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A. OBJECTIVE

This manual has been develored o illustrate a
broad range of floodproofing lechiniques thal can be
used (o reduce flood dam 5 ‘o existing or proposed
non-residential strucly e manoa’ ! Toarily
dirccted al local officials, building ownas, desteners,
contractors and other individuals or 0 ni won: that
arc interested in the design and impler :nta on of
tHloodproofing plans.

B. FORMAT

The manual includes six chapters and several
appendices. Chapter | introduces the o ihe
permanent, conlingent, and emergency Noodproofing
techniques that will be addressed in this manual,
Chapter [I describes the major physical, coonomic,
and social factocs that in{luence Lhe feasihility of
Toodproofing a structure, and related sources of
tnformation and sechnical assistance. Chapters 110 and
1V provide more detailed information that will
facilitate the sclection and conceptual design of
appropnate floodproofing methoads, Representative
costs of the various elements of floodproofing are
presented in Chapter V., Chapter VI contains several
floodproofin: cise histories. These case histories have
1 1included (o provide information on
{ sudproofine  1s (hat are currently in use, and the
coudiions for which they were designed. Several
appendi Iso been included in tiie manual 10
provide 4 vai ‘v of supplemental information.

C. LIMITATIONS

Only riverine flooding and floodiu: in non-wave
velocity - } areas are addressed in tins manua).
Con :ralion is viven to flood characleristics
includis 1, velocity, and rate-of-rise, and their
effe s 1 the various floodproofing technigues.
Coast floodinyg (orces and phenomenon such as
wave generated impacls or erosion are not addressed
in this manual. The information presented in this
manual has been developed specifically to reduce
flooding prablems associated with non-residential
(industrial, commercial, and institutional) struclures.

These strucinres range from small, weod-rame
construclion, similar to 3 typical residence, 10 multi-
story concrete and ste 1 s . Much of Lhe
mformation 1« w1 ~ design ¢r ~ the properties
ol matcrials, the + lues of flood walter design forces,
and other conside tions hise been adopted from
standard e ins ces, buifding codes, and
other documents. Speci o ise studies (see Chapter
V1) were investizated for the purpose of refining and
supplementit |, dala presented in prior reports. This
manual i5 in.c ..d 10 serve as a general technical
guide on the sclection of alternative floodprooafing
techniques. 1¢ must be empianized (hat the actual
design and construction «f the various technigues
shoutd involve the services of a re ...ered professional
engineer or architecl or experienced  ntraclor,
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Figure 1-8. Elevation on Compacted Fill






Cootingent 1loodproofing measures are those that
require sorue lype of installation, activation, oc other
preparation immediately prior to the occurrence of a
lood. These measures include flood shields,
watertight doors, and moveable MNoodwalls. In some
cases, flood proiection provided by ltevees, floodwalls,
or waterproof cores will require access openings that
mus( be sealed with shields or doors during flood
events. Obviously, the suecess of 1ins type of system s
dependent upon the ahility to install and secure the
flood shields and othier protective devices prior Lo
Nooding. As wirth permanent flovdproofing measures,
the walls ond floors must be strong ennugh (o
withstand loading forces and significant leakage.

The primary advaniage of cantingent
floodproofing systcnis is thal comnpopents may be
moved aside or stored during non-flood periods
allowing full access (o the doors, windows, and other
openings. In addition, contingent faodproofing
methods are often very cost effective when prolecting
against relatively shallow flood depths, especially
when a small number of openings arce involved.
Anather advantage of contingent mezsures is that they
arc often the most adaptable and feasible Lechniques
for use of existing non-residential structures. Also,
these Llechriques may sausfy the minimum floodplain
management requirements ol the National Flood
Insurance Program.

Although convenicnce, cost, and adaptability
provide major incentives Lo the use of conlingen)
Noodprooling measures, there are several porentisl
disadvantages that must be ¢~ dered. The major
disadvantage is that a contioy cystem is ot 1o
human ecror associated with applying the system’s
components. [nappropriate response may involve
inadequale recognition of flood hazards, improper
insta)lanon, failure to install an element of the system
due to an oversight, inability 10 {ind elements or
wistallation eguipment due to poorly planned or
maintaioed storage areas, or improper training of the
installation team. Each of these factors musi be
carefully considered during Lhe selection and design of
confingent floodproofing measures,

F. TYPES OF CONTINGENT MEANURES

1. FLOOD SHIELDS. Flood shields are the
most commonly used contingent floodproofing
method. A flood shield is a watertight barrier
designed (o prevent the passage of water through
doors, windows, ventilation shafts, or any other
opening in a structure 1 2t might be exposed to
flooding. Flood shic.. have customarily been made
ol stee] or aluminum. However, any material that can
be easity maintained and (s capable of providing
sufficient strenglh and waler resistance may be used.

Sa that access to protected areas is maintained,
flood shields are usually instatled only when flooding
is imnuipent. Normally some type of gasket or scal i
required (o ensure that the shield is watertight.
Additionally, the shield should be attached by bolts or
some other means ta provide propec contact for
sealing. [t must be sivessed 1hat flood sbields may
only be installed where the walls of the building and
the opening's framing system are sirong enough to
withstand flood-induced fances.

Some mechanical means of transporiation and
placement should be incorparated in the design of
tarac, heavy siiiclds. As shown in Fipure 110, shields
may be mounted on tracks or hinecs so that they can
be slid or lowercd into place. Heuvy (lood shields may
also be placed with a fork Lift, overhead hoist system,
or any atiwr Lype of mechanical or elecirical device. 1
is criticdl that the selected system must have an
ine pendent power source because power pulages
ofte ~r Hany major floods.

One disadvantage of this MNoodproofiny system j<
the storage requirement for flood shields. Shietds
must be located ds ncar to the opuning as possible
along witl) any lools required for installation. If
ste' o requirements are inproperly implemented, the
¢ - systern for riotection oo fail,
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B. REGULATORY CONSIDERATIONS

A variety of floodplain management programs
have been developed and adopted Uiroughout the
United States 2s part of a long terin ¢ffort (0 reduce
flood damages. The tloodprooling analysis process
should begin with contacts 1o appropriale federal,
stale, regional, and local agencics to idenitfy sources
of teciimical assistance and to develop an
uwnderstanding of floodplain regulations and other
code requisements that are applicable to the proposed
action. Figure {[-2 provides ap overview of the general
rainre of floodplain management services that are
avaitable through various levels of government, As
described belaw, (he programs and regutations thal
are administered by thesc apencies can influence
decision on wiere floodproofing may be applicd,
what techmiques may be used. and the design of
specific Noodpronfiie components.

I8

1. FEDERAI PROGRAMS. Ther¢ arc a variety
of federal agenvies that have direet or indirect
involvemnent in fivod protecuon ssues. Several
agencies support majos research and program efforts
in specilic arcas of floodproofing. For example, 1pany
of the Corps of Engincers District Offices have been
involved in oodproofing projects and all of themn
provide flood and floodplain relitcd technical
assistance mncluding information on floodproofing
through th2 Flood Plain Management Services
Proicam. The Corps of Engineers also mantains a
Naliona! Advisory Committee on Floodproofing thal
has direcied several tloodproofing demonsirations and
1cses. Other (ederal agencivs thal suppon major
programs related (o floodproofing include (be Federa
Emergency Management Agency and the Soil
Conservation Service.






elevalion (BFE); (2) all new or aupslantial
improvements Lo non-residential buildings smust have
Ihe lowest floor (includi: * ' asement) elevated or
floodpcoofed to or above ( : BFE, Under the
floodpraofing option, structures musl be made
watertight, with walls substantially impermeable 1o the
passage of water and with struclural components that
are able 10 resist flotaton, collapse, tateral movement,
or other forces associated with a 100-year (lood.
Furthermore, specific floodproofing plans must be
certified by a repistered professional enzineer oc
architect as mecting the minimum requirements of the
National Flood Insurance Proviisr..' 1 loodproofing
techniques are not allowed in *V'-zones (Coastal tlizh
Hazard Areas) as indicated on the Flood Insusanice
Rate Maps.

3. STATE PROGRAMS. The majonty of ates
have adopted some form of floodplain regulations
that must be considered during the planning of a
floodproofed facility. Some state floodplain
managemmenl Jaws and rcgulations do address
floodprooling diseclly. State regulations also often
include provisions that speci{y the amount of
encroachment a facility may have on the 1lgodplain,
regulate the location of potentially hazardous
materials, and restrict the location of such activities as
schools, hospitals, and public services facilitics. In
addstion, state building and ulility permit systems may
also smpact (he location and design of floodproofing
roeasures. In associahion with ( ¢ NFTP, each siate
has a designated State Coordir .19 Agency that
provides assistance required to implenient the
program. These agencies (see Appendix C) -ally
represent the best place to begin an inves.., .on of
cegulatory issues and Lo identify sources of technical
assistance.
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Flgure 11-5. Flood Insurance Rate Map

AR ST

23






2800 — - T . T T J
= s - — == ]
= e T i [
ST na SRR
E---L- ; — ~QOO
RaNEE . r\(:\_O =

008 |- < = : w%‘,hzﬁ: :
me ' = R ARl ¥y VR

25V == =—— i - —t = T+ - ....-‘gf\, R
- o B S e bl S i gy (A o A

T h

25020 T 3
— - - -—4 -

20— o g
= 121
bl g e S
-t -

. =" 1

2888 :»{‘{ 4 |
el a .

o zzu
- = =
- i
2 i
2 1580 E
I —
("] i
- [
z L.
z
2 yos
«
>
W
-~
[*7)
7670
e LEGEND 1
<00 YEAR FLOOD
—— — = —— 100 YEAR F(000
—_— — —— 30 YRAR FLOOO
L S S \B YE AR FLODD
RONTNTR  STHEAM BED
CROSS SECTION |
LOCATION ‘
21886 6.2 il
STREAM GISTANCE IN MILES ABOVE MOUTH

m
7w
4 [« 4
S |
3
3 b 4

-
S 4
= o
P |
- =z

F oo A masracn A misert et e

GEFARTWEN Y OF NDURNG ARD URARN DLYELOMS(NT

o |

Figure 11-7. Typical Flood Profile

28
























GEN' 34 .
STRUCTUF  "YPE

T DD OR M AL
S NG
wl
v MAS (C( LOCK
OR | A" R)
-4
2 &y b1 r S
b= 1
=3
(18
.
NS
- "™
' , MASON rit n LOCK
ge CCLm x o o
ph L ST x o o
_— - - _ .
a NG (8} 0 X
w — ___I
8 M. >unN 1 [o} ) D
& ORBRICK W ]
e INCRET e JAS _ACE |
9 OR 131 -CAL 0 0 o -
w L _ _
wWOQOD OR 1} AL SIDINC
< (WITH UNIF v FLOOR SYSTEM) 0 (o] X
fan]
5 o B WOOD ( ? METAL SIDING
% ge (St AB C.« GRADE) (a] (a] X
b
2 MASONRY (CONC BL¢
| |01 BRICK VENEER X o | o
RETE (CAST-IN-PLA 1 !
O BRICK VINFE[ b (] (6]
|
O-MAY BE AFPLICAL. X-GENERALLY NOT APPLICA . l
{ Tgur cmEnme< Al D b LD peevpny walac iraan lsemnnt o LU )
g PRI Al gt e (I man sid I} emtute Ly De g Hy - oo WO oyt wits
LTS R T O ] P 11 S | I S T10))
oy e a spid sdovat ol e DAL Can Pl oty

Figure 1I-10. Relationship of Floodproofing
Options to Structure Type






CHAPTER III

FLOODPROOFING DESIGN
PERMANENT AND CONTINGEN"®
MEASURES




A. INTRODUCTION

Based on information contained in Chapters |
and 1], several alternalives lor {loodproofing a given
structure can be «dentified. This chapter provides
guidelines for Ihe (cchnica) evaluation of permanent
and contingent {loodproofing alternatives and for the
assessment of required construction materials.
Chaptler IV provides similar guidelines for emergency
floodproofing measures. Information provided in
Chapter V can then be used to develop preluminary
cost estimates for {loodproofing alternatives.

Many ol the design aids in Chapters 11 and JV
are based on general and conservative assumplions.
These guidelines are suificient for preliminary stodies,
but they are not intended 1o seplace necessary detailed
site investigations and professionally prepared
construction design docrnents.

B. ELEVATION ON FILL.

Strucrures may be placed on elevaled il to
proiect thern from flood damages. Fi)) placed in a
Noodplain may, however, cause increascd flood
heights or velocities. In this case, the porential
damage ta structures in the area is increased. In
particular, fill material cannat be placed within a
designated ‘floodway’ (as specified by the National
Flood Insucance Program). unless it ean be shown
that such placemient wil) not cause a significant
increase in flood levels. When placement of fill will
not increase flood levels, construction on (ill can be a
viable Nood protection mechod.

1. FILL STABILITY. Struciures on fill may be
designed and constructed using standard materials and
procedures, however, the effect of soi) saturation on
([oundatons may still have o be considered. This
potential problem would be applicable for {ill arcas
that are highly permeable and subject to exiended
periods of flooding. If soi} saturation is probable, the
foundation support and components of the sirucivre
should be designed 10 withstand all hydrosialic
pressures, including uplift forces (see Performance
Criteria in Appendix D).
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Piers constructed of brick (Figure 1)1-8) or
coocrete masonry block (Figure ITI-9) must be
anchored 10 an appropnate footing and voids must be
lilled with copcrete and reinfosced as required 10
withstand anticipated loading conditions. The
mivumum size of brick or reinforced masonry block
pier is recoromended to be 127X 12" Masonsy piers
should be limited io height 10 2 maximum of en times
their smallest dimension.

Casl-in-place concrete piers (see Figure [{1-10)
can be ejlther reinforced or noa-ccinforced. High
lateral loading conditons will require ceinforcing. The
recommended minimum size of a cast-in-place
concrete pier is 10” X 10" or 12 ”in diameter.

fn cases where extreme loading conditions exist
and NMoodwacer velocities are low to moderate,
additional strength may be obtained by using pier
(shear) wall sections. These walls should be
constructed of cast-in-place concrete or reinforced
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masonry. Wall sections should be placed moaallel 1o
thi direction of fload flow ac <hows ) ure 11111,
and should be spaced to provide the [ st obst,

to flow and 1be least potesntial Tor trapr f

debris. Sheay wall welions mey also be at

posts or piles in the above manner (0 i.rease the
latecal stability of the post or pile systc..

Piers may be supporled on isolated sprvad
footings (Figure [I[-11) or a deep pile foundaiion
(Figure [I1-2). The bottom of the footing should be
placed below the local extreme frost penetration level
and al a depth that is capabic of resisting anticipaled
lateral, uplift, and scour forces. Table 117-1
summarizes some of the major requiremenis for
reinforced pier constructLion,
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One would then sum all of the horizontal 10ads
aprlied to the wall, such as hydrostatic pressure. The
tio of horizon' | to verticzl loads is an important
pari lerind :mining the capacity of a wall. The

more vertica o: the wall i3 carrying, the more
horizontal load it can ¢ ist. Knowing the external

ar "7 ds, the phys: " properties of the masonry
will ne [ to be ch~~* 1. These properties (or
variable<) include: height, thickness, and (eosile and
compressive sIrenglhs of the mortar and of the block.
The relalionship of the loads and physical properties
arc described in other engineering manuals.

The unreinforced wall 1s usually good for small
horizor. 11 hydiostalic pressures such as three {eet or
less. Tt uenal mode of failure is a tensile fajture
wheie the tyortar fails in tensiop. The compressive
capacilv of mortar is at leasl 10 tiin  greater than the
tensile capacity. Therefore, (0 offs  this deficiency,
reinforetng steed bars are groule the cells of the
masonrry block, Once again, the Formulas necessary
for proporlioning the correct amount of steel and
where to place it can be (ound in naumerous
engineering lex{ books and publications by the
Masonry Institure including :

Building Code Requirenients for Concrete Masonry
Structures (ACI 531-79) & Commentary (ACR]
531R-79). American Concrele tnslitute, 1978.

Masonry Structural Design for Buildings, TM 5-809-3,
AFM §8.3, Chap. 3, Departments of the Aqny and
the Air Force, December 1973,

Partially Reinforced Concrete Masonry Walls,
National Concrete Masonry Association, 1975,

Reinforced Concrele Masonry Design Tables,
iNational Concrefe Masonry Association, 1971,

Reinforciv] Masonry Design by Robert R. Schneider &
Walter L. Dickey, Prentice-Hall Inc., 1980.

The reader should note that the more verlica)
load a non-reinforced masoniry wall is carrying, the
more horizonial load it can resist, and reinforcing a
masonry wail with stcel bars is always a desirable
aliernative for a plain masonry block wall.

3. FLOOR STRENGTH AND STRUCTURAL
STABIUITY. Cast-ia-place concrete is the only
construction material that has the design capabihity to
reaisl full hydrostatic uplift pressures. Slab flaors can
resyst uplift pressures in (wo ways. First, an
anreinfosced slab can be designed Lo be thick enovgh
ta have sofficient strength and dead load 1o resist Lhe
uplift pressures. Unreinforced conerete slabs can
withstand 8 hydrostatic head approxiroately 2.25 times
their thickness above the bottom of the slab. Reliance
upon Lhe thickness and weight of the floor slab may
be applicable for upgrading the strength and stability
of an existing floor system, or for relatively small new
structures where the total weight of the proposed
strucluce is nol adequaie to resist maximum uplift
forces. However, Lhis solution is geperzlly not cost-
effective.
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Figure 111-21, Waterproof Wall and Foundation
Join\ Detalls Integral Concrete Waterproofing

Source: Anti Hydro Company
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Figure 1ll-24, Membrane Watarproofing

be enclosed by such a core. The top of the core walt
must be as high as the Design Flood elevation plus
suitable Yreeboard. A typical watertight closure is
construcied of reinforced cast-in-place conrcie. The
design of core walls and the floor system tollows the
guidelines discussed in previous sections. The core
svstem must be capable of withstanding uplift and
Interal Nood forees, and all water-prooiing
consigerations discussed earlier must be nict.

With the exception of very low walls (lesy than )8
)nches), dcers< openings. steps or ramps musl be
provided. 'ne use of openings requires that flaod
shields be avajlable (ta be presented in the next
section). An gdvantage of this lype of access is that
normal eniry and exit to the arca occurs dv ng fion-
flood conditions. Disadvantages are the d ficulty in
assuring a watertight seal lor the shield, = e Of the
shield. and insuring that the shield is properly
installed in a timely manner.

/\WK\WZ\\YWWA

|
~ " GONG. SLAZ 07 SAND
3 TO YARE MEMBRANE

\
A” GRAVEL MLL

Providing sLeps as access to the arca climinates
the problems : i with {lood shields, bul entails
more difficult entry angd exit. This may be a problem
for arcas of heavy traffic, In addition, steps may not
be feasible if bulky or large amounis of material must
be moved in and oul of the area. Access fos
handicapped personnel is also limited. Ramp access
clinniates many of the problains of both openings
and s‘eps.

Ramps mav even be made to accommodale
machinery. il necessary. The primary disadvanlages {0
aramp svstem is the additional space required for the
ramp,

The 1ype of access provided for a walertight core
is a Tunction of the particular needs and usage of the
area as discussed above and musl be selecled by the
designer.
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Masonry Walls Around Small Openings
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Figure l1-26. Flood Shleld tor Small Basemeni

Window
foutce: Floodproofing Regulations

61






TYPICAL OOOA

(
- 7 §:\,— - SEAL-PSANENT Y AYTACHED TO SKIELD

SECTION A-A

. W
St

12 & ).ﬁé
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s—c—- MORTAR BETWEEN MASONRY UNITS
STEEL OR
ALUMINUM
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T.. .ASTENEAS - T

ANCHORS & FLUSH HEAD 80OLTS
FOR ATTACKING FRAME TO
MASONRY UNITS

R =
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=
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Z1=||_L HOLLOW MASONRY WITH CONCRETE AROUND
DOOR FRAME

ALL CELLS AROUND OPENINGS IN HOLLOW MASONAY CONSTAUCTION SHQULD BE
FILLED WITH CONCRETE. {ARGE DPENINGS SHOULD RAVE BONO BEAMS, VERTICAL
REINFORCEMENT, AND METAL FRAMES AROUND OPENING.

MORTAR JOINTS THAT LIE WITHIN FLOOD SH!Y 1.0 SHOULD BE STRUCK FLUSH WiTw
THE MASONAY UN(TS SO THEARE WILL BE A BET (I SEAL.

Figure 111-28. Flood Snleld for Typical Door
Openlng
Sourc=: Floodprooling Reguistions
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Figure 111-28, Typical Flood Shield tor Display
Windows
Source: Flond Proofing Regulations
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Flgure 111-31. Typical Flood Shield Fastening
Melhods
Sourcs: Flowd Prooling Regulations
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A variety of flood barriers and watertight doors
are avgilable commercially. Doors are closed by
sliding, hand dogs or wheels and can be pnecumatically
sealed. Doors and barmers are construcied of
structural steel or aJuminum plate. Figures §11-32
through (1[-37 illustrate some of Lhe avalable doocs

and barriers.,

FIGURE TECHNIQUE DESCRIBED
IT1-32 Watertight hinged double doors
(I1-33 Watertight quick actng hinged doors
Ml-34 Waternght shding door

[1E-35 Botioro hunged Nood barrier

TE-36 Manually installed lood barrier
111-37 Fork )ift insialled flood barmer

- —

LN

Figure 111:32. Waleriight KInged Double Doors
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Figure [H-33, Watertight Quick Aclion Hinged
Doors

(o6

Figure 111-34. Watertight Sliding Door
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Figure 111-:35. Bottom Hingead Flood Barrier
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Figure 111-36. Manually Installed Flood Barrier
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Flgure 111-38. Testing BIn
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Flgure 11-44. Floodwall Underseepage Controlled
by Shaet Pite or Cement Cuntain Cul-Off

A pervious Loe trench (Figure 111-43) is effective
for collecting vinderseepage where wn under”
pervious stratum is thia (or wt- cut-off ha been
used) and the trenck can, ¢ ore, intereen! a large
pereentage of the scepane. Ior the f thick
underlying ous Stratz, a blanke ‘lc 'rain system
will h¢ more ericciive in collecti: ; de » scenage.
Occasionally, it may be advania, 0° 10 lo-ate the

pervious french rowurds ! nter o1 o Tevee system
(Figure 111-45) and (0 arge intecept et
through a horizonial  _aket draina 2} T eis

some advantage 1o a location under U levee in that
the trench can also serve as an ins  lion trench and
becavse the blanket drain can help 1o contro! :
thal may ogoue Lhrough the levee crmbinkment.

d) Pressure RelieY Wells. Pressuse rebef wells
may also be installed along the uidside toe of a levee
or floodwall system 10 reduce uplifi pressurc. These
wells are designed (o intercept and conirol seepage
and associated hydrostatic pressures. They are
particularly effeclive where pervious foundation strata
are (0o deep lo be pencetrated by cul-offs. A reliel

78

well system can be expanded if the initial instatlation
does not provide adequate conlrot. Wells require
periodic maintenance and generally suffer loss in
efficiency with time. This efficiency loss is caused by
muddy surface waters, bacterial growth, or carbonate
i “lation that tend to clog the well screens. Figure
L1146 lus(rates a typicat pressure reliefl well,
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Source: U.S. Army Corps al Engineers, Deslgn and
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Flgure 111-54. Translatory Slide

Sophisticated numericul procedures, usually
involving posaible curved failure surfaces, have been
proposed for evaluating the rotational slide. Due to
the upcertainty in estimating the physical parameters
of the material used in levee construcuion, however,
use of these melhods 1s rarely justfied. The simple
Swedish Slide Method or the Moditied Swedish
Melhod (method of slices), amuony others, provide
acceptable analysis technigues. Most geotechnical
engineering firms bhave acgess Lo compuler programs
that can quickly cvialuate embankment stability if a
derailed analysis is regquired.

For more detailed infurmation relatiog 1o siope
stability analysis and other embankment design
considerations, the reader is encoutaged to refer to
Design and Construction of Levees, EM 1110-2-1013
as published by the U.S. Army Corps of Enginccrs.
However, for preliminary design and cost estimating
purposes a slope stabilily analysis is not generaily
veguired 11 standard slopes are maintained. The
steepest slope that should be coonsidered without
detailed studies is 3 1:2 slope ratio (| vertical unit to 2
horizontal units). Where conventional mowing
equipmont is to be used to maintain the embankment,
slopes should generally not exceed a 2:35 slope ratio.
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Riverside stopes may be less steep than the rangey
presepled abave if erosion damage (rom waves or
high velocity floodwaters is anticipated.

b) Borrow Ares. The selection of an appropriate
bocrow Jocation often represents a ¢ritical Tactor in
determining the applicability any vconomic feasibility
of floodproofing with a levee. Factors that must be
considered in the sefection of a borrow area include
the type and quantily of matenal available, distance
from the levee xite, [3nd value, and environmental
impacts. Al sites where the borrow ares s located in
close proximity to the proposad levee, the designer
musl also evalnate any direct impacts that the borrow
area may impose on the stability or impermeability of
the levee. Because most soils are suitable for levee
canstruction (excepl wet fine-grainced or highly organic
soils), aceessibibity and proximily wsually represent the
controlling factors in the selection of borrow areas.

Normally, long shallow borrow areas located
some distance riverward of Lthe proposed levee
aligpment present the oplisnum locaton for the
borrow area (Figure 111-55). However, landside pits
are accepiable: and near urban areas, larpe centralized
bocraw aseas yre often established. 1t is generally
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Flgure IV-3. Earthtil) Crib Retaining Wall

A vanation of thiv pracedure is the earth and
limber retaining wall. - thiy tecinigue. one row of
posts is placed parallel 1o tr un channel, and
planks are nailed on the ¢ “from Ihe wio2r s
shown in Firore [V-4. Sandbags or earth fil, must be
placed behind (he wall, A polyeinyle e sk~ -y be
used 10 reduce see ¢, Post und b« musl .
available ar the { must be the required equipmeni
and manpower to drive the pasts or dig postlioles and
to move large quantities of soil or sand,

The use of thes- -~ relaimna wall
structures will not generally creatle a watertight
barrier. Theretfore, sump pumps should be availuble
10 semove lexka; .nd stormwater be 1 the wall.
Pumps with sufl.. nt capacily fo1 | purnose
should be readily available and i wood repair at all
times. Enough fuel to operate the pumps for the
duration of the flood should be stored at the site.
Electric pumps should not be used because electrical
service may beintersupted when flooding oceurs.

). STOP LOG BARRIERS. A stop log barrier is
basically a t nporary wall that iy constructed by
stackiong s ns or planks on top of  ich other
in such a manner ay 10 prevent the passa : of water
throveh them. These Jo s or planks may e dropped
Wwlo slote v concrele w "1 (Figure TV-5) or into

freestanding mets) ¢f ...:cls,

Stop lo  arc norntally made Irom treated lumber
thal is al 1 7 two i¢l « thick (for instance, 2“x 127
planky). T me-and-proove lumber may be ased 1o

provide a berier fit between ad)acent planks. Any type
of muteridl may be used (o fabricale Ihe I«
that: (1) it can he aacly transported and i D ()
the [0 1t 7 % 1o form a waterhight seal; and, (3)
the resultins plunk wall and supporting framework arc
stro: + enouzit 10 withstand Nood-induce 4.

< nrovided
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Normal Position Flow Positien Backflow Potsilion
Closed with No Flow Vo-uble © ~uding on tntlont Closing with Bockilow
D CF ow
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Figure IV-9. Sewage Backflow Prevenlion
Devices
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Flgure IV-9. Sewage Backtlow Prevention Devices
(continued).

) VERTICAL
‘U SWING CHECK

MAX. FLOOD HEKIHT

REMOVE QRATE

INSTALL STANDPPE. . pee
USE ONLY WHERE

TAKE UP-LIFT
PRESSURES \\\\
i |

EXISTING BASEMENT DRAIN
FLOOD-PROOFING













































FLOOD DEPTH ABOVE FLOOR LEVEL

Floure V-8. Dapth -
Example Slie

12— T T —
|
2 | A
l
I
{0 | -1
l
B Slituctiure : -
|
8 [ -
(
i I i
|
|
- | -
: {
!
—_— ) p
/
/
4 F y _
/
3 . // -
~
-~
//\_/Cofneﬂls
2 - P N
-
-~
-~
-
- - -
-~
-
~
-
-
{ - —
-y 1 4 { { 1
a 20 27 40 80 80

DAMAGE AS PERCENT OF TOTAL VALUE

Damage Relatlonship for

100

19


















PRELIMINARY CO DAY | o TOTAL PRIMARY AND

STRUCTURE ELZAT ON SECONDARY COSTS (Sum of Above) = _ _
Correcion Factor: Current LNR
USSNG Fll.L: Coastruction tndex/4194 x
Approximate Cu (£ Required Corrected Tatal Cost uf Ilevation
X500 % iy by Two Numbers Above) —
or

From Table V-6 - .

USING PILES, POSTS. COLUMNS OR WALLS:
Single Story Floar Arca ..~ 3 %640 =

If Elevated Less than § feet, Multinlv ay
0.93. =

If Elevated § to 7 (eet, Muliiply by 0.96 =
If Elevated 7109 [, Mualliply by 1.0{)
If Elevated 10 reet, Multiply by 1,04

RAISING EXISTING STRUCT R,

Wood Feame wi ! [ [ines:
s.h.x 10

Brick Vepeer or Masonry with loi<t
Floor: . s.[.x 38,10 L

SECONDARY COSTS:

Lost Space Table V-7 (sq. ft®
x Cost Pcr Sq. Ei. = _ -

or Lost Space q. f1./43560) (Acrcr)
x Cos! per Ac.¢ = _ _

Extending Access and 1 (iHitiex:
Square Feet of Sinele Story
x $3.80 -
[nsuiling/Finish’ “ottom of He''Y <
on Piles, Colu 35, . (Ingert 1 v
Cost Based on Loce.  stimute)

Erosion Protection (1 = V-8, . _
cubic yards x $22 -

12§






PRELIM
FLOODWALL OR 1 /EE

PRIMARY COST

13 L of Floodwall/Lcver
x U ht Cost (Trhle V2D

SECONDARY COST

Backflow Prevention:
Numbcer of Valves R . }

x 3720
f2xistin: Sites Add:
Eart! 7, nambeg of vadves
X 7T
Conc cavation, niumbes of
val x SIS

Interior Druin  ystenr enter lump
sum includine zost of pt 0,

arad puIlp I0NSe, and ¢ i
feqQu nts,

Lost Space:

Side Siope
3h:)v H(M)
2.5n: v H{f1). f.
2h: v H{ft} o)

or, /43560 x L  ‘Acre

H Leve
L = Tevee Len

Erosion Protection:

Side Slope

I IvH(Y_ _x L) % $2.06
2.5h: v H(lh). ___L(fo).
Zh: (v H()__ g L(fu_

H = Levee Leieh
L = Levee Length
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_xX6xCost/Sy. b1

_x 5 x Cost/Sq.Fi.

Access Through Flondwall/Levee:

Metal 877 77
Tory Sqr ' te =~ %60
Minulac(w e
Tawal Sy oae Feel Fig. V-2
value ___

TOTAL PRIMARY AND
SECONDARY COSTS (Sum of Above)

Cor.. . dn Factor:
¢ arrent ENR Construction
1 -~ /4194

Cory: Tun i el of Floodwall or
Lever
(Multinegy Iwo nutnbers aboyve)

x L{(O_ _ % 7x Cost/5q.Ft.
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LOST SPACE

The ‘os
may be«¢ v
functiono ¢ i’

(2),: * -t a(A), iver 210
64C s ren Ui in Lhe previnne exaz: le, ¢
Table V-7 s the height of il ( in <

and side dlope (3 in thi ple). 1o fine th2

estimaling equation. « (e .
23N - 3T

lost space b SOR(A),

where SQR(A) s - cnu ¢
or
losr v . i3
Llevation
Heiahl
(Fi.) 3
76, ¥ ‘A)
6 I2 - SOR(A)
T B0 SQR(A)
' L 82XxSOR(A)
NSO )

FSXSE R(A)

ave e (o i outstopes of tihe fill
| able V-7, Lost space is a
it of fill, (1 . the slope of siden.

3, say
r
|_‘.\
[N N
e,
-7
J.OS 3
(. I

MDD WOPE, 2
. hil¥)

[
‘M

400 + 16.3SQR(A)
iy R(A)
1,66004 30 770y R(A)

2500 1 ¢ QR(A)
Kt - \“:Q_ Y
© 7 QR(A)

-

16.23xSOR(A)

CLLAUNSOR(A)

“2.66SQR(A)
xSQRA)
R(A)

o ORUAY
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Emily Lawrence, Ltd.
Boulder, Colorado

Anticipated flood depths at the Emily Lawrence,
Ltd. site were less than 3 feet, with flood water
vejocites of 2 teet per second. It was determined (hat
elevation on fill was the most cost effective and
desirable floodproofing aliernative for the sile. The
5,500 sq. ft. brick veneer building is constructed on a
concrete slab foundation. The first floor Jevel has
been elevated approximately 2.5 feet above the base
flood elevation. The location of the building on the
edge of the (Qoodplain fringe allowed final grading
that provides direct access to the first floor in the
front of the building. A combination of grassed
embankments and rctaining walls were used to
accommodalc 4 relatively steep grade transition at the
back of the structure. Floodproofing costs, including
delivery and compaction of the fill material and
additional site preparation, were approximately
315,000 (1980).

Site grading provides direct access to first floor
elevation at the front of the structure.

Combination of grass embankments and retaining walis to accommodate grade

change at rear of the structure.
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J..5 Professlonal Building
Boulder, Colorado

The JLS Professional Buildine is a two-story
slructure construcled of glass, stecl, concrete and
brick veneer. The buildi ¢ was clevated on walls and
columns to provide park ~pace and 1o protect
against flood damage. The first Moor elevaiion is
about 6 feet ubove {hiv base flood elevation. Expected
flood depths at Lhis siic are 3 feel with (Tow velocities
of 2 feel per second. Elevation increascd the cost of
the building by 20-35%, however the be (s
associated with parking space below the i ture
compensated for (his cost increase. The tc.. struciure
cost was approximalely $500,000 {1980). The st
floor area of this building is approximately 4,7%)
square f{eet.

vilcuia male 5 include cambination ol al L, o
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Eas(park Building
Boulder, Colorado

The Eastpark is a Muted concrete block building
used for manufactucing and storing office furniture.
The finished floor level is approximately equal Lo the
base flood elevation, and Nood velocities are
estmated at 2 feet per second. All windows at the site
are wel) above the flood level; therefore only doors
have been fitted with Rood shields. Bolt-on shields
were fabricated by a local metal working firm
(Boulder Steel) (o floodproof this existina siructure. A
total of )8 shiclds are required 1o protect Lie
structure. Ten of these shields are 3 feet wide, ang 8 Door frames for mounting flood shields at
of the shields ace 10 feet wide. All shields are 3 feet in~ Personnel goor.
height. The total cost of the shields was $3,400 (I980).

Floodprooting requires installation of 18 flood shields 1o protect 8 vehicular
entrances ang 10 personnel doors.
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View of Moore and Company plaza area from top of levee.
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Site plan for Moore and Co. Realty. Nole thal levee protects two struclures and
provides a heavily landscaped and enclosegd central plaza area.
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activate the pumps connected to the foundation
draipage system.

This flood did not resvlt in any damages to the
Wallace Barnes site with the exception of minor
extenior cleanup requirements. For comparison
purposes, it is significant to note that a brass rolling
mil) is located near the Wallace Barnes site.
Operations at thig facility are comparable to those st
Wallace Barnes, and the brass rolling mill was
subjected to comparable flood depths. Becavse the
mil) did not have any provisions to reduce flood
damages, the facility sustained close to $1 million jn
flood damapges.

With the exception of engineering serviees, the
total cost of floodproofing measuses at the Wallace
Barnes site was approximatety $250,000 (1980). The
company has been able to recover this cost through
reduced flood insurance rates, and damages prevented
duriog the June S, 1982 flood.

Tools, parts, and poriable gas powsred pumps
required to install flood shields and
remove any seepage thal may occur.

Sand bags stored on pallets that can be moved to site by fork lifts.
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Floodprooted on-site gasoline pump to provide fuel for portable pumps and other
(3111

Concrete cap used to seal abandoned coal loading chute.



! 1 ic o0 = Oow grade
or: .o xt ot Lot L . ang down
Grol

Flood 0. are ied TR -L gs.
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Fiood shield in stored position. C raised to Shield Detail

protect large loading dock goor.

Frame for mounting Hood sh” "ieanio g Frame Detail

dock door, A 4” x 4" piece 1 sciisus  to
facilitate tratfic over «: slot g« _ " to reci ve
and seal the flood shi:lu.
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D. LOCK HAVEN, PENNSYLVANIA

The city of Lock Haven is located in Clinton
County in central Pennsylvania, The West Branch of
the & - anna Rjver flows throueh the north
porbion ol the city, and Bald Earlc ( eek flows
throw:2h the south section. e con b
area uf these (wo wa’ s s approxic iy 3,117
square miles. Previovus I od studies have shown 1at
approximately 60% of the town lies within the
J00-year floodpiain. Futheimore, a large |:c1centage
of developmen( withip tic Noouplain is located in the
Moodway where depths ex R . 3nd velocities
exceed 3 fps. The city has been flooded 19 times in
the past 130 ycars. The flood af record occurred in
1972 4~ a result of Tropical Storm Agnes (estimated as
a td0-year flood) in Lock Haven.

As a result of obvious flood hazards, the City of
Lock Haven and Clirzon County have initiated a
floodp-inr m it program. Historical flaod
problems w.  (were t ted by Tropical Storm
Agnes led to the ivol of a complex network of
governy micies at (he Federal, State, regional
and local ievels, alt working loward means of
redu ne flood damages in Lock Haven. The result
ba¢  en the 1Toodprooliu: of a cansiderable number
of both residential and non-residential sinictures jn
the area.

In response to extreme flood depths, ¢ most
common floodproofine techn ue that hay i
applied in Lock Haven js struct “vitiinn The

floodproofing examples shuwn in this chapler
ilustrate (he flexibility of elevation as it a >lies (o
several building types in an that 5s  jected 10
extreme flood hazards. The sites described | low
iflustrate that elevated structures ¢au be functional,
cost effective, ¢ etivaly plesaz

Kepbart =’
Lock Haven, | nnsylvania

The Kephart Plaza is a live-stovy cast-in-place
concrete siructure with a brick vencer exterior. Base
loodine de th associated with the o ,. . lood is
approxima | 9 feet. The gron st the sice
s 557 mst and the fimished Hoor cie “lon i 567 msl
which places it about 1 fool above the 1s¢ flood
elevation. ANl utilities have been elevate 3 the first
floor and access to the build”™ v g¢ ' S(aIrk
and an elevator. Floodproofin re, incluain
elevation of the utilities, was 2 0,(x00 (1979) or
$% ol Lhe totz” "¢t cost. The open space beneath
the building is utifiz I for parking, storage and picnic

facitaties. Flood in . al this sile are issued from
war ' aon fire s1ation.
Structe z eleva.. | ¢ 1 cotuir 18 and wells
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Fron ran . at Kephar! Plaza.

Area under the struclure is used lor outdoor aci ~ ua ~
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Obto River Division
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Hunungion, WV 25701
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I 0. Box 59
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!
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U.S. Army IEngineer District, Mobile
P.O. Box 228§
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P.0O. Box 889
aavannah, GA 31402

U .. Army Eaogineer District, Wilimington
£.0. Box 1890
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U.S. Army Engincer District, Sacrameato
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UNITED STATES GEOLOGICAL SURVEY
(U.S.G.S)

Types of Agvistance:

= River level angd discharge records
» Floodplain information

Contact Offlee:

The United States Geological Survey has an office
in every state. Contact with thege offices can be
made through the Geology Department of your
closest state university.

NEPARTMENT OF COMMERCE, NATIONAL
OCEANIC AND ATMOSPHERIC
ADMINISTRATION (NOAA)

Type of Asslslagce:

a Historic weuther tecards
« Hydrologic data

* Flood warning assistaace
= Public Iaformation

» Siosm surge dafa

Conlac{ Offices:

National Occanic & A(mospheric Administration
Eastern Regton, Nauonal Weather Service

385 Stewart Avenue

Garden City, New York 11530

(516)/222-1616

National Uceanic & Atmospheric Adminisiration
Soutliern Reglon, Nationa) Weathey Service

819 Tavlor Street

Rns. 10E09

Fort Worth, Texas 76102

(817)/334-2668

National Ocearic & Atmospheric Adminisiration
Centra} Region, Nationa) Weather Scevice

601 E. 12th Street

Rm. 1336

Kansas City, MO 64108

(815)/174-5463
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National Oceanic & Atmospheric Administration
Western Region, National Weather Service

Hox 11188 Federal 8ldg.

125 S. Sta(e Streel

Ssit Lake City, UT 84147

(801)/524-5122

National Oceanic & Atmosphenc Adminisiration
Alaskan Region, National Weather Service

Box 23, 70) C. Stseel

Anchorage, AL 99513

(907)/271-5118

Nealional Oceanic & Atmosphenic Administration
Puuific Region, Natiopal Weather Service
Prince Kuhio Yedera) Bldg, Room 4110

Box $0027

300 Ala Moana Blvd.

Honolulu, Hawaii 96850

(BOB)/546-5680



REGIONAL AUTRORITIES STATE CONTACTS FOR THE NATIONAL
FLOOD INSURANCE PROGRAM
Types of Agsistance

There are several regional authorities which provide Types of Asslstance:

technical assistance in areas related to floodproofing * NFIP information

sach as
s Floodwaler contro] method designs and
evaluaugns
» Techoical assistance
* Flood chacacleristics
¢ Floodplain regulations
= Dissermunation of public informanon
» Post-lood disaster reliel assistance.

INTERSTATE COMPACT COMMISSIONS

Delaware River Basin Comunission
P. O. Box 7630

Wesl Trenton, NJ 08628

(609) 883-9500

Susquehanna River Basin Commission
1721 Norih Front Street

Harrisburg, PA 17102

(7Y 238-0422

TENNESSEE VALLEY AUTHORITY

Teonessee Valley Authonty

Flood Plain Managemens Branch 190
Liberty Building Knoxville, TN 17902
{615) 632445}

s Floodplain rcgulations
¢ Floodplain management information

Contuct Office:

The following is a list of state office contacts for
the Nationa) Flood Insurance Program:

Algbama

Department of Economic & Communily A ffairs
Srate Capitol Building

P.O. 2539

3465 Nocman Bridge Road

Montgomery, Alabama 361050939

(208) 2848725

Alaxka

Depanment of Community & Regional Affairs
Municipal & Rcgional Assistance Division

949 Tust 3§ Avenue, Suite 400

Anchorage, Alaska 99508

(907) 561-8586

Ariroua

Departmeo( of Water Resources

Flood Cantrol Branch

99 East Virginia, 2nd Floor

Phoemix, Anzona 85004

(602) 255-1566

Arkapsas

Arkansas Soil & Water Conservation Commission
#1 Capitol Mall - Suite 2D

Little Rock, Arkansas 72201
(501) 371-1611

Callforoly

Deparument of Water Resources
P.O. Box 338

Sacramento, Californiz 95802
(916) 445-6245
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Cotarado

Colorado Waler Conservation Board
State Centennial Bldg., Room 823
1313 Sharman Street

Denver, Coloradso 80203

(303) B66-344)

Connecllcuf

State Depl. of Envicoomental Pratecuon
Waler Resousces Unit

165 Capilol Avenve

Hartlord, Cutinecticur 06106

(203) 566-7245

Delaware

Dcept. of Nalural Resonrces & Epvironmenlal
Control

Division of Soil & Water Consesvalion
Richardson & Robbing Building

89 Kings Highway - P.O. 140}

Doves, Delaware 19903

(302) 736441 |

Dis(rict of Columblu

Deparlment of Consumeér Regulalory Affairs
614 H. St., N.W,

Washington, D.C. 20001

(202) 727-75717

Flordda

Department of Community Affairs

Division of Resource Planning and Mansgement
2571 Sxecutive Cir. Circle

East Tallahassee, Florida 32301

(904) 488 8466

Georgla

Department of Natural Resources

19 Martio Luther King, Ir. Drive, S.W.

Room 400

Atlanta, Georgia 30334
(404) 656-3214

Guem

Directoc, Office of Civil Delensc
P.0O. Box 2877

Agana, Guam 9690
0)1-671477-984)
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Hawal}

Hawan Board of Land & Natural Resourics
P.O. Box 373

Hoanolulu, Hawaii 96809

(808) $48-7529

ldaho

Depayiment of Waier Resources
Siate House

Boise, Idaho 83720

(208) 3344470

1ihiools

INinois Dept. of Transportation
Division of Water Resources

Local Floodplain Programs

300 North State Sueet, Room 1010
Chicago, 1linois 606J0

{312) 793-38&4

lodisnn

Department of Natural Resovrees
608 State Office Building
Indianapolis, (ndiana 46204

(317) 2324160

Yowa

lowa Dept. of Waler, Air and Waste Management
Wallace State Office Building

Des Moines, lowa 50219

(5135) 281-5029

Kansus

Kanszs Siale Board of Agricultuce

Division of Water Resources

}09 Southwest Ninth Street

Topeka, Kansas 666)2-1283
(9123) 296-3717

Kentucky

Department of Natural Resources
Division of Water

18 Reilly Road

Fort Boone Plaza

Fragkfort, Kentucky 40601

(502) 564-34)0






New York

Depantnjint of Enviroamenial Coaservation
Flood Proteclion Bureau

50 Wolf Road, Room 422

Albgpy. New York 12233

(518) 457-3157

North Carolina

North Carolina Dept. of Nawratl Resources and
Comimunity Development

Division of Community Assistence

512 North Salisbury Sirect

P.0O. Box 27687

Raleigh, North Carolina 27611

(919) 733-2850

North Dakots

State Water Commission

900 Last Boutevard

Bismarck, Norih Dakota S8505
(791)224-2730

Obio

Ohio Dept. of Natural Resources
Floodplain Planning Unit
Fountain Squate

Columbus, Ohio 43224
{614) 263-6755

Oklahoma

Oklahoma Water Resources Board

12th Floor

Northeast 10th & Stonewall

Oklahoma City, Oklahoma 73103

(405) 27)-2532

Oregon

Department of Land Conservation & Development
1175 Courl Street, N.E.

Salem, Oregon 97310

(503) 378-2332

Pennsylvania

Department of Community Affairs
551 Forum Building

Harrisburg, Pennsylvania 17120
(717) 787-7400
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Puerto Rlco

Puerto Rico Planning Board
P.O. Box 41119, Minillas Station
D-Diegn Avenue

Santurce, Puerto Rico 00540
(R09) 726-7110

Rbodc Island

Office of State Plannine
Statewide Plannitg Program
265 Mclrosc Street

Providence, Rhode (staad 02907
(401) 277.2656

South Caralina

South Carolina Waler Resources Commission
1830 Forest Drive

P.O. Box 4440

Columbia, South Casolina 29240

(803) 758-2514

South Dakola

Department of Miliary & Veieran Affaus
Division of Emergency and Disaster Services
State Capitol

Pierre, South Dakota 57501

(605) 773-3231

Tennessee

Depariment of Economic & Community
Development

Local Planning Division

1800 James K. Polk Office Building

508 Deaderick Street

Nushville, Tennessee 37219

(615) 741-221

Texas

Texas Depi. of Water Resources
P.O. Box 11087, Capiiol Siation
1700 North Congress Avenue
Austin, Texas 78711

(512) 425-2371

Utah

Office of Compeehensive Emergency Management
1543 Suniyside Avenue

S2) Lake City, Utah 84108

(801) $33-5271



Vermont

Agency of Environmental Conservation
Division of Water Resources

State Office Building

Montpelier, Vermont 05602

(802) 828-2761

Virgin Islands

Disaster Preparedness

Office Box 1208

St. Thomas, Virgin Islands 00801
(809) 774-6555

Virginia

Virginia State Water Contro! Board
P.O. Box 11143

2111 North Hamilton Street
Richmond, Virginia 23230

(804) 257-0075

Washington

Department of Ecology
Mail Stop PV11

Olympia, Washington 98504
(206) 459-6288

West Virginia

West Virginja Office of Emergency Services
Capitol Building

Room EB-80

Charleston, West Virginia 25305

(304) 348-3831

Wisconsin

Department of Natural Resources
Floodplain-Shoreland Management Section
P.O. Box 7921

Madison, Wisconsin §3707

(608) 266-1926

Wyoming

Wyoming Disaster & Civit Defense Agency
P.O. Box 1709

Cheyenne, Wyoming 82003

(307) 777-7566

LOCAL AGENCIES

Types of Assistance

* Floodplain Maps

¢ Building, zoning, subdivision, ordinance to guide
development in the floodplain

" Primary source of informing the public about
projects

¢ Provide assistance and planning on interpretation
of state and federal regulations.

Contact Offices:

These offices vary depending on jurisdictional
boundaries of cities, counties, townships, etc..
Therefore, the manval user is directed to consult your
local telephone directory under local Government for
assistance.
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b) Allowable Soil Pressures: Under flood
condi >ns, the bearing capacity of submerged soils is
_1 and reduccd by Lhe buoyancy effect of the
water on the soil, = - o adations of buildings and

strucluics, the bearing  pacity
evaluated by a recor uzed @ &
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b) Fleodwalls, Floodwalls should be designed (o
resist the following Joads (as defined in Part B of thi
appendix) acting Simullaneously:

LOADING SAFETY FACTORS CONDITION
OVERTURNING/SLIDING
(Eq. 1.21) D+S+F 1.75 b3 Design Flood
(BEc. 1.22) D+ F+F[+S 1.5 .y Dcvign Flood + Impact
{1'q. .23 D+W+F+FJI+S§ 1.5 1.3 Decign Fiood + [mpact + Wind
(Ty. 1.24y D+F* +8 1.0 .4 Flood 10 top of wall
(Eq. 1.29) D+S+EQ 1.5 (] Normat load 1 Farthquake
(Fq. 1.2 D+W 1.3 1.1 Construclion phase
{Ca. 1.27) D +S 2.0 1.5 Normal condilion

* Assunmes that the hydrostzatic head ol water pressure (s equal to the height of the wall

¢) Commentary

The loading cases defined in Item 1.} are o be
used in associalion with working stress design
meihods. If load factor design analysis is used (as
required in instances where the American Concrele
Institute Building Code Requircments for Reinforced
Concrete (ACL-318-71) is applicable) load lactors
shtould be applied as stated in the 2pplicable standary;
and flood loads () should be combined with the live
loads (L), or wncorporated as thuneh il were g hve
load for loading conditians (1.1.) and (1.14). in all
other loading cases, flood loads (F) and Nood impact
loads (F1) asc to be combined with wind loads (W) or
factored ag cquivalent to W,

The load cases described in items (£.11) and
{1.12) provide an appropriste margin of safely against
excessjve damage oy suuctural collapse when
subjected to Lhe design (lood. The margins of safety
applied to Moodproofed structures are intended to be
no lcss than those applied to structures that ace not
subjecicd to flooding, These cnitena are decmed as
sacisfied 1if stresses and deflections do not exceed the
limits specified in applicable codes, and all loads
specitied herein, Maximum load values and member
stresses must be calcvlaled Lo include the combined
effeeis of al) norma) loads required by applicable local
codes. and rhose relaled to flood conditions.

It is assumed that the Dood loads (F) may aut on
a structure for a neriod of days, and oversiress
conditjions are not permissible. Flood Impect (F1)
loads (rom normal impact sources) are shori-furm
loads. Therefore, the masgin of safety against load
combinations containing F1 need nol cxceed thal
provided against wind or earthguake loads. 1f a
siructure is subject 1o specia) or extreme impaci loads,
no overstress should be used. The combination of
carthquake and flood loads should 1ot be considi -1
simuoltancously due (0 The low probabillty of
ageurence.

2, CRITERIA 2 - STARILITY

2) Elevalon on Posts, Plles, Piers. or Wully and
Watertlgh( Structures. All structures elevated on
posls, piles, piers or walls and aJ) watertight structures
should be designed Lo provide a minimum safety
factor ot 1.5 against strictore fajture from sliding or
overturaing; and should have cnough dead load
weight to resist anticipated hydrostatie pressures,
including uplift, from (loadwaler at the Design Floud
level wilh a minimum safety factor vt 1.33.

b) Floodwalls. All floodwalls should be designed

with appropnale sulety factors associated with each
loading case as gives above in Criteria ] .
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FLODD PROFILES
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