obtained by using piers several
feet in length. ‘The long dimension should be
placed parallel to anticipated flood flow. as in
Figure 4.18. In coastal areas, however, flood
forces may come in at an angle, loading such a pier
adverscly, so altematives should be considered.



Poured-in-Place Concrete Piers

Poured-in-place concrete picrs are essentially re-
inforced conerete columns, They are cast in forms
set in machine- or hand-dug holes. The holes can

be widened or belled at the base to form a footing
integrat with the pier, or, as show in Figure 4.19,

a separatc footing can be poured, Il soil condilions
are appropriate the {ooting can be chiminated and |
loads lefl to end bearing and friction between the
soil and pter (Figure 4.20). Poured-in-placc piers

ol the latter type can be particularly effective for

N_GRAYE
larger homes or developments of single-family

homes and townhouses.

Poured-in-place concrete piers can e used to

elevate a structure 1% to 12 feet or more. The
dimensions, reinforcement, and spacing of con-

crete piers depend on the type of building framing

used and on building and environmental loads;
structural analysis is requir:d. —

Figure 4.19. Reinforced Concrete Pier

Pier Footings

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

BRACING ELEVATED FOUNDATIONS ’

Elevated foundation elements must be braced
when analysis indicates that their size. number,
spacing, and embedment will not be sufficient to
resist lateral forces. Even in areas where low-
velocity flooding is antieipated, bracing can pro-
vide added assurance that the structure will with-
stand the impact of floating debris or greater-than-

expected flood or storm forces. Although bracing Figure 4.20. Drilled Pier Foundation

placed underneath a struclture may be struck by
floating debris, the cffects of this on 2 structure’s
survivability are gencrully outweighed by bracing’s
beneficial efficts.
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Figure 4.21, Knee Brace

|
Figure 4.22, Diagonal Bracing
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Knee Braces and Diagonal Bracing

Knee braces (I'igure 4.21) and diagonal bracing can
be effective bt providing lateral strength. Lumber
more than 2 inches thick is usually recommended.
Botts are preferred over nails for connecting
bracing, because of bolts’ greater resistance to
pullout forces. Knee bracing is usually bolted
between the floor joist and post or pile.

Diagonal bracing (Iigures 4.22 and 4.23) is holted
at the base of one post or pile and fastened in a
like manner to the adjacent post or pie juzt below
the {loor beams. Although diagonal bracing is
more likely than knec bracing to be struck by
floating debris, this is generally outweighed by the
greater lateral stability with diagonal bracing,
especially in higher elevated structures. Steel rods
can sometimes be used to diagonally brace wood
posts or piles. The rods are fitted through drilled
holes flooded with wood preservative and fastened
with nuts and cast beveled washers. Welded
connections or drill holes can be used to provide
rod bracing in steel post or pile foundations. Such
rods are usually 5/8 to 3/4 inches in diameter.
Steel diagonal ties, while effective, require con-
siderably more monitoring and maintenance than
wood because of steel’s susceptibility to corrosion,

‘ |
IJ

]

Figure 4.23. Diagonal Bracing



Shear Walls and Floor Diaphragms

In arcas with low- Lo moderate-velocity flooding,
ghear walls placed paralicl o the flow of flood
waters and firmly atlached to piles or posts can
help brace them (Figure 4.24),

With wood shear walle, the plywood sizes. (he
strength of wall edees, and the walls” anchorage are
il important to eflective iracing.

A shicar wall van be nsed in conjunetion with a
floor diaphragm (Ligure 4.25) to Lransfer hori-
zontal forces or reduce vmbedment depth when,
for example, solid rock is reached when digging
foundation holes. A floor diaphragn can he used
with cither pole (rame or platform construction.
Floor diaphragms nsually call for 1/2- or 3/4-
nch plywood.

The severe lateral forces encountered m coistal
V Zones can require the use of trusses, grade
beams, or slabs Lo provide adequate support.
These arc discussed in Doxign and Constrariion
Manuval for Rexideatial Buildings in Coastal Jlgh
Hasard Areus, ciled in the Preface.
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Figure 4.25. Floor Diaphragm Bracing

79



Framing Construction and
Connections

[

Figure 4.26. Toe Nailing Provides
Limited Pull-Out Resistance
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The framing construction and framing connections
i an clevated home can be eritical 1o its ability Lo
withstand flood forees with minjmal damage.
Construction in most non-flood areas must support
loads imposed by the weight of the building
materials (dcad load), weight of pcople and objects
(live Joad), and modest loads imposed by wind,
Under normal conditions and with typical metliods
of framing construction and framing attachment,
these Joads act downward through gravity to hold
the building's structure together.

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

Coastal V Zones arc virtually cectain to be
subjected to the extremes of these forecs, and
homes there should be designed in accordance with
Design and Construction Manual for Residen-

tiad Budldings ur Coastal High Hozard Areas. ciled
ih 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
arcas. Consideration shoutd also be given to the
possibility that flood forces may Le preater than
those anticipated on the basis of past floods or
hvdrologic analyses. Coastal arcas pose the addi-
lional danger that shifting duncs 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., liaving tloor joists [2 inches on center instead
of 16 inches on center, or using deformed shank
or annular ring nails because of their greater holding
ability. Nor are the needed craftsmanship and
anchorage methods uncommon to the carpentry
trade. Simple nailing, for example, especially end or



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

The following paragraphs discuss prudent framing
consbruction and connections practice from the

bottom up, starting with the foundation-ta-floor-
beam connections and floor beam construction

and ending with wall-to-roof connections.

FOUNDATION-TO-FLOOR-BEAM
CONNECTIONS

Post and Pile Foundations

The connection of a post or pile foundagon to
the framing system of a structurc is influenced by
the method of framing used and the crozs-sectional
shape of the post or pile.

Framing Methods. Two different methods for
framing in(o post or pile foundaBons are i common
use today: platform construction and pole frame
construction.

Platform construction entail> sunpy cutting posts
or piles off at the desired clevation and framing
them with beams to support floor joists and deck.
The platform thus formed scrves as the first
habitable floor and construction platform for any
type of conventional franiing structure desired

(Figure 4.28).

.

Figure 4.27. Metal Framing Anchors

Figure 4.28. Platform Construction
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In what is termed pole frame construction, the
posts or piles are extended up to or through the
roof, with beams framing around them as supports
for floor joists and roof rafters (Figure 4.29). This
method securely ties the entire structure together
and is excellent for sites where lateral forces may be
strong.

A basic problem with piles is their alignment.
Posts can be plumbed and aligned easily before
they are backfilled, but piles must be jacked and
pulled into position. This can be more of a problem
with pole framing than platform construction. A
solution is to locate piles either on the mterior 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 is not a problem
when using bolted or spiked connections as shown
in Figure 4.31. The framing is then the same as
for any other imber member.
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Figure 4.31. Bolted Connection to Round Pole




Another connection nethod s to eliminate the
curve of the post or pile by dapping and then con-
necting with bolts, gussct plates, or other devices.
As Figures 4.32 and 4.33 show, a dapped post will
form seats that assist the beams in carrying vertical
loads, Posts that are small in scetion, however,
should not be dapped or they will be weakencd.
Generally, there should be a thickness of post or
pile for the bolts Lo bear on cyual to the total
thickness of the floor beam. Two bolts should be
used to connect beams to cach post or pile.

Spike grid connections (YFigure 4.34), standard in
bridge and warehouse construction, are less com-
mon in residential practice. A single curved grid
inserted between the post or pile and the beam
substantially jnercases 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 is used to squecze the two wood
surfaces together, forcing the tooth of the spike grid
into the grain of both members. The high-strength
rod is then replaced with a conventional bolt of the
proper size. A flat spiked grid is used to connect
two flat surfaces, and a double curved spiked grid to
connect two rounded surfaces.

SECTION FROM ToP SECTION FROM SIDE '

Wlﬁg

Figure 4.34. Spiked Grid

Figure 4.33. Dapped Pole Connection
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Pier Foundations

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

Piers can be connected to floor beams in several
ways. A pier’s reinforeing steel rods can be ex-
tended from the pier and bent over or inte the
floor beum ([igure 4.35). A metal strap well-
anchored in the pier can be bolted through the
beam (Figure 4.36). Or (Figure 4.37) steel anchor
bolts can be embedded in the pier and bolted
through the beams with nuts and large-diameter
washers.
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Figure 4.37. Masonry"Pies.’-—Bolt Through Beam



The bolts should be at least 1 inch in diameter and
embedded at least 12 inches in conerete piers and 16
nches in masonry piers, I two floor beams abut on
a pier, each must be anchored separately (Figure
4.38).

Figure 4.38. Beam Splice on Pier
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Figure 4.39. Floor Beam with
Cantilever Overhang
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FLOOR BEAMS

The floor beams attached Lo foundation elements
in turn carry the floor joists and subflooring. Since
floor beams that are as long as the width or length
of residential structures are often difficult to find
and hard to handle, it is comimon to use splices.
Splices may occur in several places and need not
always he located directly over supports,

Floor beams are often 4 x 10's or up to 6 x 127,
but thcy may be built up nsing standard framing
lumber. such as two, three, or four 2x 10’s or 2 x
12%s, spiked or bolted together. Where beams

are built up using a good grade of lumber for the
laminated members, the strength of the built-

up beam can equal that of 2 solid member, All
members of the built-np beam should be continu-
ous between supports, because splices malerially
reduce strength, Built-up members should include
only one splice al any one locabon. The ends and
tops of built-up members should not be directly
exposcd to the weather,

The primary floor beawms spanning between supports
should span u1 the direction parallel to the flow of
potential floodwater. This orientation allows the
first transverse member perpendicular to flow Lo be
the floor joist. Thus, in the case of an extreme flood
the beams would not be subjected to the full force
of floodwater along their more exposed surfaces.
This also reduces the potential for floating debris to
darnage the structure, and places the [owest obstacle
to flow above the floor beam.

CANTILEVERS

A cantdever s a projecting beam that extends
beyond its supporl. The beam must be continu-
ous (not zpliced) over the last support prior to

the cantilevered section, and depends on the vertical
load applicd for counteracting reactions (Iigure
4.39). The practieal Limit recommended for a
cantilever is normally one-third the length of the
beary span prior to the cantilever,



The advantage of this method is that it can reduce
the number of piles, poles, or piers required for a
gven area, as illustrated in Figure 4.40. Reducing
the number of piles can result in potentially lower
cost and fewer obstructions to the flow of flood-
water and debris. Residences supported in this
manner have the additional advantage of hav-

ing the first row of piles set back, reducing the
visual unpact of elevating the structure. A canti-
lever design may use longer spans for the inain
ftoor beam and thus may require larger beams,
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CONCRETE FLOORING SYSTEMS

Recently developed flooring systens using precast,
prestressed concerete for floor heams, joists. and/or
subflooring can often be useful in elevated struc-

tures. Construction and connection techniques for
these systemns are beyond the scope of this manual.

FLOOR-BEAM-TO-FLOOR-JOIST CONNECTIONS

A positive connection is also requised bencath
the first floorlevel between the floor joists and
floor beams (Figure 4.41). Metal connectors now
available provide strong positive connection (Figure
4.42). Metal straps can also be used provided proper
nailing is done and a sufficient number of straps is
installed. At the minimum, every other joist and
wall stud should be anchored with a strap, and even
mare for more sivere loads (Figore 4.43). A good
wood connector s algo heen developed. The
capacily of these conncetivns depends directly
T 4 on Lhe nomber of nails and their individual capa-
city to re<ist loads transverse to their axis. Pullonl
resistance along the axis is not used; rather, the
nails are placed at right angles (perpendicular) to
/ the loads being transferred between the wood
members. The number of nails counted in figuring
the total connection capacity of a given joint is the
lower number that exists on either stde of the
joint. For example, in the connection of a floor
beam to a floor joist, if five nails are in the beam
and four are {n the joist, the capacily of the
connection is timited by the four nails on the joist.

MECHANICAL
FASTENERS

{ HURRICANE CLIPS)
BETWEEN BeAV
AND 20191, ——

|

|
_ I T
Figure 4.42, Metal Hurricane Clips
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FLOOR JOISTS

Cross-bridging of all (foor joists i> reconmmended
Lo stiffen the floor system. The elevation makes
the floors (particularty the {irst floor) more acces-
sible to uplift wind forces, a well as to the forces
of moving water and floating debns. Effeelive
cross-brideing requires:

— nominal 1 x 27s 8 feet on center maxj-
mum

— solid bridging same depth as joist 8 feet
on center maximuhi,

SUBFLOORING

Two methods are commonly used for subiloor
construction: nowminal § x 4 or 1 x 6 boards placed
diagonally over the floor joists (cither tongue-and-
groove or squarc-edge with ¢xpansion space between
boards) and plywuod subflooring iised to create a
floor diaphragm. When a plywood subiloor is
planned, guidelines for thickness and methods of
attachment in relation to joist spacing can be
obtained from the Plviwood Construction Guide
publishcd annually by the American Plywood
Agsociation. A well-construeted, firmly attached
subfloor can be an important asset in resisting lateral
forces.

Subfloonng is typically nailed dircetly to the {loor
joists. Nailing with annular ring nails or deforined
shank nails is recommended. These nails provide
extra strength against pulling out when the floor
systein is exposed to toads other than gravity.

A systemn of nailing and adhesive application of
plyswood with tongue-and-groove joints alony the
long edges of the sheet avoids Lhe need for block-
ing along these edges. This produces a more level
floor and offers u stronver diaphragm action to
resist horizontal flood Torces.

STRAFPING
NAILEY TO
BTUpS

STRAPPING
WERAPPED
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FLOOR BEAM
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Figure 4.43. Metal Strapping
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Figure 4.45, Plywood Anchorage
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FLOOR.JOIST-TO-WALL CONNECTIONS

Elevated structures experience increased wind
forces because wind speeds increase with elevation.
Exterior walls are used as tension members to
transfer wind uplifi forees at the roof down to
resistance provided by the foundation. ft is usuvally
necessary to use galvanized melal strap connections
from alternate exterior wall stuids to the floor joists
or {loor beams and from Rrst floor studs to second
floor studs (Fisure 4.41). The eapacity of thesc
conncetions depends on the nuniber of nails nsed.
Manufacturers’ brochnres can be used to ascertain
connectors’ capacity and thus the spacing required.

WALL SHEATHING

Plywood is the most common shealhing in use for
exterior walls (Fygures 4.45 and 4.46). 'The major
advantages of plywood are that it braces the wall
[rawning to resist racking stresses and it forms a
continuous tie from floor bean to Lop plate when
properly installcd.

Plywood used for sheathing structures clevated uyps
to 10 feet above (e ground should be exterior
grade and not less than 1/2-inclh thick, Nailing
should be with sixpenny nails, spaced 6 inches
along the edges of he panel awd 12 inches on
intermediate studs.



Structures elevated more than 10 fcel should be
shcathed with 3/4-inch exterior grade plywood,
nailed with eightpenny nails, spaced as before,
Deformed shank or annular ring nails and plywoeod
with exterior gluc are recommended.

WALL BRACING

Bracing vertical walls against rackiug is a common
building yractice. especially for weak materials
such as some of the newer insulated sheathing.
Wind lorces and lateral forces from moving waler
are also significant factors in determining whether
and to what extent to brace vertical walls.

Common wall bracing mcthods are a let-in diagonal
wood brace. diagonal boards and plywood. A
common method similar to the let-in diagonal brace
is 2 hight-gauge galvanized stecl strap nailed
diagonally 1o each stud at the outside corners and
framed walls.

WALL-TO-ROOF CONNECTIONS

Crobably the most critical structural connections
for wind resistance are those beltween walls and
the root. For single-family residences, the roof
structure is usually roof rafters of 2 x 10’s or 2 x
12%s or roof trusses built up of 2 x 4’s or 2 x G’s.
Whetlwer rafters or trusses are used, they should be
spaced at about 16 inches or 24 inches on center (16
inches s the more common spacing). Roof con-
nections are cntical because these conunections are
limited in number—at most thev can oceur at every
rool raf'ter or truss.

A number of availabie galvanized metal connectors
place the nails in an orientation to best resist uplift
and lateral forces. Manufacturers’ brochures provide
the necessary design information.

LO0F RAFTERS

~
- - - ToP PLATE

EXIETIOR PLYWO0D
WALL SHEATHING
CONTINUOUS FROM
109 PLATE 10 MAIN
HOOR BEAM

\_¢Lo0n JoisT
———— SO0 BEAM

PILE
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Figure 4.46. Wall Sheathing Tie from
Roaof to Ceiling
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Related
Design Considerations

SHUTTER IN
POSITION

Figure 4.47. Shutters for Window
Protection

-~ Water
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Figure 4.48. Protective Utility Shaft
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GLASS PROTECTION

Even motlerate storms or routine hugh winds can
cause large losses of glass in buddings, partcularly
along a coast. Broken glass may allow rain and
loodwaters and high winds to enter the struclure.
Water damage can ruin furnishings and eventually
damage structural members. Wind allowed into an
elevated stmcture increases the uplift load on the
structure as it applics pressure to the ceiling and
wall surfaces.

Exterior shutters can be used to protect glass. lor
small openings the traditional louvered shutter
offcrs some protection. Additional protection is
possible nsing 1/2-inch plywood attached to the
back of the shutter, which will take the direct
forces from the storin (Figure 4.47). This method
allows coverage of fairty large areas of glass.

UTILITIES AND MECHANICAL EQUIPMENT

Structures in {lood-prone areas are commonly
served by cumhinations of electricity, water.
sanitary sewer. eus (both natural and bottled),
and telephone,  Typical installations for these
utiditics expose them to potential damage (tom
lloodimy and stormy action.  In the case of an
clevated lirst Moor, the conneetion from an under-
cround utlity hne to the (loor above (urther
exposes the ine to possible dammage and/or con-
Lasiination by (louding and storm action.  Under-
ground services are also sugceptible to damage
when erosion of tlic protective soil cover leaves
them exposed during flooding.

Damaye to utlity Lnes can lead to contamination
of drmking water, discharge of ¢ffluent from sewer
Jines. v vxplosivns. and lires and/or shock from
damagud clectmeal systems.

The most vulnerable seetion of any underground
utdity line is the portion between the groond and
the place it enters the elevated first floor. A mini-
mum amount of protection ¢an be obtained by
localing these utdity rnisers on the sides of interior
clevated foundation clements opposite the direction



of Mood water. This can mininize damage from
velocity waler or floating debris. A more secure
method is Lo place all ulilily lines coming from
underground within a protective, floodpraoled
shalt under the clevated first floor (Figure :48).

If elcctrical and telephone lines are supplicd [rom
overhead semvice lines, they should be connecled
through the uniity 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. Tf thisis not possible, the con-
nection should be made within a waterproof
enclosure.  All distribution panels or other major
elecinical equipment should also Le located above
expected flood waters. Branch civeuit wiring should
be fed from the first floor ceiling downward to mini-
mize wiring on the first floor.

All mechanica equipment (furnaces, hot water
heaters, air-onditioners. water softencrs) should
also be elevaled above expected flood waters (Figure
4.49). An allic location, if available, would provide
the equipment maximum safety. Heating and/or
cooliny systems using ductwork to carry tempered
air shounld be provided with emergency openings

at their lowest elevations and a miniinum slope on
horizontal duct runs in order to allow the system Lo
drain in case it beecomes submerged. Vigure 4.50
dlustrates some of these concepts.

Septic tanks should be floodproofed to ensure

that flooding does nol cause the {ank to rise out of
the ground if the tank is partially empty, as well

as Lo ensure against discharge of effluent.

BUILDING MATERIALS

One way lo increase the safcty of building matenals
is to clevate the building higher than the minimum
floodplain management requirements. Fven then,
however, flood waters may stdl  reach building
matcrials, so they should be protected.

A building clevated above grade has the enderside of
ils floor area exposed to climatic and (lood

Figure 4.49. Elevated Condenser Units
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Figure 4.50. Locating Utilities
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conditions, and will require special attention to
protecting building materials. The cimate and the
desired appearance will determine whether the
exposed nnderside of a floor should be seated.
Sealing exposed floors can protect subfloors and
joists from the elemenis, improve insulation, and
help conceal utilitics.

The material used to cnclose {loor spaces should
be resistant to waler damage oy inexpensive to
replace if il is not resistant to damage. Exterior
grade plywood treated with preservatives is water-
resistant and can be cffective. Gypsum products
should not be used unless an acceptable level of
performance is assured. Regardless of the material
used, some provision must be made Lo allow water
that may find its way inlo the floor sandwich
during storms and flooding o drain out, and for
the joist spaces to dry oul.

Wood

Wood exposed to the elements should be protected
by treatment with any one of a number of chemical
preservatives to make e wood resistant to fung
attack, insects, bacteria, and rol. Conncctions
should be designed so that water will not collect on
or in them. They can be protected with protective
flashing, by treating saw cuts and drill holes with
preservatives, and by painting connections. The
Armurican Wood Preservers [nstitufe, Tyson's Inter-
national Buillding, 1945 Gallows Road, Vienna,
Virginia 22180. can provide specific guidelines,

Steel

In riverine areas stcel framing and foundation
membeys exposed Lo the elements should be pro-
tected by galvanization or by painting with rust-
retardant pamts. The need for painting can be
eliminated through the use of surface oxidizing
steels (high strength Jow alloy).

In saltwater #nvironments, exposed structural steel
shapes, beams, pipes, charnels, angles, ete., undergo
very rapid corrosion, and their use should be
avoided. Small connecting devices such as bolts,
angles, bars, and straps should be hot-dipped galvu-



nized after {abrication and coated with a protective
paint after installation. Standard galvanized shcet
metal joist hangers and other copnecting devices
deteriorate rapidly despite their galvanized coating
and also require additional protective coatings.
Small anchoring devices, nails, spikes, bolts, and lag
screws should, whenever possible, be hot-dipped
gatvanized. With shect metal clips and hangers, the
spectil nails used should also be galvanized. Regular
mspection, maintenance, and replacement of
corroded metal parts is necessary when steel is used
in the coastal environment. Steel rods used to
reinforce concrete or masonry pites or piers require
gpecial precautions to prevent saltwater from
reaching the stecl through hairline cracks in concrete
or through masonry joints. This is discussed below.

The Amemcan Iron and Steel Institute. 1000
Sixteenth Street, Washington, D.C. 20036, can
provide specific guidelines.

Concrete and Masonry

The durability of reinfurced concrete and masonry
block can be improved by the use of chemical
additives mixed with the conercte and mortar and
by special treatments and coatings. Additives are
numerons and vary from those that will prevent
spalbing due to freezing to those that will improve
strength. Surface treatments and coatings, such as
silicone and epoxy paints. can be used to reduce
water ubsorption and penctration and to prevent
damage by airborne pollutants. Guidance in the
use of concrete and masonry can be obtained
from the Portland Cement Association, Old Orchard
Road, Skokie, llinois 60076, and the National
Concrete Masonry Association. P.O. Box 781,
Herndon, Virginia 22070.

INSULATION

Like exposed walls of conventional structures, the
exposcd floor of elevaled residences must be
insulated against heat losses and beat gains.
Depending on the climate, two factors should be
considered. First, elevating a building will expose
plumbing; such plumbing must be insulated against
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freezing. In extremely cold chinates, heating
cables may be necessary witli the msulation.
Second, insulated foor dechs may be subject to
floodwaters and should therefore have either
impermeable, closed-pore insutation able to with-
stand water submersion or insulation thal can bhe
replaced economically (I'igures 4.51 through 4.33).

BREAKAWAY WALLS

As indicated in Design and  Constriuclinn
Mannal for Residentinl Kuildings in Constel High
Hazurd Areus. ciled in the Preface, the area under
an elevated struclure in a V Zone must be Iyee of
obslructions or be constructed with breakaway
walls (e.g., latticework) desighed to collapse imder
stress without jeopardizing the structural support
of the building (kigure 1.54). Loads rom fluod
walers and waterbourne debris arc eritical considera-
tons in desighing Lreakaway walls.

RETROFITTING EXJISTING STRUCTURES

Fxisting residential structures in flood hozard areas
can often be raiscd in-place Lo a higher elevation Lo
reduce their susecpubility to flood daage. The
prineipal considerstion i raising exigting structures
is often the cost: vencrally. the technology exists
Lo raise almost any struclure, even mullistory
buildings, but the cost increases as the dilficutty
inereases,

Residential structires have lcen satisfactordy
raised up (0 nine fect. Aesthelics, intended uvse,
needed flood elevatiun, and structural stability
fluence the heicht sclected,  Generally. the
additional cost to raise a structure an additional
foot or s0 is small compared to the mitial set-up
cosl.

The new (oundation for an existing structure
should be selected and designed as discussed
earlier.

Raising in-place is generally feasible for structures
that arve 1) aceessible helow the first (Toor for
Macement of jacks and bewns, 2) lisht enough to



be jacked with conventional house moving cquip-
ment, 3) small enough that they can be raised
in one piece, and 4) strong enough to withstand
the stress of the raising process.

Wood frame residential and light commercial
structures with first floors above the ground
(normally with an 18-inch crawl space beneath the
first floor) are particularly suvited for raising.
Wood (rame structures with basements below
the ficst floor are also accessible and lightweight:
however, raising the superstructure docs nol
protect the basement, and the basement should
be filled with a granular material to provide struc-
tural stability for the walls. Brick, brick venecr,
and masonry structures, while heavier and more
difficull to handle, can also be raised.

Utility equipmenl Jocated in a basement can often
be moved to a higher room, such as an upstairs
closet, or an attic. [t s importanl to ensure thal
the closet or attic floor can support the weight nf
the equipment. If neccssary, an elevated addition
can be built to house a fumace, hot waler heater,
and other equipment formerly lioused in a

basement. Protecting utihty equipmenl in this way

can be useful even if the house ilself cannol or
need not be raised.

Raising a structure usually mvolves the following
steps:

— Disconnect all plumbing. wiring. and otilities
that cannot be raised with (he structure,

— Place steel beams and hy draulie jacks beneuth
the structure and raise to desired clevation.,

— Extend existing foundation walls and piers
or construcl new foundation.

— It a basememl exists. remmove waler heater.
furnace. etc.. and il basement with granuo-
lar material (o support basecment walls.

— Lower the structure onto the extended or new
foundation.

— Adjust walks, steps, ramps. plumbimg, and
utidities and regrade site as desired.

~ Reconneet all plumbing. wirti. and ulilitics,

— Insulate exposed floor to reduce heat loss and
protect plumbing, wiring. utilities and insula-
tion from possible water damage.
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Figure 4.53. Double-Insulated Floor
Plenum, Pier Foundation
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Figure 4.54. Breakaway Walls
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COST ANALYSIS




Onee a community decides that the cconomic
risk and environmental impact of devetoping
Toodplaus land for residential use is acceptable,
the doltar cost of that development niust e
cvaluated. T'wo factors bear signiticantly on

any such evaluation. firsl, the net cost ol con-
struclion Ul mects Lhe standards of the
National Flood insurance Prograne (NT(P) m
light of the potential and unpredictable hazard of
flooding and the losses (hal may ensues sceond,
the cost differential: betwern constrise{ion on
clevated foundations and vonventional Luild-

ing methods, (Note thal standards adapted by
local jurisdictions are often more stringent than the
NETPs.)

Repeated stindies hove shown that the savings
that eon bhe reabized over the ifetinme ol a strae-
ture by huilding on u var-ed faundation are
astally cansiderable wlhen compared wath he
one-fime inerease 1 cous=troaelion cosls for an
clevated Tonndation, “This s fargely Lecanse The
the vne-time fonndation cosls are senceally only
live or xin peseent of te tolal cost ol a te-idential
stracture, while the flood msarance savings tha
can be achioved over the life of o stroetire Ty
clevating 1t can be considershle,

The economice cost to the individual of building a
home in the floodplain consists of hoth floud
damages that will occur and the costs of whatever
nicasures are taken to mutigate such dumages. The
cost of tlood damages Lo the homeowner may be
partially shifted to federal. state. and local govem-
ment through low-interest loans and tax deduc-
tions for Josses incurred, In communtics parti-
cipating in the NI'JP, the owner of 8 new home can
purchase (food insurance. Essenlially. flood msur-
ance allows the homeowner Lo spread Lhe flood
risk to others facing the same hazards and, morc
importantly, permits one to pay for expected
flood losses. which are unpredictable as Lo sizc
and hime of occurrence, in predictable annnal pay-
ments. These are more manageable than un-
expected flood losses, especially if more (han one
large flood happens to oceur in s very short ime.
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COST COMPARISON APPROACH

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

1. Slab-on-grade, crawl space, and busemenl
foundations were selected as three of the most
common types of residential foundations, and
detailed drawings of them were prepared
(Figure 5.1). Detailed drawings were also pre-
pared for the three most typical elevation
foundation types. These are post, pile, and
pier foundations (I'igure 5.2). (Regarding
usc of earth fill, see below.)
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Figure 5.2, Elevated Foundations (Estimates are spring 1983.)
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Conventional Foundations

Slab-on-Grade $4.61 per sqg. fL.
Crawl Space $5.13 per sq. ft.
Basement $11.01 per sq. ft.
Elevated Foundations

Wood Post $6.96 per sq. ft.
Wood Pile $6.58 per 5q. ft.
Concrete Pier $7.08 per sq. ft.

Estimates—Spring 1983

Figure 5.3. Foundation Cost Estimates

Elevated

Foundations
% Increase of Wood Post
Total House Cost Wood Pile,

Concrete Pier

Dollar Increase, Wood Post
Foundation Wood Pile
Cost Only Concrete Pier

2. The vstimates are summarized i Figure 5.3,

They arc based on the foundation and deck
of a 1,500-squarc-foot bouse, 28'x50°, with

a small offsct.

The total cost of this housc

ts approximately $60.000, excluding Jand.
All estimates were based on FIVA vonstrie-
tion practices.

3. Using dota from 1his cost sampling, (he

averape coxl of cach convenhional fonndation

[y pe ds compared to the average cost of cach

elevated lToundations tvpe. This comparison s
done in two ways: [irst, each foundation as o

percentage of the cost of the entire house

(conventiona) fonndations were established as

ha=c 100) and, zevond the dollar inercase in
the eo2t of the Toundation ahove,

Conventional Foundations
Siab on Grade

+5.9
+4.9
+6.2

$3,525
$2,955
$3,707

Crawl Spaces

+4.6
+3.6
+4.9

$2,745
$2,175
$2,925

Basement

-10.1
=111
-9.8

-$6,075
—$6,645
-$5,885

Figure 5.4 Cost Differentials, Conventional Vs. Elevated Foundations, for House Costing $60,000,

Excluding Land.
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4. Figure 3.5 graphically compares the cost of
constrocting the different types of fow-
dations at various elevations.
increasing Lhe elevation increases costs at a
subslantial rate only in the case of the
option (which is based on the availability of

usable ful materia on thee <ite).

Note (hat

Slab+ Site fill
(not permitted in zone V)

15 —
14

13

12

11

v

# Conc. piers
] i i
Wood posts

- [

o ¢

e ® Wood piles

COST (in thousands of dollars)

|

o—*r\:oo-t:-mcu\loocoa

01 2 34 5 6 7 8 9101112131415
ELEVATION (in feet)

Figure 5.5. Relative Costs of Foundations Elevated to Different Heights
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Fill

Fill can often be vsed in A Zones to clevate con-
ventional foundations such as slab-on-grade. The
cost of this approach varies widely, depending on
the avaybility, quality, and unjt cost of i) as well
as the height and compaction necessary. Local
building officials or sous engineers should he
consulted to evaluate local vonditions.

COST COMPARISON CAVEATS

The comparative cost. data given above do nol take
pito account a number of factors that can affect
cither basic construction costs or long-term insur-
ance costs.

Insurance Cosls

Insurance rates under the NFIP vary greatly de-
pending on the clevation of a building and other
features related to flood safety. Differences in
these rates can overshadow the construction cost
differentials discussed in this chapter, and should
be considered carefully in making desigm deci-
sions.

Design Assumptions

Each house elevated on piles, posts, and iers was
assumed to have 21 foundation elements. In addi-
tion, each clement was assumed to be an average
length that included the length below grade and
the length between grade and the structuce. These
lengths are 16 feet for piles, 14 fect for posts, and
15 feet for piers. In practice, both the number and
length of foundation ¢lenicuts will vary depending
on soll conditions, expected flood levels, cte.

Earthquakes

Constructing clevated foundations in cartliquake
areas may require additional structural expendi-
tures that should be noted in cost estimates. Local
building officials or a structural engineer should be
consulted to evaluate locad conditions.



Stairs and Utilities

Elevating a residence may resull in increased cost
for staire and for utilitics that must be clevated
above grade. These costs were not considered in
the estimates presented here since they vary with
height of elevation, cost assignment, i.c., who pays
for installation of utilitics, and clevation method.

Regional Cosl Varialions

The cost data presented above are bascd on
national averages, and do not take into accounl
regional cosl variabons.

Cost [nflation

Building costs are difficult to predict hecavse of
the tendency for the cost of basic construction
commodities—lumber, conerete, and stee)--to fhue-
tuate and to vary selative Lo cach other. Tlie costs
here arc estimated using data for the spring of

1983.
Non-Cost Consideralions

Cost 1s not the only determnant {ar selecting the
material and method for elevating, Market aceepl-
ance (buycrs and banks), architectural dezign inte-
gration, climatic conditions. site conditions, and
anticipated flood hazards should also he con-
stdered.

ESTIMATING FORMS

The forms on the following pages can be used for
making cost estimates for eomventional and cle-
vated foundations,
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SLAB-ON-GRADE ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Footage of Floor Area

Lineal Footage of Perimeter
Square Footage of Foundation Wall

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

Layout house on fot =

Trench for footing X LF =%

Place footings X LF =3

Lay-up or form & pour
foundation wal/ X SF =

Fill & grade for slab X SF =

Place vapor barrier, wire

Grand Total

mesh & insulation X SF =5

Place & finish slab X SF =§
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CRAWL SPACE

ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Footage of Floor Area

Lineal Footage of Perimeter
Square Footage of Foundation Wall

Number of Piers

Layout house on lot

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

Trench for footing x
Place footings x
Lay-up or form and pour

foundation wall X
Place pier footings X
Lay-up or form and

pour plers X
Backfill X
Floor Girder X
Floor Framing X
Insulation & sealer X
Subfloor X
Place floor slab X

Grand Total

LF

LF

SF

Ea.

Ea.
cy
LF
SF
SF
SF

SF
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BASEMENT ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Footage of Floor Area

Lineal Footage of Perimeter

Square Footage of Basernent Wall Area

Number of Basement Support Columns

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

Layout house on lot

Excavation & spoil removal X
Place footings X
Place pier footings X

Lay-up or form & pour

foundation wall X
Parge wall X
Set drain tile X
Backfill “

Place vapor barrier
and wire mesh X

Place and finish

floor slab ‘ X
Place girder X
Frame Floor X
Place subfloor X

Grand Total

SF
LF

Ea.

SF
SF
LF

cy

SF

SF
LF
SF

SF




WOOD POST ESTIMATING FORM

TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Footage of Floor Area

Lineal Footage of Girders
Number of Posts

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

Layour house on (ot

Auger or dig post holes
and remove spofl X

Place concrete punching

pad X
Place poles X
Backfill poles and plumb X
Set girder X
Frame floor X
Place insulation & sealer X
Place subfloor X

Grand Total

Qty

Qty
Qry
Qty
LF
SF
SF

SF
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WOOD PILE ESTIMATING FORM

TO DETERMINE LOCAL COSTS

Compute the following and enter:

Square Footage of Floor Area

Lineal Footage of Girders

Number of Piles

Toral Lineal Footage of Piles

110

Enter your costs {combine labor and materiat) and extend:

Layout house on lot

Bring pile-driving equip-

ment to site X
Furnish and drive piles X
Set girder X
Frame floor X

Place insulation and
sealer X

Place subfloor X

Grand Total

=¥
LF =§
LF =§
SF =8
SF =§
SF =§

$




CONCRETE PIER ESTIMATING FORM
TO DETERMINE LOCAL COSTS

Compute the following and enter;

Square Footage of Floor Area

Lineal Footage of Girder

Number of Piers

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

Layout house on lot =$

Auger or dig pier holes

and remove spoil o X Qty =8
Place concrete footing L x Qty=9$
Form & pour piers X Qty =§
Backfill X Qty = §
Set girder o LF =§
Frame floor o x__ SF =§
Place insulation

and sealer o X SF =5
Place subfloor o . _SF =y

Grand Total 3




MATERIALS

RESOURCE
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Glossary

Base Flood Elevation (BFE)

The elevation for which there is u one-percent
chance in any given year that flood levels will equal
or exceed it (see Speciul Flood Hazard Arux). The
B 1s determimed by slatistical analysis of #(ream-
flow recorc for the w- rghed and rainfall and
runoff cha  eristics in ¢ renerad region of
e watershed.

Coastal High Hazard Arcs

The portion of ¢ "4l floodplain that iz suhject
to lngh veloeity v Llers canscd by tropical stormis.
hurricanes, nort lers, or onamis. Labeled
V Zones on Flood Insurance Rate Maps. {hese
areas experience breaking waves of tloee feel or
More.

Debris Impact Loads

Loads induced on a structnre by solid ubjects
carried by flood water. Debriz can nclude trees,
fumber. displuced seetions of structures. tanks,
runaway boats. and chonks of jee. Debris imipact
loads are difficull to predict accnrately. yvet rea.
onable allowancy: nuust be made for them in the
d gnof potentiadly affected iy hures.

Encroachnient

Any physical abj -t placed in a floodplain that
linders the pa-sa + of water or otherwise affecis
flood flaws,

Existing Construction

Thoge structures already exisling or en which
constructon ur 2ub antial improvement was
started prior to the ¢ffr ive date of a commuuty’s
floodplain munueement re, ations.,

Flood or Flooding

\ weneral and temporary condition of partial or
complete mundation of normully dry land areas.
Flooding results from e overflow of inland or
tdal walers or the unusuad and rapid accumula-
tion of sarlace water runoff trom any source,

Flood Insurance Rate Map (FIRM)

An official map of a communily. issued or
approved by the Federa I5mergency Management
\ ey, that delineates both the special hazard
a: as and the risk premwm zones applicable to the
community. Zones arc as follows:

Zone A (unmumbered) - special flood hazard
arca i andated by the 100-y ear flood; dcter-
mini oy approximate mcthods with no base
Moud clevation shown.

Zones A1—A30 - speeial {lood hazard area
imundaled by the 100-year [lood; determined
by detad methods with base flood elevations
shown.

Zoae B - arca between the limits of the 100-
vear flood und the 300-y car flood. r eeriain
arcas  "jeel 1o 100y ear Mlooding with average
depthic e+ than ] feol, or areas protected by
lev. 1 the base flood.

Zone G - wrea of mpvmal (looding: located out-
side the nfts of the 300-vear (lood.

Zone V (unnumbcred) - ar
aclion. without base flood ¢

subjeet to wave
.ation shown,

Zones VI-V30 - sprciad flood hazard area of

100-v car voastal flovding with velocity (wave
action): base flood ¢lovatons shown.
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Floodplain

Any normally dry land area that is suscepuble to
bemmg inundaled by water from any natural source.
Thig area is usually low Luid adjieent Lo u rver,
stream, watercourse, ocean. o lake.

Floodplain Management

The opcration of a progtam ol corpeelive and
preventve measures {or reduemg Hlood damage,
including but not himited to {lood control pro-
jects, {loodplain land.usc reralations, flood-

proofing of buildings, and cnverpeney prepared-
ness plans.

Floodway

The channel ol a dver or walercourse and the
adjarent land arcas that must be reserved to
discliarge the one-percent-probability lood with.
out cumulalively increasing the watey surface
elevation more Lhan a destgnated height, generully
one foot.

Hydrology

The zcience of the hehavior of water in the atmos-
phere, on the carth’s surface, wid underground.

Hydrodynamie Loads

As flood water flows aronnd a struclure it imposes

loads on the =stnucture. These Joads conzist of frmital

inpact by the mass of moving waler against the

structure, drag effect along the stdes of the structure,

and eddics ur negative pressire on the strueture’s
downstream side.

Hydrostatic Loads

Those loads or pregsures resulting from (he static
mass of water al any point of flood water contact
with a structure. They are cqual W all dixeetions
wul dways act perpendicular to the sinface on
which thev we applivd. Hydrostatic loads can
act vertically on struetural members such as
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floors. deiks, wnid roofs, and can act laterally on
upright structural members such as walls, piers,
and foundalions.

Mean Sea Level

The average height of the sea for all stages of the
lide, usually determined from houcly height ob-
scrvalions over a nineteen-year period on an open
coasl or in adjacent waters having lree access to
the sea.

New Conslruction

Structures on which construction or substantial
improvement was started after the effective date
of 1 community's floodplain management regu-
latonx.

One-Hundred Year Flood

(dec Special Flood Hazurd treas).

Permeability

Tl property of soil or rock that allows passage of
water through it

Regulatory Floodway

Any floodway referenced i a floodplan
ordinayce for the purpose of applying floodway
regulations.

Special Flood Hazard Aveas

Arcas in a commuruty that have been identificd as
suscepltible to a one-percent or greater chance of
flooding in any gven year. A onc-percent
probability {lood 1s also known us the 100-year
(Tood oy the base flood.

Stidlwalter Flevations

The elevation that Lhe surface of the water would
asswne f all wave aclion were alent.



Storm Surge

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

Subgstantial Improvement

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

n Ql -

B ~l

Watershed

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

Wave Height

The vertical distance hetween a wave cerest and the
preccding trough.

Wave Crest Elevation

The clevation of the 100-year storm surge plus
wave height.
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Regulatory Informadon
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FEMA Regional Offices

The Federal ¥mergeney Man-

agepient Ageney (FEMA) was

created i 1U78 Lo provide a

single point of accountability for

all é-deral aclivilies related lo

disaster mitication and cmer- -
gency preparcdness and v onsc,
It was established as an ind pen-
dent ageney in the execu
Lrancle to consolidate a vancly
of existing age: and offices
performing relat 1 {unctions.
The Federal Insurance Adminis-
tration (FIA), formerly a part of
the Department of 1ousing and
LUeban Devclopment, is onlv
responsible for administern ¢ the
Nalional  Flood  Insuriniec
Program. This rezpo sibiily in-
cludes assisting state o 1 Jocal
governments in the imp.. nta-
tion of flood-plain manazrment
programs and providing informa-
ton on flooding Lo connuunities
and individuals. Rr-ional ofliees
are the prinary meais by which
FEM 'S programs arc carmed
oul at the state and local level,

Region T e, I Region ITI
Mas achusel' s, New damp-
sb ., Rhode  Lund &

Vermont

JW. MuaeConack Post
Ottice Buiidine, Room !:2
[3ostun, M Ty 028
(617) 223-9..10

New Jorsey, New York,
Puerto Ricu & Virgin lslands

Region II
Region 1V

2 Fe = | Plaza
Ko, 3
N Vark New York 10278

« 0
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Delaware. District of
Colnmbia, Maryland,
Pentisylvania, Virginia &
West Vireinia

Liberty Square Building

105 South Seventh Street

Philadelphia, Pennsylvania
18106

(215) 597-9416

Alabama, Florida, Georgia,
Kentucky, Mississippi,
North Carolina, South
Carnlina & Tennessiee

1375 Prichtree Street, NW.
Suite 700

Atlanta, Georgia 31792

(404) 347-2400



Ihnois, Indiana, Michigan, Region VIII
Minnesota, Ohio &

Wisconsin

Region ¥

300 South Wacker Drive
24th Floor

Chicago, Illinois 60606
312) 353-8661

Arkunsas, Louwstana, New Region TX
Mixico, Oklahoma & Texas

Region V1

Federal Regional Center
Rm. 206
800 North Loop 28R
Denton, Texas 76201
(817) 387-5811

Region V]I

lowa, Kansas, Missowri & Repion X

Nithrusks
911 Walnut Street
Room 300

Kansas GCity, Missouri 64106
(816) 374-5912

s Bothe

X VI

San Franciscy

IX

N

e Dgnton

Federal Emergency Management Agency
Reglonal Offices snd Boundaries

Colorwdo, Montana, Narth
Dakota, South Dakota, | 'tah
& Wyoming

I i I giomd U ter

B lc ¢ ), Box cocti
aver, Colorado SO2:25
3) 235-4K811

Arizons, Colifornia, Hawuaii

& Nevada

Buo' 105
Pve £ S Frsaielseo
San ' sizen, California
9
(41 3-R794
T 70, Orepon &
Y oal NY

Federal Re al Center
130 22&th Sty ., AW,
Eoth ) We  ngton 48011
(L. 4814 00

oy - Bosion
sw York
“l Phitedelphia

= Allapfs
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State Coordinating
Offices for the NFIP

Each of the states, in cooperation wilh the Fuderal
Emerzeney Managzement Ageney, has designated a
specific agency to roordinale implementation of
the National lood Insurance Program. This
aceney provides a ink between federal, state. and
local levels ol governmient and between differendt
state agencics with flood-related responsibilities.
The designated agency will tvpically be a depast-
et responsible for nataral resourees, energency
services, or physical development, and i= a foral
point for information relating to flood insucance
and ﬂ()odplajn manggenent, It can be an
nuportant source of physical data, mformaton on
community eligibility for lood insurance, relevant
~tade reculations, referencex to other aveneies, and,
wr sone instances, echnical assistinee, {he
autharity of cach state’s coordinating ageney
varies. and can best be determined through direct
contact,
Alabama Department of Econonies
and Comnumity Affairs
State Planning Division
P.O. Box 2939
3465 Norman Bridge Road
Montgomery, Alabama 36105
(205) 284-8735
Alaska Department of Community
& Rewional Affairs
Division of Municipal
and Regional Affairs
949 East 36 Avenue
Suite 100
Anchorage, Alaska H450X
(907) 561-8586
Arizona Department. of Water
Resources
Flood Control Branch
99 K. Virginia 2nd Floor
Phoenix, Arizonu 85004
(602) 253-1566
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Arkansas

California

Colorado

Connpecticul

Delaware

District of
Columbia

Soil & Water

Conservation Commission
#1 Capitol Mall
Suite 2D
Little Rock, Arkansas 72201
(501) 871-1611

Department of Water
Resourees

P.0O. Box 388

Sacramento, California 95802

(916) 445-6249

Colorado Water
Conservation Board

State Centennial Building,
Room 823

1313 Sherman Street

Denver, Colorado 80202

(303) 566-3441

Dept. of Environmental
Protection

165 Capitol Avenue

Hartford, Connecticut 06106

(203) 566-7245

Dept. of Natwral &
Environmental Contral

Division of Soil & Water
Conservation

Edward Tatnall Building

P.O. Box 1401

Dover, Delaware 19901

(302) 736-4411

Department of Consumer
Regulatory Affairs

614 H Street, N.W.

Washington, D.C. 20001

{(202) 727-7577



Florida

Georgia

Guam

Hawaiil

Idaho

[llinois

Indiana

Department of Community
Affairs

Div. of Resource Plarining
and Management

2571 Executive Cur. Cirvle
East

Tallahassee, Florida 32301

(904) 488-9210

Georgia Department of
Natural Resources,
Environmental Protection
Division

19 Martin Luther King, J».
Dr., S.W.. Room 400

Atlanta, Georgia 30334

(404) 606-2214

Office uf Civil Defense
Pzt Offiee Box 2877
Aguna, Guam 96910
011-671-477-9841

Hawaii Bourd of Land and
Natural Resources

P.0. Box 373

Honolulu, Hawaii 96809

{(808) 543-7539

Department of Water
Resourees

State House

Boise, [daho 83720

(208) 334-4470

Iinoix Department of
Trangportation

Division of Water
Resources

Loeal Floud Plain Programs

300 North State Street,
Room 1010

Chicaga, Ninois 60610

(312) 793-384

Department of Nutuval
Resources

GOR State Office Building

Indianapolis, Indiuna 46204

(317 232-4160

lowa

Kansas

Kentucky

l.ouisiana

Maine

Maryland

Massachusetts

Iowa Natural Resources
Council

Wallace State Office
Building

Des Moines, lowa 50319

(515) 231-51129

Kansas State Board of
Agriculture

Division of Water Resources

109 Southwest Ninth Street

Topela. Kiansas 66612

(913) 296-3717

Department of Natural
Resources

Divigion of Water

13 Reilly Read

Fort Boone Plaza

Franidfort, Kentucky 40601

(H02) 364-3410

Louisiana Department of
Urban & Cormmanity
Aftuirs

P.O, Bix 44453, Capitol
Station

Batun Rouge, Louikiuna
70804

(504) 925-2730)

Bureau of Civil Emergency
Preparedness

State House

187 Suate Sireel

Augusla, Maine 04330

(207) 28Y-2154

Marytand Water Resources
Administration

Flood Managerment Section

Tawes State Office Building
D-2

Annapolix, Maryland 21401

(301) 269-3526

Massachusctts Water
Resources Commission

State Office Building

100 Cambridge Streel

Boston, Massachusetts 02202

(617) 727-3267
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Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

122

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. Pau)l Minnesota 55101

(612) 296-9226

Mississippi Research &

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

Department of Natural
Resources

1101 R. Southwest Blvd.

P.O. Box 1368

Jefferson City, Missouri
65102

(314) 751-4932

Department of Natwral

Resources & Conservation

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

Nebraska Natural Resources

Commission
P.O. Box 94876
Lincoln, Nebraska 63509
(402) 471-2081

Division of Emergency
Management

Capitol Complex

Carson City, Nevada 89710

(702) 885-4240

New Hampshire

New Jersey

New Mexico

New York

North Carolina

’.

New Hampshire Office of
State Planning

24 Beacon Street

Concord, NH 03301

(603) 271-2231

New Jersey Department of
Environmental Protection
Division of Water Resources

P.O. Box CN 028
Trenton, New Jersey 08625
(609) 292-2296

State Enginver

Bataan Memonrial Bldg.

Santa Fe, New Mexico
97501

(505) 827-6140

New York Department of
Environmental
Conservation

Flood Protection Bureau

50 Wolf Road-Room 422

Alhany, New York 12233

(518) 457-3157

North Carolina Departnient
of Nalural Resources &
Comimunity Develispment

Division of Cormrmunity
Assistance

512 North Salisbury Street

P.O. Box 27687

Raleigh, North Ciaroling
27611

(919) 723-2850



North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

r. ) Puerto Rico

%
14
Rhode Island
South Carolina
W. ~Co . on
W, evara
ek, North T
(701, 24 Tou

South Dakota
Ohin Department of Natural
Resources
Flo | Pliin Plamr ¢ 'mit
. onntain Squire
' mnbus, Ohiu 4322.
(614) 263-6755

O o Water Resoures Tennessee
(|

12th Floor Northeast

10th & Stenewall

Oklzlima City, OK 73105

(405) 271-253%

Department of Land
Conscrvation and
Development

1175 Court Steect, NE. Texas
Satewn, Or ~ 97310
(503) &'
Deya v Lo of Community
Aft
531 Forum Building,
Room 317
Hawmrisbwrg, PA 17120
(717) 787-7400 Utah

Puerto Rico Planning Board

P.0. Box 4119, Minillas
Station

D-Diego Avenue

Santurce, Puerto Rieco 60940

(809) 726-7110

Rhode Island Office of State
Planning

Statewide Planning Frogram

265 Melrose Street

Providence, R1 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 Comnmunity
Development

Division of Local Planning

1800 James K. Polk
Office Building

605 Deaderick Street

Nashville, Tennessee 37219

(615) 741-2211

Texas Dept. of Water
Resources

P.O. Box 13087, Capitol
Station

1700 North Congress
Avenue

Austin, Texas 78711

(512) 475-2171

Office of Comprehensive
Emergency Management
1543 Sunnyside Avenue
Salt Lake City, Utah 84108
(801) 533-5271
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Vermont

Virgin Islands
Virginia

Washington

4
!

AP

i
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i gy

Environmental Conservation

Agency

Division of Water Resources

State Office Building

Montpelier, Vermont 05602

(802) 828-2761

Disaster Preparedness
Office

Box 1208

St. Thomas, VI 00801

(809) 774-6555

Virginia State Water
Control Board
P.O. Box 11143

Richmond, Virginia 23230

(804) 257-0075

Department of Ecology

Mail Stop PVI11

Olympia, Washington
98504

(206) 459-6288

| —

|

West Virginia

West Virginia Office of
Emergency Services

Room EB-80

Capitol Building

Charleston, WV 25305

(304) 348-3831

Department of Natural
Resources

Flood Plain-Shoreline
Management Section

P.0. Box 7921

Madison, Wisconsin 53707

(608) 266-1926

Wyoming Disaster and Civil

Defense Agency
P.O. Box 1709

Cheyenne, Wyoming 82003

30T) 771-7566

E




Performance Criteria

The {ollowing performance requirements and
criteria identify a range of consilcrations that
should be addressed daring the design of residential
structures for flood bazard areas. These
performance criteria do nol represent the entive
range of ilems applicable to eaclt requirenient.
Instead, a selective number of eriteria bave heen-
presented.

The performance requirements and criteria are
applicable to all structural materials and all con-
struction methods used in flood hazard areas.
Traditional or conventiona construction solutions,
as well as innovative technigues, are aceeptable so
long as the performance requirements and criteria
arc satisficd.

DEFINITIONS

Teris important to proper intcerpretation of the
performance requirements and criteria are defined
as fallows:

Applicable Codes

The system of Jegal regulations adopted by a
conmmunity scLting forth standards for the con-
struction, addition. modification, and repair of
buildings and other structores {or the purpose of
protecting the health salety and general welfare of
the public.

Community

Any state or political subdivision thereof with
authority to adopt and enforce floodplain manage-
ment regulations for areas within its junsdiction.

Design Flood (Base Flood)
The design flood s the base or 100-year flood used
for purposes of compliance with the National

I'lood Insurance Prograin (NFIP).

In coastal high hazard zones the 100-ycar flood
includes wave height above Lhe stillwater level.

Design Loads

The design load is the minimu 1o ¥+ ondition
that the building should b Je ned (o
Some Joading conditions yie (UL 7 wi be

defined in the applicablc cor wi = othe |y

conditions (c.g., flood imp 6 sads) v 0 bav. Lo he

sl

determiined. The followinge consti ¢
design load wnd showld be v 4 1 Cmininmum

loading conditions as defined in Crerion ALl
(se¢ helow):

Dead Load (D)

The weight of all permanent constrotion. e
dead load includes a) the weieht of the simie we
itself, b) the weigl  of all matenals of constru« fici:
corporated into ildime that are to be
permanently supported by the structure. ineluding
budt-ire partilions. ) the v oight of permanent
equipment.and d) fo. Ju Lo prestre
Gracitv Live Load (1)

Cravity live loads resnlL from both the s paney
(fluory and b ~nvironment (rool) e Slding,
as stipplater L the applicable coded The s« iochide,
where 3 able, loads vaused by goil wnd hydro-
static pressures.

Bind Lowds (1)
Wind loads stipulated in the applicable codi,
Restruint Louds (R)

Loads, fo. . and effects due (o condraction or
expansion 1 sulting from temperatu:
shrinkage, moisture vhanees, ereep in co nponent
materials, movement due to differcntial = Hlenienl
or combinadions lthercof.

Il| [NARE
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Flood Loads (1)
Lowds cuused by the de<bun tlaad, which norlude:

— Flood-mdurcd diviensional chang .~ such as
swelline of woond or heave of < founda-

Lion soils

1ed e Section 602.0 ol e
alion, Flood-

- Waler load:
Cor = -f Fazineers pu
ofing Reguladions

Soil loads as defin-d in Seetion 604.0 of the
Corps of Engineers® publication, Flond-
Proafiniz Reswlolions

Scetiong of 602.0 and 604.0 of Fload-Proafing
Rezulations (B0 1V0S-2-3 01 O~ o (he Chief
of Fngiveers, Us Apny (] < LY7U) are

repeoiduced helow:
SECTION 602.0 WATER LOADS

SEC. 602.] T\ pres

Wo U sraclies b e e load o pressires on

ric v o : |- <ol and indueed
bl prese 1 od waleas, s he ot sre ol Lwo
( V'i'_ ~ \Eas ) ||_\|||‘n\]\:.d)

Sec. 602.2 Hvdroustatic Loads

Hyd Seload e o v ieither sove or
e wothie o -1 v coelioe wlach ey
<laznant r moy Foerny fow o ocitn s, orup to five (5)
Liet [t ~venn N T I ) Johe lAl'(HilJi'l ol
the water vesnre arfaee greg on w hich e
pre-nre s 10 reald oo pn - to e
|»rm]i.||'! ol Lhe v \“"'.—‘:’l ol w g ' | vl- jr
cupie footy urall Al Tl =iy o waier above Qe
pointor by the [t TS ned water wonld

nse il e e do se Hvdr,
gl lir ar "av oalay

¢ pressures al any poimt

arcoap i

el « aonwhonth Hu‘} ar. wd. Forthe purpose
o b s e lation- hivdrostatio mads oo cubdivided jnto
the ol iz Lpes:

See 60221 Vsl Lo

'“N‘.\t' e PR i ‘.1"} o (RS ' f\l |
o mclin urtaces ol oanlil s or ol el
ryofs. e oo a oo g wallas cone Ly W :

al o ove then
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See. 602.2.2 Lateral Lads

use v hiels get o a hon-
Sed sarfane-. both
shov.  d helow the gromnd ¢ faev - o tend to cansze
latera) aisplacen ntaud overtu won the building,
theread

Lateral by drostatic o«
7 direetion. a e I e
stracture,
Sre. 00223 1 plilt

( |)|i|'| hsan!
onon the 0

whi aet gy cally upnward

dhire of llorizonla or .. -r uclaces

of bu dmgsor tn dure achas b ol . lvolings,
Nowors d d ovedhangs: Hvedr Ut ouds acting
on inclined. rounded ¢ irre lac sl - ay be resolved
into vertical ruaplift ! ad: dlatera uds hased on the
seametny ol th. curlaces o, e ddist Lolion of hyilre-
-l s

rool

Sec. 602.3 Hydrodyovamic Loads

lverody namic | Coan ~duced on taildings
or steuchier- ‘I.\ ow ¢ T nod w ter s (B ol
maderate orh hyvelo v ailound the bui - or strue-

t i oparts Woat [esvel, sueh loads may
ocenr below the round Jevel sl peuie ar conduits
"N\ \\ i('h u“(i\( irl' '.lo\\ Uj L{ 1 A\ | 1= |!\ dr()rl'\ “f““il‘
| T TR . i - T lar rect
i by the mavine: mass of wa ey ad o dray

for = a-a swanter flow. I ihe ohst cton, Wheee

ap| ol hedrodvoamie  ads e reyuired, (he loads

te-lirnate s geengnized and author-

for evalnatin water veloot and

<hiall e ,
U nemal ol N
related dvr wl- e bevond e -eape ol th e
Rezulutions. b = be subject Lo review and approval by
the Buldine Oy

= oouz3 1 Lomversin Tt Daleesranin: Loads
<wheawaler veloeitie o do not evernsd 10 [Pt
Afeeve of the movinyg walvr mav be
gomverled mito equvalent  Irostatie loads by increasing
the depth ol water to the YU v ol (e base
or deagn flood J. by an anisuntail, on Lh,
and abovie e weniad becel only egnal 1o

|"(_-r (

per v Ldvian

wJwader side

.3\j

dh = — w e

Vs theave s velocity of (he water e teet per zecond:

wast) acece Tonol "2 Teet per seeoml:

ats theeo 11 entol op e e star (The value ol 3,

vrles obnerwise evamaeed s oot be less than 1.23)



The equivalent surchary depth, dh, shall be added (o the
depth measured betwern the design level and the RED and
the resultant pressures applied to, and uniformly
distributed across. the vertical projected area of the build-
ing or gtructure which is perpendicular to the Now. Sur-
faces parallel 10 1he flow or surfaces wetted by Ln: Lail-
witler shall be considered subject to hydroslatic pressurvs
for depthis Lo the RFD only.

Sec. 602.4 Intensity of Loads
Sec 602.4.1 \ertycal Losds

Full intensity of hydrostatic pressure caused by a depth of
water bretween the design elevation(s) and the RED applied
over al surfaces involved, hoth aboyve and helow ground.

See. 602.4.2 Lateral Loads

Full intrn=tty of hydrostatic pressure caused by a depth of
water between the design elevation(s) and the RFD applicd
over all curlaces involved. both above and below ground
level, except that for surfaces exposed 1o free water, the
design depth shall be inereased by one foot.

o~

See. 602.4.3 plift

Folf intensity ol hydrostatic pri<<nres caused by a depth
of waler hetsevn the desjm Iev ) aond the RFD aetin_ nn
all surlaces involved . ..

Sec, 60244 lvdrodynamic Loads

Hvdrodyiamie loads. regardless of method of evaluatiun,
shall be applicd at Null intensity over all ahove ground
surfaces between the ground Jevel and the RIFD.

Sec. 602.5 Applicability

Ilydrostatic loads shall be used in the design of buildings
and structores exposed to water loads from slagnant
iTood watir~ lor conditions shin water velocitics do
not excred lve (3) f('l‘l per 5{‘("()»1({, and lor bl}ildinga
and structures or parts thereof not exposed or subjeet to
flowinz water, For buildings and strortures. or parts
thereol, which are exposed and subgect to Mowing water
having velocitiva greater than Nive (5) feel per second,
liydrostatic and hydrodynamic Joads shall apply.
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SECTION 604.0 SOIL LOADS
Sec. 604.1 Applicability

Full constile “onshall by
structares a 1t th
ersulting frum tne proence of soils aganst or over Lhe
structure, ) ep ur hall by
accordance with acee ed en ~»rimg practice, giving full
conshleration to the et that U presener of laod
water, above or witl 1 Lhe <oil, hus v losds and pressures,
Whiey Taeepr L Tding OGeial may
require thal sp cii oovissons be mude jin found. o and
wall design ano e o zaleruard
due to this rxpansiven .

nin tf izn of building.,
. Lo the | wls «ir pressares

.'I)lm‘] m

st Jay

special
mvestigation anu repore W provide these design and
conztroclion critena.

‘et
e snay requor

Flood Timpmel Loads (14)

TT loads cansed hy the d Mlood a~ defined
Y wn 603.0. Tmpact Le 118” and Seetion
605.0. ¢ and Tid:al Wave Loads,™ of the
Corps of lno v s* publication. Flood-Proofing
Regulations. In1  case of Seelion 605.0, where
no specific guidanee is provided, design loads shall
be recommended by a professional engineer. (Also
refer (o IIN-7, Design end Construction Munual
Jor Residentio!l Buildings in Coastol High Hazard
Areas, ciled 1w this manual’s prefuce.)

e

Sectaon 603.0 ol Flood-Proofing Regulutions 1s
reproduced below:

SECTION 603.0 IMPACT LOADS

Sec. 603.1 Types

Impact loads are those whiely resull from lloaling debris,
ive wnd any Moatable olyect or nuags carnrd by lvod
waters striking against buildings and struct, < or parts
thereofl, These loads are ol three lasie Ly pre normal.
special and extreme,

Sec. 603.1.1 Normat Tmpact Loads
Normal impact lowls ave thor Lich 7 e 1o isolated
neenrrences of Jovs ice bl ks or tloatall  abjects of

nonmally cneonitersd <izo< - aking laild, or parts
Uiereof.
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See. 603.1.2 1,

lropact Loads

“ate Lo lur o van-
a brot

Specidl impact loads are those wiii

gluomerates of flogtalde objrets, zn Jice

Noats g aceumulation of tloating do' S atriking
or e raunst a building, structure, ¢ purts thereof.

Sec. 603.1.3 Cateenie Impart Loads

¢ hase which eolate 10 large

snch us  wmaway barges or
A0 hrothe huailding,
uler.,

Fxtreme + el loads
floatable ob,. s and mas
collapsed ! aflar 5 Y strue
structure . ., ntwuder ¢

See, 603.2 A pplicability

doin e deagen of baild.
{ as suipulated hielow:

Impat Jusond: sheuld be e

e structores and parls |
Sec. 603.2.1 Narmal Limpacl Loads

A concentrated loud acting horizontally at th ) or at
any point below ity ual to U srupact for . produecd by
a 1.008 pron [N L theaelb atvs load
waler aid aetmg on a one (1) squae al -or == of L
slrueluee,

(ray e

See. 603.2.2 Spevial Impact Loads

Where specia impaet Jouds are Jikely o aeear, s load-
<hiall Le vigidered i the oi Innldings; tructures.
or parts tiwreof. Lnless a rationa and detwled analysis is
e d ~ubmitted for approsal by the Building Of ficial,
the int asity ol Joad shall be tahen as 100 pounds per foot
wtin - orizontallv over a one-foot wide honzontal ~trip at
the b 1 {ase the level af the base ordi 1 wod |, or al
amy 1o below ju, Wi natural or ¢ T armers exisl
d efivets I prevent the - o npact load-
from ocemrring, the loads may be ignorea 1 e de

wlhic w

See, 603.2.3 Exteme Impact Loads

It is considered impractical to design building. Lavi
alvgirate strepeth for resistiog eatreme impact le
Accardingly, excrpt lor speaiad vases when ex . are 1o
thesc loads is highly probable and the re-nlting aamuyr-
are vxtremely <evere. no allowances for these loads need
Le made in the design,

Flood or Ilooding
— A genwera) and temporary condition of partial

or complete inundation ol norrully ry land
arcas from:



— the overflow of inland or tidal waters

— the unusnal and rapid accwmulation or run-
off{ of surface waters from any source

— mudslides (i.e., mudflows) which ave
proximately caused or precipitated by
accumulations of water on or under the
gronnd,

— The collapse or subsidence of land along the
shore ol a lake or other body of water as a
result of erusion or undermining causcd by
waves or eurrents of water excecding anlici-
pated cyclical levels or suddenly caused by an
unusually high water Jevel in @ natura) body of
water, aceompansed Ly a severe starm, or by
an wranbiipated force of uature, such as a
flash tlood or an abnormal tidal surge. or by
some simiarly unusual and untoreseealble
cvent which results in (tooding as defined
above.

PERFORMANCE REQUIREMENTS AND
CRITERIA FOR RESIDENTIAL STRUCTURES
IN FLOOD HAZARD AREAS

PERFORMANCE REQUIREMENT A

The building. its contiguous strucluce(s). and its
service systems shall be desiened 1o withstand the
design flood without causing unaceeplable risks to
ils occupants or to adjacent property owners,

The buildinge complies with Performance Reqquire-
ment A if the following conditions arc satisfied:

Criterion A.l: Strength

The building is designed to resist the following
loads, acling simultaneously:

11 D,L,R,and F

1.2 D, L, R, F,and Fl
1.3 D.L, R, W, F, and U]
14 D,R,and I

1.5 D, R, W, I, and [l

Where the working stress method of desivn is used
the following provisions apply:

2.1 Inload combinations 1.1 through 1.5 all loads
are apphed as listed or as required by the
applicable codes for the same load combina-
lions wilh loads F and T,

2.2 Allowablc (working) stresses cannot be.
exceeded for loading conditions 1.7 and 1.4.
For all other loading conditions the allowabte
stresses can be increased by the amount per-
mitted in applicable codes for design against
load combinabons including wind or carth-
guake Toad,

Where ultiniate-load design is used (suclr as
instanees where the American Conercte Inslitute,
Building Code Requirements for Beinforced Con-
cretfe [AC] 378, ACIL Detroit. current edition], is
apphcable) load Tuctors are applied as recommend-
ed in the applicable slandard, and T will be com-
bined with L., or factored as if it were a live Joad
[or loading conditions 1.1 and 1.4. Tor all other
loading conditions lpads I+ F1 will be combined
with W, or considered to be equivalent to a wind
load.

Test
Structural analyss and/or physical simulation.
Commentary

The criterion provides a suitable margin of safety
against structural collapse when the building is
subjected to the base Mood. The intent of the
criterion is that the margin of safety for these
buildings, when subjecled Lo the base flood, be
no less than the wargin required for other build-
mes 1ot subjected Lo flooding. It is assumed that
loads I may act on the building over a long prriod
of thne, while loads FI are short-term loads. Thas
the margin of safety against load combinations
containing Fl need not exceed that provided
against wind or seismic loads.
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The combined load of earthyuakes and floods is
not conzideved here because of the low probab-
lity of a lood and an carthquake occurrne simul-
tancously. Where tsuninii flooding is the base
flowd, earthyuake Yoading shoold prerhaps be con-
sidered concurrently .

Criterion A.2: Stability and Flotatjon

There shall be a factor of safety of 1.5 against
overturning. shiding, and Motation ymder the
following load:

D+ W+ R+E+ 1)
Test
Structiral analy si= and/or physical simulation.
Comnentary

Thie eniterion provides a suitable margin of safcty
against sliding and overturning. The most eritivd
{oad combination is being considered. Tie-down
deviees can be used Lo achieve structural stability.
provided it can be demonstrated thal deterioralion
of these deviers dusing the service life of 1he Liild-
ing ur by Nood conditions will not cause the
factor ol safcty to full below its stipulated vatuc.

Criterior A.3: Provision Against Debris and Scour

U idess it can be demonstrated that the lood
walers will e stagnant, or that there will be no
floaGrg delnis during the design Mood, the foltow.
ing provigionsz apply -

1.1 Buiding on stilts shall comply with Scetion
612.2.3 of the Corps of Engineers” publica-
ton, FMood-Proofing Reputations. This
scetion is reproduced below.

Sec. 612.2.3 Building on “Stifts”

The bilildi sy b Ar Love the REDyy

toslev ol e ba cor w1 flood ] by supportn

e shle Tor ol pmna type mentbers, soeh o
colimus, pirrs, and incertain cages, walls, Clear spacing

ol support members. measurad perpendicalar o the genera
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dircetion oif flood Now shiall not be less than vight (8)

fect apurt at the elnsest point. The “stilts™ :hall, as lar as
praviicable, be compaet and free from unnecessary appet
dagr= which would tund 1o trap ar eestrict {ree passsge of
Jehriz dunng a flued, Nolid walls, or walled in columns
are permissibic il onented wilh the fongest dimenzion of
the member paralie] to the flow. " Stilts™ shall be of a1vpe
that canses the least obstruction 1o (he flow and the east
potrnual for (rappine floating debris. Foundation sapports
for the “stidts™ may b of wmy approved tvpr capable of
resisting all appied Joads. such us spread fnotings. mats,
pifes and aimilar types. In all case-. the effeet of sub-
mereinee of the -oil and additional flood water related
loads shall be rrcognized. The potential of sur(ace scour
around the stilts shall be recognized i protective
measutes provided, as requited.

1.2 For flow velocities in eniess of S feet per
sccond the livdrodynamic loads in F shall
Le assumed to act over the entire width of
the buitding, perpendicular to the dircetion
of flow, and reasonable vertical clearance
shall be provided for the passage of debris.
The depth of all foundation elements shall
allow for the potential cifert of scour.

Test

Structural analy sis and/or physical simulation.
Fviduation of data and documentation lor dexign,
tusts, and installation; cvaluation of plans and
specifications.

Commentary

Critedion A3 35 designed to prevent structural
collapse caused by the accumulation of floating
debris or the undermining of foundation elements
as a result of scour. Part of the provision is de-
sizmed to avoid delris accumulation. The other
past provides adequate strength to resist the
effects of the formation of a barner over the
entire width of the building, Buddings arc exerpt
if 1l can be demonstrated that no debris will acen-
mulale and no scour will occur.



Criterion A.4: Disruption of Service Systems

The service systems shall be designed to resist the
loads stipulated in Criterion A.1 witly safety
margins as stipulated in A.1 against disruptions
which may endanger human lives.

Test

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

Commentary

This criterion only applies to disruption which may
cause fatal accidents, such as rupture of gas lines.
Lesser load fevels are stipulated in B.1 for disrup-
tions which constitute a health hazard.

Criterion A.5: Execution of Rescuc Operations

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

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

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

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

1.3 Provide means of access or adjacency for
rescue vehieles.

Test

Evaluation of data and documentation for dessg,
tests, and installation; evaluation of plans and
specificalions.

Commenlary

Criterior A.5 js designed to prevent the entrap-
ment of building occupants by rising water [evels.
Part of the provision is designed to provide means
lo evacuate the building (e.g., windows, roof trap
door). The other parts provide for the accomoda-
lion and execution of rescue operations (e.g.. by
boat, helicopter).
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PERFORMANCE REQUIREMENT B

The buiding, its contiguouns slructure(s). and its
service systems shull he desivned to withstand the
design flood without causing unaceeptable health
hazards to its oecupaits,

The bujlding complics with Performance Require-
ment B if the following conditions are satisficd:

Criterion B.1: Disruption of Utility Connections

Building utility connections shall be designed 1o
resist the following loads:

Al loading condilions:

JLL D+ L+ R+W+ 1"+ Fl
1.2 D+W+R+F+1

The butding ublity coonections should not sus-
tuin:

2.1 Permanently disrupted and/or broken attach-
ment with thetr fixtures and/or supporting
structural ¢lements

Leakage or escape uf effluent thal vonlid
contaminate drinking water

Rupturce of electrical service that could canse
cleetroeution and/or firc.

Test

Evaluation of data and documentation for design.
tests. and installations: evaluation of plans and
specifications. Inspection and/or testing of built
clements when decimed eszerstial. Determination of
conformances Lo generally accepted codes.
slandards and engineering and trade practices.
where applicable.

Commentary
This criterion applics Lo alf wtility connection:

subject 10 the forees of the design flood. Utility
connections which are designed Lo disconnect
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durine the desiim {lood without the releas of
dele lerions subslances we exempt from provisions
1.1 and 1.2.

Criterion B.2: Provision Against Drinking Water
Contamination

There will be no contwrination of drinking water
with sewer offluent or {lood water.

Criterion B.2 and Performance Reyuirement B
are deemed satisficd if the follow g provisions
ar¢ mcot,

1.1 Approved backflow preventers or devices are
utadled on main waler serviee lines, at water
wells und/or at suitohle building locations to
protect Lthe svstem froin back{low or back
siphonage ol Nood watcers or other contami-
nants in Lhe event oi a line break or temporary
disconnection.

Deviees are nstalled at acecssible localions and
muintained in good working order.
1.2 Sanitary sewer and storm drainage system eoi-
nections are provided with approsed back{low
preventers or devices installed at each
discharge paint.

1.3 Mo stormt or (towd waters are drained inLo
syslems designed for sewage ondy , and viee
Verst,

Test

valuation of data and documentation for desim.
tests, and installation: evaluation of plans and
specifications,

Commentary

Critenion B.2 is designed to prevent contamination
of drinking water witli sewer effluent or flood
waters, Also, the eriferion s designed to prevent
damage to fixtures and interior thushes (e.g., floor-
ing. wall sarface:) from hackflow or back
siphonaze of [lood waters,



Criterion 13.3: Provision Against Contamination ol
Potahle Water Wells

Private polable water wells shill not be contamina-
tcd by toxic substances or impurilics caused by the
desien flood.

Criterion B.3 is decined satished if the folowing
provisions arc salisied.

1.1 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 Fach well is provided with a watertight casing
to a distance of at least 25 {eet below Lhe
around surface that extends at least one
foot above the well platform.

Test

Fvaluabion of data and docuomentation (or desien.
tesls, and . 1 cvaluation of plans and
specifications.

Geological analvsis of site.

Commentary

Criterion B.3 is desioned to prevent the contamina-
tion of water wells used as a source for potable
waler. Parl of the provision provides against the
contamination of the water supply source. The
other part provides against the contamination of
the water removal system. In any case, local
health codes should he consulted.

I TR RN
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PERFORMANCE REQUIREMENT C

The bhuilding, ifs rontiguou strnclure(s), and jts
servier <y stems shadl be d wmed to withstand the
desien flood without snetal  eanaee of un-
aceepluble magnitude.

et Kegnire-
ondilions are satisiied:

The Tsilding iy s wath Perfo

ment Cof the fodow

Critevion C.1: Provision Against Perimanent
Damage

[ onder lowding vonditions 1.1 Throngh 1.3 the

building i~ a wholr. or any clement thereof. shal)
not sufier permanent dam. « which woul
replecenint or major e ot
itk intendea e o,

reqolre
\\’I\i(l WOl

ey benRively o

[ R+W 7]
P20 WA R+
1.3 U+L ¢ R+F I

1'ha Tou B8 e Fesflied 3 stri=- anid due
flecinon L mn reconditions L.}
through 1.3 do not evecerd hos
apphicable vode-corilice, 1l

deflec L

ated ia
lenionstrated that
“cansed by load ¢ ~binations 1.4

throvr 1.4 can be aceomodated by suitable detail
an¢ guate [lesibitity of elements,
|l\esl

Fvalustion of date and doenmentation lor desigy,
Lests. and install - m:evaluation of plans and
specitications. Inspection and/or testing of built
clements when deemed essential. Determination of
conformance to generally aceepled staudards and
encineering :id trade practices, where applicable.

Commentary
This crilenion assures that the design flood will
not cause excessive damage, ifecls ol swelling

caused by anereased moistire or inundalion must
Lic included iy I
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Criterion C.2:
[Jamage

Provision Agains{ Unner:essur_\

AflLiving areas, magor utilibes. furmaces. and air-
conidlitioning units shall nol be <ubmerged by the
design lood.

1.1 Living arcas zhall be considered labilable areas
that provide for thi: c=ential necds of people:
bving, sleeping. dim™ o dag and samdation.

Recreation areas. Jibraries. and other speeiality

arcas are Lo be eonsic” ] habitalsle arcas and

theerefare should ot he supmerged by the

desi (ool

1.2 En cleetrical svstem complies wilh Criternion
C._ 0 the Tollowing conditions are sutishcd:

121 Al portions of the electrca! sy stem
[Mood level

> sthimereencee
ible (v pe splic
wated helow ¢

imstadled helow the desay
arv suitable for continm
mwater, Only sub

are used aml condnits
design flood levet are self draining il
subject to Jooding.

Lighting panels. distribulion panels. and
all other slalionary clee”
are located above the 1+ s 0 flood.

_apment

1.3 The mechanical system comp ™ with Criteni-
on C.2if the Tollowing condihons are satisfied:

1.3.1 lleating, air-conditioniny. and ventila-
ling are installed above the desion tlood.

All ducl work far warm air healing
svsteins located below the design flood
levelis provided wilh cmergency upen.
ings for drainage of ducts after a fluod
vondition.

1.4 The plumbing <y =tenromplics with Criterion
C.25f the fellowinyg ronditions are <atisf{terl:

vl Lisers ave instal-
;i_‘éll [Tood.

1.4.1 Tanks. softener
e above the



1.4.2 Plumbing below the design flood
level will not sulfer Joss of stablity
or loss of tightness that will permit
leakage or physical dainage to fix-
tures and joints and connections that
will permianently impair functioning,

1.4.3 Unlity conneetions desiened to dis-
connect during the design flood are
casily reconnected. (See Criterion

13.1.)

Test

Evaluation of data and documentation for design.

tests, and installation; evaJuation of plans and
specifications.

Commentary

Criterion €22
damuge of hving u+

3 Lo pre
s.major ut

o unneeszary

e furnaces,
and air-conditioning units by the desion flood.
Part of the provision i~ designed to ele ate hving
arcas and cipnpmert above the desion flood. Other
parts arc destoned to o revent the damage of utili-
fies and mechanic trical conmections below
the desion flood.

~ ‘\( N
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