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A, GRBIECTIVE

This manual has been developed to HHustrate a
broad range of floodproofing technigues that ¢an be
used o reduce flood damages 1o existing OF proposed
non-residential structures. The manual is primarily
directed af local officials, building owners, desipners,
contractors and other individuals or organizations that
are interested in the design and bnplementation of
fondproofing plans.

B, FORMAT

The manual includes six chapiers and several
appendices, Chapter I introduces the user Lo the
permanent, contingent, and emergency floodproofing
technigues that will be addressed in this manual,
Chapter I describes the major physical, economic,
and secial factors that influence the feasibility of
floodproofing a structure, and related sources of
information and techuical assistance, Chapters 11 and
PV provide more detalled information thar will
facilifate the selection and concepiual design of
appropriate {loodproofing methods. Representative
costs of the various elemenis of floodproofing are
presented in Chapter V., Chapter VI contains several
floodprooting case histories, These case histories have
been included o provide information on
figodproofing plans that are currently in use, amnd the
conditions for which they wers designed. Several
appendices have also been included in ihe manual {o
provide a variety of supplemental information,

O LIMITATIONS

Only riverine flooding and floading in non-wave
velochy coastal areas are addressed in this manual,
Consideration is given 1o flood characieristios
including depth, velocity, and rate-of-rise, and thelr
effects on the various floodproofing fechniques.
Coastal flooding forces and phesomenon such ag
wave generated lmpacts or erosion are not addressed
i this manual, The information presented in this
manual has been developed specifically to reduce
fiooding probiems associated with non-residential
{industrial, commercial, and nstiutional’ structures.

These structures range from small, wood-frame
construction, similar to a typical residence, to multi-
story concrete and steel structures. Much of the
information regarding degign criteria, the properties
of materials, the values of flood water design forees,
andd other considerations have been adopied from
standard enginecring references, bullding codes, and
other documents. Specific case studies {see Chapler
VI) were investigated for the purpose of refining and
supplerienting data presented in prioy reports, This
manual is intended Lo serve as a general technicsl
guide on the selection of allernative Hoodproofing
technigues. I must be emphasized that the aciual
design and construciion of the various technigues
should involve the services of a registered professional
engineer or architect or experienced contractor,




CHAPTER 1

INTRODUCTION




A, CONCEPT OF FLOODPROOGFING

Floodproofing is a combination of adjustments
and/or additions of features to individua! buildings
thai are designed to eliminate or reduce the potential
for flood damage. Some examples of floodproofing
include the placement of walls or levees around
individual buildings; elevation of buildings on fill,
posts, piers, walls, or pilings; anchorage of buildings
10 resist flotation and lateral movement; watertight
closures for doors and windows; reinforcement of
walls 1o resist water pressure and {loating debris) use
of painis, membranes, and other sealants 1o reduce
seepage of water; installation of pumps to control
water levels; installation of check valves {o prevent
entrance of floodwaters ai ufility and sewer wall
penetrations; and location of electrical equipment and
circuifs above expected flood levels,

For the purpose of this manual, {loodproofing of
new buildings should primarily be viewed as any
method or combination of methods that serve io meef
the elevation or watertight floodproofing standards of
the Mational Flood Insurance Program {NFIP) for
non-residential structures. Many of these same
concepts and methods can also be applied to existing
non-protected construction 1o reduce or eliminate
futyre flood damage.

B, CLASSIFICATION OF FLOODPROOFING

Floodproofing techaiques can be classified on the
basis of the tvpe of protection that is provided as
follows: (1) permanent measures {always in-place,
requiring no action if flooding ccours); (2) contingent
meastires {requiring installation prior to the
occurrence of a flood), and (3) emergency measures
(improvised at the site when flooding occurs).
However, it should be recognized that these
classifications are poi always clearly defined, For
example, a floodwall would normally be considered to
be & ‘permanent’ protection measure even though the
success of a particular floodwall design may be
dependent upon installation of one or more gates 1o
seal openings. The advantages and disadvaniages of
alternative floodproofing technigues are also
presented in this chapter. Chapters 111 and IV provide

more specific information that can be used to develop
preliminary design concepts for the fechnigues
deseribed herein.

C. PERMANENT FLOODPROGVING MEASURES

Permanent fioodproofing measures are those
which, once installed, require no further action {0 be
taken when flooding occurs. These measures include
closures and sealants, watertight cores, floodwalls and
levees, and elevation of the structure. In general,
permanent floodprooling measures are most effective
when used in aress that are subject to frequent
flooding, relatively high flood depths, or where
insufficient flood warning time is avallable 1o
implement contingent floodproofing measures,




For several reasons, permanent floodproofing
measures are preferred over contingent or emergency-
type techniques, Permanent floodproofing measures
reduce reflance on a sophisticated flood warning and
preparedness system because the ¢vacuation of the
struciure occupants may be the only activity that is
required prior to the fiood. In addition, the
effectiveness of these measures during a flood is not
jeopardized by human error in installing any portion
of the systern under adverse conditions that often
precede g flood, Furthermore, operation and
maintenance costs associated with the floodproofing
sysiem will often be less with permanent measyres
because there 15 no need o store or maintain parts
and supplies that would be required for contingent
and emergency flocdproofing technigues, and there is
no need o train and matntain manpower for installing
the floodproofing cguipment. Also, permansent
floodproofing measures will ofien meet the minimum
Toodplain management requirements of the National
Flood Insurance Program.

There are also some disadvantages associated
with permanent measures, Indtial construction costs
may be relatively high, particularly for some existing
structures and for large floodwall or levee protection
projects. Another primary disadvaniage 1o permanent
floodproofing is that adjustments made to prevent
water from enfering a facility may restrict access to
and use of certgin parts of the siructure,

Figure 1. Permanent Window Closure in
axisting masonry wall.
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B, TYPES OF PERMANENT MEASURES

1. PERMANENT CLOSURES AND BEALANTS,
A permanent closure basically involves filling an
existing window, door, or other opening with some
form of water-resisiant material, such as concrete
blocks, bricks, or cast-la-place concrete {see Figure
11}, The exterior walls and closures will prevent water
from entering a bullding. 1 is important that walls are
impermedble and sirong enough {6 suppor! the
expecied hydroulic loading, and that the windows
and/or doors are not reguired for the operation of the
Jacility,

Older cast-in-place walls and brick walls generally
develop small crackys thar allow water 1o peneirate. In
addition, masonry walls are not inherently
impermeable; therefore, some seepage can occur
through them when they are subjected to floodwaters
for extended periods of time. One method that can be
used 10 prevent seepage through 2 masonry wall is the
use of sealants,

A gealant iy a waterproof coating that can be
applied to the outside of an existing wall, or beneath
the veneer of a new wall 10 reduce or ¢liminate the
wall’s permeability. This cogting is gengrally an
asphalt-based or polymeric compoung that ¢an be
painted or spraved onto the wall, In some cases,
polvethylene plastic sheets have been applied in
conjunciion with these coatings. Some basic
considerations for determining whether sealants and
closures might be used are:

NEW BLOCK USED
iN CLOBURE AREA

-
§ ORIGINAL WINDOW OPERING



¢ Are the walls of the facility strong enough to
withstand the flood-induced loadings without
significant structural damage?

¢ (Can these walls be adeguately sealed o prevent
seepage?

o Can the door, window, or other opening be
permanently closed without significantly
impairing use of the facility?

¢ Can a sufficient bond be provided between a
closure and the existing wall so that the closure
will not fail or crack when subjected 1o flood
toadings?

# I3 the floor strong enough 10 withstand
anticipated hydrostatic uplift or buoyancy loads
or will a sub-floor drainage system be required?

2. WATERTICHY CORES, Many existing non-
residential buildings do not have watertight walls and
often cannot be waterproofed due 1o phyvsical or
econoinic constraings, In many of these cases some
degree of flood-damage reduction can be provided by
installing a watertight wall around iiems within the
building that are particudarly susceptible to flood
damage. This type of watertight enclosure iy normally
constructed of cast-in-place concrete, However,
concrete block or brick may be used if an effective
waterproofing compound is applied and sufficient

Compuiar
Services

Figure 1-2. Typical Applications of Watertight
Core Fioodproofing

strength can be developed, Watertight cores are
particularly effective when costly Hems are located
together in a small part of the bullding and it iy not
feasible to relocate them to non-floodprone areas. For
example, important records, vital utilities, or
expensive equipment might be enclosed by such a
core. (See Figure -2} 1f properly designed and
constructed, a watertight core can be a very cosi
effective damage-reduciion oo} for a facility which
could not otherwise be floodprocfed.

3. FLOODWALLS AND LEVEES. Another
method of foodproofing a non-residential structure is
the use of small floodwalls or levees, Although these
have traditionally been considered as structural flgod
control alternatives for proteciing a large area or a
pumber of structures, they can be a practical and
economical floodproofing technique for protecting
single or small groups of structeres. Floodwalls and
levees have been constructed in a wide variety of
shapes and sizes throughout the United Btates.
Basically, these facilities act 10 keep waler away from
a siructiure.

Floodwalls are generally of masonry or concrete
construction and there are a wide variety of
configurations 1o meet different site condirions, Some
of the more common shapes are shown in Figure 1-3,
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Figure 13, Typical Floodwal! Configurations

Levees gre earth embankmenty that have low-to-
moderately stoped sides, & wide cregt, and & cut-off
french or wall az shown in Figure I-4, The side slopes
are usually 311 or less {o provide greater structural
mass and stability. The crest can vary in widih {from &
minimum of 2 feet depending on stahility
reguirements related to the beight of the levee and on
any allowances which need {o be made.to facilitate
access for vehicles or maintenance equipment,

Qne-of the primary advantages of floodwalls and
tevees is that they can be used 1o protect any type of
sirugture. There is. no need to alter the building, 10
biock in windows or doors, or to build interior
harriers, Floodwalls and levees also have an advaniage
in that they can be used in areas with relatively high
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flood depths. However, high {loodwalls and Jevees are
very expensive and pose a sipnificant safety hazard if
they are noi designed and construcied properly, oy
their design protection level is overtopped.

One major drawback (o the use of levess is the
arount of space which they require. For example, if &
levee with 3:1 side glopes and beight of eight 10 ten
feet is placed on a two-acre site, the levee will occupy
approximately one-half of the site (this relationship
will vary based on the shape of the site). However,
with its relatively Tiat slopes, the levee can provide
open space that may be used for storage or somg
other activity that does not conflict with proper levee
mainienance, Figure -5 demonstraies how levee width
varies with height,
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Another common problem. associaled with levees
and {loodwalls i related to the need 1o provide for
drainape of rainfsll and runoff thai collects behing
them, -Normally this Is accomplished by draining all
internzl water 10 g ceniral point. - Interior drainage
may be pumped 10 the other side of the floodwall or
fevee, or 4 valve may be provided to allow drainage
by gravily, while preventing backflow during flood
periods (see Figure 1-6). Also of considerable
importance in (he design and consiruction of
floodwalls and levess is undersespage, In areas where
the seils are pervious or Hoods are of considerable
durdiion, seepage under the siructure could resuli in
flooding of the site behind . In sueh cases, some
type of pump sysiem, cul-off trench, sheet piling, of
wall should be provided as shown in some of the
examples in Figures 1.3 and 14

4, ELEVATION, Elevation of 2 non-residential
structure gbove the base {lood devation is 5 profetive
measure that is often feasible for new consiruction
and selected exisiing struciures, Structures may be
elevaied on concrete columans {Figure 1.7}, on
compacted fill (Figure 183, or a variety of other
foundation types. Elevation of g huilding on walls,
columns, piles, posts, or pers can be accomplished

within the same amount of space that would be
required withowt elevation. I a structiure 35 to be
clevaled on {ii, a considerably larger amount of space
may be vequired 1o accommodate grade changes on
the sides of the struciure,
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Figure I-7. Elevation on Columns
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Figure 1-8. Elevation on Compacted Fill



Elevated structure design must be capable of
resisting the loads caused by flooding including
hydrostatic, hyvdrodynamic, and debris impact.
Substantial modifications 1o standard walkways,
steps, ramps and utility systems may also be required.
The elevated structure’s floor must be insulated and
the wtitily systemis leading o the siructure must be
protecied from damage associated with floods and
temperature extremes. In addition, elevation of the
structure mus! be designed so that it dogs not interfere
with access Lo the structure, For example, if 4
warehouse 18 10 be elevated, some provision must be
made for maintaining the required dock height, This
problem mipht be resolved by raising the loading dock
area on Vil material (see Figure -9}, Similar problems
may be encourdered i the facility to be elevated s
situaied near a railroad or river dock. [deally, plans
for an elevated structure should include provisions for
safe exit from the structure during a floed, This may
be accomplished by alevated walkways or through
appropriate grading of the site. For siructures where
this is not possible, adeguate flood warning and
evacualion plans must be developed 1o ensure that
occupants are no swranded in the facility during a
flood.

Although elevation is most applicable for new
construciion, there are some cases where this
technigue can be used suceessfully 1o protect existing
structures from flood damage. Technigues are
available to raise almost any type of structure,
However, cost effective elevation of existing struciures
is penerally Hmited to light, 1-2 story buildings that
have a floor system that can be lifted with the
structure walls as & single unit, Generally, wood frame
buildings constructed on g crawl space or basemend
foundation are the most suitable candidates for
elevation.

E, CONTINGENT FLOODPROOFING MEASURES

Although permanent fleodproofing measures
certainly have advantapes in ferms of providing
protection from flood damages, they often have
accompanying disadvantages such as restricted access
and mefficient utibzation of space. When these
factors represent major obstacles to the application of
permanent foodproofing technigues, the use of
contingent flpodproofing measures may be
appropriate,
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Figure 1.8, Elsvation of an Existing Warehouse
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Contingent floodproofing measures are those that
reguire some fype of installation, activation, or other
preparation immediately prior 1o the occurrence of a
flood. These measures include flood shields,
watertight doors, and moveable floodwalls, In some
cases, flood protection provided by levees, floodwalls,
or waterproof cores will require access openings that
must be sealed with shields or doors during ftood
events, Obviously, the success of this {vpe of sysiem is
dependent upoen the ability io install and secure the
fleod shields and other protective devices prior (o
flooding. Ay with permanent floodproofing measures,
the walls and floors must be sirong enough 1o
withsiand loading forces and significant leakage.

The primary advantage of contingent
floodproofing systems is that components may be
moved aside or stored during nop-flood periods
allowing full access to the doors, windows, and other
openings. In addifion, contingent loodproofing
methods are often very cost effective when protecting
against relatively shallow {lood depths, especially
when a small number of openings are involved.
Another advantage of contingent measures is that ey
are ofien the most adaptable and feasible {echnigues
for use of existing non-residential structures. Also,
these techniques may satisfy the minimum floodplain
management reguiremenis of the National Flood
Insurance Program.

Although convenience, cost, and adapiability
provide major incentives to the use of contipgent
floodproofing measures, there are several potential
disadvantages that must be considered. The major
disadvaniage is that a contingent system i3 subject (o
human error associated with applying the sysiem’s
componenis. Inappropriate response may involve
inadeguate recognition of flood hazards, improper
installation, fallure 1o install ap element of the system
due 1o an gversight, inability to find elements or
insialation equipment due to poorly planned or
maintained storage areas, or improper traiping of the
installation team. Each of these faciors must be
carefully considered during the selection snd design of
contingent foodproofing measures.

EF,TYPES OF CONTINGENT MEASURES

1. FLOOD SHIELDS, Flood shields are the
most comunonly used contingent floodproofing
method, A flood shield is a walertight barrier
designed w prevent the passage of water through
doors, windows, ventilation shafts, or any other
openipg in a structure that might be exposed 1o
flooding. Flood shields have custiomariy been made
of steel or aluminum, However, any material that can
be easily mainigined and is capable of providing
sufficient strength and water resistance may be used.

S0 that access Lo profected areas i mainfained,
flood shields are usually installed only when flooding
is imsninent. Normally some type of pasket or seal is
required to ensure thati the shield is watertight,
Additionally, the shield should be atiached by bohs or
some other means 10 provide proper contact for
seabing. It must be stressed that flood shields may
oly be installed where the walls of the building and
the opening’s framing systemn are sirong enouph to
withstand {lood-induced forees,

Some mechanical means of transportation and
placerment should be incorporated in the design of
large, heavy shields, As shown in Figure 1210, shields
may be mounted on tracks or hinges sp that they can
be slid or lowered into place. Heavy flood shields may
also be placed with a fork §ift, overhead hoist system,
or any other 1ype of mechanical or electrical device, It
is crigical that the selected sysiem musi have an
independent power source because power oulages
ofien accompany major floods,

One disadvantage of this floodproofing system iy
the storage requirement for flood shields. Shields
musi be located as near o the opening as possible
along with any tools required for installation. If
storage requirements are improperly implemented, the
entire svsiem for protection can fail,
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2. WATERTIGHT DOORS, Watertight doors
are very similar to shiding or hipged flood shields in
purpose, ver they are desigoed 10 function as actual
doors that are used during normal operating
copnditions. This type of door can be closed and sealed
by a simple laich mechanism {see Figure I-11},
without the use of bols that are normally used io
secure a flood shield,

Many of the advantapes of watertight doors are
ohvions. Because they are permanestly mounted at
the area where they are to be used, a separale storage
ares is not required. Because they will be used on a
regutar basis, they are more likely 1o be kept in
proper working condition. For structures where all
openings could be protected with this type of closure,
there would be no need for a contingency plan to
floodproof {he facility during non-working hours.
Waterproof doors are eastly secured, thus thelr use
would reduce the amount of ime required 1o
implement g oodproefing plan that containgd other
contingent Or eMergency measures,

The primary disadvantages fo this type of door
include their weight {which makes freguent opening
and closing difficalt), and their cost.

3. MOVABLE FLOODWALLSY, Movable floodwalls
may be installed in sitwations where the construction
of a conventional flocdwall or levee is not acceptable
because of related impacts on accessibility or aesthetic
values, Several movable floodwall designs have been
developed o date. A few of the more copmumon
designs are deseribed in this section.

The folding Joodwall consists of a flood barrier
which is hinged along the bottom 5o that it can be
lowered 10 a horizontal position to form a walk, of to
fir flush with existing ground or pavement. A
flocdwall in Monroe, Loulsiana is based on this
concept, Figure }-12 shows a section view of the
floodwall in both the raised and ihe lowered position.

Figure 111, Walertight Hinged Door
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Because these panels are quite heavy (about. 500
- pounds per foot of length), they must be raised and

lowered by means of a mechanical hoist and must be

" held i place while the bolts are manually secured.
T This gystem is not particularty guick o install,

- lifiing system and ielescoping struts 50 that air

 compressors could be used to 5ift the panels, thereby

. substantially reducing installation thne.

_ For those cases where refatively shallow iiooamg

i expected {water depths of two feer oressh, a

. Folding floodwall could be constructed using metal
shields. These shields could be braced by eithey

A permanent or movable posis. The shield Taces that are

exposed when they are in the lowered position would .

- need 10 be surfaced with an appropriate texture fﬂr- .

" any pedesisian or vehicular tmrf;a that wouid b&
- expacwd (s‘.e Figure & 33} '

Another movable floodwall that is sultable for

~dow depth areas involves mounting a flond shield so

“that it can slide up and down in & recessed area below. -

grade and the flood barrier position as shown in
_ - Figure 1-14. This pariicular design has 4o advantage. -
" Ancther Tloodwall of this type inchudes a poeumatic

‘over the flood shield wall because of the conventent

- location of the panels. It also has some advantage

aver the folding or hinged floodwall in thai any. ivpf:
of waik Dd\fi,mfmi or gram,d arga can b::

If a movable floodwall is corvectly designed,

- buily, maiptained, and installed it should provide

" pomplete proteciion for a non-residential structure’ .

- while aftowing full view of and access to the structure. =~ -

. during normal business operation. However, these

- advantages must be weighed against disadvantages
cagsociated with relatively high wnszrumon £OST. dnci

. maintenance. requirements. -

~ Gonerete Post
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G TYPES OF EMERGENCY FLOGDFROGEFING
MEASURES

Fmergency floodproofing measures are discussed
in detall in Chapier 1V and are summarized below,
These techniques are characterized by their abilily to
be initlated on relatively short notice using previousiy
oblained and stored materials,

The primary advantage of an emergency method
is low cost, Sand and timber are the primary maierials
and although these measures labor intensive,
volusieers are often used, These methods are most
effective in flood areas where water vetogities are fow
and depths are shallow, and where floodwaters rige
siowly.

A mator disadvaniage of SMergency mMeasures is
that substantial advance warning is required to
mobilize personnel and install emergency barriers, In
acddition, in the event of an unexpected increase in the
flood magnitude or rate of rige, the emergency
measures may fail. It should be noted that emergency
measures do not satisfy the minimuom requirements
for watertight floodproofing as set forth by the
MNational Flood Insurance Program (NFIP}, due 10
their reliance on human intervention. The most
common technigues for emergency flood protection
include the following:

i, SANDRBAG DIKES - This is ihe most common
emergency fechaigue and consists of sfacking plastie
burlap sandfitled bags aiop one anoiher.

2. BEARTHFILL CRIB RETAINING WALLS
-These {emporary walls are typically construcied by
placing soil between two timber formed walls,

3 5TOP LOG BARRIERS - Stop log barriers are
fypically construcied by stacking small timber planks
on top of gach other by dropping them into
permanent side channels,

Other fechniques used to reduce flood damages
are discussed in Chapter IV,

5



CHAPTER 11

FACTORS THAT INFLUENCE
FLOODPROOFING FEASIBILITY




TRODUCTION

Many faciors influence the decision making

~process Tor determining the feasibility of
- Hoodproeling aptzozi@ The optmum 50.1141}.01 woum

“-these performance goals, it iy necessary to conduct a
‘systematic evaluation of physical, social, and

_:Iba one that:

 Provides Tor reduction in damages for the
selected or required design level and does not
Cresult in increased damages (0. other *rupmy

# L responsive, fo- a{i ap;‘;hs a.bie il _odp}am
Cregulations. '

Provides for the safely of ;wraons nn mm
~adjacent 10 the site,

s I3 cost effective with regard lo installation,
“maintenance and operation.of the system.

&

© O and the general public with regarnd fo
operational efficiency and. lk‘i’ipcl(,{b hE ihc
surrounding enviromment, '

Teo develop a floodproaling phan thal can meer

 economic factors that influence the feasibilify of

“floodproofing. In most situations, it will be necessary -

- o collect basie information related to each ofthe

-major categories shown in Figure 11-1, This

Cinformation I required to: (7) identify viable
- ggnstruction sites snd/or floodproofing alter i:scuwcs,
C{2) develop preliminary design concepts, and (?) '
_":;,cku refing, and implement an optimum
- floodproofing plan for a4 new or existing structure,.

This chapter identifies the specific fypes of
Cinformation that may be reguired, how thar
-information may be used, and potential data sources.
“The chapter has been arranged 1o reflect the genergl

Coutline of information provided in Figure -1, This
© format besuits in an initial discussion of the potential

regulatory context of floodproofing, followed by a-

- presentaiion of physical factors that-impaci
floodproofing alternatives, The chapter concludes

with & summary of Tactors that influence the design,

use, and aceeptability of Hoodprooding alternatives,

Is acceptable o the property owner, employess.




DEFINE OBJECTIVES

!

[ COLLECT DATA REQUIRED TO ESTABLISH INITIAL FEASIBILITY i

|

i
|

|

|

REGULATORY MYDROLOGIC SITE FUNCTIONAL] | 8TRUCTURAL
*Floodplain Laws!  {*Ficod Hazard * Soil < Buitding Usage «Bullding Materials
& Regulations Boundaries Reguirements
= Gaology . , «Construction
s Zoning « Depth Safety Technigues
Ordinance # Ground Water > Fiac
o =Valocity Forecasting = Byliding
* Subdivision infrastruciure B Condition
Regutations «fate of Fise “Flood
s Physiographic Preparedness s Location & No. of
AT . g i Sy Pg i i -
Buiiding, Duration Charactaristics s Economic C}{Jenmgs Below
Housing & Feasibilit Floed Level
Health Codes Frequency ¢ Alernative Fioog ¥
Controt Projects « Public Support

| l

l

l I

1 REVIEW DATA & IDENTIFY FLOODPROOFING CONSTRAINTS & OPPFORTUNITIES i

i

| SELECT & TEST VIABLE FLO

GOPROOFING ALTERNATIVES }

FINAL DESIGN OF OPTIMUM SOLUTION

Figure H-1. Gengral Floodproofing Design
Process

B. REGULATORY CONSIDERATIONS

A variety of Hloodplaln management programs
have been developed and adopted throughont the
United States as part of a long term effort to reduce
flood damages. The floodproofing analysis process
should begin with contacts (o appropriate federal,
state, regional, and local apencies 10 identily sources
of technical assistance and to develop an
understanding of floodplain regulations and other
code requirements that are applicable to the proposed
action. Figure 11-2 provides an overview of the general
range of floodplain management. services that are
available through various levels of government. As
deseribed below, the programs and regulations that
are administered by these agencies can influence
decision on where foodprooling may be applied,
what techniques may be used, and the design of
specific foodproofing components.

1

1. FEDERAL PROGRAMS. There are a variety
of federal agencles thai have direct or indirect
involvemnent in food profection issues. Several
apencies support major research and program efforts
in specific areas of floodproofing. For example, many
of the Corps of Engineers Pustrict Offices have been
involved in floodproofing projects and all of them
provide flood and floodplain relared technicat
assistance including information on floodprooiing
through the Flood Plain Management Services
Program, The Corps of Engineers also maintaing a
Mational Advisory Committee on Floodproofing that
has direcied several floodproofing demonstrations and
rests, (ther federal agencies that support major
programs related to f’ioadp'raoi'ing include the Federal
Emergency Management Agency and the Soi
Clonservation Service,



FLOOD PLAIN
AGENCIES

s FEDERAL EMERGENCY
MANAGEMENT AGENCY

8.8, ARMY
CORPS OF ENGINEERS

eil5, 280IL
CONSERVATION SERVICE

CREPARTMENT OF HOUSHNG
ARD URBARN DEVELOPMENT

eNATIONAL QUEARNIC

ARD ATMOSPHERIC
ADMINISTHATION

oLLE. GEOLOGICAL BURVEY

@ FEDERAL HIGHWAY
ADMINISTRATION

¢ STATE FLOODPLAIN
MANAGEMENT COORDINATING
AGQENGY

& REGIONAL AUTHORITIES

eLUCAL GOVERNMENT
PLANNING AGENCIES

Figure i+2. Floodplain Management Services

Appendix C provides a listing of agency offices
that may be contacted (o obiain information
information about programs and regulations that
apply to a specific project. 1n addition, agency
representatives may be able to provide technical
assistance in the form of basic information and
FEPOTLS.

3 MATIONAL FLOOGE INSURANRCE
PROGRAM. The National Flood Insurance Program
(NFIP) represents the primary floodplain regulatory
program that has been adopied at the federal level.
The NFIP is administered by the Federal Insurance
Administration of the Federal Emergency
Management Agency (FEMA). The NFIP’s primary
purpose is Lo reduce the amount of personal

hardship and property  damage associated

with flooding. The program makes flood

insurance available 10 communities that

implement comprehensive land use planning and
mansgement o reduce flood damage in their
jurisdictions., Community response 10 this requirement
generally involves the adopiion of zoning, building
code, and development regulations and strategies that
feature various damage mitigation measures for new
construction and substaniial improvements Lo existing
struciures in identified fleod hazard areas. The
mighnum standards for floodplain regulations, as
published by FEMA, (44 CFR Part 60) require that:
(1) all new or substaniial improvements 1o residential
puildings have the lowest floor {inchuding the
basement) elevated 1o or above the base flood
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—glevabtion (BFE); (2) all new or substantial
aprovements 10 nos-resideniial buildings must have
_the lowest floor (including the basement) slevaled or
floodproofsd to or above the BFE, Under the o
~floodproofing option, structures mus! be rmade
Cowatertight, with walls substantially impermeable to the.
passage Of water and with structural components that '
_.are able fo resist flotation, collapse, lateral movemeni,
‘or other forces associated with a 100-vear flood,
-~ Furthermore, specific floodproofing plans must be
“eertified by a registered professional engineer or
architect as meeting the minimum requirements of the
 National Flood Insurance Program.® Floodproofing
Adechnigues are not allowed in *V'-zones {Coastal High
- Hazard Aress) as indicated on the Flood Insurance.
~Rate Maps. ' o o

3. BTATE PROGRAMS, The majority of states

have-adopted some Torm of floodplain regulatons
that must be considered duringthe planning of'a '

- floodprocied facility, Some state floodplain

- management laws and regulations do address

_' “floodprooting directly, State-regulations also often

include provisions that specify the amount of
cencroachment a facillly may have on the {loodplisin,

" regulate the location of poleniially hazardous

- ynaterials, and restrict fhe location of such activities 4.

" schools, hospitals, and public services facilities, In

_ addition, stabe building and utility permit systems may

. alst impact the location and design of floadproofing
‘measures. In association with the NFIP, ¢ach state.
*has a designated State Coordinaring Agency that '

" provides assistance reguired 0 implement the

_' progeam., These agencies {see Appendix C) generally.

. represent the best place to begin ag investigation of

-regulatory issues.and o ideniily sources of techoical

Cassistance. B B

1 Sernion 6003 {odiay of the Mational Fiood
o Insurasce Frogram 'chu!ations wates 1hay
- ,.where 3 pog-residential sizucture s intended 10
. be mace wateriight beiow the base feod teved, (s
- registired professional gngineer or architect shall '
" develop and/or review siructural design,
spenifications, and plaus for the construciion, and
" shalb eenify thas the design and methods of '
'_ canstruction are i accordanue with accepted
standards of practice...snd i} 4 recerd of such
" gertificaies which includes the specific elevation {in.
relation 1o meas sea keveld to which the structurey
nre floodproofed shell e maintained with i
eial designated by the COmmURILy...




4, REGIORAL JURISDICTIONS, There are
several regional jurisdictions within the Unlied Siates
thai have ap interest in floodplain management
activities. These include several federal and stawe River
Basin Cominissions and the Tennessee Valley
Authority. These agencies pariicipate in g wide range
of siructural and non-structura! floodplain
management activities, The lsting provided in
Appendix.C may be used 1o contact specific agency
representatives.

5, LO0CAL AGENTCIES. Invesponse {o the
National Flood lnsurance Program and other federal
and siate floodplain mapagement programs, most
focal jurisdictions have implemented regulatory
progeams thropgh their zoning, bullding code, or

AGENCIES

other permit agencies. Zoning ordinances may specify
allowable uses for a particular floodplain zone and
various restrictions on the location and size of &
structure. In addition to use of zoning ordinances, a
variety of other regulatory tools such as subdivision
regulations, building codes, sanitary regulations and
plummbing codes are used by local jurisdictions.

O FLOOED HAZARD CONSIDERATIONS

To develop an effective floodproofing scheme for
a facility, several hydrologic factors must be properly

evaivated, These factors include the regularory

floodplain boundaries and the anticipaied flocding
characteristics for the site such as flood velocity,

duration, rate of rise, and Trequency. This tvpe. of

hydrolegic base data may be available from several

agencies as summarized in Figure 11-3, or may have o
be independently determingd for-the specific gite.

sLacal government planning
agency or municipal anginee:

v State Hoodplain management
coordinaiion dgency

¢ Federal Smergency
Management Agency

s Mational Ocaanic gad
Atmospharic Administratio
(Depariment of Commerce

@ Soit Conservation Service
{i0.5. Dept. of Agriculture)

e{.5, Army Corps ¢f Engingers
{(Qepartment of Bafensel

etb. 8. Geological Survay
{Department ot the Interior}

sRagional Authorities

{e.g. T.V.AL}

% &

SQUALGE, AOAPTED ¥ROM DESION GLILELINES FOR FLOOD DAMAGE REDUCTION, FEMA, 1981

Figure 11-3. Summary of Hydrologic Data Sources



i a Flood Insurance Study has been developed
by FEMA, the study will often offer the most current
and detailed information that is available {see Figure
[k-4). Many such studies will include a ‘Flood
Boundary and Floodway Map® and supplemnentary
stream profiles. For those areas where data is not
available, hydrologic specialists can develop the
necessary design information from site specific
investigations. These may involve development of
hydrologic relationships in some cases using
knowledge of historical flood evenis and the
physiographic conditions of the site and watershed.
Detatled information regarding the specific siructural
toading impacts that floodwaters can exert on
structures is provided in Appendix D (Floedproofing
Performance Criteria), A general overview of
considerations associated with other hydrologic
factors is provided below,

1. FLOOD HAZARD BOUNDARIES, The
proper identification of flood hazard boundaries is
significant in that these boundaries define the
regilatory floodplain, and the relative extent of {lood
hazard within various foodplain zones. Flood harard
boundary classifications must also be investigated to
determine areas thal may restrict the use of certain
floodproofing measures such as areas identified as the
regutatory floodway or areas that are subject (o high
flood velocities,

In accordance with the NFIF requirements, the
100-year or *base flood’, that is, the floed having a
one percent change of being egualled or exceaded in
any given year is used as the basis for floodproofing
designs for new and substantially improved
construction. Base flood elevations may be determined
at any point within the 100-vear floodplain by
referring $0 the appropriate ‘Flood Insurance Rate
Map’ (see Figure 11-5). For areas that do not have a
Fiood Insurance Study, floodplain boundaries may be
obtained from other sources such as a Flood Hazard
Boundary Map, floodplain information studies,
zoning maps, or through analyses performed by
hydrologic/hydraulic specialists.

2. DEPTH. The depth of flooding assoclated
with the required regulatory flood (usually the
100-year return frequency or other selected proteciion
level) is one of the primary factors that influence
flecodproofing design. This factor must be determined
to design against over-iopping of the systemn
{freeboard consideration) and 1o formaulate a design
that can withstand associated loading pressures,

BTUDY CLEMENT FLOODPL AR m.‘m" FLOOD HEIGHTE

ELEVATION
REFERERCE MARKS

FLOOD PLAR | FLOODWAY
BOUMDARE D DATA

FLOOR
NEURANCE ZONES

FLOOD INBURANCE
STUDY REPORT

FLOOD BOUNDARY 4
PLODDWAY MAE (FRF)

FLOGD INSURARCE
BATE MAF (PRI

1
Filood profilas, water velocity, fioodway widihe, histerieat flood information, ato.

2 ‘
Soms FiIRM e do not deplct fiocdway data.

Figure H-4. Summary of Key information
Provided by Flood insurance Study Effort
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There is considerable varlation among
floodproofing techniques regarding the maximuom
flood depth for which each method can be applied
{see Figure 11-6). Elevation of non-residential
siructures on posts, plers, or piley as high as 12 fect &
noi uncommon. Flevation on i has been used to
protect against flooding depihs in excess of 10 feer
depending upon the characteristics and avallability of
{ill maierial, The upper Hmit of permanent and
contingent closure systems is generally Hmited by the
budiding’s wall or {floor strength and cost
considerations. Existing non-residential buildings of
reinforced concrefe or heavy masonry construciion
can often resist flood loading up to depths of four to
six feet, including allowance for borh hydrostatic and
hvdrodynamic loads (see Chapter 111 and Appendix
D).

Estimates of {lood depths for & particular site cap
normally be inferred from flood insurance studies or
similar hydrologic reporis, Where'a Flood lusurance
Study Report is avallable, the elevation of various
probability events {100-year, 30-yvear) for a particujar
siream channel may be obtained from a flood profile
(see Figure 11.7). For floodproofing purposes, the
depth of flooding may be calculated by subiracting
the elevation of the lowest grade adjacent o the
structure 1o be floodproofed from the Bage Flood

clevalion as determined from an appropriate flood
profile. If a Flood Insurance Study or other
floodplain studies have not been conducted, flood
depths may be defermined through siie specific
evaluations or historical information,

3. VELOCITY. In addition to depth of flooding,
velocity has a direet relationship to the amount of
force applied (0 a structure by floodwaters, Water
velocity also can result in higher depths of flooding
on the upstream side of a bullding. An allowance for
freeboard, particularly on upstream side of a facility,
can address this concern, The velocity of flow also
deiermings the force which could be applied 10 the
structure through the impact of objects being carried
by the {lood (see Appendix I¥ for more detailed
information on flood loads). High velocities also have
an impact on the design of levees or embankments
that can be subject 1o scour and erosion.

Experience has shown that Hloodproofing is
generally not appropriate in areas where flood
velocities exceed 10 feet per second. Information on
strearn velocity may be obtained from the Floodway
Prata Table contaiped in the Flood Insurance Study
Report, other technical studies, or through site
specific hydrologic investigations.

DEPTH  YELOGITY RATE OF RIGE DURATION
LEVEES 47" 130 FT/SEC NO COMBTRAINTS
MAY NEED ADVANCE
WARNING ¥ GATES
FLOODWALLS | 4-7' | C12'Fi/geg | NEED TOBEINSTALLED | w0 conNSTRANTS
) MEED 5-8 HOURS .
CLOSURES 4B | CBFTISEC | o oo e G < 24 HOURS
WL REGUIRE
FLL 10°¢ | < 10 FT/SEC | EVACUATION THVE UNLESS | NO CONSTRAINTS
FILL CONNECTS TO
HIGH GROUND
PILES |, PIERS ; . NEED ADEQUATE NO CONSTHANTS
COLUMNS 10-12" ) < 8 FT/BEC EVACUATION TIME HAINTS

# BABED ON STATE OF THE ART REVIEW OF ACTUAL SITES, NFORIMATION
PRESENTED IS BENERAL AND WARRANTS CAUTION

Figure H-8. General Limits of Floodproofing

Methods
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4, RATE OF BISE, The rate of rise of a flood i3
an expression of how rapidly water depth increases
during a fiooding cvent, This faclor is imporiand
when determining whether sufficient lead thme is
available to permil the use of contingent
floodproofing methods; and for designing appropriate
emergency evacuation plans. The rate of rise of
floodwaters can be derived from a streamflow
hydrograph for the area under consideration that
refates flocding depth o {ime (see Figure 11-8) The
rafe of rise can be determined from the hydrograph
by the slope of the hydrograph at the depth and time
in guestion,

Information required 1o determine rate of rise
may be available from existing hydrologic studies, on-
site ipvestigations, local civil defense offices, or
historical records.

5. BURATION. The duration of a flood is an
imporiant floodproofing condderalion because it
affects the saturation of soils and building materials,
seepage rates, and the amount of time facilitles might
be ingecessible, Floodproofed sirucrures that will be
subjected {0 long periods of {looding must be
carefully designed to reduce the risk of fallure as a
resull of soil or building material saturation, internal
pump systern failures, or similar problems related to
extended flood duration. The duration of {looding
can be derived from an applicable streamilow
hydrograph or, in some cases, {rom historical flood
information. As shown on Figure 11-8, the depth at
which damage from flooding beging at a particular
structure cap be plotted on the hydrograph. The
amount of {irne that the water level remains above
this elevation indicates the duration of flooding.
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*Can be usad to determing the rate of rise {amount of
advance warning), and the duration of flooding.

Figure 11-8. Streamflow Hydrography*
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6. FREQUENCY. The frequency of flooding
must also be considered in determining the best
method for Noodproofing a structure. Frequency of
flooding is defined as the probability (in percent) that
a random flood event will equal or exceed a specified
magnitude in a given time period, usually one year.
The frequency of flooding can be statistically
determined using historical records of flooding at the
location under consideration.

The owner of & structure subject 10 8 high
frequency of flooding may choose to iastall
permanent floodproofing measures instead of
coniingent measures to reduce operationsl costs and
the chiance for systern fallure resulting {rom an
inadequate response.

D, SFFYE FACYORS

In addition to the collection of information that
defines the extent and characteristics of floodwaters,
there are several other site specific features that must
be investigated as part of a pre-design analysis of
flondproofing alternatives. The designer must identify
floodproofing constraints and opportunities associated
with gealogic, ground water, and soll conditions,
existing infragiructure, and physiographic
characteristics of the project area.

1. GEOLOGY, CROUND WATER, ANE SOIL.
COMBETIONS, The sclection and design of most
floodproofing measures requires an evaluation of
geologie, groundwater, and soil conditions. Although
geologic features do not generally represent a key
design factor in floodproofing design, basic data
should be collected {0 identify any major geologic
constraints including presence of Karst (sink-hole)
features, faulis, or extremely shallow depth fo
bedrock. Likewise, the depth of the groundwater table
in the ares should be determined because a high water
table in combination with flooding conditions could
have a significant impact on foundation and floor
systern design.

Soil characteristics will often hiave a major effect
on the selection and performance of floodproofing
sysiems, Factors that are of primary importance
include permeability, erosion polential, slope stability,

and bearing capacity. Soi characteristics are
particularly important in determining the feasibility of
elevating structures on fill material, the construction
of earth berm levees, and foundation design for
floodwalls and elevated structures, General soil
characteristics can be determined by referring to Soil
Survey Reporis published by the U, 5. Department of
Agricuiture’s Soil Conservation Serviee, However,
final floodproofing design must be based on site
specific detailed soil analyses conducted by @ gualified
soils engineer.

1, ENFRASTRUCTUERE. Existing road and
utility systems can influence the selection and design
of various floodproofing measures. For example,
levees and flpodwalls must be compatible with road,
rail or water-borne {ransportation systems; and
elevated facilities must be designed so that they are
accessible to people and materials, in additon, the
floodproofed facility must be designed so that & is
compatible with existing urility systems. Information
congerning existing and planned road and utility
systems that may influence floodproofing design may
be obtained from local and state planning agencies
and utiity companies.

3. PEYSIOGHRAPHIC CHARACTERISTICS,
An analysis of the various physiographic features of a
proposed floodproofing site is an important step in
the identification of the best location for a new
building or the location of a floodwal or levee.
Characteristics that should be considered include the
size and shape of the land parcel, site elevations,
stope, and existing drainage patterns. The
physiographic characteristics of an area may have a
significant impact on the feasibility of floodproofing
systemts that require a substantial amount of space,
such as levees and fill used to elevate a structure. in
addition, levees and earth {ills must be carefully
designed so that they do not create a significant
constriction of flood flows, thereby increasing hazards
for other facilities in the area. Physiographic features
can be determined from topographic maps, floodplain
studies, and on-site investigations.
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E. FUNCTHONAL, OPERATIONAL, AND
ECONOMIC FACTORS

Viable Moodproofing shernatives must be
responsive (o the functional usage requirements of the
siructure, the safety of the siructure’s occupanis, and
the reactions of local officials and citizens o the
proposed measures, In addition, the uliimaie tegt of
feasibility Hes in the relative cost of the measure
welghed against the economic benefits 1o be gained by
faking action.

1. UBAGE REQUIREMENTS, The functions
that must take place in a non-residential building can
have a major impact on the types of floodproofing
measures which may be used. For example, i &
doorway must be used for delivery of freight or
personnel access, it i obviously not feasible to
permanently close that opening. Likewise, critical
facilities such as hospiials or fire stations cannot
funpcticn properly if access s restricted by floodwalls
or some other floodproofing technigue. The current
and furure vse of the structure must be carefully
evaluated in deciding to what degree access can be
fHimited and in determining how long the facility can
be closed during a flood and how well the effects of
e design flood being exceeded can be tolerated.

3, SAFETY. The relationship of various
floodproofing opiions to occupant safety must be
evaluated in the pre-desipn phase. In situations where
a floodprooied facility is likely 1o be completely
surrounded by [loodwaters, provisions must be made
for the evacuation of all personnel and residents
before flooding affects the structure. Evacuation is
esseniial because i is alwavs possible that a flood may
exceed the design capacity of the floodproofing
measures, which could result in extreme danger to any
occupants thal remain at the site,

Federal Executive Order 11988 on Floodplain
Management requires that all federally funded critical
service pon-residential faciities (such as fire stations,
nursing homes and hospitals) be located outside the
s00-vear foodplain, These facilities should always be
restricled to areas that are only exposed to low flood
depths and velocities and where access {0 the site can
be assured at all tmey ingluding peak flooding
conditions. These and similar safety requirements
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must be carefully evaluated in developing alternative
fioodproofing plans,

A, FLOOD FORECASTING. As menfioned in
preceeding secfions, contingent and emergency
floodproofing methods cannot be successfully
mplemented without an adequate flood warning and
forecasting system. The length of warning {ime that
will be required can vary from g few hours 10 several
days depending upon the complexity of any
conlingent or emergency iechnigues that must be
implemented. Therefore, flood warnings must be
igsued prompily and the forecasts must be accurate if
they are to be effective. This section provides a brief
description of a standard flood forecasting systemn,

A Flood forecasting system must perform two
functions: first, ¥ must determine whens a flood is
imminent, and second, it must predict when specific
areas will be flooded. [n some cases it may also be
necessary Lo determine when and ar what elevation the
flood will crest.

For most major sireams in the United States, this
type of information is provided through the National
‘Weather Servicee's river forecast centers or s river
district offices. (Appendix © provides a listing of
these offices.y Unfortunately, many facilities are
tocated on smaller streams not included in a major
forecasting network, In these areas, intergsied
property owners can work with appropriate local and
slate agencies (o deveiop an adequate flood
forecasting system.

An organizaiional structure is required 1o
implement a flood forecasting system. The typical
organizational structure that has been used in many
parts of the United States includes a flood
coordinator, 8 central staff, observerg, and/or a
compuierized gauge system 1o collect oritical
streamflow data. The size of the organization may
range from a dozen members {0 over one hundred
based on the size and complexity of the watershed to
be monifored. The seguence of activities o be
performed by this group during potential flood
periods consists of (1) activagag the system, {23
reporting observed data, (3) assembling and analyzing
the data, {4} developing the forecast, and (5)
disseminating the information.
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manua! for communities and industry, SEDA-Council of
Governments, Jung 14881,

For a flood forecasting system o be effective, it
must begin functioning immediately when conditions
indicaie that a flood s imminent. The svstem may be
activated in one of two ways. First, it may be
activated by the flood coordinator, The person
desmgnated for this role should always know when
conditions are favorable for the development of
floods. This information can be obtained from the
Nasional Weather Service or through private
meteorological agencies. The flood coordinafor should
closely mordtor the development of such conditions
and activate the system as soon &8s it is determined
that flood-producing events may oceur. The system
could also be activated by an observer or antomatic
gauge system when a predetermined stream level or
amouni of rainfall occurs.

Activation of the systemn reguires the flood
coordinator and the central staff (o repori o a

prearranged location and that the system’s observers,
if any, begin te record and report data on a regular
basis. The central staff should immediately begin 1o
assemble and 1o analyze information being reported
from the observers and/or autonatic gauges, The
method of reporting this information must be highly
reliable because the accuracy of all predictions will be
based on the receipt of correct and thmely data.

Data analysis is normally performed by hand,
using charts that have been prepared for the area.
These charts are usually designed (o vuse the average
precipitation over the drainage area to develop an
estimate of runoff amount {see. Figure 11.9). This
runoff amount is then multinlied by a correction
factor that s designed 10 adjust for-antecedent
moisture conditions, ground cover lype, and other
factors, This final siep allows the forecasters {o
esfimate the net magnitude of flood runoff, which can
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then be used 1o estimate anticipated {lood elevations,
rate of rise, and duration of flooding. The National
Weather Service can provide assistance reguired 1o
prepare these chars, or inpul data mayv be oblaingd
from historical information {where accurate
informarion exists) or from computer shmulations of
the watershed, Because it s very important that flood
forecasts be as accurate as possible, the forecasting
charts should be updated and modified alter every
flood event, The flood coordinator is generally
responsible for deciding that specific arveas are likely
to be flooded, and for issuing a flood warning when
appropriafe.

4. PREPAREDNESS PLANS. Proper design of
floodproofing measures for a facility, and provision
of the necessary equipment and floodproofing devices
repregent important components of 4 successful
floodproofing program. However, these actions slone
cannot ensure success. It is still necessary for all
measures 1o be properly installed within the Hmited
amaunt of thme that is available prior to flooding,
The best means of ensuring that this can be done is
throuph the preparation and implementation of &
flood emergency preparedness plan,

A preparedness plan must be comprehensive and
specific. The plan musi cover every aspect of the
flaodprooiing procedure ranging from the initial
receipt of a flood warning 1o post flood cleanup
requirements. Each activity must be clearly specified
in iis order of occurrence, with enough detail 1o
ensure that the personnsl who will be reguired 10
perform these activites will know exactly what 10-do
and how to do . Each task must be specifically
assigned to an individual or group o minimize
confusion and duplication of efforis,

The first Hem that the flood emergency
preparedness plan must consider generally involves the
evacuation of all perscnnel except those reguired o
install the floodproofing measures. For those times
when the structure is ot occupled, the plan should
include provisions for the efficient notification and
assembly of personnel that are responsible for
initiating all contingent and emergency floodproofing
measures.

30

The plan must also recognize that many vital
services 1o the faciiity may be disrupted during a
fiood, For example, if communications and elecirical
service must be maintained o install the
Hlocdproofing elements and 10 run ¢rigical eguipment
during the food, L may be necessary 10 provide a
supplemental radio systern and portable elecirical
SENTIRLOLS.

Mazards 1o persons and property on and off the
site ust also be identified and rescived in the
preparedness plan., When flooding cccurs on the sie,
several potential hazards may exist such as elecirical
wiring in or near standing water or ruptured gas fnes
or tanks, In gddiion, emergency personnel working at
the site could be stranded without provisions, utilities,
or water, Off «ite hazards might inchude hazardous
substance spills resulling {rom broken fuel Hnes or
small buildings or tanks that could float off the she
and damage other property. The plan must identify
these types of hazards and identify appropriame safety
measures that will reduce these risks.

Twa fosal items that the flood preparedness plan
shiould cover are maintenance and raining, The
preparedness plan should include s checklist of
mainlenance items 1o be performed regularly. A
completed checkiist verifying that all Hems were
ipspected during specilied thme intervals should be
malniained ag part of the faclity’s permanem records,
A regular traiping program should be established 10
ensure that those who are responsible for various
steps in the floodpreofing procedure can perform
their tasks efficiently.




Back-up personnel should also be assigned 10 key
posifions and participate in the training program so
that-ah adeguate number of gualified personnel can
be obtained al any time. The training program should
inchide actual installadons of various measures as part
of imprompiy preparedness drills o identify the
amount of time thal will be required {0 activate the
system and to indicate problems which might oceur.

in summary, the flood emergency preparedness
plan should define all of the steps Involved in
implementing floodproofing procedures gt a facilisy
and give a thorough explanation of how each siep 1
to be performed. in addition, the plan should
anticipate any problem that might arise during the
floodprooiing of ihe siructure and develop solutions
1 those problems. Finally, the plan should provide
for regular maintenance of all floodprooefing elements
and auxiliary equiprment and shopld establish a
permancnt training program for personngl involved in
implementing the floodproofing measures,

g, BECONOMIC FEASIBELITY. Once it has
been determined that floodproofing is feasible in
terms of repulatory requirements and the physical
characierisiics of the floodplain and the structure, i i3
nossible 1o identify the floodproofing program that is
most cost effective. A cost effective plan would be
one where the total cost of flocdproofing
{installation, operation, and maintenance) is less than
the amount of physical flood damages, lost earnings,
and other cconomic impacts that are fikely 10 ovcur if
the structure i not floodproofed.

Damages are generally calenlated on an average
annual damage basis over the economic life of the
structure, These average annual damages that would
be incurred without floodproofing are then viewed as
the average annual benefits associnted with the
proposed floodproofing plan, Other benefits, such as
reductions in flood nsurgnce premivims, reduction in
tost production (ime, or the advantageous use of the
space beneath an elevated struciure should also be
included in the caleulation of anpual beneflis,

The total cost of implementing & floodprocfing
plan must also be caleulated. All factors must be
considered, including the cost of installation,

operation, mainienance, financing, trainng,
installation of contingent methods, and the cost of
maintaining an adeguate warning system, Oncee these
variables have been identified, it is possible to
amortize the total project cost over the economic life
of the structure to identify an average annual Cost,
The average annual cost can then be directly
compared with the average anpual benefits {(damages
preventedy (o determine the relative cost effectiveness
of proposed floodproofing plans. Chapter V provides
more detalled guidelines that can be used Lo estimate
the costs and benelits of specific floodproofing plans.

H public opinion is not considered in the
preparation of floodproofing plans, it is possible that
a 1echnically sound and cost effective program can be
ieopardized. Therefore, a coordination program
should be considered during the initial _&:Zt_ag_cs af the.
PFOIECT L0 SASUNE PrOgram Suceess.
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Fo STRUCTURE CHARACTERISTICY

The physical characteristics of a structure must
also be carefully evaluated Lo determine appropriate
floodproofing applications. For existing structures, it
is important 1o identify the type and quality of
construction technigues that were usad and the present
structural condition of the facility., With regard 10
structures that are siill in the planning and design
stages, it is necessary to identify how aliernative
designs will coniribute to or detract from the ability
to minimize fuiure flood damages.

There are an infinite variety of structure {ypesg in
terms of size, shape, materials, and construction
techniques. However, it is possible to identify the
maost common non-residenital building types and o
Husirate the general applicability of each type to the
floodproofing techniques deseribed in this manual.
The reader can refer 1o Figure 11-10 and the {ollowing
discussion as a general aid in the identification of
alternative floodproofing methods that may be
applicable for a given structure. These options must
then be evaluated in ferms of hydrologic and site
constraints, functional accepiability, and cost
effectiveness based on guidance provided in other
sections of this manual.

The matrix illusirated in Figure £-10 begins by
making a distinction between structures that have
basements and those that do not and between
proposed and existing structures. After these
distinctions have been made, the reader can refer to
the matrix and the following narrative 10 determine
the general applicabiliiy of various floodproofing
options to particelar building types. The following
discussion is organized to reflect the three general
floodproofing options shown in Figure 1§10 including
elevation on columns or fill, protection by tloodwalls
and levees, and floodshield/closure systems.,

. ELEVATION. As indicated by the matrix,
elevation of existing buildings is generally Hmited 1o
structurally sound frame structures with wood or
metal siding, in addition, elevation is easiest for
existing siructures that have a unified floor system
that remains intaci and can support the structure walls
when # i raised from an existing crawl space or
basemen!t foundation. This technique i3 most
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applicable 1o structures that: (1) are small enough to
be lifted as a single uni, {2) are light enough to be
elevated with standard equipment; and (3) have
sufficient space below the first floor to place
supporiing beams apd jacks. Elevation of slab-on-
erade structures is possible but more difficalt.
Elevation of existing masonry, masonry venger, or
concrete structures is also possible, However,
elevation of these structure types is generally not cost
effective because of the weight of the sfructures and
their general lack of tolerance 1o the stresses imposed
by elevation.

Existing structures that are suitable for elevation
may be placed on supporting columns in their present
location or they may be physically moved 1o a new
site and placed on 2 new foundation system or
compacted fill. The use of fill material under a
structure that is to be elevated in is current location
is not feasible because the cost of placing and
compacting the fill material under the struciure is
generally prohibitive. If an existing structure with a
basemnent is elevated, the cost associated with the loss
of use of the basement must be considered in the
feasibility of this approach.

With regard 1o new construction, the matrix
demonstrates that all siructure types may be ¢levated
on columns or fill if this facior is included as an
initial design objective.

2 FLOOQDWALLS AND LEVEES., Asshownin
Figure I1-10, floodwalls and levees could be used to
protect virtually any existing or proposed structure
regardless of materials, condition, or other structure
characteristics, Therefore, the various hydrologic, site,
and functional parameters of a particular area must
be investigated to determine the feasibility of
floodwalls or levees.
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3, FLOGYH SHIELDS AND CLOBURES.
Assursing flood conditlons {haf reach the first floor
elevation of a structure with g basement, and
recognizing that the surrounding soll nway become
spturated, the hydrosiatic pressore inposed on the
basement walls and floor may exceed the resistange of
standard basement consiruction techndques. This must
be gonsigered priog 10 the use of flood shields and
closures to profect existing structures with basemenis,
Flood shields and closures may be used 1o Hoodproof
BEW HRSONTY Or concrefn structures with basements,
assuming thar the design includes provisions o resist
flood forces.

For struciures withoul basements, flood shields
and closures may be similarly used when the walls and §
Hoor of the facility are Impermeable and strong
enough (o resist foads produced by the design flood.
These recuirements generally Hmit the use of flood
shields and closursy 1o masonry amd-concrete
structures thal are bulll on a slab-on-grade convrete
foundation. Most existing masonry construction is
reinforced and Hs ability 10 resist extensive hydrostatic
forces.is usually guestionable, Unless construction
plans.are available indicating reinforced masonry, the
wails should be assumed o be reinforced.

Sieel or wood frame strugiures with wood or
meral siding are pot watertight and have low
registance 1o food forces. Therefore, these type of
sirnetures are not sgitable for food shields and
closures, Other considerations that must be made in
thie use of floodshields Tor & siruciure Include the size,
tcation and number of window and door openings (o
be closed, and the strength of the {rames around thesg
OPERings.

34



CHAPTER III

FLOODPROOFING DESIGN
PERMANENT AND CONTINGENT
MEASURES




A INTRODUCTION

Based on-information contained in Chapiers §
and 11, several alternatives for floodproofing a given
seructure can be identified. This chapter provides
guidelines for the technical evaluadon of permanent
and contingent {loodprooling alternatives and for the
assessment of required construction materials,
Chapter TV provides similar guidelines for emergency
flondproofing measures, Infonmation provided in
Chapter 'V can then be used to develop preliminary
cost estimates for floodproofing allernatives.

Many of the design aids in Chapters 1 and 1Y
are based on generad and 0011s.¢rvarive assemplions,
These puidelines are sufficient for preliminary studies,
but they are noi-inlended 1o replace necessary detailed
site investigations and professionally prepared
construciion design documents.

B. ELEVATION ON FILL,

Structures may be placed on elevated £l to
protect them from flood damages. Fill placed in a
floodplain may, however, cause increased flood
heights or velocities. In this case, the potential
damage 10 structures in the ares is increased. In
particuldr, fill material cannot be placed withina
designated ‘Hoodway’ (as specified by the National
Flood Insurance Program}, unless it can be shown
ihat such placement will not cauvse a significant
increase in flood levels, When placement of {ill will
sof inerease flood levels, construction on il can be 4
viable flood profeciion method,

1. FILEL STABRYTY. Structures on fill may be
designied and construcied using standard materials and
procedures, however, the effect of soil saturation on
foundations may. still have 1o be congidered. This
potential probiem would be applicable for fill areas
that are highly permeable and subject 10 extended
periods of flooding, If soll saturation is probabie, the
foundation support and compenents of the struciure
should be designed 1o withstand all hvdroestatic
pressures, including uplift forees (see Performance
Criteria in Appendix D)L




Traditional construciion practices can generally
he used for the structure Hsell, with the exception of
the case noled above, Therefore, the following
presentation is limited 1o the design of the earth fill,
A properly constructed il may often provide a better
building foundation than the original material
underlving the fill

The pretiminary desipn of a [l should include
laburatory esting 1o deterntine the bearing capacity of
the foundation soil and the soil to be used as fill, Soil
tests can also establish the potential for long and
short term seulement. Well-graded sands and gravels
that may contain a small perceniage of fine clay
materials are the most suitable soil materials for fills
used o support buildings, However, most inorganic
soifs are accepiable with the exception of some of the
highly plastic, expanding clays. Cohesiontess silts and
very fine uniform sands are undesirable because they
are very difficult {o compact.

To safeguard against excessive setilement, fill
should be placed when It is at or near the opiimun
moisture content for compaction. All vegetation and
unsiabie topsoil must be removed from the area 10 be
{illed, The filf should be placed in layers not
exceeding 17 inches, and each layer should be
compacted with appropriate equipmens {i.e.,
paeymalic rollers, sheepsfoot rotlers, or vibrating
compaciion eguipment). For most building
applications, compaciion W 95 percent of the
maximumn densily obtainable with the Standard
Procior Test Method issued by the American Society
for Testing and Materials (ASTM Standard D-698) iz
usuatly sufficient,

2. FILL DESEGN. After the analyses of the fill
material and foundarion soils are completed, the
design of an carth Bl primarily consists of
establishing its geometry. In determining the height of
fill, some amound of freeboard (margin of safely) may
be appropriate between the {inished floor and the
Design Flood level, The amount of frechoard depends
on the incremental damage above the Design Flood
level, saferty considerations, the incremental cost of
Fill, and local regulations.

Riprap of the slopes is generally required where
the velooity of the siream 1y greater than S feet per
3%

second (fps), A one foot thick laver of riprap with a
maximum stone size of 130 pounds is considered
adequate for most inland flooding siations, The
riprap should have a smooth size distribution with a
median rock size of about 25 pounds {eight inch
diameter), with 80% of e rocks larger than four
inches in diameter and ranging down (o gravels.

With a distribuied size range, the spaces formed
by the larger stones are filled with smaller sizes which
prevents the formation of open pockets. Angular
stones are more suitable Tor riprap than rounded
stones. The rock should be hard, dense, and durable
to withstand long exposure 1o weathering, Rock
should be dumped directly from trucks {0 minimize
segregation of rock sizes.

Vegetation may provide acceptable levels of
protection for velooities exceeding 5 fps depending on
the wype, condition and density of vegetation, and the
erosive characteristics of the soll. A more detailed
discussion of erosion protection and embankment
slope stability is provided in Section B, ltem 6, below,

3. FELE MAINTENANCE, Litle maintenance is
required for elevated fills. Fills in high stream velochy
areas may require some repalr 1o the riprap
embankment protection. The frequency of repair is a
function of the frequency of fooding and the
adequacy of the original erosion protection. Some fills
may include perforated drain pipe as past of a
subdrain system, A well-designed subdrain system
needs 10 be cleaned oul once every twenty fo thirty
YERTS,

C. ELEVATION ON POSTS, PILES,
PIERS, OR WALLS

1. GENERAL. In situations where a struciure
cannot be elevated on fill, the functional floors of the
struciure may be raised above the Design Flood on
supporting posts, piles, plers or walls, This selution s
particelarly appropriate where {ill material is not
available, where the space below the elevated structure
can be used for a secondary purpose such as parking,
or where fill cannot be used due to flood
characteristics.



Elevated building support systems may be
constructed of a variety of materials including wood,
steel, masonry, and concrete. Concrete and masonry
systems are generally considered most durable under
all envirommnenial conditions; but steel and wood will
perform satsifactorily if these materials are profected
from the elements. Local construction practice and
the intended function of the elevated structure will
generally indicate the most economical and suitable
building malerial for a particular area.

Whatever materials are used, the elevated
structure must be capable of meeting the performance
criteria provided in Appendix D. The support system
must be designed to minimize the effects of
floodwater forces from moving water, debris, impact
forees, and accumulation of flood debris without
compromising the strength and stability of the roual
structare. Spectal attention should be given to the
effect of wind loads in combinaton with floodwater
forces, and to the impact loads that may be exerted
on exterior structure supports. It may be necessary 10
‘over design’ the exierior upstream supports of a
structure to withstand impact forces if a significant
amount of debris will be present. It may also be
necessary 1o add a bracing systemn to the elevated
foundation {o withsiand all anticipated forces. 1deally,
braces should be installed above expecied flood levels.

2. PORTS, Light frame structures may be
clevated on wood, steel, or concreie ‘posts’. Posts are
generally installed in pre-dug holes. After the post has
been lowered into position, the hole may be backfilied
with soil, gravel, crushed rock, or some other loose
fitl material, The backfihing technigue, however, does
not generally provide adequate bearing capacity,
siability, or uplifi resistance for gon-residential
elevated structures, Because the bearing capaciiy of a
post is primarily derived from its end bearing
capacity, the capacity may be increased by enlarging
the surface that acis on the underlying soil. Bearing
capacity may also be increased by using concrete for &
portien or all of the backfiil operation as shown in
Figure 1i1-1. Total encasement will result in maximum
stability and resistance to uplifi. As shown in the
figure, the posts should be anchored 10 the copcrute
backfill 1o increase uplifi resistance.

gTQ\; /-’Rf-gf’:&_ i
TOTAL CONCGRETE
ENCABEMENT

CONGRETE BUTY
ENCASEMENT

CONCRETE COLLAR
ENDASEMENT

Figure Ht-1. Concrete Backfill
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1f poor soil conditions are encountered, the
bearing capacity of the post may be improved by the
uge of a pHe or spread footing foundation as shown in
Figure HI-2, As shown in Figure 111-3, the post may
be attached above ground level to & reinforced
concrete friction pler or & pler that s designed 1o rest
on some other type of {voting, 1f this techoique iy
used i is critical that the post be firmly anchored io
the elevaied pier to resist overturning and uphify
forces.

Posts are generally square or rectangular as these
types are gasiest to frame into. However, round posts
are alse used in many cases. As shown by Figure
1I-4, an elevaied structure may be designed o rest on
top of the posts (platform construction); or, they may
be designed to extend through the structure deck 10
the reof {(pole frame construction) as shown in Figure
{11-5. Pole frame construction generally incregses a
structure’s resistance to lateral loads.

The number of posty that will be required
depends on the diameter and length of the posts, and
the amount of load that each column is reguired {o
support. Figure 1116 may be used {o estimate the
approximate size of wood posts after the load pey
post and the length of the post has been calculaied.

Although this nomograph considers only square and
rectangular members, round members may be used
provided their cross sectional area is equal 1o or
greater than that found in the chart, The nomograph
also shows the minimur size post that may be used
for & given load and/or a given length.

3. PILES, Piles are slender shafts that are driven
10 a predetermined design depth (friction pile} or to a
stable load bearing siraiz (hardpan, bedrock, eic.).
Piles differ from posts in that pies are driven info the
ground whereas posis are set in pre-drilled holes. Pile
construction generally results in a much greater degree
of strengih, stability, and resistance (o scour than ¢an
be achieved with post construction.

Piles can be placed by driving with a steady
succession of blows applied by a drop bammer or
compressed-atr powered hammer. Piles have aiso been
placed by vibration methods, by the aid of water jeis
in sandy soils (.e., displacing the soil at the pile point
by using a stream of water under high pressure} and
by augering in clayey or silty soils. Longer piles are
usuglly required with the latter two methods, because
tamping arcund the pile ig required, and load
resistance is less than that achieved with driving.
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Figure 11i-3. Reinforced Concrete Friction Pler
Source: Elevated Residential Structures
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Piles transmit surface loads to the lower levelsin
the soil mass through a complex soil structure
interaction. This load transfer-is commonly
accomplished by solb-pile friction, pile-tip bearing, or
4 combination of the two methods. Actual soil
copdditions will govern the number of piles reguired 1o
support a-glven load and the depth of embedment.

The use of timber pies is somewhat restricied by
the hardness of the receiving maierial, Damage to the
ends of timber piles may be reduced by using a sieel
tip or shoe, however s sfill possible to break g
iimber pie under hard driving conditions. For these
reasons, timber piles are generally limired 1o
applications where the maximum load will not exceed
30 1ons per pile. Southern vellow ping, Douglas fir,
and gak dre among the principal species used for
piling, On the other end of the strength scale, open-
eng concrete-filled pipe piles are capable of
withstanding maximum single plle loads of up 1o 250
LGS,

Piles may also be driven to or below ground level
1o provide a foundation lor posts oy plers, or they
may extend out of the ground 1o a level that'ls at or
near the Design Flood and used Lo support the
structure floor (see Figure 14, Platform Framing),
Although piles may be designed to extend lo the roof
Hne of & siructure {exterior framing construction as
shown by Figure 1.5} this procedure is generally
more difficult because of problems encountered in
mainttaining precise alignment of the pile as it is
driven.

The nurmber of piles that will be required to carry
a-given load will generally be determined by the
ability of the piles 10 fransmit thely logd to the soil or
bearing strata. Pile size and strength is imporiant in
resisting lateral loads from wind and Noods. Flgure
317 summarizes typical characteristics of tmber,
steel, and concrete piles,

&, PIERS ANME WALLS., Structures may also be
elevated on 4 sysiem of plers and/or wall
componenis. Piers are esseniiafly beavy columns that
are vonstrucied out of brick, masonry block, oy cast-
in-place concrete, Supporting walls may be
constructed from these same materials.
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Figure HI-7. Typical Pils
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Piers constructed of brick (Figure 1I-8) or
concrete masonry block (Figure 111-9) raust be
anchored {0 an appropriate footing and voids must be
filled with concrete and reinforced as required to
withstand anticipated loading conditions. The
mimmum size of brick or reinforced masonry block
pier is recommended o be 12 X 127 Masonry piers
should be limited in height 10 a maximum of ten timey
their sinallest dimension,

Cast-in-place conerete plers {see Figure 111-10)
can be either reinforced or non-reinforced. High
tateral loading conditions will reguire reinforcing. The
recommended minimum size of a cast-in-place
concrete pier is 107X 10 or 12 "in diameter.

In cases where extreme loading conditions exist
and floodwater velocities are low to moderate,
additional strengih may be obtained by using pier
{shear) wall sections. These walls should be
constructed of cast-in-place concrete or reinforeed
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masonry. Wall sections should be placed parallel (o
the direction of flood Hlow as shown in Figure [11-11,
and should be spaced o provide the least obstruction
o How and the least potential for trapping floating
debris. Shear wall sections may alse be attachaed o
posts or pies in the above manner (¢ Increase the
iatera) stability of the post or pile syyem,

Piers may be supported on isolated spread
footings {Figure 111-11) or a deep pile foundation
(Figure 111-2). The bottom of the footing should be
placed below the local extrerne frost penetration level
and at & depth that is capable of resisting aniicipaied
fateral, uplift, and scour forces. Table 1}
summarizes some of the malor requirements for
reinforced pler construction.

Figure H1-11. Reinforced Pler or Solid Wall
Scurce: Flevated Residential Structures

TABLE §i1-1

MINIMUM REQUIREMENTS FOR REINFORCED PIERS

et Win. Fier Min. Fooling Fiar Spacing SELHE

Material Size Size fighi Angles Paraiied to Efsvation Rangs
fo Joisis Joisls

Brick [ 247y 2471 8" 8 o 127 0.0, 8% b’

Conerete 2% 2% or 4% x 24" x 8 0.8, 120 6 MU

Masonry % x to” 20 x 24" x 8"

FPoyrad- Nn. 127 dia. 20k 207y BT i PR 127 %

in-Plase or 107 5 10

Goncrele :

Source: levated Regideniial Btructures
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% BRACING. Additional lateral support for
clevated structures may be provided through the use
of knee and disgonal bracing and shear wall bracing.

¥nee and diagonal braces (Figure {13-12) are
bolted to the base of one post or pile and just below
or 1o the floor beam at the adjacent post or pile.
Lumber (recommended (o be greater than 2 inches
thick) or steel rods can be used to brace wood posts
or piles, The rods can be fitted through holes filled
with wood preservative and fastened with nuts and
cast beveled washers. Welded connections or dril
holes can be used 10 provide rod bracing in steel post
or pie foundations. Such rods are uvsually 5/8 10 3/4
inches in diameter. Maintenance requirements for steel
bracing are greater due 1o corrosion. Although
diagonal bracing is more likely to be struck by debris
than knee bracing, this disadvantage is usually
outweighed by the greater stability provided by
diagonal bracing.

6. MAINTENANCE, Structures elevated on
posis, piles, plers or walls will require more
maintepance attention than those elevated on fill
Repair requirements are a function of the frequency
of flooding and the adequacy of the original design
and construction. If concrete plers are used,
mainienance may never be necessary. If steel columns
of piers are used, painting will be reguired at least
every three to five years. Timber plers wilt also
require treatment at these intervals, Timber needs to
be protecied from insect infestations and organic
deterioration. Scoured areas around the piers need 10
be repaired after each flood. The degree of scour
repair will be a function of floodwater velocities,

e
/

Knee Brace

Figure Hi-12. Knee and Diagonal Bracing

Diagonal Bracing

47



. WATERPROOF CONETRUCTION
(CLOSURES, FLOOGD SHIELDS,
SEALANTS, AND MEMBRANES).

LOENTRODUCTION, The term “watertight
construction” {or, ‘waterprocf construction'), as used
in this manual, denotes the oodproofing of a
struciure to prevent floodwaters from reaching its
interior. This approach can result in exireme loading
on the exterior surfaces (walls and floor) of a
structure. Because of the variety and magnitude of
forces that are applied 1o a watertight structure, all
structural components must be carefully analyzed.

Appendix D provides appropriate design criteria.
The following sections present struciure strength and
stability characteristics, waterproofing technigues,
closure and {lood shield design, and building support
systems that must all be evaluated in the design
process, The information presenied herein may be
used 10 develop initial design concepts, However, the
complexity of designing a sale and effective
waterproofing system is extremely great, Becausg of
this complexity, final system design must be prepared
by an appropriate design professional,

2. WALL STRENGTH. In terms of sirength
characteristics, there are three basic wall ivpes that
may be considered for watertight construction: brick
veneer, unreinforced masonry and concrete, and
reinforced masonry and conorete,

#) Birick Veneer. Tests have shown that standard
brick veneer walls can be used 10 protect against very
low flooding depths. Because the common brick
veneer wall leaks excessively, this type of wall miust be
waterproofed. Best results can be obiained by
installing a water barrier between two lavers of brick.
Without modifications, & standard brick veneer wall
should not be expected (o withstand more than 2 feet
of hydrostatic pressure. I g safefy factor iz desired,
the protection height shouid be limited to 1.5 feet of
waler,

b} Unreinforeed Masonry and Concrete,
Unreinforeed concrete and concrete block masonry
walls are generally 8 - 12 inches in thickness and
contain no vertical or horizontal reinforcement to
enhance loading capabilities. These materials are
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normally used for structures that are under 24 feet in
height. Dead loads for 1-2 story 8" block structures
typically range from 500-1500 pounds per linear fpot.
Dead loads for similar concrele wall structures
typically range from 800-2000 pounds per linear foot.

As the vertical load on a wall increases, the water
height it can withstand increases. For example, an
unreinforced wall 8 feer high and § inches thick,
subjected to a dead load of 1,000 pounds per linear
foot, may withstand water heighis up to 3.2 fee,
whereas the same wall with g load of 3,000 pounds
per hanear foot may withstand water heights up to 4
feet. As the height of the wall increases, resistance io
failure is lowered.

The maximum proiection depth for any
unreinforced walls, regardless of their thickness,
height, or vertical loading characteristics, should be
no more than 6 feet. However, the reader shouwld be
cautioned thot the strength characteristics as discussed
in the paragraph above are based only on lateral
Jarces imposed by non-velocity waser fpads. This
maximum must also be reduced to allow for forces
impuosed by soll, impact loads, flood water velocity,
ete. For example, Hoodwater velocity effects on the
recommended maximum proteciion are shown in
Figure [11-13.

Additional reductions in the protection heights
shown in Figure 113 would be required by soil,
impact, and other loads and discussed in Section D,
ftemn 2. It is necessary rhat an evaluation of the wall
strength capabilities be made by gualified personnel
before any walerfight protection measures are applied
(o unreinforced masonry or concrefe.
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¢} Reinforced Masonry snd Conerete. The design
of reinforcement for masonry and concrete walls for
commercial and industrial structures cannot be
addressed in detail in this manual. The wide range of
ioading conditions and configurations require that a
structural anatysis be performed for cach design.
Typical re-bar configurations for simple bock and
concrete walls are given in this section for illustrative
purpases onty.

Reinforced masonry walls are generally
constructed of & or 10 inch thick blocks (Figure
111-14). The block units are sef in mortar with vertical
reinforcing bars grouted into the block cavities, In
some cases, horizontal mild steel wire reinforcing is
also grouted between every second or third block
course, and a block bond beam is often placed on the
top course with reinforcing bars, Reinforced cast-in-
place concrete walls are also generally 8 - 10 inches
thick and are reinforced with vertical mild steel
reinforcing bars for bending loads and horizontal
temperature and shrinkage steel (Figure 11-15).
Reinforced wall systems for new struciures can be
designed ro withstand large hydrostatic and

hydrodynamic flood foads. For existing walls, H will
he necessary Lo assume that no reinforcement exists,
unless original design plans showing the reinforcement
can be found,

d) Beterminsiion of Strengtk. The strength of a
wall is determined through a series of calculations that
require the expertise of a registered engineer.
waximum flood protection depth and flood velochty
are factors which need to be determined i addition o
constderation of the two common modes of wall
faiture. The first consideration would be a transiation
of the botiom of a wall, most probably at the floor
line {(Shear Failure), driven by an outside horizontal
force such as a hydrosiatic or a soll foree.

The second would be a failure of the block wall
somewhere near the mid-height of the wall (Flexural
Failure). In determining whether either one of these
modes of fallure are possible for & given non-
reinforced wall, an engineer would calculate the total
weight of all of the vertical loads applied 1o the top of
the wall, such as the coniributing portion of the
weight of the building (.e., dead loads).
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One would then zum all of the horizontal loads
applied {0 the wall, such as hydrostaiic pressure. The
ratio of horizontal 1o vertical loads is an imporiant
parameter in determining the capacity of a wall, The
more veriical load the wall is carrying, the more
horizontal load it can resist, Knowing the exfernal
applied loads, the physical properties of the masonry
wall need to be checked. These properiies for
varighbles) include: height, thickness, and fensile and
compressive strengths of the mortar and of the block,
The relationship of the loads and physical properties
are described in other enginesring manuals.

The unreinforced wall is usnatly good for small
norizontal hydrostatic pressures such as three feef or
less. The usual mode of fallure is & tensile fatlure
where the mortar fails in tension. The compressive
capacity of mortar is at Jeast 10 times grealer than the
tensile capacity. Therefore, to offset this deficiency,
reinforcing steel bars are grouted into the cells of the
masonry block, Cnee again, the formulas necessary
for proportioning the correet amount of steed and
where 1o place i can be Tound in numerous
engineering text books and publications by the
Masonry Instilute including

Building Code Reguirements for Concrete Musonry
Struciures (ACE 531-790 & Commentary (ACRT
S3IR-78) American Concrete Institule, 1978,

Masonry Structural Design for Bulfdings, 'TM 5-30%.3,
ATM BE-3, Chap. 3, Departments of the Army and
the Adr Force, December 1973,

Bgriielly Reinfarced Concrete Masonry Walls,
Mational Concrete Masonry Association, 1973,

Reinforced Conerete Masonry Pesign Tables,
National Concrete Masoary Association, 1971,

Feinforeed Musonry Design by Robert R, Schaeider &
Walter 1.. Dickey, Prentice-Hall Inc., 1980,

The reader should noie tiat the more vertical
foad a non-reinforced masonry wall is carrying, the
more horizonral load it can resist, and reinforeing a
masonry wall with sweel bars is alwavs a desirable
alternative for a plain masonry block wall,

3. FLOOR STRENGTH AND STRUCTURAL
STABILITY. Cast-in-place concrete is the only
construction material that has the design capability to
resist full hydrosiatic uplift pressures. Slab floors can
resist uplift pressures in two ways, First, an
unreinforced slab can be designed to be thick enough
to have sufficient strength and dead load to resisi the
uplift pressures. Unreinforced concrete slabs can
withstand 2 hvdrostatic head approximaiely 2.25 times
their thickness above the bottom of the slab, Rehance
upon the thickness and weight of the {loor slab may
be applicable for upgrading the strength and stability
of an existing floor sysiem, or for relatively small new
structures where the total weight of the proposed
structure is pot adeguate to resist maximum uplift
forces. However, this solution is generally not cost-
effeciive.




The second, and preferred technique involves the. . 4, CONTERACTING OF HYDROSTATIC

use of & reinforced conerete slab that is tied into the . PORCES, -In many cases, hydrostatic.uplift forces
Costructure walls, columns, ang footings go that the ' represent a critical loading foree that must be reduced
—fotal weight of the struciure is used to counteract | if & structure is 1o be waterproofed successfully.
- uphift pressures. This type of construciion (see Figure. . Fxcessive uplift pressures may be reduced to tolerable
IH-16) is generally. referred 1o as @ mat or rafy . Clevels through the use of unpervious blankets and
foundation, Theraft foundasion acts a5 a combined - citoffy, and. uubsuriace draxnage ‘-ystems aﬂd
- footing that covers the entire area beneath the. B _iamhm age.
“structire and supports all walls and columaps, If the .
~raft is reinforced to resist all applied joads this type-of ) Imperviows Cutoffs, Various types of
. construction provides additional stability and _ ':lmper_vieus_ cutoffs may be used to decrease the
resistance against overturning and Flotation forces as 2 - amount of seepage that can flow under 2
“resuli of the total structural dead and live loading - floodproofed structure and 1o reduce hydrostatic
_' “forces on the dab, This techobque is generally a very ".pmggm«gs_ Cutoffs may be consirucied of sreal sheet.
_-cost-effective way to provide adequale stability for - piling, cement grout curtains, impervious compacied
- relatively targe heavy non-residential structures, Raft - .sodl, or similar materials, The cutoffl may be placed
eonstruction can also be supporied on pile or pier- ~directly beneath the foundation footing or it may be
~ foundations. where. aciiinzc,zm* amung La*jamy is - placed some distance away from the footing. For new _
- required. U T - structures, it may be possible toextend the foundation
' ' system 1o-connect {¢ an impervious siraftum as shown,
If detailed analyses show that & strueture cannot  in Figure 1H-17. This approach is cost-effective only |
 be stabilized by the dab design techniques deseribed ‘where an appropriate lmpervious siraturm is
_above, it may be possibie (0 reduce uplift pre&surcs ar - .encountered-ad a shallow depth. In all cases, when
- to anchor the structure, These techniques are . flopdwaters are expecied to rise above ground level,
'(_ssmhf:d n the foiiowmg 568&01‘5‘ e el L the cutoff must bf- Ges;gped as an integral part of the:
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Figure [11-17. Wall Extension to Feduce Seepage
and Hydrostatic Pressures

structure, or it must be tied into the struciure with
impervious blankets or membranes as shown in Figure
1518, In addition, the cutoff must extend to an
impervious stratum (o be effective. Cutofls,
impervious blankets, and membranes must be
carefully installed as even a minor defect in the sysiem
can result in application of full hydrostatic pressure
joading on the foundation wall and floor sysiem.

b} Subsurface Drainage., Subsurface drainage
sysiems may be used glone or in combination with
cutaff sysiems to reduce hydrostatic pressures.
Dirainage systemns are generally not effective in
reducing lateral pressures on walls during severe
fiooding conditions, and even the best foundation
drain sysiem is likely 1o be ineffeetive when an infinite
source of water exists. However, drainage sysiems can
be used to significantly reduce uplift pressures on the
fioor stab, The degree that pressure can be reduced
depends on the permeability of adjacent soils and the
adequacy of the subdrainage systew design.

The most effective subdrain system requires a
blanket drain extending under the 1otal structure
foundation as shown in Figure 111-19, The blanket
drain material must provide adequaie bearing capacity
while mainiaining a high degree of permeabilily. A
system of perforated drain pipes may be used to direct
seepage o a sump pump for discharge above the
flood level. Provisions for cleaning the draing should
be incorporated in the design. The size of the pump
{or pumps) reguired for this purpose will depend on
many factors including the permeability of the soil,
the length of the seepage path and the depth of flood
water gxerting pressure on the system. if the pumping
system is critical to the stability of the structure,
standby eguipment must be provided in case the pump
fails or the power supply i3 disrupted.

IMPERVIOUS BLANKET
OR MEMBHRANRE

g/

ETTATT O

/ EXTERIOR WALL

/CQNCRET{:’ SLAB FLOOR

s o Vi
elA S ogice St tad
RAPERVIOUS : ' T
CUT OFF ' Sl o
STRUCTURE -/M . " RERVIOUS

EOUNDATION MATERIAL

L

S //W/wa@7//@//@//@%//,&7/@//W4\‘W@‘
IMPERVIOUS STRATUM

Figure HI-18. impervious Blanket and Cutoff 1o
Reduce Seepage and Hydrosiatic Presgsures
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i) IL AT BOTTER,

DISCHARGE TO CUTEIDE

GROUND ™.

CCGRAYVEL T

Figure 119, Drained Subfioor Detall

¢} Presgure ﬁé:éief'ﬁyswms. As an added degree
of protection agsinst structural failure of a new
‘building, or for an exisilng structure that cannot be
‘modified 10 reduce uplift pressures, it is-generally
“<desirable 1o install somes tye of pressure relief system.

Hosump pumps are used, the bottom of thesump. -
~area may be lefl open 1o the foundation soils or relief

“pipes may be used to direct water from bengath the

floor slab to an enclosed sump area. These provisions:

are required to provide an exit point 1o relieve
--pressures that might develop if the drainage system. -
- fails. Another method is to instal] pressure relief
-valves in the fioor slab as shown in Figure 113-20.

the structure at some pressure that is below the

CUPLIFT #ELUCED DUl
TO EF

. DRAINAGE, -

SCTIVE BUBSMBEAGE . -

structure failure point. Experience has shown that a

" diameter valve should be installed for every 750

&) Anchorage. Another technigue that can be

iers Or posis

from the footing 10 the cap, Anchor bolts

and HI-18%

~ sguare Teetof ‘floor slab space. More valves should be
- ocated near the xte;mr \\aiis ihan Lowa;d thc wniez
'Oi fht‘ siab. o

‘used 1o stabilize a structure against flood foress is the
" inmtegraied anchorage of all siructural elements: For
example, concrete foundation walls, p
“may be anchored o footings with hooked /2" rods
- extending
C47 (0.6 apart may be used 1o anchor sills or plates
- to'the foundation walls. (See details in Figures 1l- 14
“These valves are designed to allow water o flow it
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Figurs 11-20, Typical Pressure Relisf Valve
Systam

B, WATERPROOGEING, Concrete and masonsy
walls are not generally impermeable unless special
construction technigues are applied. Waterproofing
can be accomplished through ihe use of {a) high-
guality concrete, (b sealant materials, and/or {0}
impermeable membranes.

Sealing existing walls and floors can significantly
increase hydrostatic pressures unless an allernative
drainage system s provided. If an exisiing structure’
cannot be designed to withstand anticipated pregsures,
the maost feasible course of action may be to allow
water to continue (o enfer through existing structural
faults and remove the water with a sump pump.

BYYS BF 7 750 BF = 12 VALVES

TRl

§

TYPIGAL BELIEF VALVE

) Ldegral High Cuality Concrete Construction,
Animpervious concrete cap generally be obtained by
using 4 richer cement mix than normal with well-
graded fine sggregate. The consisiengy of the concrete
should be as stiff Jow water content) as possible and
the mixiure should be thoroughly worked as it is
placed, Leakage through joinis can be prevenied by
the use of grouted structural keys and pon-corrosive
waterstops, Typical water-tight construction details
are shown in Figure .21,
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Figure H1-21. Waterproof Wall and Foundation
Joint Details Integral Congrete Waterproeling

Source: Anti Hydro Company
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The water-tightness of very 'iea_n {low in cement)
concrele migivres will be improved by the addition of
almost any fing, inert material. Their function is o
1 the volds or pores of the concrete with 8 morg.or
less soapy, insoluble filler, and thus prevent the
percolation of water through the concrete. Substances
that may be used included finely ground clay or sand,
nydrated lime, chloride of lime, off emulsions, and
{me soaps, The increased plasticity resuliing from ‘the
use of this material will reduce segregation and
improve workability. Water-repeiient admixtures
reduce absorption and retard molsiwre penetration by
capillary aclion, but are not ¢ffective against waler
under pressure.

Waterproofing admiziures are commercially
available. A typical mix design consisis of 1 part
portdand cement and approximately 5 1/2 parisof
clean, well-graded fine and cosrse ageregstes designed

GRPT DOREIRGE o,

SRy

2 GRS Toar

for maximum strengih and denseness. Fach cuble yard
containg g minimuwm of 5.6 bags of portland coment
and not more than 39 gallons of rotal Hyuid, which

includes 1 1/2 gallons of the manulacturer's

schmisture, (Bource: Anti-Hydro Company.)

by Sealunis. Masonry and conorete strusiures
may be waterproofed by applying sealants (o interior

and/or exterior surfaces that are exposed (o

foodwaters {see Figure 111.22). Common sealant
materials inchide hydraulic oy portand cernents and a
yariety. of blluminous imsterials thar may be applied
hot -or cold, Exterior applications are generaily
preferred. Sealants may ajso be-used between
siructural elements (1., between a structural floor
slaly and a concrete topping slab, or betwesn a
conorese masenry wall and a laver-of brick veneer as
shown in Figure 131-23).

SAOR AR
BEFATOR JOAT

AT TS
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Figure H-22, Waterproofing With Mortar Sealan!
Goatlings
Source: Anth Hydro Company
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FARGET
MORTAR COAT ™ -

SOLID MASONRY Witk
FULL HEADER COURSBESR

Figure H1-23. Sealant Applisd Beiween Masonry

Block Wall and Exterior Vaneer
Source: Anti Hydmo Dompany

¢} Membrages, The membrane method of
waterproofing consisis of surrounding all flood-prone
surfsces of a struciure with an impermeable
mernbrane, Common membrane materials include
PV sheets, or cortings of fell, canvas or similar
mraterials that are set in layers of hot bituminous
coatings {voal tar, pitch, or asphalt). The membrane
method of waterproofing is applicable to all types of
masonry and concrete construction, To be effective,
the membrane must be continuous apd itshould be
protecied against injury by a layer of brick, concreie
orsand (Figure [-24). An existing building may be
waterproofed on the inside by applying & membrane
and then constructing an additional wall and slab
within the existing wall and glab,

& WATERTIGHT CORES. When waterproofing
of exterfor wallsis not Teasible for either physical or
ceonomic reasons, It may be possible 1o create u
waseriight core around an interior area. Watertighi
cores are particularly effective when costly items are
toeated together in 2 small part of the bullding, For
example, vital utilities or expensive equipment might
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- Figure 11124, Membrane Waier_pr.r;sm.f'mg

T e enclosed by sucix_' a core, The top of the core wall -
st be-as high as the Design Flood slevaton plug
suitable fresboard. A typical watertight closurg is

ponstrusted of reinforced casi-in-place conrete. The
“design of core walls and the floor system follows the

- puidelines discussed in previous sections. The core
- svstem must be capable of withstanding uplifiand
Clateral flood forees, and all water-proofing

considerations discussed earlier must be met.

With Lhe excepiion of very Jow walls (Jess than 18
7 machinery, if necessary. The primsary disadvamtages 10

-inchesy, access obenings, steps or ramps must be
Cprovided. The use of openings requires that food
shiclds be available {io be presented in the nexi
seetion). An advantage of this {ype of access is that
“pormal entry and exit to the area pecurs during non-

" assuring & watertight seal foethe shield, siorage of 1he

fiood conditions. Disadvantages are-the difficulty in

shield, and insuring that the shield is properly -
installed in 3 timely manner.

P
i
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B CONG, SLAB
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P
.fwh L AT T T t.ﬁ . !
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,,,,, » ,‘,,/ at a3
iw A / 8 //@/@ &
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* CONC. BLAB OR SAND
BED YO TAKE MEMBRANE -

\'\'.4-”; GRAVEL FLL

Providing sleps as access 10 the ares eliminates

- the problems sssociated with flodd shields, but ‘eniails
more difficult entry and exit. Thiv may be a problem
Ufor areas of heavy traffic, In addition, steps may not.
e feasible if bolky or large amounts of material st o
he moved in and out of the area. Access for
handicapped personnel s also lUmited, Ramp acedss

- glimdnates many of the problems of both openings
o and steps. R

Ramps may even be made Lo accommodate

LA ramp. ws!;,m is £he asid:ummi apau, rs,qumci im" ih
N Y&E‘ﬂ;

The type of access provided for o walertight core

s & function of the particular needs and usage of the
CAreR 4y e;iisms:,ed sbove and must be selected by iha



1. CLOSURES AND FLOOD BRIELDS. If the
walls and floor of a struciure can be designed or
modified to provide the required impermeability. and
resisiance {0 {lood forces, then permanent or
femporary closure systems may be used. Closures and
shields mugt be able 1o support all flood loads that act
on their surfaces. In addition, the closure or shield
mugi be instabled so that food loads are uniformly
transferred into the supporting walls or siructural
elements of the building.

For existing buildings, permangnt closures are
preferable if they do not alier the function or safety
of the struciure. Unused openings may be
permanently sealed with concrete, masonry blocks or
metal assemblies, Al closure assemblss should be
reinforced and keyed or anchored 1o the framing
system, floor, or walls,

Flood shield assemblies must be used to protect
openings that cannat be permanently closed, Shields
may be comstructed of any dursble material that can
withstand the design loads, The most common
materials are steel and aluminum, Exterior grade
plywood may also be used for openings thal are not
exposed Lo extreme loading conditions, For example,
A-C grade exterior -3/4 " marine plywoeod may be used
with a maximum recommended unsupported span of
24", Plywood should be coated with fiberglass.
Neoprene rubber pasket material may be used as a
seal, Aluminum or sieel reinforcement may also be
used. Experience hay indicated that it may be simpler
and as cost offective to fabricate steel closures than o
iry 10 adapt plywood 10 this use.

The shislds should normally be attached to the.
web side of the opening so that the pressure of the
water helps (o seal the flood shield 1o the receiving
frame. The frame, usually metal, should support the
shield on ai least three edges. Shiclds may be attached
to their {rames with stanglard bolts, T-bolis, latching
dogs, wedge assemblies, or a variety of other latching
devices, Preference should be given to simple, quick
disconnect fasteners that can be activated with a
minimum of time, effort, and skill, Regardless of the
tvpe of latching mechanism, the shield must be
designed to ensure a watertight seal,

&0

Several rypes of flood shields are ilustrated in
Figure 1-10, Figure 111-25 through {11-31 summarized
below, provide detaile of varions framing, sealing and
larching technigues.

FEGURE TECHNIGUE BESCRIBED

11125 Recommended reinforcement of
masenry walls around smalt openings

111-26 Fiood shield for small basement
window

11127 Bond beams & vertical reinforcement
of flood shields at large cpenings

113-28 ¥Flood shield for typical door
openings

{129 Typical flood shield for display
windows

111-30 Typical flood shields for borizontal
openings below Design Flood level

{11-31 Typical flood shield fastening

methods

These details have been adapied from
Floodproofing Regularions as published by the U5,
Army Corps of Engineers.
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BEYOND CORNERS OF OPENING.

WOTE:

AT THE TOP OF THE FOGQTING,

1)

REINFORCEMENT
' REINFORCED P
MASONEY OR
CONCRETE
MEAD
5

. s4 8aR MINIMUM ARDUND ALL WINDOWS, DOORS OR OTHER
OPENMINGS AND EXTENDING (WHERE POSSIBLEY AT LEAST 247

TYPICAL STEEL BASEMENT WINDOW
FOR BEINFORCED MASONRY WALLS "

FF OPENING BEGING AT THE TOP OF A FOOTING, B
HORIZONTAL REINFORCING SHALL BE PROVIDED

TP LINTEL

@4 BAR

Figure {11-25, Recommended Reinforcement of
Masonry Walls Around Small Openings

Saurce: Floodproofing Regulations
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Figure [H-26. Flood Shisld for Small Basement
Window

Source: Flootproofing Regulations
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— STEEL OR COHCRETE FRAMING

EFORCEMENT

JoWALL SHOULE BE
CONSTRUCTEDR INTE.
ix WITH STHRLIC
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i
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— STEEL OR CONOCRETE FRAMING
MENMBERS
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e

REINFORCING £OB BOND BEAMS
AND VERTICAL STEEL MAY BE
REDUCED IF FORCES ARE
TRANSMITIED TO STBUCTURAL
MEMBENRS BY THE FLODD SHIELD
FRAME A0 BHOWN.,

Figurs {11-27, Bong Beams & Vertical
Reinforcement of Flood Shields at Large

Openings

Source: Floodprooling Ragulations
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o 7 S - _
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I .
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¥ AR
V.
STIFFENERS
BECTION A~A i Ul SEALPERMANENTLY ATTACHED TD SHIELD
| I e HETAL, FRAME
! {
| e MOBTAR BETWEEN MASONRY UNITS
STEEL OR ! :
ALUMNUM gk _
ELOOD SHIELD i e, SMEHORS & FLUSH HEAD BOLTS
ATTACHED 10 : FOR ATTACHING FRAME TO
cnamE wird | MASCGNEY UNITS
GUILE DISCONNECTYH
TYPE FASTENERS

DOOR FRAME

ALL CELLS ARDUND OPENINGS iN HOLLOW MASDREY CONSTRUCTION SHOULD BE
FILLEC WUTH CONCRETE, LARGE GPENINGS SHOULD HAVE BOND BEAMS, VERTICAL
REINFORCEMENT, AND METAL FRAMES ARDUND DPENING,

MORTAR JOINTS THAT LIE WITHIN FLOUD SHIELD SHOULD BE STRUCK FLUSH WITH
THE MASONRY UNITS 50 THERE WILL BE A BETTER SEAL.

Figure HI-28. Flood Shield for Typical Door
Opening

Bource: Floodproofing Regulations

63



E_%,, A DETALL &
g
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T
i A SECTION A-& Lnprait
ELEVATION
CORNER ANGLE ,\: ALURL FLOUD SHEELD
. o e SEE NOTE
SEAL —- |
FaSn8 o

P :
[
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[ I L o H Y
i i "GLASS CURTAIN ]I \ p

. WALL FRAMING |
\ : / o ;

o / B /
P i noe e STIREERER
] GLASS . L 3% x3x 38
Wi L
iy M___,,/

| A STIFFENER 3% x 3 x /6 @ 1’6"
L BLUML FLOOD SHIELD
LETall &

Note: The shield material speciiicriions assume that support is available a1 the boitam of the display window
{ie T high shield), 1 support iy ot svailzble at this poing, inerease gize or number oF stiffensrs anid
provide support at botiom, Members are sized for water level at iop of disptay window.

Figure 1129, Typical Flood Shield for Display
Windows
Source: Flood Prooling Regulations
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- NEOPRENE GASKET OR EQUIVALENT

ALUMINUNM FLOOD SHIELD

{1
THREADED L TROLT OR OTHER QUIICK
ANCHORAGE e P IHSCONNECT FASTENER
’ {a) "

L

e
—

i

BET /‘HL

CAST (80N FHAME & COVER :‘j ..... HOUNDOR ORENG
FOR SOUARE, RECTANGULAR CASKET IN MAQ HENLU
OR CIRCULAR OPENINGS GROGVE

COVERS FASTENED TO FRAME

%ﬁ’f \\\

e

CAST IRON FRAME & COVERS
{e

GRAVITY TYPE COVERS
MELD 1N PLACE BY WEIGHT ALDNE]

Figure 11-30. Typical Flood Shieids for Horizontal

Openings Below Design Flood Level
Sowrce: Flood Prooting Regulaiions
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Figure H1-31. Typical Flood Shield Fastening
Methods

Source: Fleod Proofing Regulations
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A variety of flood barriers and watertight doors
are available commercially, Doors are closed by
sliding, hand dogs or wheels and can be preumatically
sealed. Doors and barriers are constructed of
structural steel or aluminum plare. Figures 1§1-32
through HI-37 lustrate some of the available doors
and barriers,

FIGURE TECHNEQUE DESCRIBED
11-32 Watertight hinged double doors
111-33 Watertignt guick acting hinged doors
1-34 Waiertight shiding door

11133 Bottom hinged flood barrier

{11-36 Manually installed flood barrier

1137 Fork hift installed flood barrier

Figure HI-32. Watertight Hinged Double Doors
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Figure HE33. Watertighi Quick Action Hinged
Doors

Figura Hi-34. Watertight Sliding Door
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Figure 1H-35, Botiom Hinged Flood Barrier

Figure HI-36. Manually installed Flood Barrier
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Figure 1H-37, Fork Lift Instalied Flood Barrier

#OTESTING, STORAGE AND
MAINTENAMCE, I recommended that new flood
shields should be installed and tested belore they are
used. Testing may be performed by consiructing a
conereie block  wall or phywood bin around the
ouiside of the insalied shield and filling it with water
to at least the Besign Flood elevation. A plvwood bin
may be consiructed of 374 “exterior plywond atiached
102" x 4" studs and 27 x 4% braces 51016 or 24-inch
spacing, Forovery large openings, moriay reinforced
concrete blocks may be used to consiruct the bin, The
bins should be Hned whth polvethylene to minlmize
water 1085, The fest depah should be monitored as
freguently as necessary 1o ensure full hydrostatic
Eaﬂci_iime throughow the tesi period, The length of the
fest period should always be greater than that which
would be expecied in actval flooding, but never less
than 24 hours, During the test the interior of the
shiefd should be monitored freguently {0 determine
the focation and euent of any leakage that may
occur, {See Figure HH-38).

T



Figure 111-38. Testing Bin
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Provisions must be made for storing {Jood shiekls
when they are not in use. Storage areas must be
carefully planned and maintained {o ensure that the
shighds can be located and Installed with s odnbmom
of effort and time. The storage area should be as
close 1o the openings 1o be sealed as possible.. In
addition, any tools, hardware, Or equipment that is
needsd 10 attach the shields should be convenienih
tocated af the storage arca or installation site,

For complex flood protection systems, a masier
checkiist for the Installation of shields, pump
operation, and valve closures should be prepared.
Purp and valve locations and all shiclds should be
numbered and color-coded based on installation ang
operation priority. For example, low levels of
flooding might have g white color code, with
imtermediate levels up to the design flood. Figure
11139 iHustrates the format of such a checklst.

For the most part, permanent closures, doors,
and barriers require little or no special maintenance,
1f the closures use gaskets or sealants, these Hems will
have 1o be inspecied annually-and perhaps changed
BYErY 100 yoears.

Flood shields require more attention, Flood
shields should be inspected and function tested at least
once & veur Lo assurs serviceabilily, All of these
temporary sysitems require gaskets and sealants which
must be checked and replaced as necessary.

Adl systemy, such as sump pumps, special uiility
protections, and backfiow prevenior or check valves
i sewers reguire annval testing,

CHECKLIEY
Priority - WHITE
frem _
Number Bldg. fem Nofes Remarks
i #3 Shield e
2 Shield 1,2
3 Poor
4 #1 Doubde Door

Priority - YELLOW

5 #2 Shield 2
6 Double Door 1 _
7 #3 Walve 2.3 Main Drain Valve

Priority - ORANGE.

Priority - RED
il #2
32

Rolling Door
Hatch 6

B #1 Valve 2.4  Main Dirain Valve
9 Shield z
1w RN Valve 2, % Main Drain Valve

Mormally closed.

2. Toeols required,

3. Valve closes & maip drain. Pumps should be
‘prepared 1o siart pumping when water
appears in sumps atb this location,

4, Valve closes down main drains. 1F system s
notsurcharging, 1L may be lefi open, but
pumps should be ready for continuous
operation.

5. Valve closes overflow from sump. Can be
shit at any tme affer water recycling svstem
is shut down.

6. For hateh, apply 8 layer of polyethelene and
hold down with sandbags. Overlap the frame
by 2 feet and apply the sandbags three deep
along the edge.

Figure 11-39. Sample Food Protection
installation Master Checkliist
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E, FLOODWALLY AND LEVEES

. GERNERAL., As described in Chapter 1,
floodwally and levees may be used fo prevent
floodwaters Trom reaching an individual structure and
adjacent functional land areas. Floodwalls and levees
may be used 10 protect a structure on all sides, or to
protect the low side of a structore that is located on
the edge of the floodplain.

Pxperience has shown that floodwalls and levees
can be used o effecrively protect individual structures
from flooding depths up to 7 feet. The feasibility of
floodwall proteciion for depths that exceed 7 feet are
ofien Hmited by the cost of design and construction;
while the height of a levee is generally lbmited by the
armouni 0f construction space that is reguired o
accomodate embankment side-slopes,

The desigh requirements for g particular
floodwall or levee are generally variable and compilex.
However, the information presented in this section
can be used to evalpate the initial feasibility of a
floodwall or levee at a particular site and 10 develop
concepiual destgn plans. This section beging with a
presentation of site survey (Part 2) and internal
drainage (Part 3} requirements that are applicable to
floocdwall and levee projects. Part 4 and 5 present
guidelines that are unigue 1o the design of floodwalls
and levees, respectivedy,

2, BITE BURVEY. Floodwall and levee design
analysis should begin with a careful review of the site-
specific factors that govern the feasibility of these
measures, As an inktial step, hydrologic data should
be gathered and reviewed (as discussed in Chapter 11
to determine the Design Flood elevation, anticipated
flood water velocities, the duration of flooding and
the potential impact of floodwall or levee construction
on exisling channel capacity. All regulatory
restrictions associated with floodwall or levee
construction shall be investigated 10 determine the
feasibility of obtaining any required constrygtion
permits (see Chapter 1),

Once this information s known, topographic
maps can be used 10 identfy the most logical location
and alignment of the floodwall or leves. The structure

grade or design elevation must be established o
protect against the Design Flood plus allowances for
residual settiement and/or freeboard. (Freeboard iy
the vertical disitance between the top of the Hoodwall
or levee grade and the Design Flood elevation.y The
freeboard allowance provides a margin of safety
against wave and scour action, overtopping, and the
inherent uncertainiies of estimating techniques used in
establishing the Design Flood elevation, Frechoard
allowances for floodwalls and levees have not been
strictly standardized, bui as a general rule, a
minimum value of 3 feet is oflen used. However,
{reeboard of less than 3 feet, even as low as | foot,
may be acceptable, depending upon applicable
construction regulations, provided that protection
against the Design Flood can still be achieved, The
latier conditions would more likely be attained for the
construciion of floodwalls, due to their comparatively
greater struciural integrity,

Topographic maps may also be used 10 evaluatle
potential problems of surface dratnage accumulation
on the ‘dry’ side of the ftoodwall or levee, and in the
ientification of appropriate access points through,
across, or above the proposed structure,

Afier the fToodwall or levee aligniment has been
esiablished, the designer must assemble geotechnical
information (o determine the properiies of foundation
soils that will support the floodwall or levee, For levee
design, it will also be necessary 10 identify the
physical properties of available construction material.
Initial geotechnical studies must determine soil bearing
capacity, permeabilify, and depth [0 an impervious
stratum, For small floodwalls and levees (Jess than 1§
feet high, 1000 feet long) s Nmited number (depending
on the homogeneity of underlying conditions} of soil
test borings supplemented by a thorough field
reconnatssance will generally provide adeqguate design
information. Foundation materials have been
classified as:

&) Ledge Hocks, Ledge rocks present a poteniial
permeability hazard and frequentdy need grouting.

b} Fime Uniform Sands. I below ‘critical

density’ {void ratio al which a soil can undergo
deformation without change of volume) fine uniform

T3



sands must be conselidated 10 prevent flow when
saturated under load.

¢} Coarse Sands and Gravel. From a stability
standpoint they will consclidate under load. A
streamside impervious blanket may be reguired to
prevent seopage.

4) Flestic Clays, They require careful analysis to
assure that shear siress imposed by the weight of the
levee or floodwall 1s less than the shear strength of the
foundation material; flattened levee side slopes may
be required to reduce shear stress.

if the prefiminary investigations identify specific
problems, more detailed geotechnical studies may be
required,

3. INTERIOR DRAINAGE SYETEM.
Floodwall and levee systems must be designed 1o
reduce or eliminate the accumulation of seepage
and/or infernal surface runoff on the dry side of the
structure, If adeguate space is not available 1o
temporarily store all seepage and runoff that is lkely
to occur at the site, excess water must be drained 10
low lying sump areas and pumped 1o ihe wet side of
the floodwall or levee. The pump discharge leved
should be located above the Design Flood level,

The drainage system for the interfor area enclosed
by & leves or floodwall musi accommodate the
precipitation runoff from the interior area and the
anticipated seepage through the levee or floodwall
during [ooding conditions. A means of positive
drainage for the interior of the DNoodwall or levee area
is needed 1o discharge the accumulated waler outside
the enclosed area.

First, a collection systern composed of pervious
trenches or underground files must be desipned o
cranspori the accumulaiing water 1o & sump area, In
the levee application, these drains should be
incorporated ito the collection system, The
anticipated seepage from under and through levees
ardd floodwalls must also be tzken into consideration,
To determine the amount of precipitation thal can
catlect in the enclosure, the rainfall intensity must be
deiermined for a partictar jocation,
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Using Figure 111-40, a value is obtained in inches
per hour, This value should be multiplied by both the
area in square feet and g conversion factor of 0.0,
The product will be in gallons per minute, In some
cases, a levee or floodwall extends only partigiy
around a property and fies into higher ground. For
these cases, the amount of precipitation that can flow
downhill ay runoff into the enclosure must be
included. To caleulate this value, the area of land in
acres that can discharge water into the enclosure
should be estimated. This value is then multiplied by
the previously determined rainfall intensity and by the
mosl suitable terrain coefficient provided in Table
111-2. The product of these three values is the rate of
flow in gallons per minute into the enclosure.

TABLE 1812
TERRAIN COEFFICIENTR

Roof B3
Street, parking lot .85
Urban area, paved areas B0
Indusirial area .70
Residental area (homes or apartments} .60
Unimproved vegetated areas .20
Grass Area grade 15 7 percent of more 25
Grade is 2 percent 10 7 percent 33
Grade iy flat 1o 2 percent G

Seepage flow rates from the levee must also be
estimaled. In general, uniess this seepage rate is
cakculated by @ qualified soils engineer, a value of one
gallon per minute for every 100 square feet of levee or
floodwall enclosed area should be assumed, The
values for precipitation within the enclosed area,
runoff areas uphill draining info the enclosure, and
seepage through the levee or floodwall should be
added together, and the sum multiplied by a safety
fuctor of 1.5,



Figure 111-40. Rainfalt Inlensity for 50-year,
B0-Minute Duration For United States,

The result is the minimuom discharge size in
gallons per minute (gpm} of the sump pump. The
punp Lo discharge the collected water from the
interior of the area should be a submersible-type
model mounted in the sump basin with a backup
elecirical peneraior. The backup clecirical generator
shoukd be available during power outage, which is
often the case during flooding conditions,

Under normal circumstances, the elecirical service
from the structure can operate the pump. The pump
controls should consist of three float-type mergury
tsbe switches £0 activale the pump, furn it off, and fo
signal high water levels. The pump motor should be
fully subimerged in an oil-filled chamber providing
efficieni heat dissipation, permanent lubrication, and
sealing for complete protection from the environment,
The pump should bave a semi-open, non-clog type
impeller capable of passing a 2-inch solid sphere
without damage. The housing should be cast iron with
corrosion resistant fasteners and a mechanical seal
between the pump and motor, A check and gate valve
should be installed on the discharge piping.

An aliernative might be a suction-fype pump
powered by a gasoline engine, A control sysiem
should consisi of water level switches automatically
operating an electric starter for the gasoline engine.
The pump performance should match that of the
submersible pump described above. The major
disadvantages of this system are the need for constant
monitoring of fuel levels, and the additional cost of
controf and starter implementation,

During non-flood situations, surface runoff
within the protected area may be discharged through
drainage pipes or culverts that extend through the
floodwall or levee. These outlets musi be equipped
with an automatic check valve {0 prevent backflow
during a flood, Backflow prevention valves will also
be required on all sewer and other underground utility
lines that extend into the floodproofed building (see
Chapter IV, part Ch.



4, SEEPAGE. . If a floodwall or levee is
construcied on impervious soils that extend riverward
for a considerable distance, seepage beneath the
structure may not represent a problem. However,
underseepage through pervious foundation materials
can cause hydrostatic pressures at the dry side base of
2 floodwall or ‘toe’ of a levee. This pressure may
result i piping beneath the structure and heaving and
rupturing of adjacent soils.

There are a varigty of technigues ihat can be used
alone or in combination with each other to control
underseepage. These techniques include landside
berms, impervious cul-offs, pervious trenches and
pressure relief wells as described below,

4} Londside Berrm, Landside uplift pressure can
become greater than the effective weight of a levee
structure. ‘The construction of a landside berm {where
space is available) can eliminate this hazard by
providing additional weight Lo counteract uplify
pressures at the toe of the leves. A landside berm may
be used to reinforce an existing mpervious or
semipervious top stratum; or, if none exists, the berm
may be placed directly on pervious deposits,

B Impervieus Cud-off.  Where foundation
and/or levee construction material is relatively
permeable, an inpervious cul-off should be installed
(o reduce seepage. Impervious cul-offs for levees
include sheet piling or cement curtain cut-offs (Figure
111-41), compacted impervious fill that extends to an
impervious stratum (see Figure 111-42), or an
impervious blanket (Figure 11-43). Sheet piling and
cement curtaing may also be used to prevent seepage
beneath the key of a floodwall (Figure [1i-44). For
cases where pervious foundation materials are deep,
initial consideration shouid be given 1o steel sheet
piling because of the relative ease of installing this
type of cut-off,

¢} Pervious Trench, If properly installed, the
impervious cot-off system desoribed above will
eliminate major piping of water under a floodwall or
fevee., Where 3 cut-0ff i3 not provided or where i i
probable that the cut-off will not eliminate all
underseepage, it may be necessary to collect remaining
seepage in a pervious trench, The trench may be
instatled with or without a drain pipe.
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Figure 44, Floodwall Underseepage Contralled
by Sheet Pile or Cement Curtain Cut-Oft

A pervious toe trench (Figure 131-43) is effective
for collecting underseepage where an underlying
pervious stratum is thin {or where a cut-off has been
used) and the trench can, therefore, intercept & large
percentage of the seepage. For the case of thick
upderlying pervious sirata, a blanket/toe drain system
wilf be more effective in collecting deep seepage.
Cceeasionally, it may be advantageous to locate the
pervious trench towards the cenier of the levee system
{Figure 111-45) and to discharge intercepled seepage
through a horizontal blanket drainage layer, There is
some advaniage to 4 location under {he levee in that
the french can also serve as an inspection trench and
because the blankel drain can help (o control seepage
that may oceur through the levee embankment,

4} Pressure Relief Wells, Pressure relief wells
may also be installed along the landside toe of a leves
or floodwall system (o reduce uplift pressure. These
wells are destgned to intercept and control scepage
and associated hydrostatic pressures, They are
parficularly effective where pervious foundation strata
are too deep 1o be peneifrated by cut-offs, A relief

well system can be expanded if the initial installation
does not provide adequate control. Wells require
periodic maintenance and generally suffer loss in
efficiency with time. This efficlency loss is caused by
muddy surface waters, bacterial growth, or carbonate
incrustation that tend ro clog the well screens. Figure
11146 Hivstrates 8 typical pressure relief well
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L FLOODWALL BESHGN, If it has been
determingd thar an area would best be protected by
the construction of a floodwall, & wide range of
configurafions, construction materials, and other
variafions are available, The design of any type
floodwall, whether fixed or movahle, must adidress
two broad concerns: the overall stability of the wall as
refated to external loads, and the design of all wall
features for sufficient strength as related o calenlated
internal stresses.(see Figure 111-47).

GRAVITY WALL

. Structural Pesign of Permanent Floodwaills.
The stability of a floodwall (or any structured can be
defined as the ability 10 develop sufficient reactions fo
prevent gross movement under Joad. A struciure may
be-strong encugh 0 maintain its shape uader lord,
but be unsiable due to geomelry or support
conditions. A stability analysiv of a proposed
floodwall design includes consideration of overturning
due 1o unbalancsd moment, sliding due {o unbhalanced
lateral load, and failure of the underlying soil due to
high lateral and vertical loads, These three voncerns
are Hlustrated in Figure 11148,
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OVERTURNING BLIDING SOH. FAILURE

Figure 11-48. Floodwall Siabiity

b, Gravity Walls, In designing the gravity wall,
the stahility of the structure and its supporiing
foundation maierials represents the major design
consideration. The structural stability of a gravity wall
is attained through effective positioning of the mass
of the wall rather than by depending on the weight of
the vetained materials,

The gravity wall resists overturning prirmarily by
the dead welght of the concrele consiruction; it is
simply t00 heavy 10 be overturned by the lateral flood

foad. To overturn the gravity wall llustrated in Figure

4%, the applied loading must cause the concrete to
rofate about ihe lowest point of its axis op the side
away from the load, and this movement s resisted by
the concreie mass which teads (o rotare the wall in the
opposite direcrion (counterclockwise i the figure)
abou the same point. For a given wall height, more
overturping resistance s added by increasing lis top
width () and/or ity bottom width {1}, which will
increase the volume and weight of the concrete, or the
distance from the center of mass of conerete t0 the
noint of rotation, or both.

Sliding is gencrally resisted by frictional forces
between the concrete base and the soil Toundation.

I
AN " ROINT OF ROTATION
NSASE FRICTION

LPLFT > L

A& = HEMGHT OF FLOODWALL
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L= VITH OF BOTTOM
Po o READ WEIGHT OF COMCRETE

Figure H1-49 Stability of Gravity Floodwalls
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The magnitude of this force depends on the vertical
pressure beiween concrete and soil due o the weight
of the wall, and on the size of the base area over
which the friction acts. Sliding is further resisted by
passive reststance, or resistance 1o displacement, or
the soil mass behind he floodwall on the land side,
Resistance 1o sliding in the gravity wall can be
increased by increasing the volume and weipht of the
structure or by adding a shear key 10 the base of the
wall,

Soil foundation siability ks achieved by ensuring
that the siructure neither moves nor fails along
possible fallure surfaces including the surface bounded
by the siructure and the supporting foundation.
Vertical coniact pressure along the base of the wall on
the underlying soil is caused by the wall dead load
and any overlying soil or water, and also from
overiurning forces related to lateral loads, The
overturning forces tend 1o cause higher contact
pressures ab poings further from the wetted face of the
wall, Two methods of controlling the resulting contact
pressure are 1o increase the size of the base wo spread
the loads over a4 greater coniact area, OF tO rearrange
the geometry fo minimize the effect of the overturning
farces. This must be accomplished with due regard o
satisfying the requirements of overturning and shiding,
in areas where the floodwall must be founded on
weak soil, the reguiremeni for maintaiping low
contact pressure often governs the design of the wall,

In summary, gravity walls are appropriate for
tow walls or lightly loaded walis. They are relatively
easy 10 design and construet. The internal stresses in
gravily walls are low, Therefore, they may be
constructed with minimal reinforcing if they are
properly jointed, The primary disadvantage of gravity
walls is that & large volume of concrete is reguired, At
spme point, it becomes more cost effective 10 use a
captilever wall, The cantilever wall {as discussed
beiow) is more complex, but considerably less
concrete 18 required. Therefore, cantilever walls are
more cost effective for most foodwall applications.

¢, Cantifever Walls. For gravity walls, the
resistance {0 potential overturning can be increased
aor only by increasing the wall weight, but also by
increasing the distance rom the center of mass 1o the

B2

point of rowstion of the wail, The mechanism of the
captilever wall s an extension of this method of
resisting rotation by reducing weight and extending
the lever arm, In addition, the cantilever wall utilizes
the potentially stabilizing dead weight of both soil and
floodwater as these materials exert overturning forees
on the struciure,

For the cantilever wall shown in Figure 11150, 2
significant portion of the weight that contributles o
stability is the weight of the water above the 1oe 17
of the base. This effect is offset 10 some exient by
unlift pressure caused by water seeping under the
foundation, To effectively increase the resistance to
overturning for a given height, the values for *T7 and
17 must be adjusted 10 yield the desired stability
while still satisfying soil pressure constraints. Soil
pressure and the factors of safety against stiding and
overturning are calculated in the same manner as
described in the gravity wall discussion.

As mentioned above, the internal stresses in g
gravity wall are low, due to the massive nature of the
siructure, Therefore, design for internal stress is not
generally required for a gravity wall, The elements of
a cantilever wall, however, are slender, and careful
consideration of reinforcing and defatling is necessary.
The wall stem section acts as a cantilever fixed at the
hase, and therefore, its depth is normally controlled
hy the bending force al this locafion and must be
sized 10 safely carry all applied losds. Shear is another
important consideration, particularly near the
connection of the wall stem af its base, where a
construction joint is usually located. Again, the wall
sterm must safely carry the full fateral load and be
capable of safely transferring this load to the wall
base.
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Figure HES0. Stability-Cantlisver Floodwalls

To provide bending resistance against the applied
loads, reinforcing bars must be placed toward the
wetted face of the cantilevered stem. The shear is
generally capable of being carried by the concrete
cross sectton provided B bas been properly
proporiioned aeeording 10 ACE 318, Bection 1
{American Concrete Institute, Bullding Code
Reguirements for Reinforced Concrerej, When there is
a construction joint between the base and the siem, as
is usually the case {o faciiitate construction, a shear
key or addiional reinforcing bars must be provided to
iransfer the applied shear forces,

Prevention of water leakage through the hairline
crack af the joint is generally provided by'a
waierstop, The arrangement of bars, ele., at the
critical stem-to-base joint is shown in Figure Hi-51,
Horizonrial bars are designed for the wallster section
nof 10 resist forces from floodwaters, but o control
cracking of the concrete due to shrinkage, changes in
vohume due 1o temperature variations, and (o provide
integrity to the concrefe.
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~TEMPERATURE  AND
7 SHRINKAGE REINFORUEMENT
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Figure H-61. Cantilever Wall Base
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Shear and flexure in the concrele base are caused
by the net effect of upward contact pressure and the
downward weight of soil, water, and concrete,
CAlthough the relative effect-of all forces varies from : -
-.pase 1o case, the usual situation is that concrete, _' . _;Z;V&___ e
“submerged seil, and floodwaters tend 1o bend the toe ' o T
downward while the conlact pressure slong the heel _ B
. iends io bend this portion upward. Reinforcing steel L FOOTING

- must therefore be placed a1 both the (op and botiom \
~.in the base, Shear forces are also considered and must

MOVABLE WALL
BECTION

e,

NCSTRUT
WALL I

“sTORED
Sl EQSHTION

] Tar

_' ‘be carried by a properly proporioned concreie : S 3I'*"’“““‘SEEF‘A&E
Csection. In extreme cases, shear reinforcement can be o ¥ CUTOFF I .

: .prowded in the bam,, but muaiiv it 15 y005¢ COSE. REQURED. -~

_ in summary, caniilever walls are commonly used
ko resist flooding and other latera! loads and their _
-~ machanisin is well understood by engineers. Their use . . _
inovesisting floodwater is almost always appropriate,. - 1§ - ~LET RINGS FOR '
_particularly where a fairly high wall is required. In =~ | 1 REMOTE BTORAGE..
-areas where foundation soil comnditions are poor,_'_i_h_c_
cantilever wall is g good cholce because contact
pressures are more readily controtled than with the.

_ :_use of a gravity wall. In very poor soil conditions, the FOOTNG T
- base may be supporied on drilled piers or plles {0 I’“"‘""‘“’" T
provide additional resistance against soll faiture. The - GO
eantilever wall s # more cormplex structure to :Ei ) _ C

Cconsiruct than the gravity wall, which could be an ' i - SREPAGE 'Q-U-{QFF'

-important consideration, especially in areas where the. '
" number of pruzenced Lonucn,mw ;mci cmitamen 15
'_ thueci : :

MOYABLE WALL .
SECTION

- Figure 162, Movabie Floodwalls -

¢, Movable Walls, Figure 152 illusirates two.
types of movable floodwalls, Wall sections may be
-.gither sieel or concrete. The design of the {footing, . . : o
-:IﬁC{LEEIL& the same consrderczlions dzamss\ed ;éb{}‘-‘t: fOl R '_ - o .
':._pf.imdnt.ni walls, : S ' '

. The movabie wall Is sepporied at both the top

cand the bf)iliofﬂ' This iy done 10 prevent rotation ang. e S
aliOW ea’s}_ asbeﬂlbiy Z‘zi’id refﬂ_(}&'al. Ferwans Gf ﬁquai B T T
" heights and loads, a simply supported removable wall-
.panel will withstand a greater maximum shear and
Cbending movement than will the fixed cantilever wall..
. '_Becaﬁse- Qf{he Supp@;t pfo\;idgd by ihﬁ BEFLES &E Ehe ................................................................................................ L
Ciop, movable wall panels may be more-lghty

Ccomstructed. e



Dy side strut construction is preferred because
the struts are better protected and may be eastly
repaired or reinforced, If wet side struts are required,
they should be of larger size to provide g safety
margin agains{ damage from floaling debxis.

6. LEVEE BESIGN. A levee iy constructed of
suitable fill material that is placed and compacied in
lavers to form a stable barrier to floodwater. Levees
musi be designed to have adequate strength and
stability 1o resist all applied loads up to the designaied
proteciion level, For prelimingry design purposes, the
analysis of a levee may be divided into several critical
components including {(a) seepage and interior
drainage control, {b} slope stabillty, (¢) borrow area
design, and (d) erosion proteciion. Seepage and
inferior drainage control have been covered in part 3
of this section. Therefore, the following presentation
will be lnited (o items b, ¢, and d as listed above,

4} Slope Stabiiity. Slope stability of an carth fill
or levee embankment may be defined as the resistance
of a given embankment (o soil slippage or a tendency
to move {0 a more stable (flatter) slope angle. Slope
stability analysis technigues may be used to ensure
that a given embankment will satisfy sultable safety

factors, The *safety factor’ is generally defined as the
ratlo of all stabilizing {resisting} forees 1o the driving
forces (the forces tending 1o cause movement), The
siope on the verge of {ailure is considered 10 have g
safety factor of 1.0, For normal loading cases, an
acceptable safety factor would be between 1.3 and
1.5, For extreme loading cases, it may be as low as
1.}, The stability analysis should be performed for the
worst case loading condittons that are expecied 10
develop,

Two modes of shear fatlure must be investigated:
the rotational slide {Figure 111-53} approximated by
circular are, and the translatory slide (Figure 11-54)
that occurs along a definite plane of weakness near
the base of the ernbankment,

Figure 111-53 ilusirates a cross section of g
sliding soi} mass along a curved surface (rotational
failure surface}, The sliding tendency is develped by
the moment of the mass about the center of the are as
shown, This moment is opposed by the total shearing
resistance developed along the assumed shiding
surface. Of course, when all available resistance g
overcome, a progressive faflure occurs.

! Canter of
rotation

W CENTER OF GRAVITY

Figure U153, Characteristics of a Rotational
Slide

iToe Siope Faiture in Uniform Soil)
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Sophisticated numerical procedures, usually
involving possible curved fatlure surfaces, bave been
proposed for evaluating the rotational shide, Due o
.'the-unc.ertﬁjnty in estimating the physical parameters
of the materisl used in leves consiruciion, however,
use of these methods is rarely justified. The simple
Swedish Shde Method or the Modified Swedish
Method {method of shices}), among others, provide
-acceptable analysis techeigues, Most geotechnical
‘engineering firms have access 10 COMPUISr programs
‘thai can qun,kiy evaluate cmbmkmcm sw.mhiy if -
:deuzied analysiy is reguired,

" borrow location often represenis a
determining the applicability and cconomic feasibitiy.

CRiverside slopes may be less steep than the ranges
- presented above if erosion damage from waves or
-high velocity floodwaters is anticipated.

) Borrow Aves. The selection of an appropriaie. - -

a critical factor in

of floodproofing with & tevee. Factors that must be

- considered in the selection of 4 borrow area include

the type and guantity of material available, distance.

- from ihe levee site, land value, and environmentad
. impacts. At sites where the borrow area iy located in

" close proximity to-the proposed leves, the designer

Formore detailed information relating to slope .
stability analysis and other ernbankment design
-considerations, the reader is encouraged 1o refer
Design and Construction of Levees, EM 1116-2-1913
“as published by the {18, Army Corps of Engineers,
~However, for preliminary design and cost estimating o
“purposes a slope stability analysis is not-generally.
required if siandard slopes are maintained, The
steepest siope that should be considered without
-Qetailed studies is.a 1:3 slope ratio () vertical unlt o2
~horizontal units). Where conventional mowing
' 3cquipment i5 {0 be used (o maintain -tbe -embankmem_

must also evaluate any direct impacts that the borrow -
" area-may impose on the stability or impermeability of
the levee, Because most soils are suitable Tor levee
- construction (excent wet fine-grained or highly organie

soilg}, accessibility and proximity usually represent the

conirolling factors in the selection of borrow areas, -

Normally, long shallow borrow areas tocated. .

- some distance riverward of the proposed levee
_'.aiigmnem present the optimurn locarion for-the
- borrow area {Figure 11-55). However, landside pits
arg-acceptable; and near urban areas, large centralized
borrow areas are often established. It is generally
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preferable 1o have ‘wide and shallow’ borrow pits as
opposed 10 ‘narrow and deep’. Side slopes should be
relatively flal 1o avoid siability and erosion problems.

When using ceniralized borrow pits near the
levee, an adeguate thickness of impervious cover
should be left over underlying pervious material, It is
recomunended that a minimum of two feet of
tmpervious cover be left in place, and for landside pits
the cover thickness should be adeguate to prevent the
formation of boils. The final borrow area should be
graded for postiive drainage and landscaped as
required for aesthetic purposes and {0 protect against
erosion.

¢) BErusion Protection, Some {orm of erosion
protection will be required on the riverside slope of an
earth fill embankment or levee to withstand the
scouring and impact forces of waves and stream
currents. This protection can be provided by grass
cover, gravel, asphalt paving, congrele mats, of
riprap. Riprap is the most common protective covey
when i is determined that vegetative cover will not be
adequate. Factors that should be considered in
selecting appropriaie erosion protection material
include:

-

&
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L

[

Source: U8, Army Corpe of Engineers, Design and
Construction of Levees, EM 1110-1813

Velocity of Floodwaiers, Riprap protection
should be considered if stream velogiiies are
expected to exceed 5 feet per second.
Proiective Barriers, An embankment may be
protecied from severe erosion by dense stands
of vegetation or other features that reduce
wave Hnpact of stream velociy,

Wind Velocity and Ferch, The severity of wave
action is generally related to anticipated wind
velocity and the length of the water body that
is exposed 1o the wind (fetch). In general,
riprap should be used if the *fetehy’ is greater
than 1,000 feet at the design flood level.
Embankment Slope. The slope of the
embankment has an influence on the
susceptability of the structure {o erosion. In
general, flatier slopes are subiect to less erosion
damage than steep slopes.

Levee Alignment and Materials. The
characteristics of the embankment consiruciion
materials and the alignment of the
embankment in relaton {0 wave bnpacts, and
moving {locdwaters also have a significant
effect on erosion potential,



For preliminary design and estimating purposes, a
riprap layer that is 1 foot thick with a maximum stone
size of 150 Ibs. is considered io be adeguate for mosi
situgiions, The riprap should have a smooth size
distribution with a median rock size of about 23
pounds {eight inch diameter), with 80% of the rocks
larger than four inches in dlameter and ranging down
w aravels, With g disiributed size range, the spaces
formed by the larger stones are filted with simaller
sizes which prevents the formation of open pockets,
Angular stones are more suitable for riprap than
rounded stones. The rock should be hard, dense, and
durable to withstand long exposure 1o weathering.
Rock should be dumped directly from trucks to
minhmize segregation of rock sizes. i further
refinement is desired, the reader may refer to Figures
HH-36 10 determine spect{ic stone size requirements;
anid {o Figure 1157 10 determing the volume of
riprap material that would be required for a particular
embankment.

T MAINTENANCE, Floodwalls and levees
shiould be inspecied annually for structural integrity.
Following a flood, the structures should also be
examined for scour and erosion damage, Depending
upon the adeguacy of the original levee protection, it
may be necesary to replace riprap or increase the level
of erosion protection. 1f excessive scour oceurs,
consideration should be given to landscaping features
or the consiruction of flood flow diverters or barriers
near the upstrean side of the structure (o reduce
flood velocities and the associated impacts of scour
and debris accwnulation.
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A, EMERGENCY MEASURES

Emergency floodproofing includes techniques that
can be initiated on relatively short notice using stored
and/or natural materials {o prevent flooding.
Emergency methods that will be presenfed in this
section include sandbag dikes, earthfill crib refaining
walls and stop log barriers. The use of stop lop
barriers might be considered a contingent technigue
{Chapter IH}). However, the installation and the type
of proteciion offered by these barriers is similar to
that of the sandbag dikes and earthfil crib retaining
walls. Therefore, all three techniques are presénted in
this section.

Adthough most of the construciion activities
related 10 emergency methods do not generally begin
until a flood warning has been issued, emergency
actions must be planned in advance. These plans must
address material siorage and maintenance, labor and
equipment reguirements for the installaiion of
emergeney barriers, and kbor force training.

The primary advantage of an emergency method
is the relatively low bmplementation cost, Naiural
materials such as sand, so0il, and timber and the labor
and equipment required {0 place these materials are
all that is required, These methods are capable of
providing an acceptable level of flood protection in
areas characierized by low water velocities and
shallow depths and, most importantly, where
floodwaters rise so stowly that there s rime to install
emergency flood barriers, The availability of
emergency floodproofing materials also provides
flexibility in controlling unexpecied circumstances
such as overtopping of an exisiing levee by a flood
ihat exceeds the desipn capacity of that levee.

The principal disadvantage of emergency
measures is that sufficient advance warning is required
to mobilize personnel and install emergency barriers,
Most emergency floodproofing methods require an
extensive labor force that must be available on
relatively short notice. Other emergency measures
depend on the avaidability of heavy machinery and
trained operators. H the magnitude or rate of rise of a
flood are misiudped, plans Lo protect a facility with
emergency floodproofing technigues may fail,

Another disadvantage of some emergency
metiiods is that a large amount of construction
material must be stored on or near site 1o he
profected. This represents a pronounced drawback for
siall sites and for sites where aesthetic values must be
considered. Also, emergency measures do not satisfy
the minimum requirements for watertight
Sloodproofing as set forth by the Nuational Flood
Insurance Program. This is especially applicable to the
profection of existing construction,
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B, TYPEY OF EMERGENCY MEASURES.

1 SAKDBAG DIKES. A sandbag dike s the
emergency flood protection methiod most frequently
used, Sand iy available at many locstions apd is
relatively inexpensive, Sandbags may be fit 1o the
irregularities of the area wheye they are placed.
However, bags may be filled with soil if sand is not
available. If soil fill will be reguired, excavating
equipment {dozer, backhee, ete.) should be available
1o remove sod, loosen the soH, and transport the
maierial {0 the work site. Performing these wasks by
hand reguires much thne and labor,

Bags should be sirong enough 1o hold
approximaiely one-third cuble yard of material and o
withstand projonged contact with water, Bags that are
manufactured specifically for floodproofing are
available in both burlap and plasiic. Webbed
polypropelene bags are ofien preferred because of
their strength and resistance 1o wear, Feed bags and
bags used for peat mogs, bark maulch, ete. have also
been effective when filled and placed in an
APPIOPTidre Mmanaer,

For sandbageing 1o be effective, It is essential
that required materialy and eguipment must be nearby
in a location that will not be isolated from the site by
floodwaters. In addition, an adequate work force
must be available 1o fill and place the bags,

A recommended method for construction of a
sandbag dike is shown in Figure 1V-1. As shown, the
first step involves removing the sod and excavating a
bonding trench at least one bag deep and two bags
wide, This will reduce seepage under the dike. The
bags should be filled about one-hall full. It is not
necessary that the bags be fied, The bagg in the rench
and the first layer of bags should be placed paraliel 1o
the channel with bags in each Hne overlapping as
shown in Figure IV-1. The second laver Is placed
perpendicular 1o the first, the third paraliel o the
first, and so on with each succeeding layer, For lateral
stability, the dike should be about two {0 three Limes
ay wide af the base as it is high. If ilme aflows, a
podvethylene plastic sheel may be incorporaied in the
dike io provide extra protection against seepage.
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inflatable water hoses or mud-filled hoses may.
provide an alisrnative 1o sandbag dikes, With the
mud-{iHed bose, & strong polvesier hose of Txed
dimension, with part of 1S skin perforated, is
extended to any reguired length and flled with s
milxture of mud or sand and water from the siream
botiom by pumping ihrough self-sealing inlets, Excess
water s then drained through the pecioration, leaving
a compacted sofl in the hose (Figure 1vV-2). The {illing
tmie depends on the soil content of the pumped
mixture, For example, 1t is estimaled thal aowall 2.8
feat Bigh and. 1,000 feet long may be erected in three
hours when four pumps LU0 gpm each) are-used 1o
pump & puature of 20% soil and B0% water into the
hose. The height of the wall can be-increased by
faving addifional hoses on top of each other,

Abthough water-filled hoses have been used in
Europe for major structures, the apphcation of mud
apd/or water-{illed hoses as elfective flood barriers
for conmmercind strustures inthe U5, has not been
thorgughly demonsiraied.

2 EARTHEILL CRIB RETAINING wall.,
Earthfill cribs or retaining walls may also provige

effective emergency flood prodection, An earth{il orib

i¢ formed by sefting two lines of posis parallel to the

stresen channel, nailing boards to the inside of sach
row, and bracing posts across from ong another with
a plank or wire (Figure 1V-3), After the orib Is
formed, it is filled with soll which may be excavaied
near the site, Water resistance can be improved with
the addition of a polyethvlene plastic sheet as shown
in-Figure 1¥-3,

PUMP “"}

FLOOD DEPTH /7

RIVER BOTTOM

END SEALING

e PLASTIG SKIN
T LEVER

PERFORATION

-

Figure V-2, Mud Hose Profile
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Figure 1V-3. Eartntitt Grib Relaining Wall

A variation of this procedure is the earth and
rimber retaining wall, For thds technigue, one row of
posis i3 placed parallel to the stream channel, and
planks are nailed on the side away from ihe water as
shown in Figure 1V-4. Sandbags or earth fil} must be
placed behind the wall. A polyethylene sheet may be
used (o reduce seepage. Post and boards must be
available ai the site as must be the required eguipment
and manpower (o drive the posts or dig postholes and
1o move lrge guantities of soil or sand.

The use of these emergency retaining wall
straciures will not generally create a watertight
barrier. Therefore, sump pumps should be available
to remove leakage and stormwater behind (he wall,
Pumps with sulficient capacity for this purpose
should be readily available and in good repair at all
times. Fnough fuel 10 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 be interrupted when flooding occurs,

38TOP LOG BARRIERS, A stop log barrier is
basically a temporary wall that is constructed by
stacking small beams or planks on top of each other
i such & manner as to prevent the passage of water
through them. These logs or planks may be dropped
info slois in conerete walls (Figure 1V.3) or into
freestanding metal channels,

Stop Jogs are normally made from treated lumber
that is at leasi two inches thick (for instance, 27 x 127
planksy. Tongue-and-groove lumber may be used 10
provide a better {it between adjacent planks, Any type
of material may be used ¢ fabricate the logs provided
that: {1} it can be easily transported and installed; (2)
the logs {1 together to form a watertighi seal; and, (3)
the resuliing plank wall and supporting framework are
strong enough o withstand flood-induced loading.
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Figure V-5, Typical Stop Log Bamiar

Numerous methods may be used in conjunction
with this type of barrier to reduce leakage. For
example, polvethylene plastic sheets may be used as
iHusiraied in Flgure IV-5, The plastic iy placed
beneath the first plank and is held ar the top by the
top plank. For relatively heavy logs, the weight of the
barrier may provide a suitable seal tf a rubber gasket
is placed under the bottom log or plank. It is
recommended that a double layer of sandbags be
placed at the base of the wall to help reduce seepage.
As floodwaters rise, the resuliing hydrostafic pressure
witl provide a reasonably wateriight seal at the end of
each log if the receiving slot is desipned to include an
appropriate sealing gaskel, Swelling of the planks will
tighten the seal. Because this {ype of flood barrier
cannol generally provide a completely waiertighi seal,
a permanent or portable pump should be avallable o
discharpe any leakage. Siop log barriers should be
tested immcediately when consiructed o ensure that
they are capable of providing an acceptable ievel of
nrotection, General testing procedures are similas to
those discussed in Chapter 1 for femporary flood

shields.

C. FLOGDPROOFING UTILITIES

Most of this manual is devoted (o technigues that
can be used 1o prolect non-residential sfrucivres from
flood damags. This section provides information
concerning floadproofing of utilities that service the
siruciure.

Elevation is the most effective way to prevent
flood damage to exierior utilities, All incoming
electrical power lines, wansformers, and panels should
be located at least one foot above ihe Design Flood
elevation, Fuel tankys should alse be elevated above
the Design Flood level and be anchored
(recommended safety factor of 1.5} 1o prevent
flotation and asseclaied damage. in addition, all fuel
fings exposed 1o Hooding should be eguipped with
aytomatic shut-off valves In case lines are broken.
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Exhaust fans and louver outlets below the Design
Flood level should be protected by flood shields
(Figure 1V-6) or enclosures or relocated above flood
levels, Al many non-residential facilities, utilities are
tocated in a separate room or building adjacent to or
near the main building, This uiility room may b
elevated, or constructed or modified 10 be walertight.
Where flooding of a basement or uiility room may
ogeur (or is reguired for the safety of the structure),
utility units may be protected and fucl tanks
anchored,

Because sewer-lines o most areas are highly
susceptible to infiltration, they often become saturated
during flooding events. In such cases floodwater may
enter a facility through {he sewer system and create
internal flooding that is near or equal to-exterior
flood levels. To prevent this, backflow prevention
vabves should be placed on the bullding’s sewer Haes,

There are several alternatives for jocaling
backflow devices, A maln valve may be located where
the sewer is sirong enough 1o resist the flood-induced
pressures and where all possible reverse flows can be
stopped Locations *A’ and ‘B’ in Figure IV-7), The
valve should be selected to accommodate grif and
other materials that could lodge in i, For pipe of

Cigakat

FAN

LOUVER

Figure V-8, Floodshield for Exterior Openings

FHOM

sufficient strength, separate valves may be instalied on
all basement fixtures and floor draing (Figure IV-T),
Inflaiable rubber plugs or mechanically expandable
rubber plugs can also be uzed. Low pressure valves
(20 pounds per square inch or less) may be ingtalled in
drain Hnes of fixtures that are below Design Flood
levels, Sump pumps 1o handle any leakage should be
provided. Alternative valve systems are shown in
Figure IV-9,

Figure 1V-8 presents another alternative for
coniroling sewer backup. All drainage and seepage is
directed to & sump pump. The pump lifts drainage to
an elevation-above the Design Flood. By thus
climinaiing all gravity sewer draing, the problem of
flooding backflow is eliminated.

Water distribuifon lines are usually not
contaminated when flooding occurs unless the water
plant itself is flooded, However, for those sites where
wells are used for potable water, precautions should
be taken to prevent contamination, The well should
be equipped with a watertight casing that extends
from one foot above the ground surface to at least 28
feet below the ground surface. Backflow prevention
valves should be placed on the primary waler service
line at the well, and where it enters the building (o
prevent backflow of floodwater in case of a line
break.
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Heating or alr conditioning ynits, or similaz
facilities thar are jocated ouiside the siructure, mmst
also be Hoodprooted, Blevaiing the equipment is
preferred, but 3f this Is not feasible, & watertight
closure system should be provided {see Figure 1V-10.
it iz espectally-desirable fo provent air conditioning
unlis from being damaged, beeause they can be used
as dehumidifiers after the flood,

FLANGED SLEEVE
FORBMED BNTO WALL.,

Tocomplele the ubillty sysiem Moodprooting
srocess, all openings below the Design Flood elevation
where pipes, conduits, vems, .o_r.-alhes‘-'f.ixmre..s-;_:tazss
through a Toor or exterior wall must be sgaled 10
prevent leakage, Peneirations can be pressure sealed
tn several ways: gel-like expansive sealanss,
elastomeric seals, molded sleeves, and neoprens seals,
Figure I'V-11 iHustrates the use ofa waterproof sleeve.

TCAULK ARGUND PIPE.

e ANTEHYDRO GONC.
| THROUGHOUT WALL

Figure [V-11. Waterproot Slegvea for Pipe
Ranatrations
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D, WET FLOODPROOFING TECHNIQUES

A properly designed and implemented
floodproofing plan can virtnally eliminate flood
damage. A Hoodproofing plan may fail, however, {or
several reasons. Flood conditions may be more severe
than planned for in the Design Flood. A flood may
exceed the design level of Doodproofing due to storm
events greater than those asoctated with the Design
Flood, or flood elevaiions may be raised above the
Desipn Flood level by & giream or river that becomes
blocked by debris or by man-made obstructions,
Accidental damage 1o the structure or g critical
component of the {loodprogling sysiem may occur,
For example, {loating debris may impose sufficient
impact loads 1o bend a flood shield or crack a wall
and allow water 1o enter the facility,

Fallure may also occur if the plan is improperly
implemented (ie., if all flocdproofing components are
not property instalted). This could result from human
error in evaltating flood conditions, from equipment
failure or from lack of preparedness planning and
training.

Finally, failure may occur due to a faulty
floadproofing design. Examples of improper design
decisions include the use of incorrect depth and
velochy data, incorrect analysis of stabllity or
strepgth, or Tailure (o recognize and protect all
openings below the flood level, As stated in Chapter 1,
the scope of this manual is specifically limited to
‘dry’ floodproofing technigues. However, given the
possibiity of failure, some consideration must be
given 10 damage reduction measures that can be used
whent water enters g siructure. These meastives are
generally referred to as ‘wet floodproofing’. In some
instances, wet floodproofing may offer the only
feasible alternative for dealing with flooding at
existing struciures. Wet floodproofing techniques are
briefly discussed below, Additional wet floodproofing
techniques are described in other sources (see
Appendix Al

tiilities must be protecied from interior flooding.
All interior electrical Bnes and panels should be
elevated above the Design Flood level. Electrical
systems should be ‘zoned’, allowing selective cutoff,

Swilches must be located in an darea that will be
accessible during a flood, Gas lines should be
equipped with automatic shut-off valves Lo prevent
leakage and resuliing fire or caplosion in case a Hne
should break. The gas lines should be installed fo
allow positive drainage of water that may enter the
system [0 an appropriate number of drainage plugs.
Positive drainage to appropriate release points should
also be provided for any duciwork that is below the
Design Flood level, All heating, ventiating, and aly
conditioning equipment should be elevated above the
Desien Flood elevation; or, critival equipment may be
enclosed in a watertight core a3 discussed in Chapier HIL

in addition 10 actions that can be taken o
protect the interior utilities, there are several measures
that can be used 10 reduce damages throughout the
facility. These echniques nclude the use of
waterprood paints, finlshes, flooring materials, and
cabinarry, Al critical records, files, documents, and
computer {acilities should be sited at a location that is
well above the Design Flood elevation. To remove
water from the building a3 guickly as possible after a
flood, all floors should bave a positive stope 1o a
surap that can be used to pump water out of the
structure as floodwaters begin to recede. However, to
avold damage 1o the structure, inferior and exierior
water levels should be kept approximately equal af all
times.

A small percentage of equipment or stock may
constitute a major portion of the flood damage that
could occur. In this case, evacuation of this eritical
property would represent an important feature in
reducing the risk of flood damage. H heavy
equipment is 1o be removed, overhead hoists may be
reguired 1o elevale the cquipment above the
floodwaters or to remove the equipment from the
structure. For sites where smaller equiproent or siock
is {0 be removed, or where a hoist cannot be
provided, aisles should be designed 10 accommaodate
fork lifis or similar transport equipment. The material
io be evacuated should be on pallets or should be
eguipped with lifting eyes or bars. To facilitate the
removal of manufacturing equipment, all eleciric
lines, oif lines, efc. should be provided with quick
disconnects. A safe, reliable form of frangporiation
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must be provided between the focdproofed struciure
and a storage location well above the Design Flood
elevation. Comprehensive guidance concerning wet
floodproofing can be obtained from the Federad
Emergency Management Agency’s Technical
Slandards Bulletin 85-1, Wer Floadproofing,

E. COMBINATION OF FLGODPROGFING
TECHNIQUES

A single floodproofing fechnigue may be of
Hmited effectiveness. However, when the technigues
described in this chapter and Chapters I are
combined to meet the requirements of a particular
structure, they may lead (o significant hazard
reduction. Figure §V-12 hows how a variely of

fechnigues may be applied to a single industrial

siructure,

1. Waterproof coating (o reduce seepage
2. Permanent glosure of apening with maseny
3. Underpinning of structure {o resist hydrostatic pressuse
4, Vabve on sewst ine 1o prevent backfiow
4. Ansirument paned raized above expected flocd level
£, Major sguigmen installed with guick-disconnecis and elevated above flood level
with cverhead hoist
7. Fipor ias been reinforced to withstand uplift pressure
& Underground storage tank properly anchored
4. Cracks sealed wilh hydrawlic cement
12, Steet bulkheads for doorways
11, Sump pdrng ard drzin o eject sespage
12, Rescheduling has emptied the loading dock
13, Audibie alarm inslalled as part of erea-wide floed warning system
Figure {V-12. Combination of Floodproofing Adopted From: Introduciion to Floodprooting by John
Technigues as Applied to Typical industrial Snheaffor, The Cenler for Urban Studies, 1967, University of

Struaturs
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CHAPTER V

COSTS AND BENEFITS OF
FLOODPROOFING METHODS




A, INYRODUCTION TABLE V.1

‘ o PRIMARY AND SECONDARY
The primary goal of floodprooting is to reduce ¥ OGDPROOFING ELEMENTS
flood darmages and flood losses. This chapter provides

o ) ' Primary Flemenis Seeondary Eloments
information that can be used 1o estimate the cost of
anticipated floodproofing and the associaied dollar Elevation (fill, Lost space
£y M- 2, g - . - .
venefit of reduced flood damages. piles, posts, Extending access
plers, walls) and utilities

The cosis of floodproofing a structure may be
evaluated in terms of primery and secondary costs
(Table V-1}. Primary costs include the costs of the
basic floodproofing elements: fill, columns,
floodwalls, levees, and flood shields or closures, Flood Shields
Secondary cosis include the costs of auxiliary
materials and activities that are required to assure that
the primary foodproofing elements function properly.
{Such ay the cost for providing access to bulidings on
fill, or interior drainage for areas enclosed by tevees
or floodwallsy, This chapter provides representative
costs for each of the primary floadproofing elemems
and for some of the more commaon secondary
elemanis.

Insulating/finishing lower
surface of elevated floor
Erosion protection

Waterproofing walls
and floors
Subfloor drainage
Backilow prevention
Flood warning system
Manpower {raining/
avatlability Testing

Floodwalls/{.evees Rackflow prevention

Tnterior drainage system
and pomp
Unif costs reported in this chapier have been Lost space

based on an analysis of floodproofing literature, frosion protection

manufacturer’s quotations, and information collecied Aceess

from the owners and builders of Moodproofed

siructures {See Case Studies in Chapter VE). Al costs

are based upon September, 1983 price levels using the

Engineering News Record cost index (20 cities

BVETARRE).

Cost estimates were developed using many
sources. Most of the reported costs for a pardeular
element were clustered in 8 narrow range around the
average. Therefore, the average costs presented in this
chapter should provide reasonable estimates for the
evaluation of alternative floodproofing plans.
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B, PRIMARY COSTS

This section discusses primary costs associated
with elevation, closures and flood shields, floodwalls,
and levees. The primary costs include the costs of
construction materials and assoctated placement or
installation. Additional items included in the primary
cost are deseribed in the following subsections,

1. ELEVATION OF REW STRUCTURES ON
FELI.. The use of fill for elevaiing new structures is a
floodproofing technigue that is widely practiced
throughout the United States. To compute the cost of
a {ilf operation, it is necessary {o develop site-specific
estirnates of cosis associated with:

s Clearing and grubbing the proposed fill area of
vegetation.

v Strinping and removing any topsoil that is noi
capable of providing required stability.

+Qbiaining, hauling, placing and compacting the
fiif,

Previous studies indicate that the costs for these
activities can vary sigmificantly as a result of regional
and site specific characteristics. In general, costs of
elevated fill construction in the eastern U8, are
higher than in the West, Cost of elevated fills are also
higher in large metropolitan areas, and in many
coastal and mountainous regions, Although specific
costs representing any given location canngt be
addressed, it is possible to present average cosis which
may be used io develop preliminary estimates.

For small and moderate size {ills (up 10 20,000
cubic vards) an average cost of $7 per cubic vard of
compacied fill was found 1o be representative, This
includes all cosis associated with developing the fingl
site - clearing and grubbing, topsoil removal, and
obtaining, hauling, placing and compacting the fill
material. This cost figure should be adjusted if fil}
must be hauled for more than several miles or if
unusual site conditions occur, such as exiremely dense
forest cover or deep unstable topsoil.

Y

It may be useful for planning purposes to have
the cost of placing fill on a cost-per-square-foot basis,
Figure V-1 has been included to provide this
information. Figure V-1 tlustrates the faci that when
the usable fill area is relatively small {1,500 square
feet} the cost per square foof increases very rapidly
with increasing depth, For large areas {150,000 square
feet or more), the cost per square foot of usable space
increases approximately in direct proportion to the
depth of fill,
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Figure V-1. Cost of Elevating on Fill

2. BLEYATION OF NEW STRUCTURES OM
POSTS, PILES, PIERS OR WALLS, The cost of
concrete column sections is considerably higher than
the cost of piles or posts. However, since concrete
columas can support significantby greater loads than
piles or posts, the costs for each of these methods
tend 1o converge. The height of elevation {between 4
and 12 feet) has lttde influence on ithe cost of the
compleie foundation system. Therefore, an sverage of
$6.40 per sguare Toot of single floor space was found
to be representative a5 @ preliminary cost estimate for
any of these methods, This average includes all costs
associated with the construction of the elevated
foundation and supporiing members.

Several of the sources reviewed in-developing
ihese cost daia reported that there was no net
addifional cogt for their siructure due {0 the use of
piles, posts, plers or-walls Tor elevation. In these
cases, the value of the open space beneath the.
structure-(such as parking space I high land cost
areas) was equal (o or greater than the cost of
elevation. This benefif-of elevation-on columns may
often outweigh the primary cost advanfage of
elevation on fil.

THY



3. ELEVATION OF EXISTING STRUCTURES
ON POSTE, PILES, PIERS OB WALLS, Itis
techiically feasible and cost-effective Lo elevaie certain
existing structures for protection against flood
darages. As discussed in previous chapters, this
approach has traditionally been limited to small frame
structures that have a unified {loor system.

The cost of elevating an existing structure
inchudes two malor components: {1} raising the
siructure, and £2) construction of g support system.
The average cost for constructing a support sysiem is
the same ay that for new structures, $6.40 per sguare
foot of single floor space. The cost of raising the
structure is presented below,

Generally, elevaiion of existing structures is most
suitable for small to medium size wood-frame
structures (hat are built on a crawl space or baserent
foundation, The average cost for raising this type of
structure is %4, 10 per square foot of floor area,

Brick veneer and masonry struciures are the next
most frequently raised, The average cost for raising
this type of siructure, $8.10 per square foot, is higher
than that for a wood-frame structure primarily
because of the greater weight and the care that must
be taken 1o prevent excessive cracking.

The costs reported above gre Average costs,
Factors that could cause variation from the average
are accessibility {amount of clear space around and
under the structure, proximity 1o trees or utility
poles), and the existence of Hreplaces and chimneys.
The height a structure is raised has Hitle influence on
the total cost of raising,

4. FLOOE SHIELDS AND CLOSURES. The
primary cost incurred when a structure is modified or
designed to be watertight is the cost of the flood
shield assemblies and closures.

Permanent closures are applicable for openings in
existing siructures that are not needed for normal or
emergency access, These openings may be sealed by
filling the opening with concrete block, reinforced
conerete, brick, or some other material, The cost of
this fechnigue must include provisions {0 stracturally

£z

integrate the closure with the existing wall to ensure
that the closure will withstand Dood-induced
pressures. Due to the variation in existing types of
struciures and in the methods used to close an
opening, there is considerable variation in the cost of
this floodproofing technigue. However, & cost of $45
per square foot of closure area should provide &
reasonable preliminary estimate,

For new structures, or for existing structures that
have openings that cannot be permanently closed,
removable flood shields may be used for protection.
Most flood shields gre construcied of metal {primarily
steel and aluminum)}. Plywood has also been used for
flood shields in cases where Design Flood depths are
relatively low. Flood shields also vary according (o
their method of application, Some are free standing
and must be iransported to and from the point of
application and attached [0 a suitable supporting
frame. Larger shields are often mounted on hinges or
tracks so that they can be stored af the point of
application and be easily and quickly installed.

Many steel free-standing flood shields have been
fabricated at local machine shops or metal-working
shops, The average cost of this type of shield has been
calculated at %60 per square fool of shield, This
inctudes the cost of manuflacturing and installing the
flood shield frame. Factory-produced shields are
censiderably more expensive. However, factory-
produced shields have been fully tested and the
reliability of these shields is very high, The average
cost of various sizes of factory-produced shields can
be derived from Figure V-2,

The costs of plywood Hoodshields are ess
variable and much lower than those discussed above,
The average unit cost for plywood shields {including
installation) iz approximately $16 per square foot of
flood shield.
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(IN THOUSANDS OF DOLLARS)

Figure V-2. Costs of Factory Produced Flood
Shields Versus Shield Heights and Widih

5 FLOODWALLS AND LEVEES. The costs of
constructing floodwalls and levees are highly variable
because of the wide range of site-specific physical and
usage factors. Table V-2 presents average costs for
three heighis of flpodwalls and levees. Although these
cosis may be used to develop preliminary estimates,
specific site conditions could resuli in costs that vary
considerably from those shown in Table V-2,

The levee costs shown in Table V-2 are for non-
zoned structures {l.e,, unsegregated fill material)
Levees with complex impervious cores to reduce
seepage may cost up o four times more than non-
zoned levees.
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Floodwail
Floodwall
Floodwall

Levee
Levee
Leves

TABLE V.2
AVERAGE COST OF FLOODWALLS
AND NON-ZONED LEVEES

Hem Height {feet) Unit Cost

{$/foot length)

116
165
410

13
3t
85

£13



O SECONDARY COSTS

Secondary floodproofing costs were defined as
ihe cosis of Hems that are necessary 1o ensure the
proper functioning of the primary floodproofing
measure, Secondary costs that are often incurred are
summarized in Table V-5 and are discussed below,
Estimaied average unit cosis are nrovided where
appleable,

1. LOST-SPACE. Whenever an ganth fill ora
levee embankment is consiructed, productive space is
losi because of the oulsiopes required 1o maintain
stabibity, The dollar cost associated with this lost
space varies so widely with land costs and other
faciors that represeniative estimates cannot be given.
&Bite specific cosis must be derived {rom the geometry
of the ourslope {ill and the unif value of the lost
APaEce,

Figure V-3, based on the assumptions of Figure
V-1, shows lost space as & function of fill height and
usable arca. Lost space is considered 1o be only the
area covered by the ouislope,

L. EXTENDING ACCESS AKD UTELITIES,
Secondary cosis of elevaling a structure on posts,
piles, piers, or walls include the costs required 10
provide gecess from the original ground level to the
slevated level and ro extend all utilitiss 1o the elevated
structure. Experience has shown that this cost is
approximately §3.80 per square oot of single floor
space. This estimaie is based on the assumption that
the structure is elevated 4 to 10 feer,

3 INBULATING AND FINISHING
ELEVATED FLOORS, Elevation on an open
support system exposes the area below the fowest
floor to the weather and {o public view, It may be

80,000 1
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Figure V-3. Lost Space - Elevation on Fill
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niecessary of desirable to insulate the bottom surface
and/or provide a finish or covering that complements
the architectural style of the building. Estimates of
typical costs for this item cannot be presented due to
the many site specific vanables.

4, EROSION PROTECTION. High velocity
floodwater can result in severe erosion of ap earih fill
or levee embankment. The most commonly used form
of erosion protection for these embankments is rock
riprap. The cost of riprap for this purpose is 322 per
cubic vard installed. Information bas been provided in
Chapter 111 that describes when riprap should be used
and what volume will be reguired, For embankments
with 3:1 side slopes {3 horizontal to 1 vertical}, and
height H, a typical cost of $2.06 x H per linear foot
of embankment mayv be used. For example, riprap
protection for 100 feet of 5 foot embankment would
cost about $1,025 ($2.06 x 5 x 100)

&, WATERPROOFING WALLS. The walls of
structures that are protected with floodshields or
closures must be substantially impermeable 1o the
passage of water. For new construction, sufficient
waterproofing provisions can often be included in the
design of the building at no significant ¢ost. For
existing struciures, sound masonry, brick, or concrele
walls may be waterproofed by instaliing an
impermeable membrane or by applying a number of
products which can be painted, sprayed, or troweled
onio the wall surface.

The costs of these waterprooling methods are
quite comparable, with an average cost of
approximately $1.85 per square foot of wall surface.

6, WATERPROGOFING FLOORS. If the floor
of a structure that has been floodproofed with shields
and clogures is strong enocugh o withstand the uplift
farces that conld be exerted apainst B, waterproofing
technigues can be used to seal eracks and construction
joints to prevent the eniry of floodwater. The cost of
sealing would be comparable to costs for sealing walls
as described above, However, if the slab does not
have sufficient strength to resist full hydrostatic
pressure, a subsurface drainage system will probably
be required to prevent floor failure.

HES



A typical sub-floor dralngge system is iustrated
in. Chapiey L The approzimate costs per sguare fool
for ihs type of system are iHusirated in Pigure V-4
The square footage costs shown In Figure V-4 are
total sysiem costs, including drainage pipg, gravel,
sump area, and pumps. Instafation of a sub-floor
drainage system is usually not practical for an existing
structure because of the high cost of removing the
floor. 1n this case, a drainage sysiem may be
constructed around the perimeter of the structure al a
tevel below the floor sleb elevation, The installation
cost of 4 perimeler drainape system can be estimated
at 326 per lincar fool.

40,000

7. BACUFLOW PREVENTION, Whenever
flopding occurs above the lowest floor level,
floodwater may enter the sewers and back up into the
building., All floodproofed buildings should have a
protection device on the service ling {o prevent
backflow, The average price for placing a gate or Hap
valve for backflow prevenilon on 4 new sewer line is
S720r instalied, For an-existing sewer, ihere are
adcitional costs depending upon whether a suitable

connection point can be obtalned by excavating soif or

vehiether concrele must be removed,
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8 FLOOD WARNING AND PREPAREDNESS,
An adequate flood warning system musi be included
in the cost of any floodproofing plan that requires
adjustments to the siruciure prior to the flood (le.,
contingent and emergency measures). In addition, a
flood preparedness plan and training program i3
reguired 10 ensure that floodproofing elements are
instalied properly and efficiently.

Because an effective flood warning system musi
be developed in response Lo specific flooding source
ane structure characieristics, no representative cost
can be given here. At many locations on major
streams, the MNational Weather Service provides flood
warnings, In addition, the cost of emergency
preparedness depends on the non-residential
structure’s existing operations, Many facilities already
have an extensive emergency preparedness program
for fire or other hazards.

In this case, the cost of developing a
preparedniess plan for flooding may be minimal.
Quher facilities may incur & considerable annual cost
to develop and maintain a preparedness plan and
associated training program.

g, INTERIOR DRAINAGE PROVISIONS, Ag
discussed in Chapler ki, an interior drainage system
to remove seepage and storm water may be reguired
for fioodwall and levee floodproofing systems. A
significant cost of the interior drainage system will be
the cost of the pump required to move water from the
dry 1o the wet side of the wall or levee. Congsiderations
for selecting an appropriate pump size were addressed
in Chapter 111, The approximate cost of various sizes
of purmps {5 shown below:

Pump Rate Approximate
£ralions Per Minite Cost {$)
i0 400
&0 530
i20 960
160 §,600
220 2,000

in addition fo the cogt of the pump, it may be
necessary to re-grade the area behind the wall or levee
to direct runoff and seepage 1o 3 sump ares,
Temporary detention areas may be created for sites
that receive an extensive amount of runoff, if
detention areas are not feasible, 4 permanent pump-
house may need 10 be constructed 1o collect the water
and to house the relatively large pump that will be
reguired. Because the costs of these support facilities
are based on site specific topography and other
characterisiics, typical cosis cannot be estimated.

16, TESTIMG OF FLOOD SHIELDS, If flood
shields are installed on a siructure, a representative
sample should be fested to ensure that they work
properly. One method of testing is fo build a concrete
plock wall around ihe opening to be tested, install ihe
shield, fill the enclosure with water, and maintain the
test depth for at least 48 hours. The cost of this type
of test will range from 5150 10 3400 per opening
depending upon the size of the flood shield.

12, ACCESS THROUGH FLOOIDWALLS AND
LEVEES, Floodwals and levees may reguire
openings or other forms of access to allow fraffic Lo
move through the enclosure. Access points are often
protected with flood shields. For small openings the
cost of the closure can be estimated nsing the unit
price given for flood shields. For larger openings, a
value from Figure V-2 may be used.

D FUTURE COSY ADJUSTMENTS

The primary and secondary costs provided above
are based on September 1985 estimates. These
estimates can be adjusted using the Engineering News
Record’s (ENR) construction cost index. The value of
the BENR index on September 19, 1985 was 4,194, The
following formula may be used to adjust estimates to
current fevels:

nit Cost
Current ENR Cost indes ¥ Listed in Current
4,194 this manual Unif
Cost
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The ENR index can also be used to adjust costs to
reflect regional differences, The unit costs included in
this manual are based on the ENR 20 citles average.’
Specific city index levels may be used in the above
formutla o correct the cost estimates for both time
and locaiion.

E, EXPECTED DAMAGE REDUCTION

The goal of flood protection is to reduce fuiure
flood damages. Some of these expected damages may
be represented by dolar costs (that is, may be
guantifiable), whereas other damages, such as loss of
fife, injury, or health hazards, may not be

representable by dollay costs, A method for estimating

guantifiable flood damage costs will be presented in
this section,

CGuantifiable damages thaf are normally expected
to occur if & structure is not floodproofed include the
costs to repalr fiood damages and business cosis such
as lost production and sales, The dellars expected to
be saved by reducing flood damages should be viewed
as the *economic benefite’ of foodproofing,

Two sets of information are required Lo estimate
future flood damages (o a facility: (1) frequency of
flooding versus elevation of flooding at the site, and
23 the relationship of flood depth 1o flood damages.
Figure V-5 and V- provide samples of how this
information might be presented,
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Flood elevation-frequency data may be obiainable '

“from one of the sources lisied in Appendiz C. Flood
nsurance Study Maps and Reports may be used o

-oblain food depih and fregquency at a structure using '

-the methods shown in Appendix B, H-flooding
information is not available from any public ageney,
-such daia can be-developed by & professionsl

. enginesr. CGeneralived depth-damage infermation

“hased op damages experienced by siruciures of sintilas
- size, construstion, and use-may be obtalned from the

- Federal Emergency Management Agency, €orps of- .
" Engineers, or other agencies that have conducied
flood damage reduction investgations.

Given the depti-frequency and depth-damage
Tererves, the expected damage at the site can be

computed by using a procedure similar wo that shown

“in Table V-3, This method is used to compute the
Cioial expected annual flood damages, vp o a given

: !“)uslgn ¥ fo(sd ie\fx:) thm {in un;:mfemed fas.mt} woud S
imour, : S

- . 3 4 aixd

Using the method ilustrated by Table V.3,

- expected damages from a range of flood depths may
be catculated up 1o the Design Flood depiht. Inthe

example shown, the 100-year frequency flood was

- used as the Design Flood, Flood depths of 0.5, 1,2,

.2 (the Design Flood depth) feer were wsed,

Assuming expected damages for floods up to two

' feet have been caleulated, the steps for calculating

“expected anpual dumages }m ri(mcimg *m*n 2 to 3

- '-__'Icef are as follows:

1 “Enter Figure V-5 af a flood depth of 3 -feet.

" Because the floor elevation is 10175, the -~
. elevation for 3 foot flooding is 1020.5,

RS T

Find the point on the flood glevation curve
Ccorresponding 10 10205, Move down 1o the

N frequency axis and imt., Lhz, wrrespondmg _lioud :

fiequem}, 15 years.
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3. Compute the probability, 1/15 = .06667. This is
the probability that a {lood greater than or equal
to 3 feet will ocour in any given vear,

4. Compute the change in probability from the
probability computed for the previous depth. The
probability for the 2 foot or greater flood was
{1, 13385, so the change in probabilify is 0.15383
— 0.06667 = 0.08718. This represents the
probability in any given year of a flood between 2
and 3 feel,

5. Enter Figure V-6 al the 3 foot depth and find the
point on the structure curve at this level, Move
down and find the corresponding damage value,
about 27 percent.

6. Calculate the average perceni damage between
this level and the preceeding. The value for 2 feet
was 19, so the average s (27 + 1972 = 23.

7. Refering to Table V-3, multiply the probability in
column {d) tinmes the average damage in column
{f3 1o find the expecied damage, column {g}. For
the current step, L0878 x 23 = 2.0035.

The sequence or steps described above must be
repeated for each flood jevel {in feet) up 1o the Design
Fiood depth. By summing the values in column {g),
the expected annual structure damage from all
flooding {up to the Design Flood level) ks obtained as
a percentage of (otal structure valee (or $/3100
struciure valueh

Assuming that the flood protection measures are
100% effective (to the Design Flood level), the values
computed above represent the dollar benefits
assoclated with damage reduction. (Struciural dumage
reduction in the case of the Hlustrated exemple.}

Similar computations may be carried out for
contents damage. Flood damages such as lost
production {ime, sales, wages, uninsured losses, eic.
cannot be included in this fype of analysis unless they
car be represented by a flood elevation-damage
relationship, Because the later damages may, in fact,
be more significant than damages (o the structure, it
is impporiant to carefully consider the non-structural

{business) damages in the analysis of economic
benefits 10 be obiained from flood protection.
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F, ANNUALIZED CO5TS

Feonomics is not the only criteria for flood
nrotection decision malking. An economically
unfeasible floodproofing program might siill be
desirable if floodproofing could significantly reduce
non-quaniifiable damages, Alter giving appropriate
consideration to non-guantifiable benefits, however, it
may also be desirable 1o examine economic feasibility.

if the economic benefifs of floodproofing have
been estimated, they may be compared with the cosis
of flood protection. The proposed {loodproofing
method will be economically feasible if the economic
beneflis are greater than the protection cost.

Economic benefits are geperaglly calculated on an
average annual basis. The major cosis of
floodproofing are generally estimated as total lump-
sum costs that will occur when the structure is initially
floodproofed. To compare annual benefiss 1o costs,
is necessary to amortize the toial initial project cost
over the econorie life of the structure.

The average annual cost depends on the
amortization period and the applicable interest rate
{see Table V-4 for amortization factors})., Given the
total initial floodproofing costs, the interest rate, and
the amortization period {economic Ufe of the
floodproofing measures), an appropriate amortization
factor can be determined. The annual cost is
determined by dividing the total cost by the
amortization faglor,

As an example, let us assume that the total initial
cost of a profective levee has been estimated at
$319,825. If a 30-year amortization period iy selected at
an interest rate of 10%, the average annual cost
would be $4,220 ay shown below:

Fotal Cost = Annual Cost
Arnortization Facior

or

35,823 = 34,220
9.43

TABLE V-4

AMORTIZATION FACTORS

ENTERESY
RATE

AMORTIZATION PERIOD

36 YEARS 50 YEARS

13.76 15.76
12.41 13.80
11.26 12.23
10.27 10.96
9.43 9.9}
8.06 8.30
7.00 7.13
6.18 6.25
5.52 5.53




G, SUMMARY

The costs of floodprooding can be divided inio
primary. cosis (ihe coste of the major floodproofing
elemeni{s): flood shields and closures, elevation,
foodwall, levee) and secondary costs (other costs
necessary for proper functioning of the floodproofing
sysiem), Pstimated avergge primary costs and
commen secondary costs are suminarized in Table

V.3, Many secondary costs are Loo site-spectfic for the

reasonable estimation of representative values,
Eatimstes for these-costs must be developed from
local sources and added o the cost estimates in this
chapter,

TABLE V-3
SUMMARY OF
FLOODPROOFING COSTE

PREMARY CONTH

ELEVATION

s Fill 700 per cuble yard installed
and compacted,
See Figure V-1 Tor per square
foot cost,

o Piles, posis,
plery, walls 46,40 per square Yoot of single
story floor space.

¢ Rabibap existing
siruetares $4.10 per square foot fora
single story wood-frame
siructure.

$8.10 per square foot fora
single story brick or masonry
structure,

$12.90 per sguare footfor a
single story slab-on-grade
structure,

FLOOD SHIELDS

¢ Mein $60 per suarefoot of opening.
Also.see Flgure V-2,

v Plywood $16 per square foot of opening

CLOBURES
345 per square Tool of opening
FLOOBWALLE
3 high $110 per fool of length
& high $165 per foot of kength
16 high 440 per fool of length
LEVEES
S’Ihigh %13 per foot of length
£ " high %30 per oot of length
1 high $85 per fool of length (not
zoned)
14 high 300 per foot of lengih (zoned)

BHCONDARY COSTS

« Fxtending
Aveegs/
Eitilitien & 3.80 per sgusre Toot of single
story floor space

s Erosion
Proteciion £22 per cuble vard of riprap

& Waler-Proofing
Wulls/Floors  § 185 per square foot of

surface area

» Subfloor
Brajnage § 3.00 per square fool

& Poripbery

Preatnupe %26 per lingar fool
s Backilow

Prevention

frevive 724 insialied

Concrete excavation extra $ 103

Earth excavation extra $ 27

¢ Tegting OGf Flood
Shields $150 to 5400



The economic benefits derived from the
implementaiion of a floodproofing plan are
represented by the reduction in the expected cost {in
dollars) of future flood damages, Expected annual
damages may be estimaied using flooding depih-
frequency data and the relafionship of {looding depth
10 siructuse, contents, and other damages. The latter
may be obtained from existing general information or
may be esilmated for the given location by
knowledgable personnel,

fdeally, the depth-damage relationship would
quantify losses from decreased production, profits
and wages, lost sales, flood fighting, flood cleanup,
gte., which could be expected w occur if profective
measures were not (gken. H may even be possible to
represent flood protection reductions in polential loss
of life, injury, and short- or long-lerm health hazards
by reductions in insurance premivms. The total initial
project ¢ost must be converied 1o an annual cost Lo
allow a comparison with expected gconomic beneflits,
Initial cosi can be converted to an annual cost by
dividing by an appropriaie amortization factor.

The {ollowing pages provide cost estimating
forms which can be used to calculate the preliminary
cost of the major flood proteciion alternativey
discussed in this manual,



PRELIMINARY COST ESTIMATE
STRUCTURE ELEVATION

UGG FELL:

Approximats Cuble Yards Reguired
e % BT, 00 -

or
From Table V-6

USING PELES, POSTS, COLUMNS OR WALLS

Single Story Floor Ared ., % $6.40 e

I Flevated Loss than 5 feet, Multiply by
0.93.

i Blevated 3 1o 7 feet, Multiply by (1L.906
o Blevated 7 (o 8 feat, Mubliply-by 1.00

RAISING EXIETING RTRUCTHRE:

Wood Frame with Joist Floon
5.1, x %4143 =

Brick Veneer or Masonry with Joist
Floor s.f, x $8.14 -

SECONDARY COSTS:

Lost Space Table V27 (s, vy
% CostPer Sa. Flo o T

or Lost Space (s, [1./43560) (Acres)

% Costper Acre F e

Extending Access and Ulifities:

Square Feer of Single Story Floor Spage
e % B3 B0

insubting/ Finishing Botlom of Buildings
on Piles, Cobumns, efo, {insert Lamp
Cost Based on Local Estimae)

Erosion Protection (Table V-8) ..
euble vards x §22 =

If Blevaed 10 feet, Multiphy'by 1.04 o

TOUAL PRIMARY ANE
SECOMDARY COSTS (Sum of Above)
Correcton Factor Current ENE
Construction Index /4194

Correctied Total Cost of Elevation
{vnliply by Two Numbers Above)



FRELIMINARY COST ESTIMATE
FLOOD SHIELDS/CLOSURES

PRIMARY COEYS:

Metal Flood Shelds Toal Square
Foolage of Dpenings 10 be Closed

Plvwood Flood Shields Toial Square
Faarape af Openings (o be Closed

Aanufactured Shiglds Toral Square
Foowge ... __x Vilue from Figurg V-2
Permanent Closures Total Bguare
Fooage .of Openings 1o be Closed

SECONDARY COSTE:

Walerproofing: Surface Area {s.0.)

Walls and Floors Below Design Flood
Elovation IS 5 =
Subfloor Drain:

New: Floor Ares (5.F)) ... % Value
fronmn Higure V-4

Exigting: Perimeier of Bullding (.12}
............... % 526 =
Back{low Prevention: MNumber of

Valves Required x $720 =
Existing Sies: If Earth Excavation
Required, Add Number of Valves

N B 9'' =
If Comprete Excavation Reguired, Add
Mumber of Yalves . x 305 e

Testing: MNumber of Shields 10 be Tested
........... H %250 =
Flood Warning and Preparedness {insert
bump surn based on local estimate)

TOTAL FRIMARY AND

SECONDARY CORTS (Sum of Above)
Correcion Factor: Current ENR
Construction Index /4194

Corrected Tolal Cost of Flood
Shieldss/Closures (Multiply Two
Numbers Above)



PRELIMIRARY COUY ESTIMATE Aceess Through Floodwall/Levee:
FLOODWALL O LEVEE Metal Shields:

Total Sguare Feet x 360 S
stanulactured Shields:
BRIMARY COT ’i"o;.ai Sguare Feel . % Fig, V-2
value =

Linear Feet of Floodwall/Levee .

x Unit Cost {'1"32)1& \-'(~2) [R— S TONPAL PRIMARY AND

SECONDARY COSTS (Sum of Above}
SECONMDARY COSY
Correction Facior:
Current ENR Construction
------------- index/4194

Backflow Prevention:
mMumber of Valves Reguired
x §720

- Correcied Total Cost of Floodwall or
Existing Sites Add: 1 evee

Sarth excavation, number of valves . .

Farth LP‘{",,\{"UOM number ¢ v (Multiply two numbers above) =
ox 827 F e _

Concrete excavaiion, number of

valves ... _. %3108 u

Interior Drainage System: extler fump
sum including cost of pump,
prading, pump house, and other site
requiremenis. @

1.ost Space:

Side Slope
3hedv H{fi) e XL T2 Cost/Bg. Fr. =

2.5 v B Lt 2 6% Cost/Sq.Ft. = o

2hilv M LB X o Costi B FE, =

or, 743560 x Cost/Agre

3

1 owe Levep Height

L = Levee Length

Frosion Protection:

Side Slope
Shodv M. R L x52.06

280ty H(h) Lfty %5176

Zhelv B LY 8146

M = Levee HMeight
Lo= [evee Length

y27



COST GF ELEVATED FILL CONSTRUCTION

Table V-6 may be used 1o estimate the cost of
sivipping the base, placing and compacting & fill area,
To use the fable, first determine the area you will
need for the struciure and adjacent areas at the top of
the fil. For instance, the structure may occupy 5000
sguare feet and vou need MO0 feer around the
buiiding for traffic. The total area reguired is 6,400
sguare feet, and {his is the number used in Table V-6,
To estimaate the cost of fill, enter the table in the
section for Ad= 10,000, for this example, and move
Lo the row corresponding 10 the helght of elevation,
say & feel, in this example we deskre 3:1 side dopes,
so o we move under the column headed 3 and find the
SCAALION

E570 + 2T9A = LCosl.

For this example, the estimated cost for an 8 foot
i with » 6400 square (001 LOp ares is:

5,870 4 279 % 6,400 = §23,400,

For areas largey than 13,000 square feet, use

cauations in the section 10,000 <A in a similar manner,

SIDE SLOPE, 2
{Z hiv)

2.3

91041 2HFA
2,220+ 190" A
4,300+ 2.67%A
130G+ 351%A

11,400+ 4.42%A
16,700 + 5.41%A

2,400+ 1.10%A
5,470+ 1.66%A
9.990 + 2.24*A
16,100+ 2.85%A
24,000+ 3.47*A
33,700 +4.13%A

TABLE V.6
COST OF FILL
Ares Flevation
Reguired Fleioht
(B, Fi.) {Fe.} 3
4 IO+ 3. 24%4
6 2,840+ 1.97*A
Ho= 10,000 g 5,570+ 2.75%4A
10 9,540 4 3.70%A
12 15,0004+ 4707 A
14 22,100+ 5.78%A
4 2610+ 1.01A
6 6,040 + 16954
FOLO00 < A it 11,260 +2.30%4
H) 20,100 +2.91% 4
2 30,100 3.56%4
7] 42,600+ 4.23%A

690+ 1IRYA
1,660+ 1.83%A
970 2.54%A
333033104
B2H w4, 14%4
11,900+ 5.053%A

1,880+ 1.09%A
4,260 4 1.63%A
T,120+2.20%A
12,400+ 2. 78% A
18,300 + 3.39%A
25,600+4.01"A
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LOST SPACE

The fost space due 1o the outslopes of ihe Fill

miy be estimated asing Table V7. Lost space 15 a
function of the height of fii, (£, he slope of sides,
{73, and the vsable area {A), Given the top
G400 square feef as in the previous example, enter
Table ¥-7 a¢ the height of il (8 feet in this exampls)

and side slope {3 in this example}, 1o find fhe

estimating eguation,

Fog hiy example,

tost space = 2300 + 32,66 x SOR{AL,

areq, say

where SOR{AY is the square rool of the top area,

or

lost space =

2300 4+ 32,66 x B0 = 40 sguare Test,

Elevation
Height
(Fey

576+ 16.33x5QR(A)
§,396 + 24 495 SOR(AS
2,300 4 32.66x5QR{A)
3,600+ 40.82xSORIA)
3,130+ 48, 99xSQR{A)
1,060 5 57.35180RIA)

TABLE V7
LOST SPACE

{mg)y, 1)

SINE S OGPE, £
8 v

.5

400+ 16.33xSORA)

9063 + 24 49xSQRIA)
PG00+ 32.6638QR(A)
2,500 + 40.52xSQR(A)
3,600 + 48,9918 OREA)
3,900 4 57, 13x3QRA)

256+ 16.33x80R(A)
76+ 24 4950 RIA)
1,020+ 32.66xS0RIA)
600+ 40.82x80QR(A)
2,300 + 48 99550 R{A)
3,140 4 ST 1SxS0ORA)
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CORE OF RIPRAP

Reguired guantiiles of viprap Tor te 01 may be esthimated using Table V-8, Riprap-
vohime 16 also o fungtion of the height of 1ill, (5}, the slope of the sides, (2), aod 1he

usable area, (A} Again, using the 1op area of 6400 square feet as in the previous

exsumple, enter Tahle Vo8 af the heioght of {11 (& fest ip this example) and side-slope (3 in
this exagmple) to find the estinating equalion. Forhis esample,

Riprap volume (oubie vards) 5 43,2 + L33 % 5QR{A),
where SOQRIAY B ihe sguare roob of the lop area, or

Riprap volume {oubic vardsy =

#3.2 4 1A% ¥ BO = 166 cubiv vards.

Height
(F)

Elevation

SRR TSR (A}
2.3 P ESSGR{A)
43,24 LE3xEQRIAY
6740 L9 0RA)
7.1 42, 30x80R{A)
132,004 2.6ESOQRIA)

TABLE ¥.8
RIPRAP YOLUME
(CUREC VAR

ik SLOPE, 2
{F Tt v}

b
La

7+ 0655 SORIA)
17,2+ 0.98x80OR(A)
3006+ 1L30RSOR{A)
478 163 BORIAY
68,9+ LYSRS0ORIA)
935 + 2285 80R{A)

]

830+ 0,545 8QRIA)
P+ 0.8 xSOREA)
20,3+ 1.08XBQR{AY
31,8+ 1 353SQR{A),
45,8 4§ 62x50R(A)
633 + 1. EUESQRIA)

13}




CHAPTER VI

TYPICAL APPLICATIONS OF
FLOODPROOFING TECHNIQUES




A, INVRODUCTION 1o 1969, following another major flood, ihe State
of Colorado created an Urban Prainage and Flood
This chapter presents examples of non-residentisl Control Estrict to coordinate flooad damage

floodproofing plans that have been designed and abatement programs and provide technical and
implernented in three cities within the United Siates, financial assistance to communities. Boulder was
These examples have been included to Hlustrate the selected as a pllot study arex for the District. This
applicability of the techniques presented in this program has resulted in the design and constriciion
manual, of a significant number of foodproofed structures in
the Boulder area, Seven examples of these

The three citles that were selected for study floodproofing efforts are briefly described on the
inchude Boulder, Colorade; Bristol, Connecticut; and following pages. Floodproofing techniques that are
Lock Haven, Pennsvlavania. Thesge clties are similar ithustrated include the use of elevation, {lood shiekds,

in thal they each have a history of major flooding and  and levees.
extensive flood damages that bas resulted in an
intevest in floodproofing technigues. Each city is
participating in the National Flood Insurance
Program, which requires floodproofing or elevation
of ail new non-residential construction in the
floodplain in addition fo all existing non-residential
flood-prone structures that are substantially improved,
The flood insurance studies conducted for these areas
represented a major source of hydrologic data that
was used in the design of floodproofing plans.

B. BOULDER, COLORADG

Boulder, Colorado was established in 1859 at the
mouth of Boulder Canvon along Middle Boulder
Creek. Floodplaing in the area are subject t0 frequent
and severe flash flooding assoctated with intense
rainfall that occurs over a large, steeply sloped
watershed. Floodwater velocites and floating debris
content are relatively high in the area.

Boglder has experienced rapid development over
the last few decades, with litle or no floodplain
managerment controls, A major flood in 1963 provided
local residents with the ingentive to participate in the
Mational Flood Insurance Program and to develop
and adopt floodplain regulations and an emergency
warning system and evacuation plan. The food
warning system includes provisions for low cost radio
aclivated alarms that can be placed ai an individual
siructure. In addition, warning sirens are provided at
neighorhood fire stations. This systemn allows the use
of flood shields and other contingent floodproofing
methods in certain aress of the city. The city also
crealed a storm drainage and flood control utility
district.




- Boeuider, Colorads

_ The Columbia Savings and Loan building is an
Calfractive concrete and.glass factity with 5 metal roof,
CThe 5,055 square foot bullding s elevared on four

- main columns. The use of floodproofed space below _
“the structwre for a drive-through teller fagility reduced | |
total site size requirements and associated land '
_acguisition costs, The first floor level has been
-elevated 14 feet above the ground, one fool above the
~hase flood elevation, Elevation represented the only
feasible fpodproofing option af this site due 10 the. -
Csipnificant flooding depth, ' o

~Area beneath the building provides sheltered

. ) , ‘ space for automalic bank teller facility, -
Phe cost of elevating this structure was p S _‘__ - A ._y_ S

Capproximately $77,000 4970y which included the
colomans, stairs, elevaton, uility exiensions, and -
Csusfacing the bottem of she glevated foor area,

T iy

; Sl " *(ﬂ X i

. The entire structure is elevaled with the exception of glass entry areas,




Emily Lawrence, Lid.
Boulder, Colorado

Anticipated flood depihs at the Emily Lawrence,
Lid. site were less than 3 feet, with flood water
velocites of 2 feet per second, It wag determined that
clevation on fill was the most cost effective and
desirable floodproofing alternative for the site. The
5,500 sq. 1. brick veneer building is constructed on a
concrete siab foundation. The first floor level has
been elevaied approximately 2.3 fect above the base
flood elevation, The location of the building on the
edge of (he floodplain fringe allowed final grading
thai provides direct access to the first Hoor in the
front of the bullding. A combinailon of grassed
embankments and refaining walls were used Lo
accommaodale a relatively steep grade ransition af the
back of the structure. Floodproofing costs, including
delivery and compaction of the fiil materisl and
additional she preparation, were approximalely
$15,000 (1980},

Sile grading provides direct access to first fioor
etevalion al the front of the structure,

Combination of grass embankmenis and retaining walls o accommeoedate grade
change al rear of the siruciure.



JLS Professional Building
Boulder, Colorado

The JLS Professional Building is a two-story
structure constructed of glass, steel, concrete and
brick veneer. The building was elevated on walls and
columns to provide parking space and to protect
against flood damage. The first floor elevation is
about 6 feet above the base flood elevation. Expected
flood depths at this site are 3 feet with flow velocities
of 2 feet per second. Elevation increased the cost of
the building by 20-35%, however the benefits
associated with parking space below the structure
compensated for this cost increase. The total structure
cost was approximately $500,000 (1980). The first Extensive parking space has been provided
floor area of this building is approximately 4,750 beneath this elevated structure.
square feet.

Building materials include combination of glass, steel, concrete and brick veneer.
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Sufewny Bulldiag
Bouider, Colorado

The Safeway building has a brick veneer exterior
with a standing metal seam roof. All windows are
located above the base flood elevation, which is
approximaiely egual to the finished floor elevation,
Therefore, flood shields only designed 1o protect cnly
the doors. Flood velocities in the area are
approximately 2 feet per second. The shields are
equipped with a preumatic watertight sealing system,
and vary in size from 40 inches to 166 inches wide by
26 inches high, The shields are stored near the front
of the store behind the shopping cart storage area
where they are convenient in case of flooding. The §
shields provided for the site were manufaciured by the
Presray Corporation for a total cost of $22,650 (19813, Existing Safeway Buiiding has been retrofitied

with fiood shields (o protect against flood
depiis up 10 2 feet above the 18t Hoor elevation.

Stored flood shieids (Note pneurnatic Detall of frame used for mounting shield
seal valvés). at front door.



Easipark Building
Bouider, Colorado

The Fastpark is a flufed conerete block building
used for manufacturing and storing office furniture,
The finished {loor level is approximately egual 1o the
base fleod elevation, and flood veloclties are
estimated at 2 feet per second. All windows at {he site
are well above the flood level; therelfore only doors
have been fitted with flood shields. Bolt-on shields
were fabricated by & local metal working firm
(Boulder Steel) to floodproof this exdsting structure. A
wotal of 18 shiekds are required to protect the AR = i
structure. Ten of these shields are 3 feer wide, and 8 Door frames for mounting flood shields at
of the shields are 10 feet wide. All shields are 3 feet in  Personnel door.
height. The total cost of the shields was 3,400 (1980},

I
i
i
]

Floodproofing requires instaliation of 18 flood shiglds to profest 8 vehicular
gntrances and 10 personnel doors,
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Commonweakth Office Budlding
Boulder, Colorado

The Commonwealth Gffice building is 2 three-
story stuccoed precast concrete strocture, The finished
floor level al this site is approximately 3 feet below
ihe base [lood level. Floodproofing of this existing
structure reguired 5 flood shields, The shields are 48
inches high and range {rom 3-4 feet in width. The
shields are designed 1o withstand 3 feet of flooding
depth. The shields were manufactured by Boulder
Steel. The total cost of shields at this site was $1,750
(1978},

I @gé
?&

TR

TR

T
B

Small courtyard ares is protecied by
combination of precast concrete wall and flood
shield at door opening.

o : :fg
Structure can be Hoodproofed with a total of 5

flood shields,

. R

Flood shisld in storage position adjacent to

opening it is designed to protect,
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Moore and Company
Boulder, Colorado

The Moore and Company building is located in
an area that presented an opportunity to floodproof
with an earthen levee. Secondary benefits were derived
from the landscaping features incorporated in the
design of the levee and building. The base flood
elevation at this site is approximately 8 feet above the
finished basement floor level, however the levee
provides protection to an elevation 2 feet above the
base flood level. Therefore, the levee protects both the
basement and first floor (a total of 9,800 square feet).
The three-story brick veneer building has a walkout -
basement that opens onto a courtyard that is enclosed Front entrance is protected from flooding by
by the levee. Access to the front of the building is concrete steps.
provided by concrete steps that provide the same level
of flood protection as the levee. The total cost of the
levee on three sides of the building was approximately
$5,000 (1980).

i i N
e o T

e

4 S T

The skillful mixing ground cover and grass planting reduce the visual impact of the
levee structure.



View of Moore and Company plaza area from top of levee.

UL L] Lty pameme o1 | L L]

- P EVEE -»
a %@%
Moore and % = v % Adjacent
Co. Realty PLAZA < Building I
> i
A

== TOP OF LEVEE -»

/.

o i T R ' I
HHHII\H |~LPARK|NGJ—4’”HHIHH|I
Site plan for Moore and Co. Realty. Note that levee protects two structures and
provides a heavily landscaped and enclosed central plaza area.
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O BRINTOL, CONNECTICUT

A considerable number of structures have been
floedproofed in Bristol, Connecticut. Howevar, this
manual will focus on the Wallace Barnes Steel
Company. This site was selected because of the
company’s interest in floodproofing technigues, which
fias resuited in the construction of a broad range of
floodproofing technigues throughout the plant.

A portion of the Pequabuck River channel wag
diverted in 1946, and the Wallace Barnes facilities
have been construcied on the old river bed. During
normal flow levels, portions of the plant are only 3
vertical feet above the relocated river water surface;
and buildings within the area are subject to 2-4 feet of
flooding during a 0-vear flood. In 953 and 1975
major floods resulted in exiensive damage to the stesl
plant,

Recognizing that plant relocation was not
cconomically feasible, the Wallace Barnes Stzel
Company reiained the firm of Anderson-Nichols (o
perform a floodproofing feasibility study for the
comples. The siudy identified a wide range of
permanent, contingent, and emergency Hoodproofing
technicues that could be used to reduce flood
damages. Suggested technigues inchuded the use of
floodwalls, carthen levees, flood shields, drainage
systems, sump pumps, utility system protection,
permanettt ¢losures, and elevation, The advantages
and disadvaniages of allergative approaches were
identified in the study, in addition 1o the cost of
proposed technigues,

After some modification to the initial
floodproofing plans Wallave Barnes management
adopied and began o implement a floodproofing
program, The selected measures included permanent
closure of {wo coal loading bins, floodwalls designed
to prolect open spaces between bulldinpy and a below-
grade doorway, bolt-on floed shields 16 protect a total
of 61 openings, and replacing an old wooden wall in
one building with a 4 foot high concrete wall topped
with a frame wall with metal siding. Also, a new
addition 1o the plant was elevated above the base
flood level, and a foundation drainage sysiem was
insiabled (0 relieve uplifl pressure on the existing
concrete slab foors.

142

Al flood shields and openings have been clearly
tabeled with symbols that are classified by color and
shape, This classification system specifies the location
of all shiekds, and installation priorities. The code
pumbers are ilustrated on a graphic master plan that
i maintained by all plant supervisors,

Several locations have been designated
throughour the plant for floodproofing component
and equipment storage. Sandbags are stored on raised
pallets that can be transported by fork lift equipment,
Emergency gasoline powered pumps are also stored at
these locations and a routine mainienance Program
assures that all systems are operational. The
floodshields for individual openings are stored ax
close to the openings as possible and the tools for
mouniing them are stored at a cormmon site,

To assure that sufficient personnel are available
to implement the floodproofing measures, Wallace
Rarnes conducts regular training sessions for all
supervisors and maintenance people, All supervisors
maintain a copy of the Floodproofing Operations
Manual which shows all implementation reguirements
and material storage locations. Because there are
maintenance personnel in the boller building near the
river, the monitoring of the river staff gage is assigned
as & routine task during potential flood condifions.
The {loodproofing measures have been prioritized 5o
that the insizllation crew can implement the plan in
phases as reguired 1o protect against various flooding
conditions.

There has been one flood at the Wallace Barnes
site since the floodpreofing improvements were
completed. This {lood cccurred on June 5, 1982, The
avent resulied in flooding of only vwo non-
{loodproofed bulldings within the complex.
Mainienance personnel in the boiler building began to
monitor the river stalt gage at 12:00 pom. AL 6:00
P, company management decided to implement
appropriate floodproofing measures. A four man crew
instatled all svstem components by &:00 p.m., the
river peaked at 10:00 p.m., and floodwaters subsided
by 12:00 pom. Test ports were monitored throughout
the flood, bur hydraulic pressure beneath the fioors
was pot elevated (o significant levels since the
flopdwaters receded very quickly, Therefore, It was
not necessary 1o close foor drain valves, o o



activate the pumps connecisd to the foundation
drainage systenn.

This flood did not resuls in any damages 1o the
Wallace Barnes site with the exception of minor
exzerior cleanup requirements. For comparison
purposes, it'is significant {o note that a-brass rolling
mill is located near the Wallace Barnes site,

Operations at this facility are comparable 1o those at

Weallace Barnss, and the brass rolling mill was
sitbjected 1o comparable flood depths. Because the
mill did not have any provisions io reduce flood
damages, the facility sustained close to 3] million in
flood damages.

With the exception of engineering services, the
toial cost of floodproofing megsures atthe Wallage
Barnes site was approximately $250.000 (1980). The
company frag been able 10 recover this cost through

reduced flood insurance rates, and damages prevented

during the June 5, (982 flood.

Tools, parts, and portable gas powered pumps
reguired to install flood shields and
remove.any seepage that may oceur.

Sand bags stored on pallets that can be mov

ad to site by fork lifts,
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Floodproofed on-sife gasoling pump o provide fusl for portable pumps and pther
eguipment.

it

Concrete cap usad to seal ghandonead coal loading chule,



. - T e -
Reinforced concrete wall to protect below grade

door (steps extend to top of the wall and down
to Ground level).

——
Flood shield are maintained in place over seldom-used openings.
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Flood shield in stored position. Can be raised to
protect large loading dock door.

Frame for mounting flood shield on loading
dock door. A 4”7 x 4" piece of timber is used to
facilitate traffic over a slot designed to receive
and seal the flood shield.
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Frame Detail
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Diesel pump which can be used to dewater seepage within the plant and from a
below grade coliector system on the perimeter of the plant that ig designed 10 reduce
uplift forces on the floor system,

Newly constructed computerized rolting mil area has been glevated above the base
flood elevation,

147



Floodwall to protect large area between two buildings.

through floodwall.
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B LOCK HAVEN, PENNSYLVANEA

The city of Lock Haven is located in Clinton
Coumty in central Pennsylvania, The West Branch of
the Susquehanna River flows through the north
portion of the ¢ity, and Bald Eagle Creek Tlows
through the south section. The combined drainage
areg of fhese two watersheds s approsimaiely 3,117
square miles. Previous flood studies have shown that
approximately 60% of the rown Hase within the
0-vear floodpliain, Futhermore, a large poreentape
of development within the floodplainis locatad in the
floodway where depths exceed 8 feer, and velocitiss
exceed 3 fps, The city has heen flooded 19 times in
the past 130 years, The Hood of record occurred in
1972 as a resuli of Tropical Storm Agnes (estimated a3
a 140-vear floody in Lock Havesn,

A g resuit of obvious flood hazards, the Ciiy-of
Lock Haven and Clinton County have initiated a
floodplain management progra. Historical flood
problems which were highlighted by Tropical Siorm
Agznes led fo the involvement of a complex network of
govermment ageacies at the Federal, State, regions}
and local levels, all working toward means of
reducing flood damages in Lock Haven. The result
has been the floodpronfing of & condderable number
of both residential and non-residential structures in
the area.

in response o extreme flood depths, the most
comimon flocdproofing techniqus that has been
applied In Lock Haven is siructure elevation, The
floodprooling examples shown in this chapler
Hiustrate the flexibility of elevation asit applies o
several building types i an ares that is subjected Lo
exereme. flood hazards. The sites deseribed below
iHusirate thas elevated structures can be funciional,
cost effective, and assthetically pleasing,

Kephart Plaza
Lock Haven, Pegasyivanis.

The Kephart Plaza is a fivesstory cast-in-place
copcrete structure with 4 brick venser pxterior. Buse
flooding depth associated with the 100-vear food is
approximately 9 feel. The groumd elevation at the site
15.557 msl and the finished floor elevation is 567 msl
which places it abowut 1 fool above the base flood
elevation, All uiilities have been elevated to the first
flpor and acoess 10 the building s provided by-siairg
and an slevaior. Floodproofing codts, including
elevation of the willities, was about $100,000 (1979 or
5% of the total project cogt. The open space beneath
the bullding is utilized Tor parking, storage and picnic
fucilitles. Flood warnings at this site are Issued from.
warniing sirens &t a nearby fire station.

R

Structure efevated on oolumns and walls
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Area under the structure is used for outdoor activities and storage.
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‘Ross Library
-~ Lock Haven, Pennsyivania

The Hogs Libravy building is a 2-story cast-in-

place struciure with a brick veneer exierior. Beeguse

cof the need in this case 10 reduce the impad of
*building placement on the Aoodwater depth or flow,
~ the front and one side of the building have been
. elevated on walls and the balance of the struciurs iy

supported by columns, The first finished floor has
been elevated approximaiely 12 feer, 7 feet above the

“base. flood elevation, 1o reflect the severe losses thal
would be dncurred at the Bbrary I a flood exceeded
- the 100-year level, The cost of elevation was o - ;
. approximately $100,000 0978y, - . Combined use of wall and columns minimize

Structure has been elevated 7 feet above the base flood tevel In recognition of o S



Cenire Conerete
fLock Haven, Pennsyivania

The Ceptre Conorele Company i locsted in the
flood fringe. Two buildings have been construcied on
fill a1 the Centre Concrete site including a 6,130
square-foor control buikling and & 6,400 sguare-foot
garage. The conirol building is of concrete block
construction and is supporied by il which hag been
placed bebind a concrete retaining wall. The garage is
a four-bay metal boilding on a congrete slab-on-grade
foundation. Support facilities such as convevors are
elevated on concrefe columns. The base flood
elevation at this site is approximately 10 feer above
the original ground elevation, The cout of additional  Garage struciure elevated on earth Hil
fill for the site was 36,00 per cublc vard for a 1ol
cost of approximately $120,000 (U1}

Contrel building is elevated on earth Till thal is enciosed by concrele retaining walls.
This technique minimizes space requirements because arsas for slope transiion are
1ot required.



ELEVATION ON FILL

American Legion Hall
Lock Haven, Pennsylvania

The American Legion Hall in Lock Haven is a
concrete block building that has been elevated
approximately 10 feet on fill. The finished floor is
located one foot above the base flood elevation. Earth
fill was delivered to the site at a cost of $2.00 per
cubic yard for a total cost of $4300 (1979), or 3% of
the total building cost of $150,000 (1979).

Structure elevated approximately 10 feet on earth fill for approximately 3% of the
total project cost.
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APPENDIX B CLOSSARY

Amortization Period, The length of time used to
repay a debt or mortgage or {o depreciate an inital
COsL.

Amortieation Hate. The price or rate of premium per
unit of time that is paid by a borrower for
repavinent of a debi or mortgage or hy a purchaser
1o depreciate an initial cost.

Backflow Prevenfer (*Check Valve's, A device that
atlows Houids to flow in only one direction in a
pipe. Backflow preventers are used on sewer pipes
to prevent a reverse flow during flooding
situations.

Backwater Effect. The rise in water surface elevation
caused by some obstruction such as a narrow
bridge opening, buildings or fil} material that lmits
the area through which the water must flow. Also
referred 10 as ‘heading up.)’

Base Floed. A term used in the MNational Fiood
fnsurance Program 1o indicaie the minimum size
flood to be used by & community as a basis for its
floodplain management regulations; presently
required by regulation 1o be that flood which bas a
one-percent chance of being equaled or exceeded in
any given year. Also known as a 100-year fiood or
one-percent chance flood.

Base Flood Elevation (BFE)., The elevation for which
there is a one-percent chance in any given yvear that
flood levels will equal or exceed it. The BFE i3
generally based on statistical analysis of stream
fiow records for the wailershed and rainfall and
runoff characterisiies in the general region of the
watershed, and application of hydraunlic backwater
models,

Base Floodplain. The floodplain that would be
inundated by a one-percent chance (100-year)
flood,

Basin. The fotal area from which surface runoff is
carried away by a drainage system, Other
comparable terms are ‘drainage srea,’ ‘catchment
area,” and ‘watershed.’

Building. See ‘siructure.’

Building Code. The regulations adopted by a local
governing body setting forth standards for the
construction, addition, modification and repair of
buildings and other struciures for the purpose of
proteciing the health, safety, and general welfare of
the public.

CF.8. Cubic feet per second. Llsed to describe the
amount of flow passing a given point in a stream
channel. One cubic foot per second is equivalent to
approximately 7.5 gallons per second,

Channel. A natural or artificial watercourse with
definite bed and banks to confine and conduct
flowing water,

Channel Capacity. The maximum flow which can
pass through a channel withouwt overflowing the
banks.

Check Valve, Bee ‘backflow preventer.”

Community. Any state or area or political subdivigion
thereof, or any Indian tribe or authorized wribal
organization which has the authority 1o adopt and
enforce floodplain management regulations for the
areas within its jurisdiction,

Cross Section. A graph or plot of ground elevation
across a stream valley or a portion of it, usually
along a line perpendicular 10 the stream or
direction of flow,

Degree of Protection. See ‘level of protection.’

Presignated Floodway, The channel of a stream and
that portion of the adjoining floodplain designated
by a regulatory agency o be kept free of further
development (o provide for unobsiructed passage
of flood flows.

Besign Floed. Commonly used 10 mean the
magnitude of flood used for design and operation
of flood control siruciures or other protective
measures. it is sometimes used to denote the
magnitude of flood used in floodplain regulations.
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Emergency Frogram. The phase of the National
Flood Insurance Program which a community
enters prior 10 the completion of an individual
community flood insurance study. It is iniended 1o
provide a first layer amount of insurance at
federally-subsidized raies on all existing structures
and new construction begun prior 10 the effective
date of a Flood Insurance Rare Map, in return for
the community’s adoption of general floodplain
rnanggement regulations. See also *National Flood
Insurance Program.’

Ennbiing Statete. A Siate law that transfers some of
the police power residing in (he Siate 1o focalities
within i for the purposes of zoning, subdivision,
regulations, building codes, and the like,

Eoeronchment., Any physical obiect placed in a
floodplain that hinders the passage of water or
otherwise affects flood flows, e.g. landfills,
bubbdings.

Frosion. The wearing away of the land surface by
running water, wind, ice, or other geological
agents,

Exigting Construction. As vsed in reference {o the
Nationat Flood Insurance Program, any siruciure
alreatly existing or on which construction or
substaniial improvement was started prior (o the
effective date of 2 communiiv’s floodplain
management regulations,

Flask Fipad, A flood that reaches lis peak flow in a
short length of time {hours or minutes) aflier the
storm or ether event causing it. Often characterized
by high velocity flows,

Filood or Flooding. Temporary inundation of
normalily dry land areas from the overflow of
inland or tidal warers, or from the unusual and
rapid accuwmulation or runoff of surface wailers
from any source. The rise in water may be caused
by excessive rainfall, snowmelt, patural stream
blockages, wind storms over a lake or any
combination or such conditions.

Flood Coentral, Keeping lood waters away from
specific developments or populated areas by ihe
construction of flood siorage reservoirs, channed
atierations, dikes and levees, bypass channels, or
other engineering works.
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Flood Crest, The maximurn stage or elevation
reached or expected 10 be reached by the waters of
a specific flood at & given location.

Flood Duration, The length of thne a stream is above
flood stage or overflowing s banks.

Flood Fighting. Actlons taken immediately before or
during a flood to protect human Bfe and 10 reduce
flood damages such as evacuation, emergency
sandbagging and diking, and provision of
assistance to floogd victims,

Fiood Foreeasting, The process of predicting the
oocurrence, magniiude and durarion of an
inminent flood through meteorological and
hydrological observations and analysis,

Flood Freguency, A statistical expression of the
average Hme period between floods equaling or
exceeding a given mapgnitude, For example, a
100-year flood has & magnitude expecied (o be
equaled oy exceeded on the average of once every
hundred yvears; such a flood has a one-percent
chance of being equaled or exceeded in any given
vear, Often used interchangeably with ‘recurrence
interval.’

Flood Eringe, The portion of the floodplain ousside
of the floodway bui still subject to {looding.
Sometimes referred to as ‘floodway fringe.’

Flood Hurard Boundary Rap (FHEM). An official
map of a community, issued or approved by the
Federal Emergency Management Ageney, Federal
Insurance Administration, on which the boundaries
of the floodplain and special flood hazard areas
have been designated. This map is prepared
according to the best flood data available at the
tirme of Hs preparation, and is superseded by the
Flood Insurance Rate Map afier more detailed
studies have been compleied.

Flood Insurgnce Hate Map (FIRM). An official map
of a community issued or approved by the Federal
Emergency Management Agency, Federal Insurance
Adminisiration, that delineates both the special
hazard areas and (he risk premium zones applicable
10 the community.



Fiocod fosurance Hate Zone., A zone identified on a
Flood Insurance Rate Map {FIRM) a5 subject to a
specified degree of flood, mudslide (Le., mudflow)
or flood-related erosion hazards, (o which a
particular set of actuarial rates and floodplain
management requirement applies,

Flood luserance Study (FI8). A study, funded by the
Federal Emergency Management Agency, Federsl
fnsurance Administration, and carried oui by any
of a variety of agencies and consuitanis, to
delineate the gpecial Hood hazard areas, base flood
clevations, and NFIP aciuarial insurance rate
zones. The study is based on detailed site surveys
and anaivsis of site-specific hydrologic
characteristics.

Ficodplain. Any normally dry land area that is
suscentible 1o being inundated by water from any
natural source. This area is usually low land
adiacent (0 4 river, SIreain, wWalercourse, 0oean oF
lake,

Fioedplatn Muanagement, The operation of a program
of vorrective and preventive measures for reducing
flood damage, including but not limited to flood
control projects, floodplain land use regulations,
floodproofing of buildings, and emergency
preparedness plans.

Fioodpiain Hegulations. General term applied 1o the
full range of codes, ordinances and other
regulations relating to the use of land and
consiruction within Toodplain limiis. The term
encompasses zoning ordinances, subdivision
regulations, building and housing codes,
encroachment laws and open area {space)
regptdations,

Flood Profile. A graph showing the relationship of
water surface elevation {o a specific location, the
tafter generally expressed as distance above the
mouth of & stream of water flowing in an open
channel. It is generally drawn to show surface
clevation for the cresi of a specific magnitude of
flooding, but may be prepared for conditions at
any given time or s{age.

Floodproofing, Any combination of structural and
nonstructural additions, changes, or adjustments to
properiies and structures which reduce or eliminate
flood damage 10 landy, water and sanitary
Facifiiies, siructures, and contenfs of bulldings.

Fleodway, The channel of a walercourse and those
portions of the adjoiniag foodplain required io
provide for the passage of the selected flood
(normally the 100-yvear flood) with an insignificant
increase in the flood levels above that of patural
conditions, As used in the National Flood
Insurance Program, floodways must be large
enough 1o pass the 100-vear flood without causing
an increase in elevation of more than 4 specified
amount (one foot in most areas).

Fleod Warnlag, The issuance and dissemination of
information about an hnminent or current flood.

Freebourd., A factor of safely expressed in feet above
4 design flood level for flood protective or control
works. Freeboard 15 intended o allow for all of the
uncertainties in analysis, design and construction
which cannot be fully or readily considered in an
analyiical fashion.

Groundwater Recharge, The infiltration of water inio
the carth. It may increase the total amount of
water stored underground or only replenish
supplied depleted through pumping or natural
discharge,

Hauzard Adjustment. See ‘structural’ and ‘nonsiructural
floodplain managentent measures.”

Hydrodynamic Loads, Forces imposed on structures
by floodwaters due to the impact of moving water
o the upstream side of the siructure, drag along
its sides, and eddies or negative pressures on its
downsiream side,

Hydrograph, A graph that charts the passage of
water a8 a function of time. It shows flood stages,
depicted in feet above mean sea level or gage
height, plotied against siated time intervals.

Hydrology. The science of the behavior of water in
the atmosphere, on the eartl’s surface, and
underground,

Hydrostaiic Loads, Those loads or pressures resulting
from the static mass of water al any point of
fHoodwater contact with a structure, They are equal
in all directions and always agt perpendicular to the
surface on which they dre applied, Hydrostatic
loads can ot vertieally on structural members such
as floors, decks, and roofs, and can act katerally on
upright structural members such as walls, plers,
and foundations.
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Impact Loards, Loads induced by the collision of solid
obijects on a structure carried by floodwater,
Debris can include {rees, lumber, displaced sections
of structures, tanks, runaway boats, and chupks of
ice. [debris impact toads are difficult to predict
accurately, vet reasonable allowances must be
made for them in the design of potentially affected
structures.

infiliration. The flow of fuid into a substance
through pores or small openings. The word is
commaonly used o denote the flow of water into
soil.

Level of Frotection, The greatest flood level against
which a protective measure is designed to be fully
effective; ofien expressed as a recurrence interval
{e.g., 100-year ievel of protection} or as an
exceedance freguency {e.g., one-percent chance of
exceedance),

Lowest Floor, Under the NFIP, this term means the
towest fioor of the lowest enclosed ares {Including
basement), The lowest [loor is required to be
mlaced at or above the Base Flood Elevation if
elevaled foundation construction technigues are
emploved, Exception: An unfinished or flood
resistant enclosure, useable solely for parking of
vehicles, bullding access or lmited storage would
not be considered a building’s lowest floor if the
enciosure met all applicable floodplain management
desipgn and use reguirements.

Measn Sex Level, The average height of the sea for all
stages of the tide over a nineteen vear period,
usually determined from hourly height observations
on an open coast or in adjacent waters having free
access to the sea,

Nations] Flood Insuranee Program (MFIP). The
programn under which communities may be eligible
for federal flood insurance on the condition that
the communities enact satisfactory floodplain
manggement regulations,

Mew Construction, As used in reference (o the
National Flood insurance Program, any structures
on which consfruction or substantial improvesnent
was started on oy after ihe effective date of a

community’s floodplain management regulations,
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Monstructural Floodplain Management Meusures.
Those measures emploved to modify the exposure
of buildings te floods, e.g. floodproofing, land use
planning, warning schemes, and insurance, as
opposed to structural measures such as dams,
tevees, and channel modifications,

Neon-Velocity Coastal Flood Ares. Any area that is
subject 1o inundaiion by tidal waters which has
lower velogity or wave components then a Coastal
High Hazard Arca.

One-Hundred Year Flood, A flood having a one-
percent chance of belng equalled or exceeded in
any given year.

Permeshility. The property of soil or rock that
allows passage of water through it.

Primaary Cost. The cost of providing the basic
floodproofing feature - elevation, flood shield,
floodwall or levee.

Frobable Maximum Flood, The most severe flood
that may be expected from a combination of the
maost critical meteorclogical and hydrological
conditions that are reascenably possible in the
drainage basin, It is used in designing hiph-risk
{lood protection works and siting of structures and
Facilities that must be subject {0 almost so risk of
flooding, The probable maximum flood is usually
much larger than the 100-year flood.

Profite. A graph or plot of the water surface
elevation against distance along a channel. Also
termed “flood profile’ if drawn for a specific flood
or level of flooding.

Recusrence Interval, A statistical expression of the
average time between {loods equalling or exceeding
4 given magnitude {(see flood frequency).

Regalatory Flood Daturm (RFD). Established plane of
reference from which elevation and depth of
flooding may be determined for specific locations
of the floodplain, It is the Base Flood plus a
freeboard factor of safety established for each
particular area which tends to compensate for the
many unknown and uncalculable factors that could
contribule to greater flood heights than that
computed for a Base Flood.



Regalstory Floodghlain, Thal portlon of the floodplain
subject {0 floodplain regulatons (usually the
floodplain inundated by the one-percent chance
flood),

Regulatory Floodway. The channe! and that portion
of the adjacent land area thart is required through
regulations o pass flood flows without increasing
the water surface elevation more than a designated
height,

Hegular Program. The phase of the National Flood
Insurance Program that makes available increased
amounts of flood insurance, with new and
substantially improved structures being rated on an
actugrial or actual risk basis,

Zevervolr. A natural or artificially created pond, lake
or other space used for storage, regulation or
control of water. May be either permanent or
LETnPOrary.

Hiverine. Relating to, formed by, or resembling 2
river {including tributaries), stream, brook, eic.

Runoff. That portion of precipitation which is not
intereepled by vegetation, absorbed by the land
surface or evaporated, and thus flows overland
into a depression, stream, lake or ocean {runoff
called ‘immediaie subsurface runoff” also takes
place in the upper layers of the soil).

Secondary Cost. The cost associated with
Tloodproofing activities, other than providing the
basic floodproofing features, that are necessary (o
prevent & structure from being damaged by
floeding.

Seepage. The passage of water or other {luid through
& porous medium, such as the passage of water
through an earth embankment or masonry wall,

Special Flood Hazard Areas. Areas in a Conununity
that have been identified as susceptible 10 3 one-
percent or greater chance of [ooding in any given
year. A one-percent-probability flood is also known
as the 100-year flood or the base flood. Special
Flood Hazard Areas are usually designated on the
Flood Hazard Boundary Map (FHBM) as Zone A,
After detalled evaluation of local flooding
characteristics, the Flood insurance Rate Map
{(FIRM) will refine this categorization into Zones A,
AR, AH, AQ, A1-30, VE, and VI-30.

Siandard Projee! Flood, A term used by the ULS.
Army Corps of Engineers (o designase a flood that
may be expecied from the mosi severe combination
of meteorclogical and hydrolegical conditions that
is considered reasonably characteristic of the
geographical area in which the drainage basin is
tocated, excluding extremely rare combinations,
The peak How for a standard project flood is
generally 40 10 60 percent of the probable
maximurm flood for the same location.

State Coordingting Agency. The agency of the state
government designated by the Governor of the
state af the request of the Administrainrs to
coordinate the flood insurance program in that
state,

Streans. A body of water flowing in & nafural surface
channel, Flow may be conlinuous or only during
wet periods. Streams which flow only during wet
periods are termed ‘intermittent sireams.’

Btructural Floodplaia Managerment Measures, Those
physical or engineering measures employed (o
modify the way floods behave, e.g., dams, dikes,
levees, channel enlargements and diversions.

Sipueture. A walled and roofed building, including a
gas or Hauid storage tank, that is principally above
ground and affixed to a permanent site, as well ag
a mobile home on {oundation.

Subdivision Regulations. Ordinances or regulations
governing the subdivision of land with respect (o
such things as adequacy and suliability of building
sites, uiilities and public lacilities,

Subsidence, Sinking of the land surface, usually due
to withdrawals of uaderground water, oil, of
minerals,

Bubsidired Hates. The rates which involve
subsidizations by the Federal Government to
encourage the purchase of flood insurance on
existing structures af reasonably affordable costs.



%ubsmﬁﬁmi Emprovement. A -term used in connection

with the National Flood Insurance Program for

*delermining when its repulations must be applied .

_' 10 actions involving existing structures, 1 means
“ahy EDAL, rf:ﬁ'c;m‘iructio:x, or improvement of a

- Wetlands. Areas that are inundated or saturated af a
frequency and for a4 duration sufficient to support a.
 prevalence of vegetative or aguatic life requiring .
- saturated.or seasonally salurated soil conditions for -

growth and reproduction,

- structure, the cost of which equals. or exceeds 50
. percent of the markel value of the structure either:
- {a) before the improvement or repair is slarted; oy
(b} i the structure has been damaged, and is being
Crestored, before the damage occurred.The lerm
. does not, howevey, include cither (1) any project
- for improvement of a siruciure 16 comply with
exnisting state or local health sanitary, or safaty,
code specifications which are solely necessary o
assure safe living conditions or (2) any alieratinn of’_ )
- u structure Hsted on the Natlonal Register of
Historie Places or o State Inventory of Hisiorie.
CPlages. '

- Zoning Ordinsnce. An ordinance under the State or
Jocal government’s police power which divides an.
arew into districts and, within sach distriet,
Cregilates theeuse of land and buildings, helght and
Cbulk of buildings or other snuumrca, and.the " '
- .deﬂsu) of popuimmn

Ynderseepage, Secpage along the botiom of & L e
o ostructure, Doodwall, or levee or through the dayer - & ' e . _
‘of earth beneath It :

cYaranee. A grantof relief by a communitydo a

©person from the terms of a floodplain management

. regulation permitting construction in a MARRET o
© otherwise prohibited by the regulation and where ©

- spectfic enforcement would result in unnecessary.
“hardship, Specific requircments may vary ' _
Cdepending on state zoning enabling legislation or
community ordinances,

CWatercourse, A natural or artificial channel in which
. -a flow of water oceurs either cominuslly or. -
©dntermitrently.

) .'.ﬁ{giﬁ_ﬁrgﬁed, An aren from which waler draips to s . T R Re
- single point; in & natural basin, the watershed is
the area mnmhum}g How 1o 8 siven p}au, org

Li‘vf.is poind On g stream.

CWater Surface Elevation, The heights, wsually in

- relation to mean sea level, reached by flows of
~various magnitudes and iwquuac;ca at p;msmm
points in-the foedplain,

CWater Table, The uppermost zone of water
' a'snsmum: m ii}C arountt,



APPENDIX € BOURCES OF ASBSIST ANCE

FEDERAL EMERGENCY MANAGEMENT | Region 1Y

AGENCY (FEMA) Alabama, Florida, Georgia, Kentucky, Mississippl,

Noridy Caroling, Soush Caroling, and Tennessee

Tyvpes of Assistsnce: Culf O Building,
Suite TO0
s Natisnal Flood Ingurance Program 1371 Peachire Siveer, NLE,
¢ Flood Hazard Boundary Maps and Flood Atlanta, Georgla 30309
Isurance Rate Maps (4043 3472391

¢ Seninars for bullding nspeciors and other
municipal officials

’ ; . : ) Hegion ¥
s Planning assistance for developing local

regulations 1o meet the program’s floodplain i.lhnms, indiana, Michigan, binnesola, Ghio and
management reguirements Wisconsin

5 Engineering assistance on struciure location 100 8. Wacker Drive - 24th Floor
and construciion Chicago, Hlinpis 60606

¢ Flood map evaluations and appeals (312} 353-8661

¢ Informaiion on flood characterisiics

Contact Offiees: Reglon Vi:
Arkansas, Louisiang, New Mexico, Oklahoma and

Region ©; X
TeAas

Copnecticul, Maine, Massachusetts, New Hampshire, Federal Regional Ceni
. . ) iy A par : s I

Rhode sland, and Yermoni cheral Reglonal Lentes

BOO M. Loop, 288

1w, MeConnaek Denton, Texas 76201-3698
Post Offlce & Courthouse Building, (BI7) 387-3811

Room 442

Baston, Massachusetis 02109 Region Vi

817y 2234741 s e . _
617) Tows, Kansas, Missouri and Nebraska

911 Walnut Sireet, Room 300
Kansas Cliy, Missouri 641406
MNew lersey, Mew York, Puerto Rico and Virgin {®16) 374-5912

Istands

Region II

26 Federal Plaza Room 1337
New York, New York 10278
(212} 264-8940

Region I3

Delaware, Pistrict of Columbia, Marvland,
Pennsyivania, Virginia, and West Virginta

Liberty Sguare Building

{Hecond Floor)

105 South Seventh Strees
Philadelphia, Pennsylvania 19106
{Z15% 587.9416
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Region VIIL

Colorado, Montang, North Dakota, South Dakota,

Uiah and Wyoming

Federal Reglonal Center
Building 710, Box 25267

Drenver, Colorado 802250267

{303) 225-4811

Repion £

Arizona, California, Hawail, and Nevada

Building 105

Presido of San Francisco, California 9412%

(415} 556-8794

Region X

Alaska, Idaho, Oregon, and Washington

Federal Regional Center

130 228th Sireet, Southwest
Bothell, Washington 8021-9796

{206) 481-8800

168

L8 ARMY CORPS OF ENGINEERS (COF)

Types of Assistapes:

s Floodplain delineation.

¢« Pechnical assistance on individual sites on
fioed depth, velocity, flood frequency, and

duration.

¢«  Syructural information on floodwalls and

levees,

e Assisiance during flooding with materials,
equipment and personnel.

«  Post flooding assistance for the rehabilifation
of damaged public facilities and protective

works,
Division (ffices:
Moril Atlantic Division
G Chureh Street

Mew York, NY 100067
212/264- 7483

South Atantic Division
516 Fitde Bidg.

30 Prvor Sireet 8§, W,
Atlania, GA 36363
$04/ 2206102

Southwestern Division
Main Tower Bldg,
1114 Commerce i,
Phallas, Texas 75242
214/ 7612318

South Paecific Division
638 Bausom Sireet
oo 1216

San Francisco, CA 94131

ELower Mississippi Valiey

1400 Walnn Sireet
Vieksburg, MS 393180
601/634.5843, Exi, 385

Missourt River Division
13565 W, Center Road
Omabae, NE 65161
Hyr/ 22312708

Maorth Central Bivision
536 &, Clark Sireet
Chicago, Hiinols 66605
312/353-653)

Ohio River Division
580 Main Street
Cincianati, (hio 45201
513/684-3012

Morth Pacific Division
220 N.W. Bth Avenue
Portland, OR 97208
SU3/22%5-.3823

New Fogland Bivision
424 Trapelo Road
Waltham, MA 02154
617/894.2400, Fxt. 545

Pacific Geesn Division
Bidg, 236

Fort Shafter, HI 96858
BUB/438-2883



U8B, Army Corps of Engiaeers (COE) continued
Brisirict Office Locationy:

Flood Plain Management Services Program
representatives in each of the following Corps District
offices can provide additional information concerning
flood proofing technigues,

Office, Chief of Engineers
Department of the Army
Washington, DC 20314

Lower Mississippl YValley Division

LULS. Army Engineer District, Memphis
8314 Chifford Davis Federal Building
Wiemphis, TN 38103

U.8. Army Engineer District, New Orleans
P.O. Box 60267
New Orleans, LA 70160

U.5, Army Engineer Disirict, 8t. Louils
210 Tucker Bivd, N.
St, Louls, MO 63101

U5, Army Engineer District, Vicksburg
P, Box 60
Vickshurg, MS 39180

Missonri River Division

U8, Army Engineer District, Kansas Cily
700 Federal Building

601 E. 12th Sireet

Kansas City, MO 64106

U8, Army Engineer District, Omaha
6014 USPO and Courthouse
Omaha, NE 68102

Marihy Atlantie Division

V.S, Army Engineer District, Baltimore
P.O. Box 1713
Baltimore, MID 21203

U8, Army Engineer District, New York
26 Federal Plaza
New York, NY 10278

U5, Army Engineer District, Norfolk
803 Front Street
MNarfolk, VA 23510

U5, Army Engioneer District, Philadelphia
U.S, Custom House

2nd and Chesinut Sireets

Pliladeiphia, PA 19106

MNeorily Ceniral Division

U.S. Army Engineer District, Buffalo
1776 Niggara Street
Buffalo, NY 14207

U5, Army Engineer District, Chicago
219 5, Dearborn Street
Chicago, L. 60604

ULS. Army Engineer District, Detroir
PO, Box 1027
Detroir, M 48231

VLS. Army Engineer Distriot, Rock Island
Clock Tower Bullding
Rock Island, L 61201

U.S. Army Engineer District, 8t Paul
1135 USPO and Customhbouse
i, Paul, MN 55101
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Horih Paeifie Division

LS, Army Engineer District, Alaska
Pouth 878
Anchorape, AK H9506

U5, Army Baglneer Disirict, Portdand
.0 Bog 2846
Portiaied, OR 97208

UG, Army Engineer District, Seattle
PO Box 0-3785
Sealile, WA 98124

WS, Army Engloesr District, Walla Walla
Building 602, City-County Airport,
Walla Walla, WA 99362

i River Division

U8, Army Enginesr District, Hunlingion
302 #th Strewt
Huntingion, WV 23704

LLS, Army Engineer Distriet, Louisville
PO Box 39
fouisville, KY 40201

115, Army Enginecer District, Nashville
.00, Box 1070
Nasghville, TN 37202

UK. Army Engineer Digirioy,Pirishurg
Wiltiam 8. Moorhead Federa! Bullding
1000 Liberty. Avenug
Pittsburg, PA 15222

Gouth Atlastie Bivision

LLS, Army Engineer Disirict, Charleston
.43, Box 919
Charlesion, 50 29440

LS. Army Engineer District, Jacksonville

PO Box 4970
Jucksonville, FI 42232

b7

VLA, Army Engineer District, Mohile
PO, Hox 2288
Wobile, AL 36628

LS, Army Engineer Disiriet, Savannah
P.O. Box B89
Savapnah, UA 31402

LLS, Army Eanginser District, Wilmingion
F.O. Box 1390
Wilington, MO 28402

South Pacific DHyvision

LLS, Army Engineer District, Los Angeles
PO, Box 2713
Loy Angeles, CA 90033

LS. Anmy Englneer District, Sacramento
630 Capilal Mall
Sacramento, U4 95814

LS, Army Baglnesr District, San Francisco
211 Main Srreet
San Franciseo, €A 94108



Southwestern DHvigion

U5, Army Engineer District, Albuguergue
P.O. Box 1580
Albuguergue, NM 87103

LS. Army Engineer District, Fort Worth
P.O. Box 17360
Fort Worth, TX 76102

LS, Army Engineer Disirict, Galveston
PO, Box 1229
Galveston, TX 71533

U.8. Army Engineer Distriet, Little Rock
PO, Box 867
Iittle Rock, AR 72203

LS. Army Engineer District, Fulsa
P.O. Box 6
Tulsa, OK 74124

VLS Army Engineer Districe, Huntisville
PO, Box 1600, West Station
Huntsville, AL 33806

SO CONSERVATIHON SERVICE (8C%)
Fypes of Assistance:

« Floodplain delineation and characterisiics
¢ Engineering and technical assistance

¢ Planning assistance and public information
¢ Post-flood relief

o Flood warning systems and preparedness

Contget Offices:

Information can be obtained from the 5CS staie
office or county office. Consull your locsl
telephone directory under U8, Government,
Department of Agriculiure.




UNITED STATES GEOGLOGICAL SURVEY
(.5.6.8.)

Types of Assisiance:

¢ River level and discharge records
¢ Fioodplain information

Coninet Office:

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

BEPFARTMENT OF COMMERCE, NATIHONAL
QCEANIC AND ATMOSPHERIC
ADMINISTRATION (NOAA)

Type of Assistance:
& Historic weather records
¢ Mydrologic data
¢ Flood warning assistance
¢ Pyubiic Information
¢ Storm surge data

Contael (ffices:

National Geeanic & Atmospheric Administration
Easfern Region, National Weather Service

583 Stewart Avenue

Garden City, New York 11330

(516)/222-1616

National Oceanic & Atmospheric Administraiion
Southern Region, National Weather Service

819 Tavior Street

Rm. 10EQS

Fort Worth, Texas 76102

(817)/334-2668

National Oceanic & Aimospheric Adminisiration
Ceniral Region, National Weather Service

601 E. 12th Street

Rin. 1836

Kansas City, MO 64106

{(815)/374-53463

MNational Oceanic & Atmospheric Administration
Western Region, National Weather Service

Box 11188 Federal Bldg.

125 8. State Street

Salt Lake Cliy, UT 84147

(R01Y/524-5122

National Oceanic & Armospheric Administration
Alaskan Region, National Weather Service

Box 23, 701 C. Street

Anchorage, AL 99513

(907)/271-5116

Naitional Oceanic & Atmospheric Administration
Pacific Region, National Weather Service

FPrince Kuhio Federal Bldg, Room 4110

Box 50027

300 Ala Moans Bivd,

Honolulu, Hawali 96830

{BOB)/546-5680



REGHONAL AUTHORITIES

Types of Assistance

There are several regional authorities which provide
techiical assistance in areas related to floodproofing
such as

» Floodwater controf method designg and

evaluations

& Technical assisiance

¢ Flood characteristics

v Floodplain regulations

e Dissemination of public information

v Post-flood disaster relief assistance.

INTERSTATE COMPACY COMMISSIONS

Delaware River Basin Commission
B. (. Box 7630

West Trenton, NI 08628

{609) 883-9500

Susquehanna River Basin Commission
1721 North Front Streei

Harrisburg, PA 17102

(717 238-0423

TENNESEEE VALLEY AUTHORITY
Tennessee Valley Authority

Flood Plain Manpagement Branch 190
Liberty Building Knoxville, TN 37902
(615) 632-4451

SETATE CONTACTS FOR THE NATIONAL
FLOOD INSURANCE PROGRAM

Types of Assistance:
¢ NFIP information
& Floodplain regulations
¢ Floodplain management information

Contact Office:

The following is a list of state office contacis for
the Mational Flood Insurance Program;

Alabams

Department of Economic & Community Affairs
Staie Capitol Building

P.0, 2839

3463 Norman Bridge Road

Montgomery, Alabama 36105.0939

(205) 284.8733

Alusks

Department of Community & Regional Affairs
Municipal & Regional Assistance Division

940 Eagst 36 Avenue, Suite 400

Anchorage, Alaska 99508

£907) 5618586

Axizong

Department of Water Resources
Flood Controt Branch

09 Fast Virginia, 2nd Floor
Phoenix, Arizona 85004

{602} 255-1566

Arkansss

Arkansas Soil & Water Conservation Conmmission
#1 Capirtel Mall - Suite 2D

Listle Rock, Arkansas 72201

(501} 371-1614

Califoruis

Department of Water Resources
P.O. Box 388

Sacramento, California 55802
(916} 445-6249
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Colorado

Colorado Water Conservation Board
State Centennial Bidg., Room 823
1313 Sherman Streect

Denver, Colorado 80203

{303} 866-3441

Connecticut

State Dept. of Environmental Protection
Water Resources Unit

165 Capitol Avenue

Hartford, Connecticut 06106

{203} 5667243

Delawnre

Depi. of Natural Resources & Environmental
Control

Division of Soll & Water Conservation
Richardson & Robbins Building

89 Kings Highway - P.(. 1404

Dover, Belaware 19903

(302} 7364411

Bsiriet of Columbls
Depariment of Consumer Regulatory Affairs
614 H. St., N.W,

Washington, D.C. 20001
(202) 7211577

Floriia
Department of Communiiy Affairs

Division of Resource Planning and Management

2371 Executive Cir. Circle
East Tallahassee, Florida 32361
{904y 488-8466

Georgl

Department of Natural Resources

19 Martin Luther King, Jr. Drive, 8. W,
Room 400

Atlania, Georgia 30334

{404y 656-3214

Guzm

Director, Office of Civil Defense
P.O. Box 2877

Agana, Guam 96910
011-671-477-0841

iv4

Hawall

Hawali Board of lLand & Naiural Resources
P.O. Box 373

Honoluhy, Hawall 96809

(808} 548.753¢

Idaho

Department of Water Resources

Siate House

Boise, Idaho 83720

(208} 334-4470

iHinois

Iinois Depi. of Transportation
Hvision of Water Resources

Local Floodplain Programs

300 North Staie Street, Room 1610
Chicago, 1linois 60610

(312) 793-3864

Inctinun

Department of Natural Resources
608 State Office Building
indianapols, Indiana 46204

(317) 232-41060

fowa

fowa Dept. of Water, Alr and Waste Management
Wallace State Office Building

Des Moines, lowa 50319

{513y 281-5029

Kansas

Kansas State Board of Agriculiure
Division of Water Resources

109 Southwest Ninth Street
Topeka, Kansas 66612-1283

{913y 296-3717

Kentucky

Department of Natural Resources
Division of Water

18 Reilly Road

Fort Boone Plaza

Frankfort, Kentucky 4060}

(502} 564-3410



Lonistans

Louisiana Dept. of Urban & Community Affairg

P.O. Box 444358 - Capiiol Station

Baton Rouge, Loulsiang 70804

(504) 925-3730

hinine

Bureau of Civil Emergency Preparedness
State House

187 Stale Street

Augusta, Maine 04330

{207 2858.3154

Maryiand

Maryland Water Resources Administration
Tawes State Office Building D-2
Annapolis, Maryland 21401

{301} 269-3826

Massaehusefty

Massachusetts Water Resources Commission
State Office Building

H)O Cambridge Street

Boston, Massachusetis 02202

{617y 127-3267

Michigan

Water Management Division

Kichigan Departmeni of Natural Resources
P.O. Box 30028

Lansing, Michigan 48909

£517y 373.3930

Minpesots

Repariment of Natural Resources
Floodplains/Shoreline Management Section
Division of Waters

444 La¥Favette Road

Si. Paul, Minnesoia $5101

{612} 296-9226

BAlsgissippi

Mississippl Research & Development Center
3825 Ridgewood Road

Jackson, Mississippt 319211

(601) 982-6376

kMissounri

Depariment of Narvral Resources
1101 R, Southwest Boulevard
P.O. Box 1368

Jefferson City, Missouri 65302
{314) 7514532

Montana

Montana Department of Natural Resources &
Conservation

Engineering Bureay

32 South Ewing Street

Helena, Montana 59601

(406} 444-6646

Mebraska

Mebraska Natural Resources Commission
PO, Box 94876

Lincoln, Nebraska 68509

{407} 471-2081

Nevada

Division of Emergency Management
Capitol Complex

Carson City, Nevada 89710

(702) 885-4240

New Hampshire

New Hampshire Qffice of State Planning
2 1/2 Beacon Strest

Concaord, New Hampshire 03303

{603) 271-2231

Mew Jersey

Mew Jersey Dept. of Environmental Protection
Division of Water Resources

PO, Box CN 029

Trenton, New Jersey 08625

{609} 292-2296

Mew Rexico

State Engineer’s Gffice

Rataan Memorial Building

Sania Fe, New Mezxico 97501
{305} 827-6140
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Mew York

Depariment of Environmental Conservation
Flood Proteciion Bureau

33 Wolf Road, Room 422

Albany, New York 12233

(518) 457-3157

Morth Caroliag

North Carolina Dept. of Matural Regources and
Community Development

Division of Community Assistance

512 Morth Salisbury Street

P.O. Box 27687

Raleigh, North Carolina 27611

(919) 733-2850

Morth Bakota

State Water Commission

900 East Boulevard

Bismarck, North Dakota 88305
(7912242750

Ghio

Ohio Dept. of Natural Resources
Floodplain Planning Unit
Founiain Square

Columbys, Ohio 43224

{614} 265-673%

Olklaboms

Oklahoma Waler Resources Board
1Zth Floor

Northeast 10th & Stonewsl
Oklahoma City, Oklahoma 73105
{405} 271.2533

Oregon

Department of Land Conservation & Development

1175 Court Street, NLUE.
Salerm, Oregon 97310
{503) 378-2332

Peangylvania

Department of Community Affairs
33} Forum Building

Harrisburg, Pennsylvania 17126
{117y T8I-1400
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Fuerio Rico

Fuerio Rico Planning Roard
P.O. Box 41119, Minillas Station
D-Dhiego Avenue

Santurce, Puerto Rico 00940
{809} 726-7110

Rhbode Islund

Office of State Planning
Statewide Planning Program

265 Melrose Street

Providence, Rhode Island 02507
(401} 277-2656

South Caroling

South Carolina Water Resources Commission
3830 Forest Drive

P.O. Box 4440

Columbia, Souwth Carolina 20240

(803} 758-2514

South Dakora

Department of Military & Veteran Affairs
Pivision of Emergency and Disaster Sérvicey
State Capitol

Pierre, South Dakots 5750

(605) 773-3231

Tennessee

Department of Ecopomic & Community
Development

Local Planning Division

1800 Jarnes K. Polk Office Building

305 Deaderick Sireet

Nashville, Tennessee 37219

{615) 741-2211

Fexas

Texas Dept. of Water Resources

P.0. Box 13087, Capiiol Siation

1700 North Congress Avenut

Austin, Texas 78711

{512} 475-217}

Uiah

Office of Comprehensive Bmergency Management

1543 Sunnyside Avenue
Salt Lake City, Utah 84108
{BOTY $33.5271



Yermont

Agency of Enviropmental Conservation
Division of Water Resources
State Office Building
Montpelier, Vermont 05602
(802) 828-2761

Virgin isjundy

Disasier Preparedness

Office Box 1208

Si. Thomas, Virgin {slands 00801
(B09) 774-6535

Virginis

Virginia Stafe Water Control Board
PO, Box 11143

211} North Hamilton Street
Richmond, Virginia 23230

(804) 257-0075 '
Washington

Depariment of Beology
Mail Biop PV1i

Olympia, Washington 98304
{206) 439-6248

West Vieginin

West Yirginia Office of Emergency Bervices

Capitol Building

Room EB-80

Charleston, West YVirginia. 253(}5
{304} 348-3831

Wisconsin

Department of Naiuﬁl?emwwa DI
Hoodpiam Shoreland Managcm&ni &emon B

P.O. Box 7921
Madison, Wisconsin_s.'ﬁ_(l?-
(608) 206-1926

Wyoming

Wyoming Disaster & Civil Defense &genw '

P.0. Box 1709
Cheyenne, Wyoming 82003
(3073 7771566

©LOCAL AGENCIES

Types of Assisiance
& Floodplain Maps
» Building, zoning, subdivision, ordinance 1o guide
gdevelopment in the floodplain
~# Primary sour ce of infor m\ng Lhc ‘public about
| projects
e Provide assistance and planning on mterpretaiao;z
" of state and fﬁdcmi regulauom

Gggiﬁqt_(}ﬁfim;

“These offices vary depending on jurisdictional
‘boundaries of cities, counties, townships, etc..
‘Therefore, the manual user is directed to consult your

- local teiephona drrcctory under. mcal Qovernmem for
.'dSSlbidr'-CC

177



178



APPENDIX D

FLOODPROOKING PERFORMANCE CRITERIA

A INFRODUCTION

This appendix presents concepts and criteria for
the design and evaluation of floodproofing measures,
The appendix begins with a discussion of the various
forces, or structural loads, that must be undersiood to
formulate preliminary floodproofing plans, Section €
then presents criteria that describe the desired level of
performance for various floodproofing methods.
These performance criteria are applicable to all
methods developed in Chapier 15, which presents
design guldelines for {1} elevated siructures, (2)
closures and flood shields, and (3} floodwalls and
tevees, and in Chapter IV, which describes emergency
measures and utlity protection.

Before proceeding with a presentation of design
ioads, 1t is desirable to acguaint the reader with the
effects floodwater say have on a3 structure, This
information provides some ingight into the rationale
that has been applied in the development and
application of flood protection alternatives,

The Flood Emergency and Residential Repair
Huandhbook (developed by the Federal Emergency
Management Agency) identifies seven major effects of
floodwater: hydrosiatic pressure, buoyancy, battering,
pulsating water, translation, scouring and overturning
as shown on Figure D-1 and described below:

» Hydrostatle Pressure. Extreme pressure can be
exerted on the walls of a building that is
subjected o saturated soil and/or inundation,
At a depth of 5 feet, water exerts over 300
pounds of pressure per square foor of surface,
This pressure can resull in major structurat
failure if certain combinations of adverse
natural and structural factors are combined.
Hydrostatic pressures may be alleviated by
allowing waters to enter the siructure,

&

o

Buoyancy/Upiift. An object in waler is buoyed
by an upward force equal to the weighi of the
water displaced. Therefore, each cubic foor of
water displaced by the structure exerts enough
force to float aboul 62 pounds, The average
I-story house with basement could reach a
buoyant condition and begin 1o float out of the
pround when outside water has reached about 3
feet above the basement floor (assuming lofal
soil saturation), Hydrostatic loads generally
lead to basement foor or wall Tailure before a
buoyant condition is reached. Effective
anchoring systems can greatly improve a
struciure’s resistance 1o buovant forees.
Although buoyancy is a8 concern for non-
residential struciures, use of heavier
construction materials contributes 1o increased
resistance to uplift forces.

Battering. The battering force exerted by rushing
water, waves, or floating objecis in the water
represent a major flood hazard in many areas.
Battering forces can destroy any type of structure
including masonry or conoereis structures that
have limited lateral strenpth. Reinforcing siecl,
used in copjunction with concrets wal sfructures,
can  greatly improve resistance o batiering
forces.

Hia



v Pulsating Water. Pulsating water action is most’

&

proncunced when it enters & siructure. Water
rushing in is stopped by an opposite wall and
retirned iowards the point of entry. Furnishings
and structural elements may be seriously damag-
e by these pulsating waters.

Transiation. Transiation refers to the physical

movement of a structure off its foundation by the
forces exerted from flood waters. If forces ex-
eried by the surrounding water are unevenly
distributed, the structure may rotate. Buoyani
forces may make a structure more vulnerable 10
wanslation. An effective sill anchoring system
can protect against transiation or Hfting forces,

Seouring. Scouring action may remove slablizing
soil and eventually undermine a structure. Scous-
ing can be caused by high velocity and/or wave
action. The affect is often amplified at the cor-
ners of the structure, Scouring at corners may be
alleviated by soil stabilization, vegefation, or
buried siroctural wing walls.

Overturning. Rushing water or wave action can
combine with buovant forces or a bottom snagg-
ing effect 10 wrn & structure onto its side,

BUOYANCY

HYOROSTATIC PRESSURE

BATTERING

Figure D1
Effects of Floodwater
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PULBATING WATER SCOURING

THANSLATION OYERTURNING

Figure D1, {(cont.)
Effects of Floodwater
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B. DESIGN LOADS

Before describing the technical parameters of
various floodproofing technigues, it is imporiant that
there is an understanding of the type and magnitude
of forces 10 which a foodproofed structure may be
subjected . The desien load for a structure may be
defined as the minimum loading condition that the
structure and al associated service systems should be
designed to resist. Much of the {following presemtation
on design loads has been based on guidance provided
in Flood-Procfing Regulations, as published by the
Corps of Engineers. For the purpose of this manual,
calculation of design load will include the following
factors:

i DEAD LOAD (). Dead load includes the
weight of all permanent construction inchuding: (&) the
weight of the structure itself, (b} the weight of al
permanent construction raterials, {¢) the weight of
permanent equipment, and (d) forces resulting from
presiressing.

2. GRAVITY LIVE LOAD (L). Gravily live
foads resull from both the occupancy (floor) and the
environment (roof) of the building, as stipulated in
the appiicable building code.

3. BESTRAINT LOADS (B). Resiraint loads
result from expansion, coniraction, cresp, swelling
and shrinkage of structural components; and forees
associated with movement resulting from differential
seffiement.

4, WIND LOADS (W) The flowing wind exeris
velocity pressures on a structure in s path. A
horizontal pressure is usually assumed to act normal
to the gross area of the vertical projeciion of the
exposed or windward wall; and becaose wind flowing
over and aboul a structure speeds up, it also tends 1o
create a suction or outward pressure on the leeward
wall and sidewalls. Likewise, an upward suction or
uplift can be experienced by the roof system.

182

Basic wind design data and procedures to be
followed in applying wind leadings 1o all struciures
are furnished in several building codes including the
Southern Building Code Congress International
Standard Building Code; the Building Officials and
Code Administrators (BOCA) Code; and the Uniform
Building Code. Each code employs a slightly differens
procedure for compulation of the appled loads used
in structural analysis and design; and each code
contains explicit procedures for evaluniing the
magnitude and effect of applied wind pressures and
how they should be combined in the sizing of various
structural framing members and systems.

The recommended basic wind speed in a non-
coasial or riverine flood site should be no less than
the Annual Extreme Fastest-Mile Speed 30 feet above
ground, 50-Year Mean Recurrence interval, when
combined with other flood loading forces. Obviously,
the chances are remote that a higher mean recurrence
interval would occur in combinaiion with severe
flooding situations. (Coastal floodplain situations are
much more severe and the 100-year Mean Recurrence
interval is usually emploved.}

5, FLOODWATER LOADS (F). Extreme pressure
can be exeried on all surfaces of a structure that are
exposed to Tlood waters, These pressures can resull in
eracking, displacement or collapse of walls, floors an
horizontal framing members of a structure, With the
excepiion of impact loads (see lrem 6 below) flood
waler forces can be classified into hydrostatic and
hvdrodynamic loads, Sections 602.0 and 604.0 of the
Corps of Engineers’ publication Flood-Proofing
Regulations are reproduced in part below 1o define
these loads:

g} Water Loads

Water loads, defined herein, are loads or
pressures on surfaces of the bulldings and structures
caused and induced by the presence of flood waters.
These loads are of two basic types: hydrostatic and
hydrodynamic,



1) Hydrousistic Loads: Mydrostatic loads are those
caused by either free or confained water occuring
above or below the ground surface. These loads are
equal 1o the product of the water pressure times the
surface area on which the pressure acts. The pressure
at apy point is egual to the product of the unit weight
of water (62.5 pounds per cubic foot) multiplied by
the heipht of water above the poini or by the height
1o which confined waler would rise i free (o do so.
Hydrosiatic pressures at any point are equal in all
directions and alwayvs act perpendicularly to the
sirface on which they are applied, Hydrosiatic loads
are subdivided iato the following types:

® Vertica! Loads: These are loads acting vertically
downward on horizontal or inclined surfaces of
buildings or strucivres, such as roofs, decks or
floors, and walls, caused by the weight of flood
waters above them.

&

Lateral Loads: Lateral hydrostatic leads are
those which act in a horizontal direction,
against verical or inchined surfaces, both above
and below the ground surface and tend o cause
lateral displacement and overturning of the
buikling, struciure, or ‘parts thereof,

1.3

Uplifi: Uplift loads are those which act in a
vertically upward direction on the underside of
horizontal or sloping surfaces of buildings or
siructures, such as baserment slabs, footings,
{loors, decks, roofs and overhangs,

Iy Hydrodvramic Londs: Hydrodynamic loads
are those induced on buildings or structures by ihe
flow of floodwaier around the building or structure or
paris thereof, above ground level. Such loads may
occur below the ground level when openings or
condults exist that allow free {low of floodwaters,
Hydrodynamic loads are basically of the latersl type
and refate to direct impact loads by the moving mass
of water, and to drag forces as the water flows
arcund the obstruction. {Where application of
hydrodynamic loads is required, the loads should be
compuied or estimaied by recognized and
suthoritaiive methods.)

e Conpversion {0 Equivalent Hydrostatic Loads:
... for cases when water velocities do not exceed
10 feet per second, dynamic effects of the
moving water may be converted into equivalent
hydrostatic loads by increasing the depth of
water to the Design Flood level} by an amount
dh, {(Figure D-2), on the headwater side and
above the ground level only, equal to;

dh =aV*/2g, where

Wis the average velocity of the water in feet per

second; (£ps);

# is the acceleration of gravity (32.2 {ps);

z Is the coefficient of drag or shape {actor. (The
value of &, unless otherwise evaluated, shall not
be less than 1.25),

The equivalent surcharge depth db is added 10 the
depih (a1 the Design Flood Level)... and the resultand
pressures applied to, and uniformly distributed across,
the vertical projected area of the building or structure
which is perpendicutar 1o the flow. Surfaces parallel
1o the flow or downstream surfaces should be
considered subject (o hydrostatic pressures for depths
10 the {Design Flood level) only.
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) Intensity of Logds: The application of ihe
toads defined above should be made in the design
calculations in the manner described as follows:

e Vertical Loads: Full intensity of hydrostatic
pressures caused by a depth of water {at the
Design Flood level) applied on all surfaces
invoalved,

[

Lateral Loads: Full intensity of hydrostatic
pressures caused by a depth of water {at the
Design Flood level} applied over all surfaces
invoived, both above and below ground level,
except that for surfaces exposed to free water,
the design depth should be increased by one
foot.

-3

Uplife: Full intensity of hydrostatic pressures
caused by a depth of water (at the Design
Flood level) acting on all surfaces involved,
unless provisions are made Lo reduce uplift
intensities.

Hydrostatic loads should be used in the design of
puildings and structures exposed to water loads from
stagnant floodwaters. For buildings and struciures, or
parts thereof, that are exposed and subject to flowing
water having velocities greater than five (5) feel per
second, hydrostatic and hydrodynamic loads shall
apply.

¢} Redurtion of Uplift Pressures: Uplift forces, in
conjunction with lateral hydrostatic forces, constitute
the most adverse flood related loading on buildings
and structures and elements thereof. Thelr combined
effect determines 1o a major extent the requirements
for weight and anchorage of a structure as a whole 1o
assure its stability against flotation, sliding, and
overtursing, When uplift forces are applied to
structural elements of a building or structure, such as
footings, walls, and particelarly basement slabs, they
generally constitute the critical loading on such
elements. Economical solutions to flood-proofing
buildings and structures may be aided by the use of
impervious cutoffs, foundation drainage, and sumps
and pumps.

6 FLOOD IMPACT LOADS (Fi). Flood impact
loads are imposed on g structure by solid objects that
are propelied by moving floodwaters. Although it is
difficuli to predict the exact magnitude of probable
impact loads, representative values must be included
in the design of floodproofed bulldings and
structures, lmpact loads are defined in Section 603.0
and 605.0 of Flood-FProofing Regilations as described
below:

a} Impact Loads: [mpact loads are those which
result from floating debris, ice and any floatable object
or mass carried by floodwaters swriking against
buildings and structures or parts thereof. These loads
are of three basic types: normal, special and extreme.

» Normal Impact Loads: Normal impact loads
are (hose that relate 1o isolated occurrences of
loss, ice blocks or floatable objects of normally
encountered sizes striking buildings or paris
thereot.

[

Special Impact Loads: Special impact loads are
those that relate to large conglomerates of
floatable objects, such as large trees or broken
up ice floes and accumulation of {loating
debris, either siriking or resting againsi a
building, structure, or paris thereof.

e Exireme Impact Loads: Extreme impact loads
are those that relate 1o large foatable objects
and masses such as runaway barges or collapsed
buildings and siructures, striking the building,
siruciure, or component under consideration,

Impact loads should be considered in the design
of bulldings, structures, and parts thereof, as follows:

& Normal Impact Loads: A concentrated load
acting horizonielly at the Design Flood level
or at any peint below it, equal 1o the impact
force, produced by a 1,800-pound mass
traveling at the velocity of the flood water and
acting on a one (1) square foot surface of the
strucivre.
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¢ Special Iimpact Loads: Where special impagt
loady are Ukely 1o occur, such loads shall be
considered in the design of buildings,
structures, or pasts thereo!, Unless a sationad
and derailed analysis s made ... the intensity of
load shall be taken as H¥ . pounds per foot
acting horizontally over a one-foor wide
horizontal sip at the Design Flood level or at
any level below i, Whers natural or artificial
bartiers exist which would effe
these specipl impact loads from ccourring, the
toads may be'ignored in the desiegn.

ctively prevent

&

Pxtreme lmpast Loads: 3 i considered
hnpractical co design buildings baving adequate
strength Tor resisiing exireme impact Joady.
Accordingly, except for special cases when
exposure 10 these loads is highly probable and
the regulilng damages are extremely severe, 1o
atowances for these loads need be made in the
design,

TB0E LOARS AND PRESSURE. Soil loads
play a key role in the desipgn of floodproofad
structures, Active soil Torees are-generally expresced in
terins of equivalent heavy Thid pressures. Various-soll
wypes have thely own equivalent uld pressure, with
vatues ranging from 30 pounds per square fool {paf)
L 120 pst. The applicability of soil loads 1o
floodproofing and allowable ol pressures are
adapied from Flopd-Frogfing Regulations as follows;

a) Boi Load{s). Full consideration should be
given in the design of bulldings, siructures, and parts
thereon!, W the loads or pressures resulting from the
presence of soils against or over the structure. Loads
or pressures should be compuied in accordance with
accepled engipeering practice, giving full consideration
to the effects ihal the prisence of flopdwater, above
or within the soil, has on [oads.and pressures, When
expansive soils are present, special provisions may be
made i Toundation and wall design and consiruction
to safeguard against damage due to this
expansiveness.

b} Allowable Sofl Pressures: Under flood
conditions, the bearing capacity of submerged soils is

affected snd reduced by the huovancy effect of the

water on the soil. For foundations of bulldings and
siructures, the bearing capacity of soils should be
evaluaied by a recopnized gcceptabie method,
Expansive soily should be investigated with special
care. Sois thar lose all bearing capacity when
sattraied, or become Uauelied', showld nor be used
for supponing foeundations.

8. BARTHQUAKE LOADS (4. Earthquake.
toads should be treated as specified in the applicable
local building code,




O PERFORMANCE CRITERIA

The performence oriteria included in this section
of the manual represent objectives that should be
aohigved in the design of floodprooled non-residential
siructures and assoclated service systems. These
criteria are applicable 10 the permanent and.
contingent technigues degeribed in Chapler |
including: {1} elevaiion on Bl or supportiog columas,
piles, posis, piers, or wall section, {2) watertight
construction {through the vse of interior and exterior
membranes of sealants; Indegrally waterproofed
concrete eoastrustion; and/or a full range of closure
and flood shield assemblies), and (3} the use of
floodwalls and earth levess,

ir should be neted thai the performance crilenia
are generally sivuctured to indicate (he desired
aitributes of a floodproofed struciure without
reference (0 specific construciion fechnigues or
materials. This format has been selpvied (o facilitate
and encourage the development of g full range of
traditional and ipnovatve designs that are egually
elfective in reducing flood damages.

Provisions included in the following eriteria
represent the minimum design requirernents {or
floodproofing of gon-residential siructures, H must be
understood that these criteria are generally mited (o
design factors that are directly related 10 flooding
conditions. Therefore, the Tollowing performance
criteria-can only be used in assoctation with all
applicable local building codes and regulations.

Where applicable, the criteria listed in 1his section
accord wih the Corps of Engineers’ Flood-Proofing
Bepwlations,
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I CRITERIA T - BTRENGTH:

#) Elevation on Fosis, Plery, or Walls snd

Watertight Struciures. Al elevated and watertight
buildings {including all closure, flood shield
assembiies, wilities and service sysiems) should be
desipied to resist the foliowing loads {as defined in
Fart B of this appeadix) acting simulianecusly:

{Eq.
(Eg.

{£ag.

(fg.
{Eq.

LOADING SAFETY FACTORS

OVERTUBNIMG/SLIDING
LID+L+R4+F+5 1.5 1.5
LIZYD 4+ LAR+F+FL+ 8 1.5 1.5
LIDD4 L+ REWHF+FI+8 1.5 1.5
L14) BD 4 R4+-WAF 3 1.33 1.33
LIy 84+ R+ W+ F+Fi+3S  1.33 1,33
where,

D - Dead loads,

L - Live loads, as defined in the applicable
building code for the structure,

R - Loads resuliing from expansion, contraciion,
creep, swelling and shrinkape. of structural
components, Also includes forces due 0
movemenis resulting from differential
seitlement.

W - Wind loads {see applicable local code),

F - Flood oads caused by the Design Flood
which include both hydrostatic and
hydrodyaamic forces,

FI - Flood impact ioads,

S - Soil loads.

Structures on fill should be designed 10 resist the

above 1oads with the exclusion of F and F! from the
toad equations.
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Design Flood

Design Flood + Impact
Design Flood + Impact + Wind

LUplift and bydrostatic
Liplift angd hydrostatic



b} Floodwalls, Floodwalls should be designed to
resist the following loads {(as defined in Part B of this
appendix) acting simulianeously:

LOADING

SAFETY FACTORS

CONDHTION

OVERTURNING/SLIDING

(Bg. 121} D+ 8+F 175
(Bq. 122 D+ F+FI+ 8 1.5
(EBg. 1.2 D+ W+ F+F[+5 1.5
(BEg. 1.24) B+F* +8 1.0
(Fg. 1.25Y D+ 8+EQ 1.5
(Eg. 1.26) D+ W 1.3
(Bg. 1.27T) D+58 2.0

1.3 Degign Flood
11 Design Flood + Impact
1.4 Design Flood + fmpact + Wind

1.} Flood to top of wall

1.1 Normal load + Earthguake
1.1 Consiruction phase

1.5 Neormal condition

* Assumes that the hydrostatic head of water pressure is egual to the height of the wall.

e} Commentary

The lnading cases defined in ltem 1.1 are to be
used in association with working siress design
methods, If foad fucior design analysis is used {as
reguired innstances where the American Conerete
Institute Bullding Code Reguirements for Reinforced
Concrete (ACE-318-71} is applicable) load factors
should be applied as stated in the applicable standard;
and flood loads (Fy should be combined with the live
loads (1), or incorporated as though if were a live
lcad for foading conditions (1. 11) and {}.14), 1o all
other foading cases, flood loads (F) and {lood impact
loads (FI) are to be combined with wind loads (W} or
factored as equivalent to W.

The load cases described in items (1.11) and
(1.12) provide an appropriasic margin of safety against
excessive damage or structural collapse when
subjected to the design flood. The margins of safety
applied 1o flocdproofed structures are intended to be
no less than those applied to siructures that are not
subjected to flooding. These criteria are deemed as
safisfied if stresses and defleciions do not exceed the
Hmits specified in applicable codes, and al loads
specified herein, Maximum load values and member
stresses must be calcolated fo include the combiped
effects of all normal loads required by applicable local
codes, and those related to flood conditions.

I is assumed that the flood loads (F) may act on
a structure for a period of days, and oversiress
coaditions are not permissible. Flood Impact (FI
loads (from normal bnpact sources) are shore-term
loads. Therefore, the margin of safely against load
combinations containing FI need not exceed that
provided against wind or earthquake loads. if a
structure is subject to special or extreme Impact loads,

1o overstress should be used. The combination of

carthquake and flood loads should notf be considered
simulaneously due (o the low probability of
DCCUrEnCe,

2 CRITERIA 2 - STABIATY

g} Elevation on Posts, Piles, Piers, or Walls and
Watertight Struetures, All structures elevated on
posts, piles, plers or walls and all watertight struciures
should be designed 1o provide a minimum safety
factor of 1.5 against structure failure from sliding o

‘overturning; and should have enough dead load

weight 10 resist anticipaled hydrosiatic pressures,
including uplift, from floodwater at the Design Flood
level with & minimum safety factor of 1.33.

i) Floodwalls, All floodwalls should be designed

with appropriate safety factors associated with each
fogding case as given above in Criferia |.
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¢y Levees and Elevation on Fill, Fill marerial
should be selecied, placed and compacted in layers (o
ensure stability and impermeability during a Design
Flood. Leves and clevaied fill
the effects of saturation from Hoodwaters on sope
stability, and uniform and differential seiilement,

design should reconnize

The applicable loading cases 1o be considerad in
the embankment and foundation design of low-level
levees are as Tollows:

¢ Ind of Congirucilon

# Sudden Drawdowsn

e Critical Flood Stage

from Full Flood Stage

¢ Sieady Seepage

¢ Farthguake

The end of construction case evaluates both e
riverside and landside slopes ai a polnt where the soi,
impervious, has not vel bad time w0 drain
is often

usually
gince being loaded. BExcess pore waler pressurs
preseni. The sudden drawdown case evaluates
embankment stability where 3 prolonged floed
saturates a major portion of the siructure and then
falls fasier shan the sofl can drain. Bxcess pore water
pressure can resul and the riverside slope can possibly
become unstable.

The critical flood state and the steady seepage
frovn Tull Bood are similar foading conditions. The
first evaluates embankment stability for some
intermediate profonged Hood stage which saiuraies th
erpbiankment resulting in a sieady seepage condition,
while ihe latter oceurs when the water remains at neay
full Pood sufficiently long enough such that the
entbankment becornes either fully or partially
sgturated and sieady seepage ocours

Earthguake loadings are not normally considered
in analyzing the stability of levees because of the low
probabiliiy of earthquakes coinciding with periods of
high water. Levees constyucted of Ipose cohesionless
materials or founded on loose cehesioniess materials

re particularly susceptible to failure due to
Hguefaction dusing earthguakes. Depending on the
erity of the expected sarthguake and the
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tmportance of the fevee, seismic analyses 10 determine
Hguefaction susceptibilily may be required.

d) Commentary

I cases when it iy not practical 1o provide the
required factor of safery against flotation by weight
of the structure alone, tle-down or anchorage devices
may be used to achieve struciural stability, When
these devicey are used they must be designed (o resist
signiftcant deterforation during the service life of the
structare, Adeguate anchorage must also be provided
for all sealed condulls, waks and similar struciore of

site comnponents that could become buovant and resuli
i exireme damages during fooding conditions.




3, CRITERIA 3 - SCOUR AND DEBRIS
ACCUMULATION

The following provisions apply 1o facilities that
may be subjecied 1o flow velocities in excess of 3 fps,
and/or floating debris conient.

a) Flevation on Posts, Piles, Plers or Walls,
Struciures elevated on posts, pifes, piers or walls or
other similar supports should have clear spacing of
support members, measured perpendicutar 1o the
general direction of flood flow of not legs than eight
{8} feet apart at the closest point, The suppors
should, as far as practicable, be compact and free
from unnecessary appendages which would 1end 10
trap or restrict free passage of debris during a flood.
Solid walls, or walled-in columns arg permissible if
oriented with the lopgest dimension of ihe member
paraliel 1o the flow. Bracing, where used o provide
tateral stability should be of a tvpe that causes the
feast obstruction 1o the flow and ihe least potential
for trapping {loating debris. The poelentisl of surface
scour around the supporis should be recognized and
protective measures provided,

B} Walertigh! Siruciares and Floodwalls,
Watertight structures and floodwalls should be sited
and/or designed to resist undermining of foundation
elements as a resull of scour and increased structural
loads associated with extensive debris accumulation.

¢) Bevees and Elevation on Fill, Levees and
elevated {1l areas should be designed 1o resist the
effects of scour. For slopes exposed 1o flood velochies
5§ less than S fps, grass or comparable vepelation may
be used 10 provide adegquate protection rom scour,
For areas subject 1o higher velocities, stone, concreie
or some other durable material shall be used o
prevenl gxcessive soour,

&) Commentary, Proteclion against scour may
include paving or riprapping of Foundations, levess or
earthiill areas. Consideration should also be given to
landscaping featuras or the construction of fload {low
diverters or barriers pear the upstream side of the
structure 1o reduce flood velocities and the associated
impacts of scour and debris accumulation,

3, CRITERIA 4 - PERMEARBILITY AND
STORM BRAINACGE

8} Watertight Stractures. Buildings and
associated structures that are profected from the
Dresign Flood by permanent closures, flood shields
and related lechnigues must remain substaniially
impermeable w water. This requirement applies 10 the
total structure inchuding walls and floors that are
below grade elevation. Slight seepage may be allowed
in cases where resuliing damages would be negligible,
and where seepage can be easily collecied a1 a sump
and pamped out of the stracture. Acceptable seepage
rates should not exceed an amount which would result
in accumeplation of more than four 44} inches of watey
depth during a 24-hour period, I there were no
devices provided for iy removal. However, sump
pumps would be required to control such sespage,

b} Floodwabs and Levees, Floodwalls and levees
should be designed and constructed 1o minimize
seepage through or under the structure during a
Design Flood eveni, Provisions should also be made
to collect g}l seepage and storm water that collects
behind the levee or floodwall and pump this water
frome the dry to the wet side of the siructure,

¢} Commentary, To meet the reguirements stated
in iem b, wateriight construction must InCorporate
the following minbmum design considerations:

« All expansion and construction joings shall be
construcied with appropriate waterstops and
joint sealing material, To prevent excess
seepage at these tension zones, the maximum
deftection of any structural floor slab or
exterior wall shall not exceed 17300 of its
shorier span,

E-3

Srructure desizn may inclede the use of
impervious barriers or cutolfs around the
building perimeter (o decrease the potential for
thie development of full hydrostatic uplift
pressures and related seepage. These cutoffs
must be connecied to the impervious membrane
of the butlding walls 10 operate effectively.
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# Watertight closures or shields must be provided
jor all doors, windows, grilles, vents and other
openings that are below the Design Flood level
Whenever structure utility system components
extend through the watertight wall, the
openings must be sealed 10 eliminate seepage.

To meet the reguiremenis of item b, it may be
necessary o provide impervious cutoffs to prevent
seepage beneath the wall or levee. This requirement is
critical for structures that are designed on highly
pervious foundation materials, It may also be
necessary 10 construct g drainage system parallel (o
the inferior base of the structure to collect seepage
througl or under the structure and normal surface
runoff from the watershed above the struciure, All
seepage and storm drainage should be diverted 1o an
appropriate number of sumps and pumped to the
floodwater side of the structure. Spacing, sizing and
determination of depth of sumps should be consistent
with the intended drainage sysiem, the estimated
amount of seepage and drainage vield. Normal
surface runoff into the protecied arei (during pon-
flood conditions) may normally be discharged through
niles or culverts that are firted with appropriate
buckflow prevention valves.

5, CRITERIA § - ELECTRICAL BYSTEMS

a} Main Power Disconneet, Provisions should be
made 10 ensure thai the maln power service Lo any
floodprooted structure can be disconnecied w a single
lccation that s readily accessible at the peak of a
Design Flood., This main switch should control all
electrical circuits ihroughout the building, with the
exception of ernergency Ughting circuits,

b} Fmergeney Lighting. For buildings that may
require emergency evacuation operations, or that may
require personnel o occupy the building during
flooding conditions 1o install or operate floodproofing
measures, an emergency lighting systemn shall be
installed. The emergency lighting system should be
totally installed above the Design Flood elevation, be
equipped with a separate distribution panel; and be
powered by a source that witl not be affected by the
Design Flood.
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¢} Eleetrieal Eguipmeni, Whenever possible, all
major elecirical control panels, transformers,
statiopary eguipment, elevator power equipment and
similar items should be located above the Design
Flood, Moveable electrical equipment may be located
below the Design Flood i il is equipped with
submersible guick-disconnects; and if provisions are
made for elevating the equipment above anticipated
flood levels, All elecirical equipment that is
permanenily insialled below the design flood elevation
shiould be of the submersible tyvpe.

&) Wiring, All wiring insialied below the Design
Flood level should be suitable for continuous
submergence in water, with submersible type splices,
All elecirical conduits subject (o flooding should be
seli-draining,

e} Sump Pumps. Bulldings and siructures that
require sump pump equipment should provide
autematic starting generators located above the
Design Flood level, This equipment shall be capable
of continuous operation for a minimum period of
125%% of the estimated period water will be in coniacs
with the structure during the Design Flood,

6. CRITERIA 6 - BEATING, AIR
COMDITIONING AND VERNTIHLATION

z) Loeation, Al heating, air conditioning and
venttation equipment should be located above the
Design Flood level whenever possible. When elevation
is not feasible, this equipment may be jocated below
the Design Flood in areas that are essentially
wateriight (see Criferia 4.1).

b} Heunting sod Alr Condhioning. Al gas or oil
operated systems that are located below the Design
Flood level shiould be equipped with auiomatic shut-
off valves that are activaled by rising flood waters.
A heating equipment should be vented to a level
above the Design Flood,



¢} Ventilation. Al duct work that is located
below the Design Flood level should be instaled to
ensure positive drainage to a sufficient number of
openings provided for that purpose, Sufficient
anchorage and strength provigions should be made for
any sealed conduit systems. Where duct work extends
through a watertight floor or wall, the duct should be
equipped with a closure assemnbly that can be operated
from a position above the Design Flood.

&) Fuoel Tanks and Lines, Liguid fuel and gas
storage tanks should be elevated above the Design
Flood Level; or anchored and protecied from
flotation and floodwater velocity and impact forees.
The anchorage system should have a factor of safety
of at least 1.5 against flotation. I It is exposed 10
stream flow or bmpact, it must be anchored 1o resist
those forces.

All supply lines that are exposed 1o flood waters
should be protecied from hydrodynamic and bnpact
forces, and eguipped with aviomatic shut-off valves
1o prevent Hquid or gas Tuel spillage in the event of
line failure. All storage tanks should be vented 1o a
level above the Design Flood.

7. CRITERIA 7 - PLUMBING SYSTEMS

a} General. All plumbing systemn components
that are installed below the Design Flood level should
be designed 10 minimize Josy of stability or tightness
that may permit infiliration of floodwaters oF
permanently impair ihe funciion of the systent.

b) Banifary Sewer Bystem, New and replacement
sanitary sewage systerns should be designed to
mninimize or eliminate infiliration of floodwaters into
the systems and discharge from the systems into
floodwaters. On-site waste disposal sysiems should be
located to avoid impairment to them or conlamination
from them during flooding,

Sanitary sewer systems {including septic tank
systems) that must remain in operation during a flood
should be designed with a sealed holding tank and
necessary mechanicat controls Lo prevent sewage
discharge during a flood. The holding tank shouid be
sized Lo accommodate 150 of the demand that is
anticipated for the durafion of the Design Flood. Al

versts should extend above the Design Flood level,

) Waler Supply System, Potable water supply
systems should be designed 1o prevent conlamination
from Hoodwater up (o the Design Flood level. Private
potable wells should not be developed from 4 waier
table that is less than 25 feel below the ground
surface, or from any source that may be directly
poliuted by floodwater. Private wells should be
protected with a water-tight casing that is sealed ai the
bortom of the well in an impermesble siratunm, or
extends several feer inlo the water bearing stratum, i
the pumping system is above ground, it shall be
protected by a watertight enclosure or by adeguate
elevalion, Al vents should extend above the Design
Flood level,

I the source of the water supply is public, the
owner of the structure needs to follow the dirvections
of local authorities during flooding conditions. i the
function of the facility is critical, the owner may wani
10 consider & waler storage system for emergency use.

¢) Backflow Prevention, Each storm drainage
and sanitary sewer line that enters s siructure below
the Design Flood level should be provided with an
aufomalic and/or manual backflow prevention device,
Approved back{low prevention devices should also be
installed on maln water service lines at water wells,
and/or at building entry logations to protect the water
system from floodwater backflow or siphonage that
could resuli from a warter line break.
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8. CRITERIA 8 - FLOODPROOFING
OPERATIONS

a) Efticiency of Insialintion. Al coniingent
flendprooting measures. should be designed and
mmaliained 1o faciiiiate safe and efficient
imiplementation uapon receipt of flood warning, The
instaliation time reguirerngnts can not exceed the
advance warning capabilitdes of the warning svstens
that 18 i aflect for the area,

b Training and Preporedness Planaing, All
personnel ihat are required Tor the instatlation and/or
aperation of contingent loodproofing measures
should be trained {0 minimize the risk of system
failure resulting from an bmproper or incompletg
flovdproniing response. A comprehensive and detailed
floodproofing Preparedness Plan should be developed
and malnisined o clearly document @il foodprooling
sysiern maintenance and operational prodedures,

9. CRITERIA & - RESCUE OPERATIONE

Whenever possible, floodproofed buildings
showld be designed fo provide divect acovess ¢ land
areas that are above the Design Flood through site
graiing, walkways or shmlar maethods, For structures
where this 15 not feasible, and where Flood depths will
exveed 2 feet or velociies exceed 3 feet per second,
the struciure should be designed 1o prevem the
sntrapment of bullding occupants by rising
Noodwaters, An enclosed refuge space should be
provided in an area above the Design Flood that
provides suflicient space for all occupants. This space
should be provided with an appropsiate number of
exierior exits o a space that will sllow the safe
transier of octupanis from the building to rescue

vehiches,
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DETERMINATION OF EXPECTED FLOOD
APPENDIX DEPTHS USING FLOOD INSURANCE MAPS

The determination of flood-depibs al a structure
reguires a interaction of the flood-hazard boundary
map and the siream profile map with fleld activity Lo
transtate flood elevations 1o flood depths. Both maps
are conlained within the detailed Flood lusurance
Smady for a municipality or specific unincorporated
areas. The procedure was adapted from the report
entitled Floodplain Regulations-To Encourage Wise
Lise and Reduce Flood Damage and subsequent
workshop of the Tennessee Valley Authority Office of
Community Development,

A, FLOOGIWHAZARD BOUNDARY MAP

This map will be used Lo correlate the localion of
a structure or struclures to the fooding source, The
Flood-Hazard Boundary Map (FHEM), Figure F-1, is
similar {0 a city or road map. It has street names, the
stream name and flood boundaries, On the siream are
reference marks, usually in stream miles, above the
mouth, which will be used to find the location of the
structure on the profile.

The location of a siructure may be defermined in
stregm miles by using the following four steps.

Steg 1 Locate the girueiure on the Fload-Harsrd
Houndary Map (Figure 3}

a. ldentify map features, such as street
isterseciions, which are close 1o the
SITUCLUTES,

k. Select the most prominent ground leature
nearest the structure.

¢, Inthe field, measure the distance and
direction from the ground features (o the
structure cither by pacing or through more
accurale taping.

d. Check on availability of aerial photographs
which can aid in relating ground features 10
the FHBM and vice versa., These photographs
may be available from city or coundy
povernmends, {ocal enginegring firms, the
Pepartment of Transporiation or the Soil
Conservation Service.

e, Fransfer location of structure 1o the FHBM
by svaling the distance on the map.
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Step 2: Trace the foodilow centerfine

Draw a line on the map that represents the
generad direction of floodflow (shown as the
Hoodfiow line). This line should be
approximately in the middle of the flood
boundaries,

Step 30 Establish o line perpendicular to the
floodflow centerline,

Align a straipht edge perpendicular 1o the
Flooditow line (not the siream necessarily) and
intersect the maost upsiream side or-corner of the
site or building. Notice that for building A two
tines (both perpendicular to the floodflow Hine)
have been drawn 1o illusirate the proper and
improper ways for determining the effective
stream miteage. When more than one line can be
drawn (o an upstream side or corner, the most
upstream perpendicutar Hne is the appropriate
one for determining the effective mileage because
it results in the highest applicable flood elevation
for the site {flood elevations increase in the
upstream direction).

Step 4: Betermine the effective flood mileage.

The point where the perpendicular Hne intersecis
the centerline of the streanr determines the
effective mileage 0 be used when obtaining
applicable flood elevations from the profile, For
location A, measure effective mileage as 64.2 and
for location B the effective mileage is 64.0. Very
accurate resulis can be obtained using a precise
scaie and instrument wiich resulis in effective
miteages for locations A and B as 64.16 and

63 .97, respectively.

B, FLOOD PROFILE

The flped profile is used ro determine
applicable lood elevarions, The flood elevations
at the structure can be obtained from the profile
after the effective stream mileage has been

esiablished from the flood-hazard boundary map.

The following steps Hlustrate how to use the
effective mileage and the profile ro obtain the
{lood elevations shown in Fieure F-2.

Slep L:

Place & straight edge along the vertical axis which
matches the effective milesge and frace a lgh
fne where 10 will cross the profile Hnes,

Biep 21

Atb the points where the effective mileage line
crosses the flood profile lines, read the pertdnent
clevation(s) atong the horizontal prid or mark
them with a horizontal line for future reference.

Step 3
The profile indicates the 100-vear flood elevations

for the example ag

Location A = 2593.7 {using next highest fooi =
2594)
Location B = 2592.0 (use 2592}

Qiher flood elevations which can be read from
the sample profiles are indicated below {Tahle 1),

TABLE 3
PROFILE FLEVATHONS

ELEVATION

FLOOD

FREQUERCY Location A Location B
-Year 2586.7 pALERY
50-Year 2593.1 588,32
560-Year 2597.4 Z596.3

All map and profile readings should be carefully
checked before they are used. It is suggested that
readings be made by two individuals and the znswers
compared. Completion of the-above process provides
a flood elevalion which can be used to

- Determine flood depth

- Fstablish g constructjon elevation for a floor or
earthfill 1o meet local ordinance or flood
insurance requirements.



FLBGE PROFHES

R IOK CREEK

FIGURE F-2
EXAMPLE FLOOD PROFILE
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Co DEPTH OF FLOODING

The preceeding methods were used 10 determing
the anticipated elevation of flood waters, A final step
must be accomplished to find the elevation of the
structure or the depth of the fiood water at the
structure. This can be accomplished by three different
procedures. These include a field survey, the use of a
hand-level or the use of a U.S.G.5, topographic map.
The reliability of the information decreases in order
of their presentation above, Each of the three
methods is further defined in the following
paragraphs.

T, FIELE SURVEY. A {leld survey is the most
accurate fechnigue for the establishment of flood
depths at the structure, The procedure reguires the use
of land surveying technigues performed by a licensed
land surveyer or registered professional engineer. The
field survey will use benchmarks (fixed elevations) {0
align the {lood level with reference to the ground at
the strycture, and therefore, deferssing the height of
waler at or upon the structure for & given flood.

I HANDB-LEVEL, This method can be
accomplished provided a beachmark or known
elevation Is within sighi of the struciure. For example,
the elevation at the benchimark was 963 feet and the
elevation of the H-vear base flood was 9869 feet, A
sin-foot rod o pole could be placed on the
benchmark and a line sighted through the hand-level
to a point on the wall of the structure, The imaginary
line strikes the siructure at a point two feet above the
ground level of the siructure. Since the imaginary line
approximates the 100-vear base flood clevation, if can
be esfimated that the base flood would be two feet
high at the structure. Conseguently, the two-foor
water depth must be used in the consideration of
optional floodproofing technigues.

3. ULBGE TOPOURAPHIC MAPY,
Topographic maps lustrate elevations through a
series of lines known ay contours, Benchimarks and
sirnctures {(depending upon the original or revised date
of the map) are also portrayed on the maps, Ag in the
previcus examples, the benchmark of 963 feet would
be identified on the map. The bage fleod level was
determined as 969 feet so one would need 1o locate

the 970-foot contour line and trace its path toward the
struciure. Any site or strugture localed on the
970-Toot conlour would probably be sale from the
base {lood, The structure in the previous example will
in alf probability be partially situaled inside the
970-foot contonr and consequently within the
potential flood-hazard boundayy of the base {lood,
The actual height of the flood water af the siructure,
however, can only be estimated by locating the lowest
contour thal is near the strocture in quesiion,
Subirsciing this conlour, assume 1L is 967, {rom the
Hibeyear flood clevation 969, The difference, 2 fe2t, &
the flood depth for thls structure.
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