APPENDIX H

Appendix H
FEMA NFIP Technica Bulletins

This appendix contains copies of nine National Flood Insurance Program

(NFIP) Technica Bulletins (TBs) that provide guidance on topics related to

flood hazard mitigation inVV zones and coastal A zones. The bulletins
summarize pertinent NFIP regulations and explain mitigation techniques

compliant with the requirements of the regulations. Copies of al NFIP TBs,
including aUser's Guide that lists the bulletins prepared to date, are available

on the FEMA website at http://mww.fema.gov/mit/techbul .htm.

The following bulletins are included in this appendix:

[TBO

User’s Guide to Technical Bulletins|

[TB 1

Openings in Foundation Walls|

[TB 2

Flood-Resistant Materials Requirements)

[TB3

Non-Residential Floodproofing — Requirements and Certification|

'TB4

Elevator Installation

[TB5

Free-of-Obstruction Requirements|

[TB6

Below-Grade Parking Requirements|

ITB7

W&t Floodproofing Requirements|

[TB8

Corrosion Protection for Metal Connectors in Coastal Areas|

B9

Design and Construction Guidance for Breakaway Walls Below
Elevated Coastal Buildings
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NOTE

FEMA periodically prepares new
Technical Bulletins and updates
its existing bulletins as neces-
sary. Check the FEMA website,
at the address shown at the left,
for new and updated bulletins.
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TECHNICAL BULLETIN GUIDE-99

User’s Guide to Technical Bulletins
Including Key Word/Subject Index

The User’s Guide

This User’'s Guide is intended to assist those using the Technical Bulletins issued by the Federal
Emergency Management Agency (FEMA), Mitigation Directorate. This guide contains a Key
Word/Subject Index that identifies topics contained in the Technical Bulletins regarding the
National Flood Insurance Program (NFIP). Reference sources and information about ordering
additional NFIP publications are also provided.

The Technical Bulletins

The Technical Bulletins provide guidance concerning the building performance standards of the
NFIP, which are contained in Title 44 of the U.S. Code of Federal Regulations at Section 60.3.
The bulletins are intended for use primarily by State and local officials responsible for
interpreting and enforcing NFIP regulations and by members of the development community,
such as design professionals and builders. New bulletins, as well as updates of existing bulletins,
are issued periodically, as necessary. The bulletins do not create regulation; rather, they provide
specific guidance for complying with the minimum requirements of existing NFIP regulations.
Users of the Technical Bulletins who need additional guidance concerning NFIP regulatory
requirements should contact the appropriate FEMA regional office (see page 6).

Comments on the Technical Bulletin Series should be addressed to:

FEMA/Mitigation Directorate

Program Policy and Assessment Branch
500 C Street, SW.

Washington, DC 20472

Copies of the Technical Bulletins can be obtained from the FEMA regional office that serves
your area (see page 6). In addition, Technical Bulletins and other FEMA publications can be
ordered from the FEMA Publications Service Center at 1-800-480-2520. The Technical Bulletins
are also available at the FEMA web site at www.fema.gov.

It should be noted that Technical Bulletins provide guidance on the minimum requirements
of the NFIP regulations. Community or State requirements that exceed those of the NFIP
take precedence. Design professional s should contact the community to deter mine whether
more restrictive local or Sate regulations apply to the building or site in question. All
applicable standards of the State or local building code must al so be met for any building in
aflood hazard area.




Available Technical Bulletins

As of September 1999, the following Technical Bulletins are available:

Guide-99 User’s Guide to Technical Bulletins

1-93

2-93

3-93

4-93

5-93

6-93

7-93

8-96

Providesalist of availabletechnical bulletins, akey word/subject referenceindex for all
the bulletins, and information about how to obtain copies of the bulletins.

Openings in Foundation Walls

Provides guidance on the NFIP regulations concerning the requirement for openings in
below-Base Flood Elevation foundation walls for buildings located in ZonesA, AE, Al
A30, AR, AO, and AH.

Flood-Resistant Materials Requirements

Provides guidance on the NFIP regulations concerning the required use of flood-damage
resistant construction materials for building components located below the Base Flood
Elevation in Special Flood Hazard Areas (both A and 'V zones).

Non-Residential Floodproofing — Requirements and Certification

Provides guidance on the NFIP regulations concerning watertight construction and the
required certification for floodproofed non-residential buildingsin ZonesA, AE, A1-A30,
AR, AO, and AH whose lowest floors are below the Base Flood Elevation.

Elevator Installation

Provides guidance on the NFIP regulations concerning the installation of elevators below
the Base Flood Elevation in Special Flood Hazard Areas (both A and V zones).

Free-of-Obstruction Requirements

Provides guidance on the NFIP regulations concerning obstructions to flood waters below
elevated buildings and on building sitesin Coastal High Hazard Areas (ZonesV, VE, and
V1-V30).

Below-Grade Parking Requirements

Provides guidance on the NFIP regulations concerning the design of bel ow-grade parking
garages beneath buildings located in Zones A, AE, A1-A30, AR, AO, and AH.

Wet Floodproofing Requirements

Provides guidance on the NFIP regulations concerning wet floodproofing of certain types
of structureslocated in ZonesA, AE, A1-A30, AR, AO, and AH.

Corrosion Protection for Metal Connectors in Coastal Areas

Provides guidance on the need for, selection of, and use of corrosion-resistant metal
connectors for the construction of buildingsin coastal areas.



9-99 Design and Construction Guidance for Breakaway Walls Below Elevated
Buildings in Coastal Areas
Provides prescriptive criteria for the design and construction of wood-frame and masonry
breakaway walls compliant with NFIP regulatory requirements.

Key Word/Subject Index

Thisindex is designed to allow the user to quickly locate key words that pertain to the subject in
guestion. The index aso cross-references issues that are addressed by more than one Technical
Bulletin. For example, users of Technical Bulletin 6 (Below-Grade Parking Requirements) should
also refer to Technical Bulletin 3 (Non-Residential Floodproofing — Requirements and
Certification) concerning insurance rating issues.

Technical
Bulletin
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Key Words and
Subjects

A-zone floodproofing

accessory buildings, as possible obstructionsinV zones

accessory buildings, low value and small, defined

accessory structures

agricultural structures

basement, definition of

bel ow-grade parking garage, considered a basement

bel ow-grade parking garage, defined

below-grade parking in A andV zones, when alowed, requirements for

breakaway wall, failure modes

breakaway wall, insurance considerations

breakaway wall materialsinV zones, made of flood-resistant materials

breakaway wall, NFIP regul atory requirements

breakaway wall, specifications for NFIP-compliant construction

breaking wave, impact on vertical surface

bulkheads, as possible obstructionsinVV zones

corrosion, classes of building exposure to

corrosion, causes of

corrosion, planning for

corrosion, identifying high-risk buildings

corrosion-resistant materials for sheetmetal connectors

decks and patios, as possible obstructionsinV zones

detached garages, elevation requirement for inV zones

elevators, types of

elevator components, location of in relation to Base Flood Elevation

elevator electrical equipment, location of in relation to Base Flood
Elevation

fill, as obstruction beneath buildingsinV zones



Technical Key Words and
Bulletin Subjects

N

float switch, use of in flood areas (for elevator cab)

flood-resistant elevator components, use of

flood-resistant flooring materials

flood-resistant material, definition of

flood-resistant materials, classifications, use of

flood-resistant wall and ceiling materials

floodproofing certificate, non-residentia

floodproofing, bel ow-grade parking beneath non-residential buildings,
design requirements for

floodproofing, Emergency Operations Plan, minimum acceptable

floodproofing, Inspection and Maintenance Plan

floodproofing, recognition of for insurance rating purposes

foundation bracing, as possible obstructionsinV zones

foundationsin A zones

foundation openings in A zones, size, how to calculate

foundation ventsin A zones

free of obstruction, definition of

free of obstruction, designing afoundation systeminV zones

free of obstruction requirementsinV zones

functionally dependent use

galvanizing

garage doors, to meet the openings requirement

garages, attached to non-residential structure

garages, attached to residential buildings

garages, detached from structure

grade beams, as possible obstructionsinV zones

high hazard area, safety and accessin

historic buildings

hydrodynamic forces on floodproofed building

hydrostatic forces on floodproofed building

hydrostatic pressure, automatically equalized

hydrostatic pressure, how to calculate

insect screening, for below building enclosures

insect screening in'V zones, made of flood-resistant materials

|atticework, for below-building enclosures

latticework inV zones, made of flood-resistant materials

lowest floor, definition of

non-residential floodproofing certificate, how to fill out

openings for foundationsin A zones

safety factor for foundation openings

salt spray from breaking waves

swimming pools, beneath buildingsinV zones
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substantial damage, foundation wall openingsrequirement
substantial improvement, foundation wall openings requirement
U.S. Army Corps of Engineers, Flood Proofing Regulations
variances from NFIP requirements

variances, issuance in designated floodways

wet floodproofing, definition of

wet floodproofing, engineering considerations

wet floodproofing, flood insurance implications

wet floodproofing, planning considerations



Alaska

FEMA Regional Offices

VIII

Hawaii D

American Samoa and Guam

Region |

Region 11

Region 11

Region IV

Region V

Mitigation Division

VI

Region VI

442 J. W. McCormick POCH

Boston, MA 02109-4595
(617) 223-9559

Mitigation Division

26 Federa Plaza, Room 1337

Region V11

New York, NY 10278-0002

(212) 225-7200
Mitigation Division

615 Chestnut Street, Sixth Floor

Philadelphia, PA 19106
(215) 931-5502

Mitigation Division

Region VIII

3003 Chamblee Tucker Road

Atlanta, GA 30341
(770) 220-5406

Mitigation Division

Region I X

175 West Jackson, 4th Floor

Chicago, IL 60604-2698
(312) 408-5532

Region X

., Vifg{n

Mitigation Division
Federal Regional Center
800 North Loop 288
Denton, TX 76201-3698
(940) 898-5165
Mitigation Division
2323 Grand Avenue, Suite 900
Kansas City, MO 64108
(816) 283-7002
Mitigation Division
Denver Federal Center
Building 710, Box 25267
Denver, CO 80225-0267
(303) 235-4830
Mitigation Division
Building 105

Presidio of San Francisco
San Francisco, CA 94129-1250
(415) 923-7175
Mitigation Division
Federal Regional Center
130 228th Street, SW.
Bothell, WA 98021-9796
(425) 487-4678

Other Federal agencies that provide floodplain management assistance include the U.S. Army
Corps of Engineers and the U.S. Natural Resources Conservation Service. For their nearest
locations, please refer to your local telephone directory under “United States Government.”
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Key Word/Subject Index:

This index allows the user to quickly locate key words and subjects in this Technical Bulle-
tin. The Technical Bulletin User's Guide (printed separately) provides references to key
words and subjects throughout the Technical Bulletins. For definitions of selected terms,
refer to the Glossary at the end of this bulletin

g

Key Word/Subject

Basement, definition of

Foundations in A zones

Foundation openings in A zones, size, how to calculate
Garages, attached to residential buildings

Giarage doors, to meet the openings requirement
Hydrostatic pressure, automatically equalized

Hydrostatic pressure, how to calculate

Openings for foundations in A zones

Safety factor for foundation openings

Substantial damage, foundation wall openings requirement
Substantial improvement, foundation wall openings requirement
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Any comments on the Technical Bulletins should be directed to:

FEMA/FIA

Office of Loss Reduction
Technical Standards Division
500 C 5t., SW, Room 417
Washington, D.C, 20472

Technical Bulletin 1-93 replaces Technical Bulletin 85-2 |drafi] “Foundation Wall Openings.”

Graphic design bosed on the Japanese print The Great Wave Off Kanegawe, by Katsushika Hokusai [1760-
1849, Asiolic collection, Museum of Fine Arts, Boston.




TECHNICAL BULLETIN 1-93

Openings in Foundation Walls
Required for Buildings
Located in Special Flood Hazard Areas
in accordance with the
MNational Flood Insurance Program

Introduction

An important objective of the National Flood Insurance Program (NFIP) is to protect buildings
constructed in floodplains from structural damage caused by flood forces. In support of this
objective, the NFIP regulations include building design criteria that apply o new construction
and substantial improvements of existing buildings in Special Flood Hazard Areas (SFHAs).
According to these criteria, residential buildings constructed in A zones (Zones A, AE, A1-A30,
AR, AQD, and AH) must have their lowest floors at or above the base blood elevation (BFE).
Mon-residential buildings constructed in A zones must either have their lowest floors at or above
the BFE or be dry floodproofed (made watertight) to or above the BFE. Residential and non-
residential buildings whose lowest floors have been constructed at or above the BFE usually are
elevated on piers, columns, piles, extended foundation walls, or fill. While the main portion of
such a building is protected from the 100-year and lesser-magnitude floods, the foundation and
any enclosures below the BFE used for parking, building access, or limited storage will be
exposed to flood forces.

For buildings constructed on extended foundation walls or that have other enclosures below the
BFE, these flood forces include the hydrostatic pressure of floodwaters against the foundation or
enclosure walls. If the walls are not designed 1o withstand hydrostatic pressure, they can be
weakened or can fail and the building damaged. Therefore, the NFIP regulations require that
foundation and enclosure walls that are subject to the 100-year flood contain openings that will
permit the automatic entry and exit of floodwaters. These openings allow floodwaters to reach
equal levels on both sides of the walls and thereby lessen the potential for damage from hydro-
stauc pressure. The requirement for openings applies to all new and substantially improved
buildings in A zones. This Technical Bulletin explains the requirement for openings and pro-
vides guidance for designing and constructing foundation and enclosure walls that include the
required openings.

Extended foundation and enclosure walls below the BFE may also be threatened by hydrody-
namic forces resulting from velocity flows and debris impact. The requirement for openings is
intended to reduce flood damage associated with hydrostatic not hydrodynamic forces. These
forces are described within this bulletin, and additional design guidance is given for buildings in
areas subject to velocity flood flows, which may include debris.

For buildings in V zones (Zones ¥V, VE, and V1-V30), more stringent design and construction
requirements have been established for the portions of the buildings below the BFE. For infor-
mation on V-zone design and construction requirements, refer to the NFIP regulations, the
Technical Bulletin series, and FEMA s *Coastal Construction Manual,”



NFIP Regulations

The NFIP regulations require that all enclosures below the BFE in A zones be designed to allow
for the automatic equalization of hydrostatic forces during a flood event. Section 60.3(c)(5) of
the NFIP regulations states that a community shall:

“Require, for all new construction and substantial improvements, thai fully enclosed areas
below the lowest floor that are usable solely for parking of vehicles, building access, or
storage in an area other than a basement and which are subject fo flooding shall be de-
signed to automatically equalize hydrostatic flood forces on exterior walls by allowing for
the entry and exil of floodwaters. Designs for meeting this requirement must either be
certified by a registered professional engineer or architect or meel or exceed the following
minimum criferia: A minimum of two openings having a fotal net area of not less than
one square inch for every square foot of enclosed area subject to flooding shall be pro-
vided., The bottom of all openings shall be no higher than one foof above grade. Openings
may be equipped with sereens, louvers, valves, or other coverings or devices provided that
they permit the automatic entry and exit of floodwaters.”

As stated in the regulations, buildings in A zones that are substantially damaged and/or substan-
tially improved must meet all the NFIP requirements for new construction, including the open-
ings requirement. All design plans for substantial improvements 1o buildings in A zones must be
thoroughly reviewed by the community to ensure compliance with the openings requirement.
Further information on substantial damage and substantial improvement may be found in the
FEMA publication “Answers to Questions About Substantially Damaged Buildings.™

———

It should be noted that Technical Bulletins provide guidance on the minimum requirements
of the NFIP regulations. Community or State requirements that exceed those of the NFIP
take precedence. Design professionals should contact the community to determine whether
more restrictive local or State regulations apply to the building or site in question. All
applicable standards of the State or local building code must also be met for any building in a
flood hazard area,

Guidance for Non-Engineered Foundation Openings

Each of the following four design criteria must be met for new and substantially improved A-zone
buildings that have enclosed arcas below the BFE with openings not designed and certified by a
design professional:

l. There must be a minimum of two openings on different sides of each enclosed area. If a
building has more than one enclosed area, each area must have openings on exterior walls to
allow floodwater to directly enter.

2. The total area of all openings must be at least 1 square inch for cach 1 square foot of enclosed
area.



3. The bottom of each opening can be no more than 1 foot above the adjacent grade.

4. Any louvers, screens, or other opening covers must not block or impede the automatic flow of

floodwaters into and out of the enclosed area.
Types of Buildings Affected

In all cases, any enclosed area below the BFE is subject 1o flood forces and must be equipped
with exterior wall openings in accordance with the NFIP regulations, either at the time of initial
construction or, if the building is being substantially improved, at the time of improvement. The
only exception to this requirement is floodproofed non-residential buildings that are engineered
and meet stringent watertight construction requirements. For further information on this topic,
refer to Technical Bulletin 3, “Non-Residential Floodproofing — Requirements and Certifica-

tion."”

Buildings Elevated on Solid Foundation Walls

When a building is elevated on solid foundation walls,
an enclosed area is often created below the lowest
floor. All foundation enclosures below the BFE must
have openings that meet NFIP criteria. Figure 1

shows an example of a properly placed foundation
opening. As discussed previously, screens, louvers, or
other covers that allow floodwaters to flow freely into
the enclosed area may be placed over the openings to
keep out vermin and weather.

Care must be taken when placing fill dirt around the
outside of the foundation. The resulting enclosed area
may be considered a basement under the NFIP. A
basement is defined as any area of a building having a
floor (finished or unfinished) that is subgrade (below
grade) on all sides. The NFIP regulations do not
permit a residential building in an SFHA to have a

Figure 2. Compliont Grading for o Walkout
Basement

Final Grode
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Figure 1. Opening for Salid Foundation Wall

basement whose lowest floor (including
/\ basement) is below the BFE.

To meet the NFIP requirements, fill placed
around foundation walls must be graded so
that the grade inside the enclosed area is equal
Adjacent Grade | to or higher than the adjacent grade outside the
building on at least one side of the building (as
/ BFE illustrated in Figure 2). If the grade inside the

~ [jw foundation walls is above the BFE, openings

are not required.




Buildings in Hazardous Velocity Areas

In coastal A zones, or in riverine A zones where flood velocities exceed 5 feet per second, fast-
flowing floodwaters can exert considerable pressure on solid foundation walls. This hydrody-
namic pressure, as described in the following section, may destroy a building's foundation. In
such areas, foundations that allow floodwaters to flow freely beneath the building should be
considered. Foundations such as piles, piers, or columns will provide the appropriate level of
safety to a building located in a hazardous velocity area, if properly embedded and anchored.
See the discussion of hydrodynamic pressure for design guidance.

Buildings in A-zone floodplains with velocity floodwaters may have breakaway walls con-
structed in areas below the BFE. Compliant foundation openings are required in breakaway
walls in A zones,

Buildings with Attached Garages

Any new or substantially improved residential building constructed in an A zone must have its
lowest floor at or above the BFE. Many of these buildings have structurally attached garages
with floor slabs below the BFE. Because such a below-BFE attached garage is an enclosed area
below the BFE, openings are required either in the exterior walls of the garage or in the garage
doors themselves in order to meet the NFIP openings criteria (see Figure 3). Openings are
required because they prevent flood damage to the garage and subsequently to the structurally
attached residence. Garage doors without openings specifically designed to allow for the free
flow of floodwaters do not meet the openings requirement. The human intervention necessary o
open garage doors when flooding threatens is not an acceptable means of meeting the openings
reduirement. Gaps that may be present berween the door segments and between the garage door
and the garage door jamb do not guarantee the automatic entry and exit of floodwaters. There-
fore, openings are required either in the exterior walls of the enclosed area or in the garage doors
themselves. Openings in garage doors must either meet the non-engineered openings require-
ments or be certified by a design professional,

lowest Floor
Aftached
H Garage BFE
Finished .Qﬁwf - J|—=
Sl e H o =i
Foundafion Opening Enclosed Area
(Typieall

Figure 3. Compliant Residential Building Built on Sofid Foundation Walls With Atached Garage



Hydrostatic pressure on an enclosed area above grade can be calculated by multiplying the
specific weight of water (62.4 pounds per cubic foot) by the height of the water on the surface
being analyzed. The application of the force generated by hydrostatic pressure is always perpen-
dicular (normal) to the surface in question. In the case of a submerged object, this means that
hydrostatic forces act in two ways. First, the force will act laterally (see Figure 5), which can
result in collapse of walls or movement of the entire building off its foundation. Second, the
force will act vertically (the vertical force is also known as buoyancy, see Figure 6), which can
result in the building being lifted from its foundation or floor system.
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Figure 5. Lateral Hydrostatic Force and Pressure
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Hydrostatic pressure on an enclosed area above grade can be calculated by multiplying the
specific weight of water (62.4 pounds per cubic foot) by the height of the water on the surface
being analyzed. The application of the force generated by hydrostatic pressure is always perpen-
dicular (normal) to the surface in question. In the case of a submerged object, this means that
hydrostatic forces act in two ways. First, the force will act laterally (see Figure 5), which can
result in collapse of walls or movement of the entire building off its foundation. Second, the
force will act vertically (the vertical force is also known as buoyancy, see Figure 6), which can
result in the building being lifted from its foundation or floor system.
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To describe hydrostatic pressure in more technical terms:

Ph =wH

where:

Py,
W

H

The hydrostatic pressure, Py, at a specific location on a structure is:

is the pressure in pounds per square foot
is the specific weight of water, 62.4 pounds per cubic foot

is the depth from the surface of the water to the location in
question (generally from BFE o bottom of foundation wall)

The lateral force resulting from hydrostatic pressure is:

where:

Fp,

The resultant lateral (horizontal) force against the surface is:

15 the lateral force in pounds per linear foot of surface

Descnibing the hydrostatic vertical force (buoyancy) in more technical terms:

slab is:

where:

Fy
W
A
H

The buoyant (vertical) hydrostatic force acting against a horizontal surface such as a floor

is the total buoyant force in pounds
is the specific weight of water, 62.4 pounds per cubic foot
i5 the arca of the horizontal surface in square feet

i5 the depth of the building below the flood level




As shown in the following table, hydrostatic pressure, whether it affects a building laterally or
vertically, increases rapidly as floodwater depths increase:

Height, H (in feet) 1 2 | 3 | 4 | 5 | 6 r g W
Pressure,Py, (in pounds persquare foof) | 62 | 125 | 187 | 250 | 312 | 374 | 437 | 499

Hydrodynamic pressure is exerted on all vertical surfaces of obstructions, such as building
foundations, by the impact of velocity water and debris. Depending upon site-specific flood
characteristics and the strength of the foundation, hydrodynamic pressure can overload and
destroy a building s foundation. The openings criteria are intended to equalize hydrostatic
pressure and are ngt intended to minimize hydrodynamic pressure on the foundation. Hydrody-
namic pressure must be considered in the design of any foundation system where velocity waters
or the potential for debnis flow exists. If flood velocities are excessive (greater than 5 feet per
second), foundation systems other than solid foundation walls should be considered, so that
obstructions to damaging flood flows are minimized. Safe foundations in such locations include
pile, post, column, and pier foundations. These types of foundation systems are appropriate for
A zones in coastal environs subject o waves and velocity floodwaters, as well as in riverine
floodplains subject to velocity floodwaters (velocities greater than 5 feet per second) and areas
subject to debris flows and ice floes. In areas with high-velocity floodwaters, it is advisable o
construct any enclosures below the BFE using the breakaway wall specifications described in
FEMA's “Coastal Construction Manual.” As stated previously, breakaway walls in A zones
must have openings compliant with NFIP regulatory requirements so that hydrostatic pressures
are equalized during low-level flood events.

Design Criteria for Engineered Openings

Engineered openings that allow floodwaters into an enclosure for the purpose of equalizing
hydrostatic pressures shall be designed using the following criteria:

* The difference between the exterior and interior floodwater levels should not exceed 1 foot at
any time during the flood event. Greater differences can result in excessive hydrostatic
pressures and structural damage to the enclosure walls.

* The arrangement of the openings must be capable of equalizing the hydrostatic pressures
associated with the "worst-case™ rate of rise of floodwaters. Historical flooding information
should be used 1o determine rate of rise. A rate of rise of 5 feet per hour was assumed in the
development of the NFIP non-engineered openings design criteria.

* Because of the large amount of debris associated with flooding and because openings will
often be equipped with some form of vermin screen to meet applicable building codes, there
is a high probability that openings may be obstructed during a flood. For this reason, a
substantial safety factor is needed. Standard engineering practice is to use a safety factor of 5
in similar life/safety situations involving potential structural failure; therefore, a safety factor




of 5 was incorporated into the calculations that follow. Openings on the sides of the building
facing the primary direction of velocity flow will add an additional safety factor; however,
such openings will tend to be blocked with debris sooner than other openings.

« At least two openings must be included to provide for a safety factor against debris blockage.
This safety factor is enhanced when openings are located on at least two different sides of the
enclosed arca. This will allow for more even filling and emptying of the enclosed area and
will also reduce the risk of debris being forced against an opening and blocking it.

The first step in determining the total net area required for openings is to calculate the flow rate
per square foot of enclosed area, which is based on the rate of rise of the floodwaters. The
assumed worst-case rate of rise is 5 feet per hour per square foot of area, or about 0.1 foot per
minute. To convert this to gallons per minute per square foot of enclosed area, multiply by a
conversion factor of 7.5 gallons per cubic foot. The needed flow rate into the enclosure per
square foot of area is then (0.1 foot per minute) times (7.5 gallons per cubic foot), or (L8 gallon
per minute per square foot of enclosed area. The second step is outlined below.

To determine the total net area of the openings, A, nesded to permit the above flow rate,
the formula is:
Q =38.0cA(p)*
Solving for area A and multiplying by a factor of safety:
38.0 cp?
where: A is the net area of openings required, in square inches
Q is the flow rate per square foot, which is 0.8 gallon per minute
c is the coefficient of discharge, which is assumed to be 0.2
P i§ the pressure, which for one square foot of differential is
62.4 pounds per square foot, or (1.4 pound per square inch
FS i5 the factor of safety, which is 5
Therefore:
IB0Ox0.2x06
= about 1.0 square inch of opening per square foot of enclosed area,
l

The NFIP

The NFIP was created by Congress in 1968 to provide federally backed flood insurance cover-
age, because it was generally unavailable from private insurance companies. The NFIP is also
intended to reduce future flood losses by identifying floodprone areas and ensuring that new




development in these areas is adequately protected from flood damage. The NFIP is based on a
mutual agreement between the federal government and communities that have been identified as
floodprone, FEMA,, through the Federal Insurance Administration (FIA), makes flood insurance
available to community residents provided that the participating community adopts and enforces
adequate floodplain management regulations that meet the minimum NFIP requirements. The
NFIP encourages communities to adopt floodplain management ordinances that exceed the
minimum NFIP criteria. Included in the NFIP requirements, found under Title 44 of the U.S.
Code of Federal Regulations, are minimum building design and construction standards for
buildings located in SFHAs. Through their floodplain management ordinances, communities
adopt the NFIP design performance standards for new and substantially improved buildings
located in floodprone areas identified on FIA's Flood Insurance Rate Maps.

Technical Bulletins

This is one of a series of Technical Bulleting FEMA has produced to provide guidance concern-
ing the building performance standards of the NFIP. These standards are contained in Title 44 of
the U.S. Code of Federal Regulations at Section 60.3. The bulletins are intended for use prima-
rily by State and local officials responsible for interpreting and enforcing NFIP regulations and
by members of the development community, such as design professionals and builders. New
bulletins, as well as updates of existing bulletins, are issued periodically, as necessary. The
bulletins do not create regulations; rather they provide specific guidance for complying with the
minimum requirements of existing NFIP regulations. Users of the Technical Bulletins who need
additional guidance concerning NFIP regulatory requirements should contact the Natural Haz-
ards Branch of the appropriate FEMA regional office. The “User's Guide to Technical Bulle-
tins" lists the bulletins issued to date and provides a key word/subject index for the entire series.

Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional office.
Technical Bulleting can also be ordered from the FEMA publications warchouse. Use of FEMA
Form 60-8 will result in a more timely delivery from the warehouse — the form can be obtained
from FEMA regional offices and your state’s Office of Emergency Management. Send publica-
tion requests to FEMA Publications, P.O. Box T0274, Washington, D.C. 20024,

Further Information
The following publications provide further information concerning openings in foundation walls:

1. “Answers to Questions About Substantially Damaged Buildings,” FEMA, May 1991, FEMA-
213.

2. “Coastal Construction Manual,” FEMA, February 1986, FEMA-55.

3. "Colorado Floodproofing Manual,” Colorado Department of Natural Resources, Water
Conservation Board, October 1983,

4. "Design Manual for Retrofitting Flood-Prone Residential Structures,” FEMA, September
1986, FEMA-114.
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5. “Elevated Residential Structures,” FEMA, May 1986, FEMA-34.

6. “Elevating Flood-Prone Buildings: A Contractor’s Guide,” lllinois Department of Transpor-
tation, Division of Water Resources, 1985.

7. “Flood Proofing Regulations,” U.S. Army Corps of Engineers, March 1992, EP 1165-2-314.
& *“Flood Proofing Systems and Techniques,” U.S. Army Corps of Engineers, December 1984,

9. “Foundation Analysis and Design,” Second Edition, Joseph E.Bowles, McGraw-Hill Book
Co., Mew York.

Glossary

Base flood — The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred 1o as the 100-year flood).

Base Flood Elevation (BFE) — The height of the base flood, usually in feet, in relation to the
MNational Geodetic Vertical Datum of 1929 or other datum as specified.

Basement — Any area of a building having its floor subgrade (below ground level) on all sides.

Coastal High Hazard Area — An area of special flood hazard extending from oftfshore to the
inland limit of a primary frontal dune along an open coast and any other area subject to high-
velocity wave action from storms or seismic sources,

Federal Emergency Management Agency (FEMA) — The independent federal agency that, in
addition to carrying out other activities, oversees the administration of the National Flood Insur-

ance Program.

Federal Insurance Administration (FIA) — The component of FEMA directly responsible for
administering the National Flood Insurance Program,

Flood Insurance Rate Map (FIRM) — The insurance and floodplain management map issued
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 100-year
flood hazard in a community.

Floodprone area — Any land arca susceptible to being inundated by floodwater from any
Source,

Lowest Moor — The lowest floor of the lowest enclosed area of a building, including a base-

ment. Any NFIP-compliant unfinished or flood-resistant enclosure useable solely for parking of
vehicles, building access, or storage (in an area other than a basement) is pof considered a

building's lowest floor.
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Special Flood Hazard Area (SFHA) — Area delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated as Zone A, AE, Al-A30, AR, AD,
AH, V, VE, or V1-V30.

Substantial damage — Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of the
market value of the structure before the damage occurred.

Substantial improvement — Any reconstruction, rehabilitation, addition, or other improvemeni
of a structure, the cost of which equals or exceeds 50 percent of the market value of the structure
before the “start of construction” of the improvement. This term inclodes structures that have
incurred “‘substantial damage,” regardless of the actual repair work performed.
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Key Word/Subject Index:

This index allows the user to quickly locate key words and subjects in this Technical Bulle-
tin. The Technical Bulletin User's Guide (printed separately) provides references to key
words and subjects throughout the Technical Bulletins. For definitions of selected terms,
refer to the Glossary at the end of this bulletin,

Key Word/Subject Page
Breakaway wall materials in V zones, made of flood-resistant materials 12
Flood-resistant flooring materials 4
Flood-resistant material, definition of 1
Flood-resistant materials, classifications, use of 2
Flood-resistant wall and ceiling matenals 7
Latticework in V zones, made of flood-resistant materials 12
U.5. Army Corps of Engineers “Flood Proofing Regulations™ 2

Any comments on the Technical Bulletins should be directed to:

FEMA/FIA

Office of Loss Reduction
Technical Standards Division
500 C 5t., SW, Room 417
Washington, D.C. 20472

Technical Bulletin 2.93 reploces Technical Bullatin 88-2 [draf] “Flocd-Resistant Materials,”

Graphic design based on the Japanese print The Great Wave OF Kanagawa, by Katsushika Hokusai [1760-
184%), Asiatic collection, Museum of Fine Arts, Bostan.



TECHNICAL BULLETIN 2-93

Flood-Resistant Materials Requirements
for Buildings Located In Special Flood Hazard Areas
in accordance with the National Flood Insurance Program

Introduction

The requirement to use construction and finishing materials that are resistant to flood damage in
all new and substantially improved buildings in identified Special Flood Hazard Areas (SFHAs)
is an important part of the National Flood Insurance Program’s (NFIP's) flood-damage-resistant
design and construction standards. A residential buildings lowest floor is required to be elevated
to or above the base flood elevation (BFE). All construction below the lowest floor is susceptible
to flooding and must consist of flood-resistant materials. Uses of enclosed areas below the
lowest floor in a residential building are limited to parking, building access, and limited stor-
age—areas that can withstand inundation by floodwater without sustaining significant structural

damage.

The purpose of this Technical Bulletin is to provide data and guidance on what constitute “mate-
rials resistant to flood damage”™ and how and when these materials must be used to improve a
building's ability 1o withstand flooding.

NFIP Regulations

Section 60,.3{a)(3) of the NFIP regulations requires that the community:

“Review all permit applications to determine whether proposed building sites will be
reasonably safe from flooding. If a proposed building site is in a floodprone area, all new
construction and substantial improvements shall...(ii) be constructed with materials resis-
tant to flood damage...”

It should be noted that Technical Bulletins provide guidance on the minimum requirements
of the NFIP regulations. Community or State requirements that exceed those of the NFIP
take precedence. Design professionals should contact the community to determine whether
more restrictive local or State regulations apply to the building or site in question. All
applicable standards of the State or local building code must also be met for any building in
| aflood hazard area.

m——

Required Use of Flood-Resistant Materials

Flood-Resistant Material

“Flood-resistant material” is defined as any building material capable of withstanding direct and
prolonged contact with floodwaters without sustaining significant damage. The term “prolonged
contact” means at least 72 hours, and the term “significant damage™ means any damage requiring
more than low-cost cosmetic repair (such as painting).




As stated previously, all structural and non-structural building materials at or below the
BFE must be flood resistant. This requirement applies regardless of the expected or historic
flood duration. For example, buildings in coastal areas that experience relatively short-duration
flooding (generally, flooding with a duration of less than 24 hours) must be constructed with
flood-resistant materials below the BFE. As noted in the tables within this bulletin, only Class 4
and Class 5 materials are acceptable for areas below the BFE in floodprene buildings.

In some instances, Class 1, 2, and 3 materials may be permitted below the BFE, when specifi-
cally required to meet local building code provisions concerning life-safety issues. In below-
BFE applications, materials that meet life-safety code requirements and have maximum resis-
tance to damage from flood inundation should be used. This applies to the flood-resistant re-
quirements only. In Zones V, VE, and V1-V30, the installation of such materials may create an
obstruction. Because obstructions in ¥V zones could result in structural failure of the building,
they represent a life-safety issue and shall therefore take precedence over local building codes.
Refer to Technical Bulletin 5, “Free of Obstruction Requirements,” for further information.

Lowest Floor

Under the NFIF, the term “lowest floor™ is used to define the lowest level of a building that must
be located at or above the BFE as required under Sections 60.3(c)(2) and (3) of the NFIP regula-
tions. The floodplain management regulations, under Section 60.3(c)(5), limit the use of all
areas below the lowest floor to parking of vehicles, storage, and building access. These reason-
able uses below the BFE are permitted because the amount of damage caused by flooding to
these areas can easily be kept to a minimum if design and construction requirements contained in
the NFIP regulations are met. Failure to meet the requirements can increase the building's
damage potential and result in the application of higher flood insurance premiums. The require-
ment to use flood-resistant materials means that all interior wall, floor, and ceiling materials
located below the BFE be unfinished and resistant to flood damage. This is meant to exclude the
use of materials and finishes normally associated with living areas constructed above the BFE.

Flood Insurance Implication

An NFIP flood insurance requirement regarding the use of materials in arcas below the BFE
must also be considered. Flood insurance will not pay a claim for finishing materials (such as
clay floor tiles) located in basements or in enclosed areas below the lowest floor of an elevated
building, even if such materials are considered to be flood resistant. The NFIP defines finishing
materials as anything beyond basic wall construction.

Flood-Resistant Classification of Materials

The information in this Technical Bulletin is based primarily on the U.5. Army Corps of Engi-
neers (COE) 1992 “Flood Proofing Regulations.” The following table (Table 1) classifies
building materials according to their ability to resist flood damage.



Table 1 Flood-Resistant Classification of Materials

Class

Class Description

Highly resistant to floodwater damage. Materials
within this closs are permitted for partially enclosed
or outside uses with essentially unmitigated flood
EXpOosure.

Resistant to floodwater domage. Materials within
this class may be exposed to and/or submerged in
floodwaters in interior spaces and do not require
special waterproofing protection,

Me @k —ommf s 7o m—m}—i'umr':n:hl_'v—'ﬂz

Resistont to clean water damage. Materials within
this class may be submerged in clean water during
periods of intentional Hooding.

Mot resistant to waoter domage. Materials within this
class require essenticlly dry spaces that may be
subject to water vapor and slight seepage.

Mot resistant to water domage. Materials within this
class require conditions of dryness.

Source: COE |'§'¢'? "F'ﬁ&dprﬂﬂ:fing E:Eulqﬁm:"




Flooring Materials

Table 2 lists flooring materials commonly used in construction that fall within the five classes
described in Table 1. Not all available construction and finishing materials are listed. For prod-
ucts not listed herein, manufacturers'’ literature should be reviewed for recommended uses. Such

recommendations must be complied with fully. All masonry and wood products used in
floodprone buildings must comply with the applicable materials standards of the nationally
recognized standards organizations, such as the American Society for Testing and Materials
{ASTM), the American Concrete Institute (ACI), and the American Wood Products Association

(AWPA),
Basis for Classification of Flooring Materials

The classification of flooring materials is based on their vulnerability to damage from inundation
by floodwaters. Class 1, 2, and 3 flooring materials are not acceptable for below-BFE applica-
tions for one or more of the following reasons:

= Normal suspended-floor adhesives specified for above-grade use are water soluble or are not
resistant to alkali or acid in water, including ground seepage and vapor.

* Flooring materials contain wood and wood products.
* Flooring materials are not resistant to alkali or acid in water.
* Sheet-type floor coverings (linoleum, rubber, and vinyl) restrict evaporation from below.

* Flooring materials are impervious but dimensionally unstable.



Table 2 Flooring Materials Classifications for Flood Resistance

Classes of Flooring

Types of Flooring Materials

Acceptable

Unacceptable

5

4

3

2

Asphalt Tile!

With asphaltic adhesives

Carpefing (glued down type]

| Cement/bituminous, formed-in-place

| Cement/latex, formed:in-place

Ceramic tilal

With acid-and alkaliresistant grout

Chipboard

Cloy tile

Concrete, precast or in-situ

Concrete tile

Cork

Enamel feltbase floor coverings

Epoxy, formed-inplace

Linaleum

Magnesite {Egnesium oxychloride)
Mastic felt-base floor covering

Mastic flooring, formed-in-place

Polyurethane, formed-in-place

PYA emulsion cement

Rubber sheats!

With chemical-set adhesives2.3

Rubber tile!

With chemical-set adhesives?

Silicone floor, formed-in-place




Table 2 Flooring Materials Classifications for Flood Resistance

Classes of Flooring
Types of Flooring Materials Acceptable | Unacceplable
5 4 3 2 1
Terrazo * |
Vinyl sheets [hc:mngeneau:]' b
With chemicalset adhesives?.? .
Vinyl tile (homogeneous)! ! b
With chemical-set adhesives? *
Vinyl tile or sheets [coated on cork or wood
product backings) L
Vinylasbestos tile (semiflexible vinyl)! L
With osphaliic adhesives .
Wood flooring or underlayments .
Waoaod composition blocks, laid in cement mortar L
Wood composition blocks, dipped and laid in
het pitch or bitumen .
Pressure-treated lumber, .40 CCA#4 il
Maturally decoy-resistant lumbert. .
MNotes: | Using normally specified suspended flooring (i.e., above-

grade] adhesives, including sulfite liquor (lignin or “lincleum

paste”), rubber/asphaltic dispersions, or "alcohal” type resinous
adhesives [culmar, oleoresin)

2 Not permitted as Class 2 flooring

3 E.g., epoxy-polyamide adhesives or lotex-hydraulic cement
4 Mot in the COE list; added by FEMA
> Refer to local building code for guidance




Wall and Ceiling Materials

Table 3 lists wall and ceiling materials commonly used in construction that fall within the five
classes described in Table 1. Not all available construction and finishing materials are listed.
For products not listed herein, manufacturers’ literature should be reviewed for recommended

uses. Such recommendations must be complied with fully. All masonry and wood products used
in floodprone buildings must comply with the applicable materials standards of the nationally
recognized standards organizations, such as the American Society for Testing and Materials
(ASTM), the American Concrete Insttute {(ACI), and the American Wood Products Association
(AWPA).

Basis for Classification of Wall and Ceiling Materials

The classification of wall and ceiling materials is based on their vulnerability to dﬂ.m.age from
inundation by floodwaters. Class 1, 2, and 3 wall and ceiling materials are not acceptable for
below-BFE applications for one or more of the following reasons:

» Normal adhesives specified for above-grade use are water soluble or are not resistant to alkali
or acid in water, including ground seepage and vapor.

«  Wall and ceiling material contains wood, wood products, gypsum products, or other material
that dissolves or deteriorates, loses structural integrity, or is adversely affected by water,

*  Wall or ceiling material is not resistant to alkali or acid in water.
«  Wall or ceiling matenial 1s impervious but is dimensionally unstable.

= Wall or ceiling materials absorb or retain water excessively after submergence.



Table 3 Walls and Ceiling Materials Classifications for Flood Resistance
I Classes of Walls and Ceilings |
Types of Wall and Ceiling Materials Acceptable | Unacceptable
5 4 3 2 1
Asbestos-cement board [and cement board ) .
Brick, foce or glozed .
Common
Cabinets, builtin
Weood
Metal b
Cast stone (in waterproof mortar) .
Chalkboards |
Slate, porcelain glass, nucite glass .
Cement-asbestos d
Compasition, painted .
Chipboard d
Exterior sheathing grade o
Clay tile I i 1
Structural Elnzﬂd L
Ceramic veneer, ceramic wall tilemorar set -
Ceramic veneer, organic adhesives .
Concrete L
Concrete block .
Corkboard
Doors o -
Wood hollow
Wood, lightweight panel construction
Waood, solid
Metal, hollow .
Metal, Kalamein .




“ Table 3 Walls and Ceiling Materials Classifications for Flood Resistance

|| Classes of Walls and Ceilings
Types of Wall and Ceilling Materials Acceptable | Unacceptable;

5 4 K 2 I
Fiberboard panels, vegetable types -
Sheathing grade (asphalt coated or impragnated)

Oifnerwise

Gypsum products

Gypsum board (including greenboard') .
Keena's cement of plaster .
.
L

Flaster, otherwise, including acoustical

sheathing pansls, exterior gruda

=lass (sheets, colored files. panels)

Glass blocks .

Hardboard
Tempered, enomel or plastic coated
All other types

Insulation . ﬁ&?m@gﬁx@*

Foam or closed-cell types
Baft or blonket types
All other fypes .

Meatals, non-ferrous (aluminum, coppear, or zing tiles)

Metals, Ferrous
Mineral fiberboard
Plastic wall tile [polystyrene, urea

formaldehyde, etc. i

Set in waterproof adhesives, pointed with

waterproof grout

St in water-soluble adnesives | i




Table 3 Walls and Ceiling Materials Classifications for Flood Resistance

Classas of Walls and Cellings

Metal

Types of Wall and Ceiling Materials Accaptable Unacceplable
5 4 3 2

Paint

Paolyester-epoxy and other waterproof lypes .

All other types
Paperboard
Parfitions, folding -

Wood, pressure treated, .40 CCA minimum 1

{if not treated, then material is Class 2) .

L)

Fabric-covarad

|Partitions, stationary

Wood, pressure treated, 40 CCA minimum 1

—

10

All other applications |

(if not treated, then material is Class 2) .
Metal
Glass, unreinforced
Glass, reinforced .
Gypsum, solid or block
Rubber, moldings and trim with epoxy polyamide
adhesive or latex=hydraulic cement .
All other applications
Steal, (panels, trim, tile) with waterproof
-applications N
With non-waterproof adhesive .
‘Stone, natural solid or veneer, waterproof grout .
.Stone, arificial non-absorbent solid or veneer,
“watarproof grout b
L ]




Table 3 Walls and Ceiling Materials Classifications for Flood Resistance

Classes of Walls and Cellings
Types of Wall and Ceiling Materials Accepltable unacceptable

Strawboard

Exterior grade (asphalt-impregnated kraft paper)

All other typeas

Wall covering

FPapear. burlap, cloth fypeas

Wood

Solid, standarnd

olid, naturally decay-rasistant™

Solid presswe treated, .40 CCA minimum' .

Plywood R
Marine Grade’
Pressure treated, .40 CCA minimum’

LR

Exterior grade ® Ia

Oitharwiza

Mote: 1 Not on the COE list: added by FEMA,
2 Refer to local building coda for guidance
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Construction Examples .
Flood-Resistant Materials in Buildings in Zones A, AE, A1-A30, AR, AO, and AH

Figure | illustrates a building elevated on solid foundation walls, over a crawlspace. The NFIP
regulations require that the lowest floor be at or above the BFE. The construction method illus-
trated in Figure | meets this requirement. Note, however, that the flooring materials and sup-
porting wood members are at or below the BFE. Therefore, in Figure 1, all materials supporting
the lowest floor, including the flooring itself, must be made of flood-resistant materials.

To maximize the use of the area below the lowest floor, it 15 a common floodplain construction
technique to elevate a building a full story (approximately 8 feet), even though the BFE may
only be 4 or 5 feet above grade. In such cases, while the NFIP regulations require that Class 4 or
5 building materials be used below the BFE, FEMA strongly recommends that Class 4 or Class 5
materials also be used for the construction of the remainder of the building below the lowest
floor. Flood damage from a greater-than-design flood event will thereby be reduced in the lower
area.

Flood-Resistant Materials in
Buildings in Zones V, VE, and
V1-V30 .

e g

All structural and non-structural e : ! o
materials installed below the G < |1 Flate .
BFE must be flood resistant . Ract we

The NFIP regulations require foe l":: — h
that the bottom of the lowest %

horizontal structural member of |
the lowest floor (usually the
floor beam or girder) of a
building in Zone V, VE, or VI-
V30 be at or above the BFE.
Therefore, all materials below
the floor beam(s) must be flood
resistant. This includes but is
not limited to breakaway wall ¥ rose
materials and open latticework.
Breakaway walls will remain in
place during low-level floods

and must be flood resistant, so - J
that they will not deteriorate

over time after being soaked by
floodwaters. Figure 2, on the
next page, illustrates this re- Figure 1. Building Elevated on Solid Foundation Walls Mesling the
Minimum MNFIP Reguiremants for Zones A, AE, A1-A30, AR,
AD, and AH

e ™
)
[

3
TR FE- BT TELILSRE Y ML | __..._} i

guirement.
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Accessory Buildings

Some communities permit the construction of low-cost, small detached accessory buildings (e.g..
garages, storage sheds) with a lowest floor elevation below the BFE (Technical Bulletin 5, “Free-
of-Obstruction Requirements,” provides definitions of “low-cost™ and “small”). The below-BFE
portions of such buildings must be constructed of flood-resistant materials so that flood damage
will be minimized. Additional construction requirements for these buildings, such as the need to
anchor the building to resist flotation. collapse, and lateral movement, also must be met before
the building 15 permitted and built. For additional information about these requirements, contact
the community that has permitting jurisdiction.

Wet Floodproofing

Wet floodproofing is designing a building to allow floodwaters to enter in order to equalize
hydrostatic forces, The NFIP does not allow wet floodproofing in lien of meeting the lowest -
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floor elevation requirements. However, in situations where the NFIP regulations do not apply,
such as voluntary floodproofing of an existing (Pre-FIRM) building not in association with
substantial improvements, the use of flood-resistant materials is advisable. Using flood-resistant
materials will make cleanup and repair following a flood much easier and less costly than if the
floodprone areas are constructed of non-flood-resistant materials.

The NFIP

The NFIP was created by Congress in 1968 to provide federally backed flood insurance cover-
age, because flood insurance was generally unavailable from private insurance companies. The
NFIP is also intended to reduce future flood losses by identifying floodprone areas and ensuring
that new development in these areas is adegquately protected from flood damage. The NFIP is
based on an agreement between the federal government and participating communities that have
been identified as floodprone. FEMA, through the Federal Insurance Administration (FLA),
makes flood insurance available to the residents of a participating community provided that the
community adopts and enforces adequate floodplain management regulations that meet the
minimum NFIP requirements. The NFIP encourages communities to adopt floodplain manage-
ment ordinances that exceed the minimum NFIP criteria. Included in the NFIFP requirements,
found under Title 44 of the U.S. Code of the Faderal Regulations, are minimum building design
and construction standards for buildings located in SFHAS. Through their floodplain manage-
ment ordinances, communities adopt the NFIP design performance standards for new and sub-
stantially improved buildings located in floodprone areas identified on FIA's FIRMs.

Technical Bulletins

This is one of a series of Technical Bulletins FEMA has produced to provide guidance concern-
ing the building performance standards of the NFIP. These standards are contained in Title 44 of
the U.5. Code of Federal Regulations at Section 60.3. The bulletins are intended for use prima-
rily by State and local officials responsible for interpreting and enforcing NFIP regulations and
by members of the development community, such as design professionals and builders. New
bulleting, as well as updates of existing bulletins, are 15sued periodically, as necessary. The
bulletins do not create regulations; rather they provide specific guidance for complying with the
minimum requirements of existing NFIP regulations. Users of the Technical Bulletins who need
additional guidance concerning NFIP regulatory requirements should contact the Natural Haz-
ards Branch of the appropriate FEMA regional office. The “User's Guide to Technical Bulle-
tins” lists the bulleting issued to date and provides a key word/subject index for the entire series.

Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional office
Technical Bulletins can also be ordered from the FEMA publications warehouse. Use of FEMA
Form 60-8 will result in a more timely delivery from the warehouse — the form can be obtained
from FEMA regiconal offices and your state’s Office of Emergency Management. Send publica-
tion requests to FEMA Publications, P,O. Box 70274, Washington, D.C. 20024,
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Further Information

The following publications provide further information concerning the use of flood-resistant
materials:

1. “Answers to Questions About Substantially Damaged Buildings,” FEMA, May 1991,
FEMA-213.

2. “Floodproofing Non-Residential Structures,” FEMA, May 1986, FEMA-102.

3. “Flood Proofing Regulations”, Chapters 9 and 10, U.S. Army Corps of Engineers, March
1992, EP 1165-2-314,

4. “Flood Proofing Systems and Technigues,” U.5. Army Corps of Engineers, Dw;mbnr. 1984.

5. "Repairing Your Flooded Home,” FEMA and the American Red Cross, August 1992,
FEMA-234, ARC 4477.

6. “Technical Notes for Brick Construction,”Brick Institute of America, McLean, Virginia, n.d.

Glossary

Base flood — The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred to as the 100-year flood).

Base Flood Elevation (BFE) — The height of the base flood, usually in feet, in relation to the
Mational Geodetic Vertical Datum of 1929 or other datum as specified.

Basement — Any area of a building having its floor subgrade (below ground level) on all sides.

Coastal High Hazard Area — An area of special flood hazard extending from offshore to the
inland limit of a primary frontal dune along an open coast and any other area subject to high-
velocity wave action from storms or seismic Sources.

Federal Emergency Management Agency (FEMA) — The independent federal agency that, in
addition to camrying out other activities, oversees the administration of the National Flood Insur-
ance Program.

Federal Insurance Administration (FIA) — The component of FEMA directly responsible for
administering the National Flood Insurance Program.

Flood Insurance Rate Map (FIRM) — The insurance and floodplain management map issued
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 100-year
flood hazard in a community.

Floodprone area — Any land area susceptible to being inundated by floodwater from any
SOUrce.
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Lowest floor — The lowest floor of the lowest enclosed arca of a building, including a base-
ment. Any NFIP-compliant unfinished or flood-resistant enclosure useable solely for parking of
vehicles, building access, or storage (in an area other than a basement) is not considered a
building"s lowest floor.

Special Flood Hazard Area (SFHA) — Arca delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated as Zone A, AE, A1-A30, AR, A0,

AH, ¥V, VE, or V1-V30.

Substantial damage — Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of the
market value of the structure before the damage occurred.

Substantial improvement — Any reconstruction, rehabilitation, addition, or other improvement
of a structure, the cost of which equals or exceeds 50 percent of the market value of the structure
before the “start of construction”™ of the improvement. This term includes structures that have
incurred “substantial damage,” regardless of the actual repair work performed.
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Key Word/Subject index:
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TECHNICAL BULLETIN 3-93

Non-Residential Floodproofing — Requirements and Certification
for Buildings Located in Special Flood Hazard Areas

in accordance with the National Flood Insurance Program
Introduction

This bulletin describes design, construction, and planning requirements for the floodproofing of
non-residential buildings under the *National Flood Insurance Program (NFIP) regulations and
how to correctly complete the NFIF's Floodproofing Certificate for Non-Residential Structures
form. For the purposes of this bulletin, floodproofing means making a building wul.:mght
substantially impermeable to floodwaters,

Before a Mloodproofed building is designed, numerous planning considerations, including flood
warning time, uses of the building, mode of entry to and exit from the building and the site in
general, floodwater velocities, flood depths, debris impact potential, and flood frequency, must
be addressed to ensure that dry floodproofing will be a viable floodplain management tool.
These critical considerations are discussed within this bulletin.

In the FEMA publication “Floodproofing of Non-Residential Structures,” floodproofing is
described as a combination of adjustments and/or additions of features to buildings that eliminate
or reduce the potential for flood damage. Examples of such adjustments and additions include
anchoring of the building to resist flotation, collapse, and lateral movement; installation of
watertight closures for doors and windows; reinforcement of walls to withstand floodwater

pressures and impact forces generated by floating debris; use of membranes and other sealants to
reduce seepage of floodwater through walls and wall penetrations; installation of pumps to
control interior water levels; installation of check valves to prevent the entrance of floodwater or
sewage flows through utilities; and the location of electrical, mechanical, utility, and other
valuable damageable equipment and contents above the expected flood level.

Floodproofing components for an individual building may also include floodwalls, small local-
ired levees, or berms around buildings. However, such components, because they are not part of
the building itself, are generally not credited for the flood insurance rating of a building under
the NFIP and are therefore not detailed within this bulletin,

The NFIP allows a new or substantially improved non-residential building in an A zone (Zone A,
AE, A 1-A30, AR, AQ, or AH) to have a lowest floor below the base flood elevation (BFE),
provided that the building has been designed, constructed, and certified to be floodproofed and o
meet established criteria. Floodproofing of areas below the BFE in residential buildings is not
permitted under the NFIP. In a Coastal High Hazard Area (Zone V, VE, or ¥V 1 -V3{), construc-
tion or substantial improvement of a building with a lowest floor elevation below the BFE is not

allowed, regardless of any floodproofing techniques employed.

A Floodproofing Centificate for Non-Residential Structures (FEMA Form 81 -63) has been
developed by FEMA for use in the certification of non-residential floodproofing designs. Be-
cause of the increased potential for significant building damage due to the failure of the
floodproofing system, the NFIP requires a design certification for all floodproofed buildings. In



accordance with Section 60.3(c}4), communities shall require a correctly completed certificate
(or its equivalent) for every floodproofed building within a Special Flood Hazard Area (SFHA)
and shall maintain the completed certificates on file.

A Floodproofing Certificate for Non-Residential Structures i8 required for the following types of
buildings (in A zones only):

Floodproofed non-residential buildings {no residential uses).

«Floodproofed mixed-use buildings that are professionally designed with all residential uses
located above the floodproofing design elevation.

NFIP Regulations

The NFIP regulations that specifically apply to the design of floodproofing for non-residential
buildings are within Section 60.3{c)(3), which states that the community shall:

“Regquire that all new constriction and substantial improvements of non-residential siruc-
tures within Zores Al -A30, AE, and AH on the community's FIRM (i) have the lowest
foor (including basement) elevated to or above the base flood level, or (ii) together with
attendant utility and sanitary facilities, be designed so that below the base flood level the
structure is watertight with walls substantially impermeable fo the passage of water and
with structural components having the capability of resisting hydrostatic and hydrody-

namic loads and effects of buovancy. ™
Section 60.3(c)(8) further states that the community shall:

“Reguire within any AQ zone on the community's FIRM that all new construction or
substantial improvemenis of non-residential structures (i) have the lowest floor (including
basement) elevared above the hiphest adjacent grade at least as high as the depth number
specified in feet on the community's FIRM (ar least two feet if no depth number is speci-
Sfied), or (ii) together with attendant utility and samitary facilities, be completely
foodproafed to that (base fTood) level to meet the floodproofing standard specified in
paragraph 60, 3(c )i 3)ii)."

Additionally, Section 60.3(cH4) requires that any floodproofing design be certified in the follow
Ing manner:

“Provide that where a non-residential structure is intended to be made watertight below
the base flood level, (i) a registered professional engineer or architect shall develop and/or
review structural design, specifications, and plans for the construction, and shall certify
that the design and methods of construction are in accordance with the accepited standards
of practice for meeting the applicable provizsions of paragraphs (c)(3)ii) or (c)(8)(1i) of this
section, and (i} a record of such certificates which includes the specific elevation (in
relation to mean sea level) to which such siructures are floodproafed shall be mainfained
with the official designated by the communiiy... "



It should be noted that Technical Bulletins provide guidance on the minimum requirements
of the NFIP regulations. Community or State requirements that exceed those of the NFIP
take precedence. Design professionals should contact the community to determine whether
more restrictive local or State regulations apply to the building or site in question. All i
applicable standards of the State or local building code must also be met for any building in
a flood hazard area.

Planning Considerations

A review of the following factors for the site in question will assist the design professional in
determining whether floodproofing is appropriate. For example, il a site will be surrounded by
rapidly rising, high-velocity floodwaters during a flood, and the available warning time is short,
then the site is unsuitable for a floodproofed building.

Warning Time

The rate-of-rise of floodwaters for the site in question, the established flood warning system (if
any), the flood wamning time available, and the reliability of the flood warning must be reviewed
to determine appropriate floodproof design elements. The rate-of-rise or the flood warning time
available through an existing reliable (community-based or regionally based) flood warning
system must be adequate to provide sufficient lead time to evacuate a floodprone building when
flooding threatens. In addition, sufficient waming time must exist to successfully place
floodproofing components, such as removable flood shields or gates, if such components are to
be included in the floodproofing design. Other examples of floodproofing techniques that can
require human intervention are operating sump pumps and closing valves. The amount of time
necessary to put human intervention floodproofing components in place will depend upon the
number of components, their complexity, and the availability of personnel to place them.
Floodproofed buildings are not appropriate for any site in a flash flood area, because of the
potentially short warning time.

Safety and Access

Safe access o a floodproofed building is a critical factor in the determination of whether
floodproofing is an appropriate design alternative. In 1987, Colorado State University conducted
a study of human stability in flood flow conditions based on the product number of depth of flow
multiplied by the floodwater velocity, Results of this study indicated that any floodplain location
with a product number of 4 or greater represents a significant hazard to individuals. Floodplain
sites with a base flood product number number of 4 or greater {(depth in feet multiplied by veloc-
ity in feet per second) will create a hazard for anyone attempting to escape from or gain access to
the site. Such sites are not generally acceptable for floodproofed buildings, unless modifications
are made to the site to reduce the flood hazard.

For any floodproofed building, all roads to be used as evacuation routes must remain passable as
the floodwaters rise. In addition, all roads that provide access o buildings whose dry-
Nowsdproofing components require human intervention must remain passable long enough for the



floodproofing components to be installed and for all personnel to safely evacuate the site. For
sites with an acceptably low hazard (product number less than 4) that are contiguous to land
abave the BFE, evacuation and access during times of flooding are generally not critical consid-
erations.

Flood Velocities, Flood Depths, and Debris

For sites with flood velocities in excess of 5 feet per second or base flood depths in excess of 3
feet, the cost of dry-floodproofed construction may be prohibitive. Part 3 of the section of this
bulletin titled “Minimum Engineering Considerations™ describes the flood forces that a
floodproofed building must be able to resist. Flood-borne debris can generate impact forces that
may make a dry-floodproofed design technically infeasible and therefore inappropriate. A level
of safety above the BFE, referred to as freeboard, is recommended, as discussed under “Mini-
mum Engineering Considerations.

Note: While buildings need only be protected to the BFE for floodplain management pur-
poses, frechboard is considered for flood insurance rating purposes. Because of the additional
risk associated with any floodproofed building, 1 foot is subtracted from the elevation to
which a building has been floodproofed, for insurance rating (if the building is floodproofed
at least to the BFE). Therefore, to receive an insurance rating based on 100-year flood
protection, the building must be floodproofed to an elevation at least 1 foot above the BFE.
Insurance premiums will be lower if floodproofing exceeds this requirement.

Flood Frequency

A site that has been flooded frequently may not be appropriate for a dry-floodproofed building.
The cumulative wear-and-tear on a building’s external components as a result of recurring
inundation may render & dry floodproofing strategy infeasible. The cost of repeated business
interruption and of frequent cleanup activities, as well as the effects of having to repeatedly
implement a flood emergency plan, must be assessed.

If the evaluation of each of the aforementioned factors indicates that dry floodproofing is a
viahle floodplain management alternative, then a floodproofing design is developed. For all
flondproofed buildings. the design professional must then produce both a Flood Emergency
Operation Plan and an Inspection and Maintenance Plan for the building.

Flood Emergency Operation Plan

A Flood Emergency Operation Plan is an integral part of any building's floodprdofing design
and 1s critical when the floodproofing requires human intervention such as the installation of
flood gates or flood shields, A Flood Emergency Operation Plan is necessary for any
floodproofed building to ensure that the floodproofing components will operate properly under
all conditions, including power failures. A continuous source of electricity to operate any neces-
sary floodproofing components, such as pumps, will be needed for any floodproofing design that



includes such components. The design pmfesmnnal must produce the plan. An adequate plan
must include the following:

1. An established chain of command and responsibility with leadership responsibilities clearly
defined for all aspects of the plan.

2. A procedure for notification of necessary parties when flooding threatens and flood warnings
are 1ssued. Personnel required to be at the building should have a planned and safe means of
ingress and should have no other emergency response duties during a flood event. Alternates
should be assigned in the event that the primary persons responsible are unable to complete
their assigned duties under the plan.

3. A list of specific duties assigned to ensure that all responsibilities are addressed expedi-
tiously. The locations of materials necessary to properly install all floodproofing COMmpo-
nents must be included in the list.

4. An evacuation plan for all personnel—those without duties for the flood emergency as well
as those with duties for implementing the plan. All possible ingress and egress routes must
be identified.

3. A periodic training and exercisc program to keep personnel aware of their duties and respon-
sibilities. Training drills should be held at least once a year and should be coordinated with
community officials. Flood safety precautions should be repeated during each training drill.

Inspection and Maintenance Plan

Every Moodproofing design requires some degree of periodic maintenance and inspection to
ensure that all components will operate properly under flood conditions. The necessary inspec-
tion and maintenance activities, including inspection intervals and repair requirements, must be
described in the Inspection and Maintenance Plan. Compoenents that should be inspected as pan
of an annual (as a minimum) maintenance and inspection program include the following:

. Mechanical equipment such as sump pumps and generators.

2 Flood shields and closures, to ensure that they fit properly and that the gaskets and seals are
in good working order, properly labeled, and stored as indicated in the Flood Emergency
Operation Plan.

3. Walls and wall penetrations, for cracks and potential leaks.
4. Levees and berms, for excessive vegetative growth, cracks. or leaks, .

Both the Flood Emergency Operation Plan and the Inspection and Maintenance Plan are neces-
sary at the time that the Non-Residential Floodproofing Certificate is submitted to the commu-
nity. Before issuing a building permit, the community should require that the property owner
sign an agreement stating that the plan will be adhered to. The community should also be as-
sured that the inspection and maintenance activities required by the plan will continue regardless
of changes in the ownership of the floodproofed building. This assurance should be accom-
plished by appropriate deed restrictions. Any lease agreement should also contain clear language
stating the leaseholder's responsibilities for the floodproofed building.



Minimum Engineering Considerations

The design professional, a registered professional engineer or architect, must certify that the
following requirements have been met by the building’s design, specifications, and plans:

I. The building must be watertight (i.e., floodwaters must not enter the building envelope):

2. The building must be watertight to the floodproof design elevation, which is further
defined as being at least the BFE. As previously noted, floodproofing to any elevation
less than 1 foot above the BFE will have a serious negative impact on the flood insurance
rating for the building. Generally a minimum of 1 foot of freeboard is recommended.
Additional freeboard is warranted for sites where predicted flood depths may be inaccu-
rate, such as sites within large drainage areas and rapidly urbanizing areas.

b. The building's walls must be “substantially impermeable to the passage of water.”
FEMA has adopted the U8, Army Corps of Engineers (COE) definition of substantially
impermeable from the COE publication “Flood Proofing Regulations.” This document
states that a substantially impermeable wall “shall not permit the accumulation of more
than 4 inches of water depth during & 24-hour period if there were no devices provided
for its removal. However, sump pumps shall be required to control this seepage.” Flood-
resistant materials, described in Technical Bulletin 2, “Flood-Resistant Matenals Re-
quiremnents,” must be used in all areas where such seepage 15 likely to occur.

I, The building’s utilities and sanitary facilities, including heating, air conditioning, electrical,

water supply, and sanitary sewage services, must be located above the BFE, completely
enclosed within the building’s watertight walls, or made watertight and capable of resisting
damage during flood conditions.

3 All of the building's structural components must be capable of resisting specific flood-related
forces. These are the forces that would be exerted upon the building as a result of floodwa-
ters reaching the BFE {at a minimum) or floodproofing design level, and include the follow-

ing:

a. Hydrostatic Flood Force—This is the force that water at rest exerts on any submerged
ohject. For a floodproofed building design, the calculations of hydrostatic flood forces
must include saturated soil pressure on any portion of the building that is below grade
isee Figure 1). Guidelines for determining hydrostatic pressure are provided on the
following page.
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Figure 1. Hydrostatic Pressure Diagram

Resultant Lateral Force Due to Hydrostatic Pressure from Freestanding Water:
F,= lawH’

where: F., is the lateral force from freestanding water (in pounds per linear
| foot of surface)

W i% the specific weight of water (62.4 pounds per cubic foot)
H  is the height of the standing water (to the floodproof design level)

If any portion of the building is below grade, then calculate the Resultant Comulative
Lateral Force Due to Hydrostatic Pressure from Saturated Soil:

Faat = VaSD¥+ F,

where: Fsar 18 the lateral force from saturated soil

5 i5 the equivalent fluid weight of saturated soil (in pounds, per
| cubic foot)

| [} is the depth of saturated soil (in feet)

F, 1s the lateral force from freestanding water

MNote: See Appendix C of the FEMA “Design Manual for Betrofitting Flood-Prone Residential Structures™
for further information,




b. Buoyancy-This is the vertical force associated with the building's tendency to float
when inundated or surrounded by floodwaters. This force can be calculated as shown

bl

Buoyancy Force:
F,= wAH
where: F, is the force due to buoyancy

w  is the specific weight of water (62.4 pounds per cubic foot)

A i5 the area of horizontal surface (floor or slab) being acted upon (in
' square feet)

H is the depth of building below the floodproofing design level (in feet)

MNote: See Appendix C of the FEMA "Design Manual for Retroficting Flood-Prone Residential Siruciures™
for further information.

T T I P — ]

¢. Hydrodynamic Force—This is the force exerted on vertical surfaces exposed to moving
floodwaters. The determination of hydrodynamic force is based on the expected velocity
of the floodwaters with depths to the floodproofing design level (BFE or higher). The
projected average base flood velocity within the floodway may be odained using FEMA
Flood Insurance Studies (FISS) where a floodway has been identified. It should be noted
that velocities in the flood fringe will generally be less than the floodway velocities
presented in the FIS. Where no FIS velocity data exast, velocities should be determimed
using Manning's equation, as found in most hydraulic reference and text books.

Hvdrodynamic Force:
F,= Cm%(V)A
where: F, isthe lateral force due to hydrodynamic pressure
C, isthe drag coefficient
m 15 the mass density of water (1.94 slugs per cubic foot)
v 15 the velocity of the water (in feet per second)

A i5 the area of the wall affected {in square feet)

Mote: See Appendix C of the FEMA “Design Manuwal for Retrofitting Frood-Frone Residential Structures” for
further anformation.




d. Debris Impact Force—This is the force associated with flood-bome debris striking the
side of a building. This force presents the greatest unknown to the designer, but a value
must be estimated to develop an effective floodproofing design. Unless more detailed
information is available, such as historical debris flow data, the formula shown below
should be used. This formula assumes a 1-second duration of impact. The weight of the
object is gencrally estimated at 1,000 pounds but can be reduced to 500 pounds for areas
subject to minor debris flow potential. Any areas subject to severe debris (such as moun-
tainous regions or areas subject to ice floes) are not appropriate sites for floodproofed
buildings unless the designer takes these forces into account in designing and armouring
the building. Armouring often results in designs that are not cost-effective.

Debris Impact Force:

where: F, is the Impact Force
W is the weight of the object (in pounds)
¥ 15 the velocity of the object (in feet per second)

g i the acceleration due to gravity (32.2 feet per second’)

i is the duration of impact (in seconds)

MNote: See Appendix C of the FEMA "Design Manual for Retrefitting Flood-Prone Eesidential Structwres”
for further information,

4. Like all construction that falls under the NFIF regulations, the building must meet the re-
guirements of all applicable portions of local and State building codes, including the provi-
sions of the Americans with Disabilities Act; life-safety codes for ingress, egress, and clear-
ing; and venting and combustion air requirements.




Preparation of the Floodproofing Certificate for Non-Residential Buildings

The Floodproofing Certificate is required for all non-residential buildings to be floodproofed and
15 to be completed by the design professional. The first part of the Centificate containg informat-
ion concerning the location and ownership of the building.

FEDERAL EMERGENCY MANAGEMENT AGENCY
MATIONAL FLOOD INSURANCE PROGRAM O.M.B. No. 3067-007

FLOODPROOFING CERTIFICATE

FOR NON-RESIDENTIAL STRUCTURES

The fioodprocfing of non-residential bulidings maybe permitfed as an allernative fo slvaling to or above the Base Flood Elevation;
howaver, a loodproofing design cenliffcation i requinad, This form is fo be wsed for that certification. Floodproofing of a residential
bulding doas nof aiter & curmmunity’'s foodplaln managemant elavalion requirermants or affact the inswance rating unless the
cammuniy has been issued &n exception by FEMA fo afiow foodproofed residental bhasements, The parmilting of & foodprocfad
rgidential basament ragquires & separaie cerification speciing that the design complies with the local foodpiain manageme

crglingiee,
FOR INSLIRAMCE COMPANY LISE

BUILDIMG OWNER'S MAME POLICY NUMBER

STREET ADDRESS (imcluding Apt, Unit, Sulte andéor Bldg. NMumber) OR P.O ROUTE AMD BOX HUMBER | COMPANY MaIC MUMEBER

COTHER DESCRIFTION (Loi and Block Mumbers, eb)

Iy STATE ZIF CODE

Building location and Ownership information

Section I of the Certficate is the Flood Insurance Rate Map (FIRM) information, including the
BFE vsed in designing the floodproofing system. Copies of the FIEM should be available
through the community’s floodplain administrator.

SECTION | FLOOD INSURANCE RATE MAF (FIRM) INFORMATION

Pravide the following frarm the proper FIFIM:

COMMUNITY HNUMSER PAMEL NUMBER SUFFIE DATE OF FIRM INDEX FIEM ZOME BASE FLODD ELEVATION |
(in A Zonas uSa dapih)

Saection |
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Section II requests information regarding the floodproofing design. The first item is the eleva-
tion, referenced to the datum of the FIRM (generally the National Geodetic Vertical Datum of
1929), to which the building is floodproofed. This elevation must be equal to or greater than the
BFE. It is important to note that for insurance rating purposes, the floodproofing design must
provide protection to | foot above the BFE to receive rating credit. If the building is
floodproofed only to the BFE, then the building's insurance rating will result in a higher pre-
mium. Before a decision 15 made to floodproof to less than | foot above the BFE, insurance
implications should be carefully considered.

The second item is the height of the floodproofing above the lowest adjacent grade. This infor-
mation is intended to be used by community building officials, FEMA, and NFIP insurance
underwriters to analyze the level of safety that the floodproofing design will provide. Since
floodwaters exert greater pressure on the floodproofed building as the height of the flooding
increases (see Figure 1), floodproofing that exceeds 3 feet in height represents a greater risk and
may result in insurance rates that reflect this increased risk.

SECTION Il FLOODPROOFING INFORMATION (By a Registered Professional Engineer or Architect)

Floodprooding Design Elavation  Informiation:

Bullding |s fleodprocted to an elevation of _ . leat NGYD, (Elewaton datum used must be the same as that on
e FIRR.)

Heighi of flecdproaling on the bullding above the lowest adjgceni grade is feet

(MNOTE: for insurance rating purposes, fhe buioing's Moodprocfed design slgvabon musl be al leas! one lood above the
Hase Flood Elsvation fo receive raling credi, If the tuilding 5 foodprosied only o the age Flood Elgvalion, iinen the
building's insuranca rating wil! rasult i a Righer gramiam, )

Seclion Il

Section II1 15 the actual certification of the floodproofing design as required in Section 60.3(c)(4)
of the NFIF regulations. It is important to note that design professionals signing this form are
certifying that they have developed and/or reviewed the design plans and specifications and find
them in compliance with aceepted standards of practice for dry floodproofing. This certification
is based on the floodproofing design, pot the as-built condition of the building. The person
signing this form must be a registered professional engineer or architect within the state or
territory where the building will be constructed or substantially improved.

11



SECTION Il CERTIFICATION (By a Registered Professional Engineer or Architect)

Hon-Residential Floodproofed Construction Certiflcation:

I cariify that based upon developmeant andor review of strucfural design, specifications, and plans for consfruction fhat
the designr and malhiods of constriction are in accovdance with accepled standards of practice for mesling the
following provisions;

The structure, together with attendant utilibes and sanitany facilities, (& watedight 1o the leodproaled design
elevalion indicated above, with walls that are substantially impermeable bo he passage of water,

All struciural componanis ara capabla of resisting hydrostatc and hydrodynamic fiood 1ume-a imchuding the
affacts of buoyancy, and anficipaled debris impact forcas,

| garfily that the information on fiWe cerificale represants my bast effort ko inferpred the dafa avadable, | undersiand thaf
any false statemant may be pumshable by fne or imprisonment under 18 LS. Cods, Sechion 1001.

CERTIFIERS MAME LICEMSE WUMBER (or Afix Saal)

TITLE COMPANY NAME

ADDHESS CITY TAT ZIF
SIGNATURE DATE PHOME

Copies should be made of this certificate for: 1) community official, 2) Insurance agentcompany, 3) building owner,

FEMA Foem B1-85

Section [l

The NFIP

The NFIP was created by Congress in 1968 to provide federally backed flood insurance cover-
age, because flood insurance was generallv unavailable from private insurance companies. The
NFIP is also intended to reduce future flood losses by identifying floodprone areas and ensuring
that new development in these areas is adequately protected from flood damage. The NFIP is
based on an agreement between the federal government and participating communities that have
been identified as being floodprone. FEMA, through the Federal Insurance Administration
{FIA), makes flood insurance available to the residents of a participating community provided
that the community adopts and enforces adeguate floodplain management regulations that meet
the minimum NFIP requirements. The NFIF encourages communities 1o adopt floodplain man-
agement ordinances that exceed the minimum MNFIP criteria. Included in the NFIP requirements,
found under Title 44 of the U.S. Code of Federal Regulations, are minimum building design and
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construction standards for buildings located in SFHAS. Through their floodplain management
ordinances, communities adopt the NFIF design performance standards for new and substantially
improved buildings located in floodprone arcas identified on FIA's FIRMs,

Technical Bullatins

This is one of a series of Technical Bulletins FEMA has produced to provide guidance concem-
ing the building performance standards of the NFIP. These standards are contained in Title 44 of
the U.5. Code of Federal Regulations at Section 60.3. The bulletins are intended for use prima-
rily by State and local officials responsible for interpreting and enforcing NFIP regulations and
by members of the development community, such as design professionals and builders. New
bulleting, as well as updates of existing bulletins, are issued periodically, as necessary. The
bulletins do not ereate regulations; rather they provide specific guidance for complying with the
minimum requirements of existing NFIP regulations. Users of the Technical Bulletins who need
additional guidance i:ann:eming NFIFP regulatory requirements should contact the Natural Haz-
ards Branch of the appropriate FEMA regional office. The “User's Guide to Technical Bulle-
tins™ lists the bulletins issued to date and provides a key word/subject index for the entire series.

Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional office.
lechnical Bulleuns can also be ordered from the FEMA publications warchouse, Use of FEMA
Form 60-8 will result in a more timely delivery from the warehouse — the form can be obtained

from FEMA regional offices and vour state’s Office of Emergency Management. Send publica-
tion requests to FEMA Publications, P.O. Box 70274, Washington, D.C. 20024,

Further Information

The following publications provide further information concerning non-residential
floodproofing:

. “Answers to Questions About Substantially Damaged Buildings,” FEMA, May 1991, FEMA-
213,

2. “Block and Brick Wall Integrity Against Water Heights and Systems and Materials to Prevent
Flood Waters From Entering Buildings,” Carl E. Pace, U5, Armyv Corps of Engineers Water-
ways Experiment Station, Vicksburg, Mississippi, 1984,

3. “Commercial-Industrial Flood Audit,” New England District, U5, Army Corps of Engineers,
n.d, ’

4. “Cooperative Flood Loss Reduction, A Technical Manuval for Communities and Industries,”
Flood Loss Reduction Associates, 1981,

i. “Design Manual for Retrofitting Flood-Prone Residential Structures,” FEMA, September
1986, FEMA-1 14,

=28

“Floodproofing Mon-Residential Structures,” FEMA, May 1986, FEMA- 102,
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1. “Flood Preofing Regulations,” U.S, Army Corps of Engineers, March 1992, EP 1165-2-314.

8. "Human Stability in a High Flood Hazard Zone,” 5.R. Abt, R.]. Whittlen, A. Taylor, and 2.1,
Love, Water Resource Bulletin, August 1989.

9. “Sealants, Part 1, John P. Cook, Progressive Architecture, December 1974,
10. “Sealants, Part 2, John P. Cook, Progressive Architecture, February 1975,

11. “Systems and Materials to Prevent Flood Waters from Entering Buildings,” U.5. Army Corps
of Engineers, 1984,

12. “Tests of Brick-Veneer 'Walls and Enclosures for Resistance to Flood Waters,” Carl E. Pace,
U.S. Armv Corps of Engineers, Lower Mississippi Division, Vicksburg, Misdsissippi, 1978,

Glossary

Base flood — The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred to as the 100-yvear flood).

Base Flood Elevation (BFE) — The height of the base floed, usually in feet, in relation to the
National Geodetic Vertical Datum of 1929 or other datam as specified.

Basement — Any arca of a building having its Moor subgrade (below ground level) on all sides.

Coastal High Hazard Area — An area of special flood hazard extending from offshore to the
inland limit of a primary frontal dune along an open coast and any other area subject to high-
velocity wave action from Slorms or Seismic sOUrces.

Federal Emergency Management Agency (FEMA) — The independent federal agency that, in
addition to carrying out other activities, oversees the administration of the Mational Flood Insur-
ance Program.

Federal Insurance Administration (FIA) — The component of FEMA directly responsible for
administering the National Flood Insurance Program.

Flood Insurance Rate Map (FIRM) — The insurance and floodplain management map issued
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 100-year
flood hazard in a community.

Floodprone area — Any land area susceptible to being inundated by floodwater from any

-

surce.

Lowest floor — The lowest floor of the lowest enclosed area of a building, including a base-
ment. Any NFIP-compliant unfinished or flood-resistant enclosure useable solely for parking of
vehicles, building aceess, or storage (in an area other than a basement) is & considered a
building’s lowest floor.
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Special Flood Hazard Area (SFHA) — Area delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated as Zone A, AE, A1-A30, AR, AD,
AH, V, VE, or V1-V30.

Substantial damage — Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of the
market value of the structure before the damage occurred.

Substantial improvement — Any reconstruction, rehabilitation, addition, or other improvement
of a structure, the cost of which equals or exceeds 50 percent of the market value of the structure
before the “start of construction”™ of the improvement. This term includes structures that have
incurred “substantial damage,” regardless of the actual repair work performed.
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Key Word/Subject Index:

This index allows the user to quickly locate key words and subjects in this Technical Bulle-
tin. The Technical Bulleun User’s Guide (printed separately) provides references to key
words and subjects throughout the Technical Bulletins. For definitions of selected terms,
refer to the Glossary at the end of this bulletin.

Key Word/Subject Page
Elevators, types of

Elevator components, location of in relation 1o BFE
Elevator electrical equipment, location of in relation 1o BFE

Float switch, use of in flood areas
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Flood-resistant elevator components, use of

Any comments on the Technical Bulletins should be directed to:

FEMAJ/FIA

Office of Loss Reduction
Technical Standards Division
500 C St., SW, Room 417
Washington, D.C. 20472

Technical Bulletin 4-93 reploces Technical Bulletin 88-4 |dral] *Pretecticn of Elevator Equipment.”

Graphic design based an the Japanese print The Great Wave OFf Kanogawa, by Katsushika Hokusai |17 40-
1849), Asialic collection, Museum of Fine Ars, Bosten.




TECHNICAL BULLETIN 4-93

Elevator Installation
for Buildings Located In Special Flood Hazard Areas
in accordance with the
National Flood Insurance Program

Introduction

Under the National Flood Insurance Program (NFIP), flood insurance coverage is limited for
elevator equipment. New or replacement equipment relevant to an elevator, installed on or afier
October 1, 1987, and located below the lowest floor of an elevated building or in a basement is
not covered for flood damage.

This Technical Bulletin provides information on proper installation of élevators in flood hazard
areas to reduce flood damage. Elevator types and their associated equipment are described, and
practical methods of protecting them from flood damage are provided.

The guidelines within this bulletin meet existing NFIP regulations that pertain to elevators, as
well as serve to encourage the use of loss prevention measures that would reduce both the level
of damage that can occur and the amount of time and work needed 10 make repairs. If these
guidelines are followed, restoration of elevator service to the undamaged portion of the building
can be accomplished as soon as possible after floodwaters recede and power is restored,

MNFIP Regulations

The NFIP regulations require that elevators and their associated equipment be protected from
loowd damage. Section 60.3(a)(3) states that the community shall:

“Review all permit applications to determine whether proposed building sites will be
reasonably safe from flooding. If a proposed building site is in a floodprone area, all new
construction and substantial improvements shall...(ii) be constructed with materials resis-
tant to flood damage, (iii} be constructed by methods and practices that minimize fTood
damages, and (iv) be constructed with electrical...equipment and other service facilities
that are designed and/or located so as to prevent waler from entering or accumulating
within the components during conditions of flooding.”

As these regulations indicate, all appropriate measures mu.: be taken to mitigate flood damage 1o
elevators and associated equipment to the maximum extent possible. While some components,
to function properly, must be located below the lowest floor of a building, i.e., below the base
flood elevation (BFE), most elevator components that can be damaged by floodwater can be
located above the BFE or be designed to minimize flood damage. Components that can be
damaged by floodwaters may be located below the BFE only if it is not technically feasible w
elevate them above the BFE.



It should be noted that Technical Bulletins provide guidance on the minimum requirernents
of the NFIP regulations. Community or State requirements that exceed those of the NFIP
take precedence. Design professionals should contact the community to determine whether
maore restrictive local or State regulations apply to the building or site in question. All
applicable standards of the State or local building code must also be met for any building in
a flood hazard area.

Types of Elevators

There are two types of elevators, hydraulic and traction. The hydraulic elevator consists of a cab
attached to the top of a hydraulic jack similar to a jack used for a car lift in a service staton. The
hydraulic jack assembly normally extends elow the lowdst floor and is operated by a hydraulic
pump and reservoir, both of which are usually located in a separate room adjacent to the elevator
shaft, as shown in Figure 1. Hydraulic elevators are the type generally used in single-family
residences.

The second type is the raction elevator. This is the system that is most commonly associated
with elevators. The traction system consists of a cable that is connected 1o the top of the cab and
15 operated by an electric motor located in a penthouse above the elevator shaft, as shown in
Figure 2,
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Flood Damage Protection

For compliance with NFIP regulations, the design and construction of an elevator installation
must include all possible steps for protecting the elevator equipment from flood damage.

Hydraulic Elevators

The jack assembly for a hydraulic elevator (see Figure 1) will, by necessity, be located below the
lowest floor and therefore generally below the BFE. The jack is located in a casing, and while it will
resist damage from small amounts
of water seepage, total inundation
by floodwaters will usually result in
contamination of the hydraulic oil
and pessible damage to the cylin-
ders and seals of the jack. Salt
water, because it is cormosive, can
be particularly damaging. The
hydraulic pump and reservoirs of
the hydraulic elevator are also
susceptible to water damage, but
they can easily be located up to two
floors above the jack and above the
BFE as shown in Figure 1.

fosanl Flo

Traction Elevators
— e Flem

For raction elevators (see Figure
2), the electric motor and most
other equipment are normally
located above the elevator shaft
and would not be susceptible 1o
flood damage. Some equipment,
however, such as the counter-
weight roller guides, compensa-  Figure 3. Float end Coniral Mechanism ta Contrel Cab Descent
tion cable and pulleys, and oil

buffers, usually must be located at the bottom of the shaft. When such equipment cannot be
located above the BFE. it must be constructed vsing flood-resistant materials where possible.

Elevator Equipment

Some equipment common to all elevators will be damaged by floodwaters unless protected. The
most obvious example is the elevator cab. Depending upon the size of the cab and the types of
interior materials used, a cab may cost between 35,000 and $50,000). Flood damage, which can
range from superficial to nearly a complete loss, can easily be avoided by keeping the cab above
floodwaters, However, in most elevator control systems, the cab automatically descends to the
lowest floor upon loss of electrical power. Installing a system of interlocking controls with one
or more float switches in the elevator shaft 1o always keep the elevator cab from descending into
floodwarters (see Figure 3) will result in @ much safer system . A float switch system or an-



other system that provides the same level of safety is necessary for all elevair— where there
is a potential for the elevator cab to descend below the BFE during a flood.

Electrical equipment is often located below the BFE for both types of elevator systems. Some
electrical equipment, such as electrical junction boxes and circuit and control panels, can be
located above the BFE as shown in Figure 1. Other elevator components, such as doors and pit
gwitches, must be located at or below the lowest floor. Where this becomes necessary, compo-
nents may sometimes be replaced with more floodwater-resistant models. Some elevator equip-
ment manufacturers offer water-resistant components; design professionals should contact
suppliers 1o determine the availability of these components.

The NFIP

The NFIP was created by Congress in 1968 to provide federally backed flood insurance cover-
age, because flood insurance was generally unavailable from private insurance companies. The
NFIP is also intended 1o reduce future flood losses by identifying floodprone areas, and ensuring
that new development is adequately protected from flood damage, The NFIP is based on an
agreement between the federal government and participating communities that have been identi-
fied as floodprone. FEMA, through the Federal Insurance Administration (FIA), makes flood -
insurance available to the residents of a participating community provided that the community
adopts and enforces adequate floodplain management regulations that meet the minimum NFIP
requirements. The NFIP encourages communities 1o adopt floodplain management ordinances
that exceed the minimum NFIP criteria. Included in the NFIP requirements, found wnder Title
44 of the U.S. Code of Federal Regulations, are minimum building design and construction
standards for buildings located in Special Flood Hazard Areas. Through their floodplain man-
agement ordinances, communities adopt the NFIP design performance standards for new and
substantially improved buildings located in floodprone areas identified on FIA's Flood Insurance
Rate Maps.

Technical Bulletins

This is one of a series of Technical Bulletins FEMA has produced to provide guidance concern-
ing the building performance standards of the NFIP. These standards are contained in Title 44 of
the U.5. Code of Federal Regulations at Section 60.3. The bulletins are intended for use prima-
rily by State and local officials responsible for interpreting and enforcing NFIP regulations and
by members of the development community, such as design professionals and builders. New
bulletins, as well as updates of existing bulletins, are issued periodically, as necessary. The
bulletins do not create regulations; rather they provide specific guidance for complying with the
minimum requirements of existing NFIP regulations. Users of the Technical Bulleting who need
additional guidance concerning NFIP regulatory requirements should contact the Natral Haz-
ards Branch of the appropriate FEMA regional office. The “User’s Guide to Technical Bulleting™
lists the bulletins issued to date and provides a key word/subject index for the entire series.

Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional office.
Technical Bulletins can also be ordered from the FEMA publicatons warehouse. Use of FEMA
Form 60-8 will result in a more timely delivery from the warehouse — the form ¢an be obtained



from FEMA regional offices and your state’s Office of Emergency Management. Send publica-
tion requests o FEMA Publications, P.O, Box 70274, Washington, D.C. 20024,

Further Information

The following publications provide further information concerning elevator installation in build-
ings located in Special Flood Hazard Areas:

1. “Answers o Questions About Substantially Damaged Buildings,” FEMA, May 1991, FEMA-
213,

2. "Floodproofing Non-Residential Structures,” FEMA , May 1986, FEMA-102.

3. “Flood Proofing Regulations,” U.S. Army Corps of Engineers, March 1992, EP 1165-2-314.

4. “Floodproofing Test: Tests of Materials and Systems for Floodproofing Structures,” ULS.
Army Corps of Engineers, August 1988,

Glossary

Base Mlood — The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred 1o as the 100-year flood).

Base Flood Elevation (BFE) — The height of the base flood, usually in feet, in relation to the
MNational Geodetic Vertical Datum of 1929 or other datum as specified.

Basement — Any area of a building having its floor subgrade (below ground level) on all sides.

Coastal High Hazard Area — An area of special flood hazard extending from offshore to the
inland limit of a primary frontal dune along an open coast and any other area subject to high-
velocity wave action from storms or seismic sources.

Federal Emergency Management Agency (FEMA) — The independent federal agency that, in
addition 1o carrying out other activities, oversees the administration of the National Flood Insur-
ance Program.

Federal Insurance Administration (FIA) — The component of FEMA directly responsible for
administering the National Flood Insurance Program,

Flood Insurance Rate Map (FIRM) — The insurance and floodplain management map issued
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 100-year
fload hazard in a community.

Floodprone area — Any land area susceptible to being inundated by floodwater from any
source.



Lowest floor — The lowest floor of the lowest enclosed area of a building, including a base-
ment. Any NFIP-compliant unfinished or flood-resistant enclosure useable solely for parking of
viehicles, building access, or storage (in an arca other than a basement) s not considered a
building s lowest floor.

Special Flood Hazard Area (SFHA) — Area delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated as Zone A, AE, A1-A30, AR, A,
AH, ¥V, VE, or V1-¥V30.

Substantial damage — Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of the
market value of the structure before the damage occurred.

Substantial improvement — Any reconstruction, rehabilitation, addition, or other improvement
of a structure, the cost of which equals or e .ceeds 50 percznt of the market value of the structure
before the “stant of construction” of the improvement. This term includes stuctures that have
incurred “substantial damage,” regardless of the actual repair work performed.
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Key Word/Subject Index:

This index allows the user to quickly locate key words and subjects in this Technical Bulle-
tin. The Technical Bulletin User's Guide {printed separately) provides references to key
words and subjects throughout the Technical Bulletins. For definitions of selected terms,
refer to the Glossary at the end of this bulletin.

Key Word/Subject

g
e

Accessory buildings, as possible obstructions in V zones
Accessory buildings, low value and small, defined
Bulkheads, as possible obstructions in V zones

Decks and patios, as possible obstructions in V zones
Detached garages, elevation requirement for in V zones
Fill, as obstruction beneath buildings in V zones
Foundation bracing, as possible obstructions in V zones
Free of Obstruction, definition of

Free of Obstruction, designing a foundation system in V zones
Free of Obstruction requirement in V zones

Grade beams, as possible obstructions in V zones
Swimming pools, as obstructions in V zones
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Any comments on the Technical Bulletins should be directed to:

FEMA/FIA

Office of Loss Reduction
Technical Standards Division
300 C 56, SW, Room 417
Washington, D.C. 20472

Technical Bullefin 593 reploces Technical Bullefin 88-3 [drok) “Free of Obatruetion Requirement in Coastal

Arens,”

Grophic design bosed on the Japanese print The Great Wove Off Konogawe, by Ketsushika Hokusai [1760-
1849), Asiolic collection, Musewm of Fine Arts, Boston.



TECHNICAL BULLETIN 5-53

Free-Of-Obstruction Requirements
for Buildings Located In Coastal High Hazard Areas
in accordance with the National Flood Insurance Program

Introduction

In coastal high hazard areas (Zones V, VE, and V1-V30), the National Flood Insurance Program
{NFIP) requires that all new and substantially improved buildings be elevated to or above the
base flood elevation (BFE). Foundations must be designed to allow water moving at.high veloci-
ties {velocity water) and waves to flow beneath the elevated supersiructure of the building. The
result is that floodwaters ransfer only minimal forces to the foundation system, and flood dam-
age 1o the elevated superstructure is thereby minimized. The NFIP further requires that the area
beneath an elevated building remain free of any obstructions that would reduce or eliminate the
free flow of coastal floodwaters during a design coastal storm. This free-of-obstruction require-
ment is critical to the protection of buildings constructed in V zones.

The velocity water and wave action associated with coastal flooding can exert strong hydrody-
namic forces on any obstruction to the flow of water. Standard foundations such as solid ma-
sonry walls or wood-frame walls will obstruct flow and be at nisk to damage from high-velocity
flood forces. In addition, solid foundations can direct coastal floodwaters into the elevated
portion of the building or into adjacent buildings. The result is generally structural failure of the
building. Therefore, foundations that offer minimal resistance to floodwaters passing beneath an
elevared building are required in V zones. The use of pile or column foundations meets the
elevation requirement in V' zones. It should be noted that the use of structural fill as a means to
elevate buildings is expressly prohibited in V zones,

Under the free-of-obstruction requirement, open lattice panels, insect screening, and non-bearing
solid breakaway walls are allowed below the elevated lowest floor because they will easily break
away under the combined effects of storm wind and water loads without ransferring damaging
flood loads to the foundation. Breakaway solid enclosure walls will not significantly increase
the damage potential to the foundation and/for superstructure provided they meet the applicable
INFIP eriteria. Under the free-of-obstruction requirement, any type of lower area enclosure or
other construction element (as described later in this bulletin) that will obstruct the flow of
velocity water and wave action beneath an elevated building during a base flood event is not
allowed. For NFIP purposes, an enclosure is defined as an area partially or totally enclosed by
rigid walls.

Under the NFIP general requirement that buildings be constructed by methods that will minimize
fload damage, the placing of any consmuction element (such as bulkheads, swimming pools, and
seprc systems, as described later in this bulletin) on a building site in a V zone must include
consideration of the potential effects on the building and adjacent buildings. V-zone obstructions
placed outside the perimeter (footprint) of & building located in a V zone must not result in



damage to nearby buildings during coastal storms. Floodwaters can be redirected by such ob-
structions through ramping and deflection. This will increase the potential for damage to nearby
buildings, either on the site or on adjacent sites. In addition to causing ramping and deflection,
obstructions can become debns that may result in unanticipated impact forces on the foundation
systems of nearby buildings.

To evaluate the effects of construction elements as potential obstructions in ¥ zones, FEMA
recommends referring to the U.S. Army Corps of Engineers’ (COE's) “Shore Protection
Manual” for detailed engineenng information and guidance related o wave ramping and deflec-
tion as well as localized scour and erosion.

This bulletin provides specific guidance concerning how o meet the NFIP free-of-obstruction
requirement in 'V zones as well as the general requirement for construction that will minimize
flood damage potential, as it applies to V-zone construction. Typical construction elements and
their relationship to the NFIP V-zone requirements are discussed.

NFIP Regulations

Section 60.3(a)(3) of the NFIP regulations states:

“If a proposed building site is in a floodprone area, all new construction and substantial
improvements shall.. .(iif) be constructed by methods and practices that minimize flood
damages...”

Section 60.3(e)(4) states that a community shall require:

“...that all new construction and substantial improvements in Zones VI-V30, VE, and also
Zone V if base flood elevation data is available, on the community’s FIRM, are elevated on
pilings or columns so that: (i) the botiom of the lowest horizontal siruciural member of the
lowest floor {excluding pilings or columns) is elevated to or above the base flood level; and
(i} the pile or column foundation and the structure aftached thereto is anchored to resist
fotation, collapse, and lateral movement due fo the combined effects of wind and water
loads acting simultaneously on all building components. Water loading values used shall
be those associated with the base flood. Wind loading values used shall be those required
by applicable State or local building standards. A regisiered professional engineer or
architect shall develop or review the structural design, specifications, and plans for the
construction, and shall certify that the design and methods of construction to be used are
in accordance with accepted standards of practice for meeting the provisions of para-
graphs (e){4){i) and (ii} of this section.”

Section 60.3(e)(5) further states that a community shall require:

“..that all new construction and substantial improvemenis within Zones VI-V30, VE, and
V on the community's FIRM have the space below the lowest floor either free of obstruc-
tion or constructed with non-supporting breakaway walls, open wood lattice-work, or
insect screening intended to collapse under wind and water loads without causing collapse,
displacement, or other struciural damage to the elevated portion of the building or support-



ing foundation system. For the purpose of this section, a breakaway wall shall have a
desien safe loading resistance of not less than 10 and no more than 20 pounds per square
foot. Use of breakaway walls which exceed a design safe loading resistance of 20 pounds
per square foot (either by design or when so required by local or State codes) may be
permitted only if a registered professional engineer or architect certifies that the designs
proposed meet the following conditions: (i) Breakaway wall collapse shall result from a
water load less than that which would occur during the base flood; and (i) The elevated
portion of the building and supporting foundation system shall not be subject to collapse,
displacement, or other structural damage due to the effects of wind and water loads acling
simultaneously on all building components (structural and non-structural). Water loading
values used shall be those associated with the base flood. Wind loading values used shall
be those required by applicable State or local building standards. Such enclosed space
shall be useable solely for parking of vehicles, building access, or storage.”

Section 60.3(e}6) stated that a community shall:

“Prohibit the use of fill for structural support of buildings within Zones V1-30, VE, and V
on the community’s FIRM."”

It is important to note that any building materials used below the BFE must meet the flood-
resistant materials requirement of Section 60.3(a)(3). Further guidance on this requirement can
be found in Technical Bulletin 2, “Flood-Resistant Materials Requirements.”

Prp—— —

It should be noted that Technical Bulletins provide guidance on the minimum requirements

of the NFIP regulations. Community or State requirements that exceed those of the NFIP

take precedence. Design professionals should contact the community to determine whether
more restrictive local or State regulations apply to the building or site in question.  All appli-
cable standards of the State or local building code must also be met for any building in a I
flood hazard area. ':

Obstruction Considerations

Any construction element, such as a garage, deck, bulkhead, or accessory building, that is struc-
turally dependent on or attached o a V-zone building is considered to be part of that building
and must meet the requirements of Sections 60.3(c)(4),(5), and (6). If any of these elements are
attached to the building and located below the lowest horizontal structural member of the build-
ing, they constitute an obstruction and are prohibited unless consmructed to the breakaway stan-
dards of Section 60.3{(e)(5). The construction of such a prohibited feature attached to an other-
wise compliant building may result in a significantly higher flood insurance premium being
assessed against the entire building because of the increased risk of damage to the building.

Construction elements outside the perimeter (footprint) of and not attached to a coastal building
(such as bulkheads, swimming pools, and accessory buildings) may alter the physical character-
istics of flooding or significantly increase wave or debris impact forces affecting nearby build-

ings. As part of the certification process for V-zone buildings, as detailed in Section 60.3(e)}4),



the design professional must consider the effects that any of these elements will have on the
building in question and any nearby buildings. Construction elements that will increase storm-
related loadings on the building (and that are not specifically precluded by the NFIP regulations)
may be constructed if the impacted buildings are designed to withstand the additional impact
(hydrodynamic) forces, Increased foundation element embedment depth, size, and number
should be employed to compensate for any increased impact forces. Such compensatory design
considerations must be made by the design professional and reviewed by the community flood-
plain administrator prior to construction.

Following are common construction elements for coastal buildings and sites. The factors that
must be considered prior to construction in order to comply with the NFIP requirements are
discussed for each.

Access Stairs and Elevators Access stairs and elevators atached 1o or beneath an elevated
building are excluded from the breakaway requirement but must meet the flood-resistant material
requirements of Section 60.3(a)(3). Further requirements regarding elevators can be found in
Technical Bulletin 4, “Elevator Installation.” Although access stairs and elevators need not be
breakaway, the potential loads generated by these obstructions must be taken into account in the
design of the building.

Accessory Buildings Unless properly elevated on piles or columns in accordance with Section
&0.3(e)(4), accessory buildings in V zones must be limited 1o low-value or small structures such
as small metal or wooden sheds that are “disposable.” If a low-cost or small building is placed
on a site, consideration must be given to the effects the debris from the building will have on the
building or adjacent buildings. If the building is of significant size and strength to create either a
debris impact or flow diversion problem, it must be elevated in accordance with Section

60, 3(e)(4).

For purposes of defining and administering the floodplain ordinance, if a community wishes o
allow unelevated accessory buildings, the community must establish the meaning of low-cost
and small accessory buildings. FEMA recommends that low cost be defined as having a value of
less than $500 and small be defined as less than 100 square feet of floor space. Accessory
buildings meeting these criteria must be unfinished on the interor, constructed with flood-
resistant materials below the BFE, and used only for siorage. Unless properly elevated on piles
or columns in accordance with Section 60.3{e)(4), detached garages are not allowed in ¥ zones,

Bulkheads Any bulkhead beneath a coastal building, whether or not it is attached to the foun-
dation system, is an obstruction and is therefore prohitited. Bulkheads transfer damaging flood
loads o piles and greatly increase the potential for redirecting velocity water and wave action
into the elevated portions of coastal buildings.

While the NFIP does not prohibit bulkheads or seawalls that are not beneath or attached w a
coastal building, the community and the design professional must carefully consider the poten-
tnally significant effects of these structures before construction is initiated. As with all floodplain
construction, local and State requirements must be determined and complied with. If a proposed
seawall or bulkhead will result in ramping or deflection of velocity waters, or erosion that will
damage any nearby buildings or other structures, its construction should be prohibited by the



community. Determining the potential damaging effects of a seawall or bulkhead is an important
part of the design professional's responsibility. The COE's “Shore Protection Manual™ should
be consulted for guidance on bulkheads.

Concrete Pads A concrete pad with minimal or no reinforcement, to be used for parking, as a
floor in an enclosed storage area, or as the floor of an enclosed area used for access to the el-
evated lowest floor of a building, may be poured beneath an elevated coastal building. A con-
crete pad placed at grade is not considered an obstruction if it is not structurally attached to the
building's foundation system. The use of fill beneath an elevated building to elevate a slab
above natural grade is considered an obstruction and is therefore prohibited. It is important to
note that compliant concrete pads often collapse during coastal storms due to erosion and local-
ized scour of underlying soils.

Decks and Patios Decks or patios constructed at grade may involve considerable alteration of
the site in the construction process. The proposed construction must be evaluated to determine
whether buildings on the site or on adjacent sites will be adversely affected. Floodwaters should
not be diverted into the elevated building or into nearby buildings. Debns from destroyed decks
or patios should not damage the foundation of the building or of adjacent buildings. Decks and
patios constructed below the BFE must be structurally independent of the building's foundation
system.

If a deck is structurally attached to the building, the lowest horizontal member of the deck must
be elevated to or above the BFE. Like an at-grade deck, an elevated deck should not worsen
flooding conditions or create debris that will damage adjacent buildings. A deck that is properly
elevated on embedded piles to withstand flood forces generated by a base flood should not cause
additional flood or debris damage to adjacent buildings.

Enclosed Areas The area beneath the elevated superstructure of 2 V-zone building may be
enclosed only with non-loadbearing breakaway walls. Open lattice and insect screening may
also be used in lower areas,

Uses of the arca beneath an elevated building are restricted to parking, access, and storage; lower
areas must not be finished or used for recreational or habitable purposes. No mechamical, electri-
cal, or plumbing equipment is to be installed below the BFE.

There are no NFIP restrictions on the size of the area that may be enclosed. However, V-zone
buildings with lower arca enclosures (constructed with breakaway walls) that exceed 300 square
feet may be subject 1o higher insurance premiums due to the potential for increased loadings on
the foundation system caused by the enclosure. Design professionals may wish to contact an
ingurance agent for information regarding any additional insurance premium that would be
assessed.

Fences Like other construction elements on V-zone building sites, fences must be analyzed for
their effects on flood conditions, including ramping effects on adjacent buildings and the effects
of debris dunng flood events.



Fill The NFIP prohibits the use of fill for structural support of buildings in V zones. Fill may be
used on coastal building sites for landscaping and site grading as long as the fill does not inter-
fere with the free passage of floodwaters and debris undemeath the building or cause changes in
flow direction during coastal storms such that floodwaters will cause additional damage to
buildings on the site or to any adjacent buildings. Under the building, no fill may be used except
for minor landscaping and minor site grading for drainage purposes. An example of unaccept-
able placement of fill would be the construction of a small berm or retaining wall that is back-
filled and used for landscaping purposes when it has been determined that ramping or deflection
of floodwaters will adversely affect adjacent buildings and thereby create additional flood dam-
age potential.

Foundation Bracing Bracing is intendel .- provide lateral wind-resistance support to a pile or
column foundation by stiffening the foundation system. While diagonal bracing is allowed under
the NFIP, it will obstruct velocity floodwaters and waves to some degree and will often trap
debris. Foundation bracing may not be necessary for a V-zone building if the number, size, and
embedment of the piles or columns are adequate.

Bracing is to be placed parallel to the primary direction of flow, generally perpendicular to the
shoreline, Only the minimum amount of bracing that is necessary to stiffen the foundation may
be used. Bracing should be composed of members that will offer the least resistance to floodwa-
ters flowing under the elevated building,

Grade Beams Grade beams, made of wood or reinforced concrete, tie together the perimeter
piles or columns to provide additional lateral support. Grade beams that are placed with their
upper surfaces flush with the natural grade are allowed under the NFIP. However, storm erosion
and localized scour will generally expose grade beams, leaving them elevated above the post-
storm beach profile. Therefore, grade beams must be designed to remain in place when erosion
and localized scour remove the supporting soil beneath them. It must be noted that grade beams
are not to be used as a substitute for adequate number, size, and embedment of piles or columns.

Septic Systems Mounded septic systems generally require a significant volume of fill and
therefore constitute an obstruction if placed under an elevared coastal building, Septic systems
must not be attached directly to the foundation. Mounded septic sysiems may be allowed on a
V-zone site if they will not worsen flooding conditions for the building in question or any adja-
cent buildings.

An additional consideration for septic systems in V zones is addressed by Section 60.3{a)(6)(ii),
which requires “on-site waste disposal systems to be located to avoid impairment to them or
comamination from them during flooding.”™

Swimming Pools A swimming pool may be placed beneath a coastal building only if the top of
the pool and accompanying pool deck or walkway are flush with the existing grade and only if
the lower area (below the lowest floor) remains unenclosed. Lower-area enclosures around pools
constitute a recreational use and are therefore not allowed, even if constructed to breakaway
standards. Lattice and insect screening are allowed as they do not create an enclosed area,



Pools, either at-grade or elevated, are allowed adjacent to coastal buildings only if the pools will
not act as obstructions that will result in damage to nearby buildings. Community officials must
¢ assured by the design professional that a pool beneath or near a V-zone building will not be
subject to breaking up or floating out of the ground during a coastal flood and will therefore not
increase the damage potential to the foundation and elevated portion of any nearby buildings. In
addition, the design professional must design and site the pool so that any increased wave or
debris impaet forces will not affect any nearby buildings.

Pools, pool decks, walkways, and associated accessory buildings placed under or adjacent to
coastal buildings must be structurally independent of the building and its foundation.

The NFIP

The NFIP was created by Congress in 1968 to provide federally backed flood insurance cover-
ape, because it was generally unavailable from private insurance companies. The NFIP is also
intended to reduce future flood losses by identifying floodprone areas and ensunng that new
development in these areas is adequately protected from flood damage. The NFIP is based on an
agreement between the federal government and participating communities that have been identi-
fied as floodprone, FEMA, through the Federal Insurance Administration (FLA), makes flood
insurance available to the residents of a participating community provided that the community
adopts and enforces adequate floodplain management regulations that meet the minimum NFIP
requirements. The NFIP encourages communities to adopt floodplain management ordinances
that exceed the minimum NFIP criteria. Included in the NFIP requirements, found under Title
44 of the 1.8, Code of Federal Regulations, are minimum building design and construction
standards for buildings located in Special Flood Hazard Areas. Through their floodplain man-
agement ordinances, communities adopt the NFIP design performance standards for new and
substantially improved buildings located in floodprone areas identified on FIA'S Flood Insurance
Rawe Maps.

Technical Bulletins

This is one of a series of Technical Bulletins FEMA has produced to provide guidance concern-
ing the building performance standards of the NFIP. These standards are contained in Title 44 of
the U.S. Code of Federal Regulations at Section 60.3. The bulletins are intended for use prima-
rily by State and local officials responsible for interpreting and enforcing NFIP regulations and
by members of the development community, such as design professionals and builders. New
bulleting, as well as updates of existing bulleting, are issued periodically, as necessary. The
bulleting do not create regulations; rather they provide specific guidance for complying with the
minimum requirements of existing NFIP regulations. Users of the Technical Bulletins who need
additional guidance concerning NFIP regulatory requirements should contact the Natural Haz-
ards Branch of the appropriate FEMA regional office. The “User’s Guide to Technical Bulle-
tins" lists the bulletins issued to date and provides a key word/subject index for the entire series.

Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional office,
Technical Bulletins can also be ordered from the FEMA publications warehouse. Use of FEMA



Form 60-8 will result in a more timely delivery from the warchouse — the form can be obtained
from FEMA regional offices and your state’s Office of Emergency Management. Send publica-
tion requests to FEMA Publications, P.O. Box 70274, Washington, D.C. 20024,

Further Information

The following publications provide further information concemning NFIP free-of-obstruction
requirements:

1. “Answers to Questions About Substantially Damaged Buildings,” FEMA, May 1991, FEMA-
213.

2. "Coastal Construction Manual,” FEMA, February 1986, FEMA-55.
3. “Elevated Residential Structures,” FEMA, March 1984, FEMA-54.
4. “Shore Protection Manual," U5, Army Corps of Engineers, (latest edition).

Glossary

Base flood — The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred to as the 100-year flood).

Base Flood Elevation (BFE) — The height of the base flood, usually in feet, in relation to the
Nartional Geodetic Ventical Datum of 1929 or other datum as specified. -

Basement — Any area of a building having its floor subgrade (below ground level) on all sides.

Coastal High Hazard Area — An area of special flood hazard extending from offshore to the
inland limit of a primary frontal dune along an open coast and any other area subject o high-
velocity wave action from S1orms or seismic sources,

Federal Emergency Management Agency (FEMA) — The independent federal agency that, in
addition to carrying out other activities, oversees the administration of the National Flood Insur-
ance Program.

Federal Insurance Administration (FIA) — The component of FEMA directly responsible for
administering the National Flood Insurance Program.

Flood Insurance Rate Map (FIRM) — The insurance and floodplain management map issucd
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 1({)-year
flood hazard in a community.

Floodprone area — Any land area susceptible to being inundated by floodwater from any
SOUrce.



Lowest floor — The lowest floor of the lowest enclosed area of a building, including a base-
ment. Any NFIP-compliant unfinished or flood-resistant enclosure useable solely for parking of
vehicles, building access, or storage (in an area other than a basement) is pot considered a
building’s lowest floor.

Special Flood Hazard Area (SFHA) — Area delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated as Zone A, AE, A1-A30, AR, AD,
AH, V, VE, or V1-V30,

Substantial damage — Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of the
market value of the structure before the damage occurred.

Substantial improvement — Any reconstruction, rehabilitation, addition, or other improvement
of a structure, the cost of which equals or exceeds 50 percent of the market valee of the structure
before the “start of construction™ of the improvement. This term includes structures that have
incurred “substantial damage,” regardless of the actual repair work performed.
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Key Word/Subject Index:

This index allows the user to quickly locate key words and subjects in this Technical Bulle-
tin. The Technical Bulletin User's Guide (printed separately) provides references to key
words and subjects throughout the Technical Bulletins. For definitions of selected terms,
refer to the Glossary at the end of this bulletin.

Key Word/Subject Page
Below-grade parking garage, considered a basement ' 1
Below-grade parking garage, defined 1
Below-grade parking in A and V zones, when allowed, requirements for 2
Floodproofing, below-grade parking beneath non-residential buildings,

design requirements for 4
Floodproofing, recognition of for insurance rating purposes 4

Any comments on the Technical Bulletins should be directed to:

FEMA/FIA

Office of Loss Reduction
Technical Standards Division
500 C 51, 5W, Room 417
Washington, D.C. 20472

Technical Bulletin 93 replaces Technical Bullefin 902 [droff) “Below Grade Parking Garages.”

Graphic design based on the Japanese print The Great Wave Off Kanagowa, by Katsushika Hokusai [1760-
184%), Asiatic collecion, Museum of Fine Arts, Boston.



TECHNICAL BULLETIN 6-93

Below-Grade Parking Requirements

for Buildings Located In Special Flood Hazard Areas
in accordance with the

National Flood Insurance Program
Introduction

The purpose of this bulletin is to provide technical guidance on the National Flood Insurance
Program (NFIP) floodplain management requirements for below-grade parking garages for non-
residential buildings in Special Flood Hazard Areas (SFHAS) shown on Flood Insurance Rate
Maps (FIRMs).

Below-grade parking garages are commonly found in large engineered commercial buildings and
are used for parking and access to the above-grade floors of the building. Flooding of these
enclosed areas may result in significant damage to the building and any mechanical, electrical, or
other utility equipment located there, such as ventilation equipment, lighting, elevator equip-
ment, and drainage pumps. The garage walls, which often are major structural components of
the building's foundation, are also susceptible to flood damage, The potential for injury to
anyone in the garage, the potential for damage to parked cars, and the safety issue of removing
parked cars when flooding threatens are important design considerations.

Note: Users of this bulletin are advised that it provides guidance that must be used in
conjunction with Technical Bulletin 3, “Non-Residential Floodproofing — Requirements
and Cenification.” The conditions and requirements set forth in both bulletins must be met
for any below-grade parking garage to be in compliance with the minimum requirements of
the NFIP regulations. A Floodproofing Certificate for Non-Residential Stuctures must be
completed for any building in an SFHA with below-grade parking.

PE—

NFIP Regulations

The NFIP regulations provide direction concerning whether or not below-grade parking is
permitted in SFHAs, both coastal and riverine, For the purposes of the NFIP, below-grade
parking is considered a basement. A basement is defined as any area of a building having its
floor subgrade (below ground level) on all sides. The following subsections provide applicable
excerpts from the NFIP regulations.

Below-Grade Parking Garages in Residential Buildings in A Zones
Section 60.3(c)(2) of the NFIP regulations states that a community shall:

“Regquire that all new construction and substantial improvements of residential structures
within Zones Al-A30, AE and AH on the community’s FIRM have the lowest floor (in-
cluding basement) elevated to or above the base flood level...”




Under the NFIP, a below- gradt parl:lng parage is mnmdcrad a bas:cmem if i n 15 below graﬁe on
alls:d.:s ’I‘hercfﬂm. he Cons T3 F; 1 ben:

Section 60.3(c)(7) of the NFIP regulations deals with residental buildings in Zone AQ (sheet
flow with depths of 1 to 3 feet) requirements. Section 60.3(c)(7) states that a community shall:

“Require within any A0 zone on the community's FIRM that all new construction and
substantial improvements of residential structures have the lowest floor (including base-
ment) elevated above the highest adjacent grade af least as high as the depth number
specified in feet on the community's FIRM (ai least two feet if no depth number is speci-

fied).”
Therefore, below-grade parking garages beneath residential buildings in Zone AO are prohibited.

Below-Grade Parking Garages in Non-Residential Buildings in A Zones
Section 60.3(c)(3) of the NFIP regulations states that a community shall:

“Require thai all new construction and substantial improvementis of non-residential struc-
fures within Zones Al-A30, AE, and AH on the community’s FIRM (i) have the lowest
floor (including basement) elevated to or above the base flood level, or (i) together with
attendant utility and sanitary facilities, be designed so that below the base flood level the
structure is watertight with walls substantially impermeable to the passage of water and
with structural components having the capability of resisting hydrosiatic and hydrody-
namic loads and effects of buoyancy.”

Below-grade parking garages are permitted beneath non-residential buildings in Zones A1-A30,
AE, and AH provided the building (including the parking garage) is floodproofed to the base
flood level in accordance with the dl:il.gﬂ perf::rrmam::c swndards pn‘n:mdnd al:rcrw: in Su:lmn
60.3(c)(3Wii). Only below-gra { 108

FEMA manual “Floodproofing Non-Residential Structures” and in Technical Bulletin 3, “Non-
Residential Floodproofing — Requirements and Certification.”™

Section 60.3(c)(8) of the NFIP regulations deals with non-residential buildings in Zone AD (sheet
flow with depths of 1 to 3 feet) requirements. Section 60.3(c)(8) states that a community shall:

“Require within any A0 zone on the community’s FIRM that all new construction and
substantial improvements of nonresidential structures (i) have the lowest floor (including
basement) elevated above the highest adjacent grade at least as high as the depth number
specified in feet on the community’s FIRM (at least two feet if no depth number is speci-
Jied), or (ii) together with attendant utility and sanitary facilities be completely
floodproafed to that (base flood) level to meet the floodproofing standard specified in
Section 60.3(c}3Nii).”

Tl'u.".l‘tﬁ:l'tlt, below-grade parking garages are permitted beneath non-residential buildings in Zone
AQ provided the building (including the parking garage) is floodproofed to the base flood level in
accordance with the design performance standards of Section 60.3(c)(3)(ii). Because of the



severe damage that can be caused by velocity waters and debris, below-grade parking garages are
not recommended in A0 zones where velocities have been identified.

Secdon 60.3(c)(4) further states:

i .that where a non-residential structure is inlended to be made watertight below the base
[food level, i) a registered professional engineer or architect shall develop and/or review
structural design, specifications, and plans for the construction, and shall certify that the
design and methods of construction are in accordance with accepled standards of practice
for meeting the applicable provisions of paragraph {(cX3Nii) or (e)(8)ii) of this section.”

The floodproofing of a below-grade parking garage and any other portion of a building below the
base flood elevation (BFE) must be centified to meet the standards of Section 60.3(c)(3). Addi-
tional guidance on this certification requirement can be found in Technical Bulletin 3, “Non-
Residential Floodproofing — Requirements and Certification.”

Below-Grade Parking Garages in V Zones
Section 60.3(e)(4) of the NFIP regulations states that a community shall:

“Provide that all new construction and substantial improvements in Zones VI-V30 and VE,
and also in Zone V if base flood elevation data is available, on the community's FIRM, are
elevated on pilings and columns so thait (i) the bottom of the lowest horizontal structural
member of the lowest floor (excluding the pilings or columns) is elevated to or above the
base flood level.™

The floor of a below-grade parking garage would be considered the “lowest floor™ of a V-zone
building under the NFIP (since the lowest horizontal structural member would be the footing of the

ga:ugr.} and l:uuld not mut th: above r-r:qum:mn:m_ ']11¢rn:fn-m, l‘ﬁ[{mr_mdw

It should be noted that Technical Bulletins provide guidance on the minimum requirements
of the NFIP regulations. Community or State requirements that exceed those of the NFIP
take precedence. Design professionals should contact the community to determine whether
maore resirictive local or State regulations apply to the building or site in question. All
applicable standards of the State or local building code must also be met for any building in
a flood hazard area,

Designing a Floodproofed Below-Grade Parking Garage

All below-grade parking garages must be dry-floodproofed; therefore, hydrostatic and hydrody-
namic forces must be considered in the design. In most designs, the loadings on the above-grade
portion of the building are ransferred to the structural elements of the below-grade parking garage.
Therefore, any structural failure in the parking garage may well result in a failure of the entire



building. FEMA's Technical Bulletin 3, “Non-Residential Floodproofing — Requirements and
Centification,” must be consulted for necessary guidance on floodproofing designs for below-
grade parking garages.

MNote: While the NFIP regulations require that non-residential buildings be floodproofed only

to the BFE, flood insurance rating procedures include a freeboard, or level of safety criterion.

When a floodproofed building is rated for flood insurance, the level of flood protection is

assumed at 1 foot below the top elevation of the floodproofing. For rating purposes, the

NFIP requires that non-residential buildings be floodproofed to 1 foot above the BFE in order
to receive rating credit for the floodproofing design.

A critical element in any floodproofing design for a below-grade parking garage is the point
where the garage entrance ramp meets the street grade. The best method of protecting a dry-
floodproofed garage from floodwaters is to design the garage entry to be above BFE. The entry
can also be brought up and over a ramp of fill dirt placed above the BFE. In some cases, how-
ever, the garage entry must meet street grade at an elevation below the BFE. Such a design
requires that a high-strength flood shield that can withstand the high hydrostatic pressure be
installed so that floodwaters will not l:l}ﬁ:l’ the dry-floodproofed garage.

Any portions of a floodproofing design that entail human intervention (such as placing a flood
shield) greatly increase the potential for loss of life and property damage during a flood. A
sufficient number of emergency exits must be available so that anyone in the garage will not be
trapped by rising floodwaters, and a warning and evacuation plan must be developed and tested
so that it ¢an be readily implemented when a flood threatens. Such a plan is necessary for all
below-grade garages as stated in Technical Bulletin 3, which provides guidance on warning and
evacuation plans.

Below-Grade Parking for Mixed-Use Buildings

While the NFIP regularions state that dry floodproofing of below-grade parking garages is
allowed only for non-residential buildings in A zones, professionally designed buildings that
have both commercial (non-residential) and residential uses may be designed with floodproofed
below-grade parking garages. All residential-use areas of the building must be above the BFE.
An insurance agent experienced in the NFIP should be consulted during the design phase con-
cerning the cost of insurance for a mixed-use building.

The NFIP

The NFIP was created by Congress in 1968 to provide federally backed flood insurance cover-
age, because flood insurance was generally unavailable from private insurance companies. The
NFIP is also intended to reduce future flood losses by identifying floodprone areas and ensuring
that new development in these areas is adequately protected from flood damage. The NFIP is
based on an agreement between the federal government and participating communities that have
been identified as floodprone. FEMA, through the Federal Insurance Administration (FIA),
makes flood insurance available to the residents of a participating community provided that the



community adopts and enforces adequate floodplain management regulations that meet the
minimum NFIP requirements. The NFIP encourages communities 1o adopt floodplain manage-
ment ordinances that exceed the minimum NFIP criteria. Included in the NFIP requirements,
found under Title 44 of the Code of Federal Regulations, are minimum building design and
construction standards for buildings located in SFHAs. Through their floodplain management
ordinances, communities adopt the NFIP design performance standards for new and substantially
improved buildings located in floodprone areas identified on FIA's FIRMs.

Technical Bulletins

This is one of a series of Technical Bulletins FEMA has produced to provide guidance concern-
ing the building performance standards of the NFIP. These standards are contained in Title 44 of
the U.S. Code of Federal Regulations at Section 60.3. The bulletins are intended for use prima-
rily by State and local officials responsible for interpreting and enforcing NFIP regulations and
by members of the development community, such as design professionals and builders. New
bulletins, as well as updates of existing bulletins, are issued periodically, as necessary. The
bulletins do not create regulations; rather they provide specific guidance for complying with the
minimum requirements of existing NFIP regulations. Users of the Technical Bulletins who need
additional guidance concerning NFIP regulatory requirements should contact the Natural Haz-
ards Branch of the appropriate FEMA regional office. The Technical Bulletin Guide, “User's
Guide to Technical Bulletins,” lists the bulletins issued to date and provides a key word/subject
index for the entire series.

Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional office.
Technical Bulletins can also be ordered from the FEMA publicatons warchouse. Use of FEMA
Form 60-8 will result in a more timely delivery from the warehouse — the form can be obtained
from FEMA regional offices and your state’s Office of Emergency Management. Send publica-
tion requests w FEMA Publications, P.O. Box 70274, Washington, D.C. 20024,

Further Information
The following publications provide further information concerning below-grade parking garages:

1. “Answers to Questions About Substantially Damaged Buildings,” FEMA, May 1991, FEMA-
213.

2. “Floodproofing Non-Residential Structures,” FEMA, May 1986, FEMA-102

Glossary

Base flood — The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred to as the 100-year flood).



Base Flood Elevation (BFE) — The height of the base flood, esually in feet, in relation to the
National Geodetic Vertical Dawm of 1929 or other datum as specified.

Basement — Any area of a building having its floor subgrade (below ground level) on all sides.

Coastal High Hazard Area — An area of special flood hazard extending from offshore o the
inland limit of a primary frontal dune along an open coast and any other area subject to high-
velocity wave action from storms or seismic sources.

Federal Emergency Management Agency (FEMA) — The independent federal agency that, in
addition to carrying out other activities, oversees the administration of the National Flood Insur-
ance Program.

Federal Insurance Administration (FIA) — The component of FEMA directly responsible for
administering the National Flood Insurance Program.

Flood Insurance Rate Map (FIRM) — The insurance and floodplain management map issued
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 100-year
flood hazard in a community.

Floodprone area — Any land area susceptible to being inundated by floodwater from any
SOUTNCE.

Lowest floor — The lowest floor of the lowest enclosed area of a building, including a base-
ment. Any NFIP-compliant unfinished or flood-resistant enclosure useable solely for parking of
vehicles, building access, or storage (in an arca other than a basement) is pgf considered a
building’s lowest floor.

Special Flood Hazard Area (SFHA) — Area delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated as Zone A, AE, A1-A30, AR, AD,
AH, V, VE, or V1-V30.

Substantial damage — Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of the
market value of the structure before the damage occurred.

Substantial improvement — Any reconstruction, rehabilitation, addition, or other improvement
of a structure, the cost of which equals or exceeds 50 percent of the market value of the structure
before the “start of construction™ of the improvement. This term includes structures that have
incurred “substantial damage,” regardless of the actual repair work performed.
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Key Word/Subject Index:

This index allows the user to locate key words and subjects in this Technical Bulletin.
The Technical Bulletin User’s Guide (printed separately) provides references to key
words and subjects throughout the Technical Bulletins. For definitions of selected
terms, refer to the Glossary at the end of this bulletin,

Key Word/ Subject Page

Accessory Structures

Agricultural Structures

Functionally Dependent Use

Garages, Attached to Residential Structure
Garages, Attached to Non-Residential Structure
Garages, Detached From Structure

Historic Buildings

Variances from NFIP Requirements

Variances, Issuance in Designated Floodways
Wet Floodproofing, Definition of

Wet Floodproofing, Engineering Considerations
Wet Floodproofing, Flood Insurance Implications
Wet Floodproofing, Planning Considerations
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Any comments in the Technical Bulletins should be directed to:

FEMA/Mitigation Directorate
Program Development Branch
500 C S5t., S.W.

Washington, D.C. 20472

Technical Bulletin 7-83 replaces Technical Bulletin 85-1 (draft) "Wet Floodproofing”™

Graphic design based on the Japanasa print The Grest Weve Off Kanagawa, by Katsushika Hokusi
[1780-1E48), Asgiatic collection, Mussum of Fine Arts, Boston,



TECHNICAL BULLETIN 7-93

Wet Floodproofing Requirements for Buildings Located in Special
Flood Hazard Areas in Accordance with the National Flood Insurance
Program

INTRODUCTION

This bulletin describes planning, design, and construction requirements for wet floodproofing
certain types of structures and their uses under the National Flood Insurance Program
(NFIP). The basic characteristic that distinguishes wet floodproofing from dry floodproofing
is the internal flooding of a structure as opposed to providing essentially watertight
protection. Specifically, wet floodproofing can be defined as:

Permanent or contingent measures applied to a structure and/or its contents that
prevent or provide resistance to damage from flooding by allowing flood waters to
enter the structure.

Flooding of a structure’s interior is intended to counteract hydrostatic pressure on the walls,
mﬁm,ﬂwﬂhmnymmlﬂm
exterior water levels during a flood. Inundation also reduces the

danger of buoyancy from hydrostatic uplift forces. Such the NFIP, Wet
measures may require alteration of a structure’s design and Floodproofing is
construction, use of flood-resistant materials, adjustment of allowed in only
building operation and maintenance procedures, relocation and  Kemited situations
treatment of equipment and contents, and emergency
preparedness for actions that require human intervention.

Application of wet floodproofing as a flood protection technique under the NFIP is limited to
specific situations in A Zones (including A, AE, Al-30, AH, AO, AR zones). For certain
uses and types of structures described in this bulletin, communities may allow wet
floodproofing only through the issuance of a variance from certain floodplain management
requirements. The situations and conditions in which a community may allow wet
floodproofing are described in detail in the section entitled Applicability.

For structures in V zones (includes V, VE, V1-30 zones), more stringent design and
construction requirements have been established for the portion of a structure below the Base
Flood Elevation (BFE). For information on V-zone design and construction requirements,
refer to the NFIP regulations under 44 CFR Section 60.3, the Technical Bulletin series, and
FEMA's "Coastal Construction Manual® (FEMA 33).



APPLICABILITY

New Construction and Substantial Improvements of Residential and Non-Residential
Structures

An important objective of the NFIP is to protect structures constructed in floodplains
from flood-induced damage. In support of this objective, the NFIP regulations
include building design and construction criteria that apply to new construction and
substantial improvements (including structures which have incurred substantial
damage) of existing structures in Special Flood Hazard Areas (SFHA). According to
these criteria, residential structures in A zones must be constructed with their lowest
floors elevated to or above the BFE. Non-residential stroctures constructed in A
zones must either have their lowest floors elevated to or above the BFE or be dry
floodproofed (made watertight) to or above the BFE. Measures 10 accomplish dry
floodproofing of non-residential structures must not only provide watertight protection
but also must be designed to withstand hydrostatic, hydrodynamic, and impact forces
produced by flooding. The intent is to provide complete protection at least up to the
floodproofing design level which must, at a minimum, be at the BFE.

Note: To receive a flood insurance rate based on 100 year flood protection, the
structure must be dry fMoodproofed to an elevation at least 1 foot above the
BFE. (i.e. 1 foot of freeboard)

In accordance with the NFIP, there are limited enclosed areas within newly
constructed and substantially improved residential and non-residential structures where
the community may allow wet floodproofing without a variance as a flood protection
technique. These are limited to:

ufmnh!nllﬂ!nmmuhnwunmmwhmhwﬂﬂmnhwhnm
constructed at or above the BFE may be constructed with enclosed areas below
the BFE. These areas musi; (1) be used solely for parking, building access, or
limited storage, (2) be designed to allow for the antomatic entry and exit of
flood waters through the use of openings, and (3) be constructed of flood

Attached garages. A garage attached to a residential structure, constructed
with the garage floor slab below the BFE, must be designed to allow for the
automatic entry of flood waters. Openings are required in the exterior walls of
the garage or in the garage doors. In addition to allowing the automatic entry
of flood waters, the areas of the garage below the BFE must be constructed
with flood resistant materials. Garages attached to non-residential structures
must meet the aforementioned requirements or be dry floodproofed. For
guidance on below-grade parking areas refer to Technical Bulletin 6, “Below-
Grade Parking Requirements”.



Certain categories of structures where FEMA has advised communities that variances to
allow wet floodproofing may be issued.

Communities must determine whether a variance from local floodplain managemeni
regulations may be issued to allow wet floodproofing for the categories of structures
described in this section. To make such a determination, the community must, at a
minimum, apply the NFIP variance criteria set forth in the 44 CFR Section 60.6.
Included in these criteria is the requirement that the vanance be the minimum
necessary to afford relief, considering the flooding conditions at the site. This means
that when a community issues a variance from elevation or dry floodproofing
requirements, the structure must still be protected to the maximum extent possible
using an appropriate alternative flood protection technique, such as wet floodproofing.
To properly administer the granting of a variance for wet floodproofing, communities
should have variance review procedures in place. These variance procedures must be
within the bounds of State enabling law and meet the minimum requirements of the
NFIP.

Variances to allow wet floodproofing may be issued for the following categories of
structures. These structures must comply with floodway encroachment provisions
of the NFIP Regulations in accordance with section 60.6(a)(1).

Structures Functionally Dependent On Close Proximity to Water: Certain
structures that must be located near water are functionally dependent uses, as
defined in section 59.1, and are permitted to be wet floodproofed after the
issuance of a variance from NFIP elevation and dry floodproofing
requirements. These structures may include certain types of docking, seafood
processing, and port facilities associated with marine activities. Specific
criteria for issuing a variance for functionally dependent uses are established in
section 60.6(a)(7). These include the requirement that the structure or other
development be protected by methods that minimize flood damage and create
no additional threat to public safety.

Historic Buildings: Under section 60.6, variances may be issued for the
repair and rehabilitation of historic structures, as defined in Section 59.1, upon
the determination that the proposed repair or rehabilitation will not preclude
the structure’s continued designation of a historic structure and the variance is
the minimum necessary to preserve the historic character and design of the
structure.

Accessory structures, used solely for parking (two-car detached gamages or
smaller) or limited storage (small, low-cost sheds): If a community wishes to
allow a non-elevated/non-dry floodproofed accessory structures, the
community must establish the meaning of low-cost and small

structures. Communities may allow wet floodproofing of these structures
provided that they represent a minimal investment and are designed to have a
low damage potential with respect to the structure and contents.



The following requirements, at a minimum, must be attached to the variance
for an accessory structure:

1) it must be anchored to resist flotation, collapse, and lateral movement;

2) the portions of these structures located below the BFE must be constructed
of flood-resistant materials;

3) it must be designed to allow for the automatic entry of flood waters;

4) mechanical and utility equipment must be elevated or floodproofed to or
above the BFE;

5) it must comply with the floodway encroachment provisions of the NFIP
Regulations; and

6) its use must be limited to parking and/or limited storage.

Some communities have included provisions in their floodplain management ordinance
for permitting the construction of these low-cost, small detached accessory structures.
Communities wishing to regulate the placement of such structures in this manner
should contact their FEMA Regional Office for guidance and assistance.

Certain Agricubtural Structures: FEMA recognizes that wet floodproofing may be
appropriate for certain types of agricultural structures located in wide, expansive
floodplains. A variance may be issued only if the structure is used solely for
agricultural purposes in which the use is exclusively in connection with the
production, harvesting, storage, drying, or raising of agricultural commodities,
including the raising of livestock. Only in circumstances when it can be demonstrated
that agricultural structures can be designed in such a manner that results in minimal
damage to the structure and its contents and will create no additional threats to public
safety, may a variance be issued. Because the wet floodproofing of & new
agricultural structure with the lowest floor below the BFE is not in conformance with
NFIP requirements, any variance issued must address both the nonconforming flood
protection technique and the restriction of use to the above-described agricultural
purposes. Types of agricultural structures that may be wet floodproofed following the
issuance of a variance are:

» Farm Storage Structures used exclusively for the storage of farm
machinery and equipment (e.g., pole and pre-fabricated metal frame structures
with open or closed sides).

» Grain bins.

» Corn cribs.



» General purpose barns for the temporary feeding of livestock, provided
they remain open on at least one side.

In addition to the variance requirements 1-5 under the Accessory Structure category
presented above, a variance for an agricultural structure must also be limited to

agricultural purposes.

Existing (Pre-FIRM) Structures That Are Not Substantially Improved or Substantially
Damaged

For existing structures that are not being substantially improved or that have not been
substantially damaged, the NFIP elevation and dry floodproofing regulations do not
apply. Owners may voluntarily choose to wet floodproof such a particular structure
to reduce potential flood damage. Many existing structures are constructed of
materials that are generally permeable to flood waters, difficult to make watertight, or
unsuitable for flood protection techniques other than elevation or relocation.
Although it may be technically feasible to retrofit some older structures by sealing the

i walls and creating a watertight structure, it is often unadvisable to do so
because of high probability that the dry floodproofing will fail due to some unforeseen
factor in these usually non-engineered, older structures. In these cases, wet
floodproofing and flood protection through either relocation or elevation of structures
may offer the only technically viable flood-damage reduction alternatives. In some
situations, wet floodproofing may be the only realistic economic alternative for
existing structurcs that are not substantially improved or damaged.

INSURANCE IMPLICATION

It must be emphasized that variances are granted with respect to floodplain
management requirements and do not affect Mood insurance rates.

costs of insuring these buildings, if they are not elevated or floodproofed in
accordance with the NFIP requirements, would approach or even exceed the
costs of meeting NFIP elevation or dry floodproofing requirements, and the
structure would still be exposed to flood damages.

In accordance with the NFIP regulations, communities must notify the
applicant in writing that the issuance of a variance will result in increased
premium rates for Mood insurance and that such construction below the BFE
increases risks to life and property [44 CFR 60.6(a){5)].




NFIP Regulations
44 CFR Section 60.3 (a)(3) of the NFIP regulations requires that the community must:

“Review all permit applications to determine whether proposed building sites
will be reasonably safe from flooding. If a proposed building site is in a
flood-prone area, all new construction and substantial improvements shall (i)
be designed (or modified) and adegquately anchored to prevent flotation,
collapse, or lateral movement of the structure resulting from hydrodynamic
and hydrostatic loads, including the effecis of buoyancy, (i) be constructed
with materials resistant to flood damage, (iii) be constructed by methods and
practices that minimize flood damages, and (iv) be constructed with
electrical, heating, ventilation, plumbing, and air conditioning equipment
and other service facilities that are designed and/or located so as fo prevent
waler from entering or accumulating within the components during
conditions of flooding. "

NFIP regulations require that all enclosures below the BFE in A Zones must either be
designed to allow for the equalization of hydrostatic forces during a flood event or be
floodproofed. When water is allowed to enter, section 60.3(c)(5) of the NFIP regulations
states that a community shall:

"Reguire for all new construction and substantial improvements, that fully
enclosed areas below the lowest floor that are usable solely for parking of
vehicles, building access, or storage in an area other than a basement and
which are subject to flooding shall be designed to automatically equalize
hydrosiatic flood forces on exterior walls by allowing for the entry and exit
of flood waters. Designs for meeting this requirement must either be
certified by a registered professional engineer or architect or meet or exceed
the following minimum criteria: A minimum of two openings having a fotal
net area of not less than one square inch for every square foot of enclosed
area subject to flooding is provided. The bottom of all openings shall be no
higher than one foot above grade. Openings may be equipped with screens,
louvers, valves, or other coverings or devices provided that they permit the
aulomatic eniry and exit of flood waters. "

Section 60.3(d)(3) places further restrictions on construction in floodways by stating that a
community shall:

"Prohibit encroachments, including fill, new construction, substantial
improvements, and other development within the adopted regulatory floodway
unless it has been demonstrated through hydrologic and hydraulic analyses
performed in accordance with standard engineering practice that the
proposed encroachment would not result in any increase in flood levels
within the community during the occurrence of the base flood discharge."



Concerning the issuance of varfances, section 60.6(a)(3) states:

“Variances shall only be issued by a community upon (i) a showing of good and
sufficient cause, (ii) a determination that failure to grant a variance would result in
exceptional hardship to the applicant, and (iii) a determination that granting of a
variance will not resulf in increased flood heights, additional threats to public

safety, extraordinary public expense, creafe nuisances, cause fraud on or
victimizafion of the public, or conflict with existing local laws or ordinances; "

And section 60.6(a)(4) states that

"Variances shall only be issued upon a determination that the variance is the
minimum necessary, considering the flood hazard, to gqfford relief:"

Concerning functionally dependent uses under the NFIP variance criteria, "Functionally
dependent use® is defined in section 59.1 as:

“unction dependent use means a use which cannot perform iy intended
pmm#uwwwmhﬁumrwm The term
includes only docking facilities, mm&nmmﬁrmm:::

unloading of cargo and passengers, and ship building and ship repair facilities,
does not include long-term storage or related manyfoacturing facilities. "

Section 60.6(a)(7) states that:

"Variances may be issued by a community for new construction and substantial
improvements and for other development necessary for the conduct of a functionally
dependent use provided that (i) the criteria of paragraphs (a)(1) through (a)(4) of
this section are met, and (i) the structure or other development is protected by

methods that minimize flood damage during the base flood and create no additional
threats to public safety. "
Concerning granting variances for historic structures under the NFIP variance criteria,
section §60.6(a) states that:
"...Variances may be issued for the repair and rehabilitation of historic siructures

the structure's continued designation as a historic siructure and the variance is the
minimum necessary to preserve the hisioric characier and design of the structure. "

Lastly, concerning granting variances in designated floodways, section 60.6(a)(1) states that:

“"Variances shall not be issued by a community within any designated regulaiory
Mi{m;hm in flood levels during the base flood discharge would




It should be noted that Technical Bulletins provide guidance on the minimum requirements
of the NFIP regulations. Community or State requirements that exceed those of the NFIP take
precedence. Those contemplating wet floodproofing a structure should contact the community
to determine whether more restrictive local or State regulations apply to the structure or site
in question. All applicable standards of the State or local building code must also be met for
any structure in a special flood hazard area.

Planning Considerations

A review of the following factors for the site in question will assist in determining whether
wet floodproofing is appropriate. For example, if a site will be subject to rapidly rising,
high-velocity flood waters during a flood, and the available warmning time is short, then the
site is unsuitable for a wet floodproofed structure. In this situation, elevation or relocation of
the building outside the floodplain would be the preferred alternatives.

Warning Time

The rate-of-rise of flood waters for the site in question, the established flood waming system
(if any), the flood warning time available, and the reliability of the flood waming must be
reviewed to determine appropriate wet floodproof design elements. The rate-of-rise or the
flood warning time available through an existing reliable (community-based or regionally-
based) flood wamning system must be adequate to provide sufficient lead time to evacuate a
flood prone structure when flooding threatens. In addition, sufficient waming time must
exist to successfully implement a plan that requires human intervention which would include
such items as the removal of equipment or contents, or the elevation of contents within the
structure. Wet or dry floodproofed structures are not appropriate for any site in a flash flood
area, because of the potentially short waming time.

Safety and Access

Safe access to a wet floodproofed structure may be a critical factor in the determination of
whether wet floodproofing is an appropriate design alternative. It is anticipated that most
wet floodproofed structures will not need to be accessed during flooding. In situations where
there is a need to access the structure during conditions of flooding, safe access shall be
considered. In 1987, Colorado State University conducted a study of human stability in flood
flow conditions based on the product number of depth of flow multiplied by the floodwater
velocity. Results of this study indicated that any floodplain location with a product number
of 4 or greater (depth in feet multiplied by velocity in feet per second) will create a hazard
for anyone attempting to escape from or gain access to the site. Such sites are only
acceptable for wet floodproofed structures if modifications are made to the site to reduce the
flood hazard and sufficient wamning time is available to safely evacuate the site.



Other flood characteristics that must be considered include:

Floodway Encroachment; Encroachments, including fill, new construction, substantial
improvements, and other development within the adopted regulatory floodway are
prohibited under the NFIP unless it has been demonstrated, through hydrologic and
hydraulic analysis performed in accordance with standard engineering practice, that
the proposed encroachment would not result in any increase in flood levels within the
community during the occurrence of the base flood discharge. Floodways are usually
the most dangerous portion of the floodplain, containing the highest velocity and
debris-laden flood flows. Extreme caution must be used in the placement of any
structure in a floodway.

Duration; The amount of time a structure’s interior is flooded presents two major
concerns. First, damage due to the deterioration of structural components, interior
finishes, equipment/machinery, and contents generally increases with prolonged
inundation. The other concern is the financial loss due to business interruption,
determined by both the length of time inundated and time to clean-up. Financial losses
due to disruption can be extreme. '

Flood-Bome Contaminants: Flood waters may contain numerous contaminants and
are often caustic and toxic. In urbanized and industrialized areas, floodwater can
contain higher amounts of salts, alkalis, oils, wastes, chemicals, and debris. In
agricultural areas flood water often contains, herbicides, pesticides, and fertilizers.
Based on flooding characteristics, some flooding sources will contain higher
concentrates of suspended solids than others. Due to the action of "dirty" floodwater,
inundated materials can absorb and surfaces can become coated with mud, debris, and
grime, exposing contents and building components to corrosive salts and chemicals.
This often leads to residual deposits and odors after flood waters recede. These
deposits and odors can render a structure unsafe and non-occupiable for an extended
period of time after the flood waters recede.

Frequency; Frequent flooding may render a wet floodproofing strategy infeasible.
Detriments that must be assessed include cumulative "wear and tear” effects of

recurring inundation and the costs associated with repeated business interruption,
frequent remove of contents, and frequent clean-up activities.

Depth; It is difficult to establish a safe range of flood depths for the use of wet
floodproofing, and perhaps inappropriate to attempt to do so. It is somewhat more
applicable to evaluate limiting factors. Many wet floodproofing actions involve some
degree of either permanent or contingent elevation of contents, equipment, and
machinery. A maximum depth may be established as the depth that would preclude
the use of wet floodproofing procedures that can effectively protect the structure and
its contents.

Water Temperature; In very cold weather, ice may pose significant problems in
implementing wet floodproofing. The impact of large, water-bome, chunks of ice can
damage or destroy a structure, and water that freezes inside of a structure can result



in strong expansive forces that can damage both structural and non-structural building
components.

Operational Procedures

The operational procedures aspect of applying wet floodproofing techniques involves
both the structure’s functional requirements for daily use and the allocation of space,
with consideration of each function's potential for flood damage. Daily operations
and space use can be organized and modified to greatly reduce the structure and
contents vulnerability to damage. The goals are to minimize damage caused by
floodwater and to minimize economic losses due to business interruption. The
following describes the various operations concerns involved in an effective wet

floodproofing concept:

Flood Waming Sysiem . Because wet floodproofing will, in most cases, require some
human intervention when a flood is imminent, it is extremely important that there be
adequate time to execute such actions. Specific time required is a function of the type
and degree of actions necessary in addition to the resources available for their
implementation. In some areas, it may be possible to benefit from the use of an
existing flood warning system. In other cases, however, it will be necessary to
independently develop a system. Such a system may be as simple as a weather band
radio that operates on a tone alarm from the National Weather Service for smaller
watersheds and monitoring river forecast levels for larger watersheds.

Inspection and Maintenance Plan Every wet floodproofing design requires some
degree of periodic maintenance and inspection to ensure that all components will
activities, including inspection intervals and repair requirements, must be described in
the Inspection and Maintenance Plan. Components that should be mspected as part of
an annual (as a minimum) maintenance and inspection program include opening
covers and valves intended to equalize hydrostatic pressure.

Flood Emergency Operation Plan. A Flood Emergency Operation Plan is an integral
part of any structure's floodproofing design and is critical when the floodproofing
requires human intervention such as adjustments to, or relocation of contents and
utilities. While such a plan is recommended for existing structures, it is a
requirement for all new structures where human intervention is critical to the proper
operation of the floodproofing. An adequate plan for the type of structures discussed
in this bulletin shall include a list of specific duties to ensure that all wet
floodproofing measures requiring human intervention are addressed. The locations of
materials necessary to properly install all floodproofing components must be included
in the list.

A pre-determination of the flood stages at which floodwater enters each wet

floodproofed structure must be made, along with a pre-determination of the amount of
warning time available, Based upon these elements, contingency actions should be

10



prioritized, particularly any evacuation that will be involved. The plan should be
completely tested to ascertain its practicality, and also should be reviewed and
updated following a flood event.

Other Considerations
Having considered all of the above, a community may choose to:
limit the size and number of structures that may be wet floodproofed,

restrict the location of wet floodproofed structures to areas where the depth of
flooding and/or floodwater velocity will not result in damage to structure or its
contents, and/or

consider the possibility of combining elevation and dry floodproofing with wet
floodproofing where the level of risk warrants such action.

Engineering Considerations

There are three main components to wet floodproofing a structure; design elements, flood
resistant materials, and protection of contents. As with the application of dry floodproofing
techniques, developing a wet floodproofing strategy requires site-specific evaluations that
may necessitate the services of a design professional.

Protection of the Structure

Hydrostatic forces must be counteracted to prevent wall collapse and flood-induced uplift.
This is achieved through the use of wall openings that allow water to enter the structure,
thereby equalizing the hydrostatic pressure. The NFIP requirements concerning openings are
discussed in Technical Bulletin 1, "Openings in Foundation Walls." In addition, provisions
must be made to prevent air trapped within the structure during periods of inundation from
becoming pressurized and damaging on the exterior walls and roof. Because structures may
become buoyant in the presence of flood water, superstructures need to be designed to
prevent separation from the foundation. All structural and non-structural components must
be constructed of materials that are durable, resistant to flood forces, and resistant to
deterioration caused by repeated inundation by floodwater. Components not inundated with
flood water must be able to resistant damage as a result of excessive humidity associated with
flooding and post-flood conditions. Technical Bulletin 2 "Flood Resistant Materials" provides
specific guidance on which materials are acceptable under the NFIP.

Foundations; The failure of foundations in structures subjected to inundation is a

major cause of structural damage. Foundation design is a site-specific process that
must take into account local soils and building load conditions. Included in the site
analysis should be the influence of hydrologic and hydraulic conditions (velocity of
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flow, rate-of-rise, depth, flood-bome constituents, and duration) on the foundation
design. The ability of floodwater to adversely affect the integrity of structure
foundations by eroding supporting soil, scouring foundation material, and
undermining footings necessitates careful examination of foundation designs.

An extremely important consideration is that the structure be adequately anchored to
the foundation. Uplift forces during a flood event are often great enough to separate
an improperly anchored structure from its foundation.

Cavity Wall Congiruction; Wet floodproofing equalizes hydrostatic pressure
throughout the structure by allowing floodwater to fill in all spaces and equalize
internal and external hydrostatic pressure. Thus, any attempt to seal internal air
spaces within the wall system is not only technically difficult, but also contrary to the
wet floodproofing approach. Provisions must be made so that the cavity space fills
with water and drains at a rate approximately equal to the floodwater rate-of-rise and
fall.

If the cavity wall air space is filled with insulation, it should be a type that is not
subject to damage from inundation. Batt and blanket types such as spun mineral fiber
or fiberglass bat insulation are not acceptable as they retain water and contaminants
within their voids. Foam and closed cell type insulation have characteristics that can
withstand a certain level of inundation. These include polystyrene, expanded foam,
and thermal glass.

The air space within the cavity wall will also be inundated by floodwater and the
contaminants it carries. Silt, chemicals, and organic materials, will remain in the
cavity space after the floodwater has receded. Such contaminants can be hazardous to
the structure and the occupants; caustic chemicals can deteriorate building materials
and debris that harbors organic growth can be have associated bacterial problems and
odors. If a cavity wall is used, the cavity wall should have "clean-out™ access panels
that allow the internal air space to be flushed with water or other cleaning agents and
fresh air to circulate within the cavity. Refer to FEMA 234, "Repairing Your
Flooded Home™ for further guidance on cleaning wall cavities.

Solid Wall Construction; Wall systems without internal air spaces are considered solid
wall construction, which includes cast-in-place concrete, fully grouted cell masonry,
pressure treated wood- or metal-frame shell. Solid walls are designed without internal
spaces that could retain floodwater. Because these walls can be somewhat porous,
they can absorb moisture, and to a limited degree, associated contaminants. Such
porous wall systems that permit the intrusion of moisture into the wall could cause
internal damage especially in a cold (freeze-thaw) climate. Solid walls made of non-
porous materials are preferred over cavity walls. But in those cases where solid wall
construction made of porous material is being considered, the use of both exterior and
interior cladding with properties as described above for cavity wall systems is more
desirable.
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Wall Finishes: The exterior cladding of a structure subject to flooding should be
nonporous, resistant to chemical corrosion or debris deposits, and conducive to easy
cleaning. Relatively impervious cladding such as hard brick, pressure-treated wood,
metal, and concrete are some of the acceptable materials.

As with exterior surfaces, interior cladding should be easy to clean and not
susceptible to damage from inundation. Materials that are solid and relatively
impervious such as concrete, hard brick, plastic, and pressure-treated wood, are most
suitable.

Metal-clad structures such as those found in many agricultural operations should be
constructed of corrosion-resistant materials. Framing and cladding must meet the
same flood-resistant requirements as all other materials. Metal fasieners used with
metal panel cladding systems are susceptible to corrosion and should be a corrosion-
resistant type, such as hot dipped galvanized or stainless steel.

Where interior wall finishes are present, they shall meet the same flood resistant
standards as all other materials located below the BFE.

Floors; Subfloor systems in wet floodproofed structures are normally concrete or
gravel. Materials that are attached to the concrete subfloor, such as tile, paint, or
wood, and the attachment mechanism (adhesives, nails, screws, etc.) that secures the
finish material to the subfloor structure, should be able to withstand inundation
associated with a base flood event without damage or alteration.

Ceilings and Roofs. When it is anticipated that flood levels will come in contact with
the ceiling, flood resistant material requirements apply for ceiling materials and
attachment mechanisms (hangers, adhesives, screws). To protect the ceilings and
roofs from the pressure of entrapped air or water, pressure relief vents should be
used. Ewven in those cases where flood waters are expected to be below ceiling levels,
ceilings materials including attachment mechanisms should be able to withstand
prolonged exposure to moisture and humidity associated with flood and post-flood

Building Envelope Openings. Openings in a structure's floors, walls, ceilings, and
roofs are often enclosed by architectural components such doors, windows, louvers,
vents, skylights, etc. These components include fasteners, gaskets, seals, glazing,
locks, and finishes. Again, even those items not expected to be inundated must be
resistant to humidity and moisture damage. NFIP flood resistant material
requirements apply to all architectural components that are to be exposed to flooding
or resulting excessive moisture. All materials shall be capable of resisting damage
associated with a base flood event. Door systems include frame, hinges, threshold,
and panels. Since solid wood, wood laminate, or hollow core wood door panels may
warp, swell and/or rot, sealed metals are preferable.

Windows are susceptible to damage from debris carried by floodwater. The use of
glass blocks, sealed unbreakable panes, and wire-reinforced glass will resist flood
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damage. Protective screens may also be successful in preventing debris impact. The
use of tempered glass or impact-resistant plastic (acrylic or polycarbonate) is
recommended for large window areas of 20 square feet or more,

' ‘ i siems; While the NFIP regulations do not
mhumwﬂmmmmmummmuy
are required to be designed and/or located so as to prevent flood water from entering
or accumulating within them. The preferred method of meeting this requirement is to
locate flood-threatened components above the expected flood level. Other options that
may meet the NFIP requirements for electrical systems that can not be elevated
involve emergency operation and maintenance procedures, including disconnecting
and elevating or relocating electrically controlled equipment, installing elevated
control panels for cutoff of electricity, or enclosing service equipment in waterproof
utility enclosure areas. Mechanical systems that must be located below the design
flood level should be provided with waterproofed enclosures to protect bearings,
seals, gears clutches, valves, or controls that will not withstand immersion, silt
damage, or waler pressure.

Electrical Sysiem. Electricity is a primary source of energy for many vital
building operations. Wet floodproofing an electrical system primarily involves
preventing vulnerable components from coming in contact with water.
Elevation of all electrical components except the minimum necessary Lo
operate the structure (minimal number of light switches and receptacles) is
required. Where switches and receptacles must be located below the BFE,
sealed or capped moisture-resistant components are required. Ground Fault
Circuit Interrupters shall be utilized for all electrical circuits that serve areas
below the BFE. Key system components for which elevation above floodwater
is desirable include transformers, switchboards, and branch panels. A possible
alternative may be to enclose these elements with a waterproof protective
barrier. In circumstances which dictate that it is not practicable to safely
maintain power during inundation, complete cutoff must be utilized. This of
course presents the need for inspections and actions to ensure complete drying
of electrical components prior to power restoration.

Electrical service provided to a structure from poles or other overhead sources
should enter the structure at a point above the expected flood level.
Underground service cables may be feasible provided that they are
waterproofed and not exposed 1o direct contact with flood water.

Heating and Ventilating In general, heating and ventilating equipment is not
designed to withstand inundation and is prone o severe floodwater damage.
Thus, elevating is recommended to preclude inundation of system components.
In situations where elevation is not practical, quick release/disconnect
mechanisms should be incorporated into the design. One example is fan motor
components for grain bin aeration systems which are configured to be easily
removed and relocated prior to flooding.
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Liguid Storage Containers Liquid and gas containers are subject to extreme
hydrostatic pressure during inundation. Where possible, such containers should be
elevated to or above the BFE or located outside the floodplain. If a newly
constructed container will be subject to inundation, it is required under the NFIP to
be anchored o withstand a buoyant force acting upon it in its empty state. Containers
should have watertight fill caps and vents that extend above the expected flood level,
and should be labelled according to contents. Labeling will allow emergency
personnél to identify the contents in the event the tanks breaks loose and floats away.,
It is important to note that underground tanks are also subject to uplift forces. Empty
tanks, both above and below ground, should be filled with potable water prior to the
arrival of floodwater. The post-flood disposal of this possibly contaminated water
must be in accordance with all applicable federal, state and local regulations.

Flood Resistant Materials

In accordance with the NFIP, all materials exposed to floodwater must be durable,
resistant to flood forces, and retardant to deterioration caused by repeated exposure to
flood water. Generally, these performance requirements result in masonry
construction being the most suited to wet floodproofing in terms of damage resistance.
In some cases wood or steel structures may be candidates, provided that the wood is
pressure treated or naturally decay resistant and steel is galvanized or protected with
rust-retardant paint. Detailed guidance is provided in Technical Bulletin #2 "Flood-
Resistant Material Requirements. *

Protection of Contents and Equipment

Isolation from Floodwater. Consideration should be given to preventing, to the
maximum extent possible, the contact of floodwater with damage-susceptible items.
This can be accomplished through relocation prior to flooding, elevation, or in-place
protection of flood-damageable items.

Relocation: The most effective method of protection for equipment and
contents is to relocate threatened items out of harm's way. The interior of the
structure must be organized in a way that ensures easy access and facilitates
relocation. Aisles, doors, and corridors shall be wide enough and equipment
size should be evaluated to allow any planned relocation or removal. Where
structures are usad to store bulk materials, such as grain, provisions must be
made for the orderly removal and relocation of the contents to an area outside

the floodplain.

Elevation: Within the flood-prone structure, elevation of key items could be
achieved through the use of existing or specially constructed platforms or
pedestals. Contingent elevation can be accomplished by the use of hoists or
some type of overhead suspension system. Elevation techniques can be
applied to a wide range of objects—machinery, utility system components
(particularly electrical equipment), fuel and storage containers, and contents.
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In-Place Protection: Some items can be protected, in-place, through a variety
of options. Protective waterproof enclosures may be feasible for items that are
difficult to move or relocate. Anchors and tie-downs, shall be used where
appropriate to prevent flotation and movement, especially in the case of
storage containers. Depending on flood characteristics, such enclosures may
not have to be inconveniently high or completely permanent. Low barriers or
flood shields may supply the necessary protection. Also, steps or ramps can
be incorporated into the design to further maintain easy access.

Protective coatings can be applied to equipment to reduce inundation damage.
Petroleum based greases, hot dip plastics, spray or cold plastics can all be
applied to oily surfaces. If they are applied to painted surfaces they must be
non-migratory and not applied to threaded surfaces. Coatings can provide
protection and enhance cleanup ease.

The use of "quick-disconnect™ type plug and receptacle sets on standard
electrical motors and other electrical connections provides several advantages.
This allows for rapid shutdown, eliminates the need for an electrician,
simplifies removal operations, and enables rapid reinstallation and restart.
Similarly, motor-pump type units can be equipped with quick disconnect
fittings on both suction and discharge lines in addition to electrical power
lines. These actions also provide the added benefit of facilitating routine
maintenance and relocation of egquipment.

Mounting equipment and inventory on skids or pallets contributes greatly to
contingent relocation, elevation, and removal actions using a fork lift. Large
items that can be lifted from overhead should be permanently fitted with lifting
Any accessory items required, such as motor mount shims or necessary tools,
should be stored nearby.

Technical Bulletins

This is one of a series of Technical Bulletins FEMA has produced to provide guidance
concerning the building performance standards of the NFIP., These standards are contained
in Title 44 of the U.S5. Code of Federal Regulations at Section 60.3. The bulletins are
intended for use primarily by State and local officials responsible for interpreting and
enforcing NFIP regulations and by members of the development community, such as design
professionals and builders. New bulletins, as well as updates of existing bulletins, are issued
periodically, as necessary. The bulletins do not create regulations; rather they provide
specific guidance for complying with the minimum requirements of existing NFIP
regulations. Users of the Technical Bulletins who need additional guidance concemning NFIP
regulatory requirements should contact the Mitigation Division of the appropriate FEMA
regional office. The User's Guide to Technical Bulletins lists the bulletins issued to date and
provides a key word/subject index for the entire series.
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Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional
office. Technical Bulletins can also be ordered from the FEMA publications warehouse.
Use of FEMA Form 60-8 will result in a more timely delivery from the warehouse. The
form can be obtained from FEMA regional offices and your state’s Office of Emergency

Management. Send publication requests to FEMA Publications, P.O. Box 70274,
Washington, D.C. 20024,

Further Information

The following publications provide further information concerning non-residential
floodproofing:

1. " Answers to Questions About Substantially Damaged Buildings,” FEMA, May 1991,
FEMA-213.

2 "Commercial-Industrial Flood Audit," New England District, U.5. Army Corps of
Engineers, n.d.

3. "Cooperative Flood Loss Reduction,” A Technical Manual for Communities and
Industries, Flood Loss Reduction Associates, 1981,

4. "Design Manual for Retrofitting Flood-Prone Residential Structures,” FEMA,
September 1986, FEMA-114,

5. "Floodproofing Non-Residential Structures,” FEMA, May 1986, FEMA-102.

b. "Flood Proofing Regulations, U.S. Army Corps of Engineers,” March 1992, EP
1165-2-314.

7. "Human Stability in a High Flood Hazard Zone,” S.R. Abt, R.J. Whittlen, A.
Taylor, and D.J. Love, Water Resource Bulletin, August 1989,

8. "Repairing Your Flooded Home,” FEMA, August 1992, FEMA-2134.
9. "Sealants, Part 1," John P. Cook, Progressive Architecture, December 1974,

10.  "Sealants, Part 2," John P. Cook, Progressive Architecture, February 1975.
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11.  "Tests of Brick-Veneer Walls and Enclosures for Resistance to Flood Waters,” Carl
E. Pace, U.S. Army Corps of Engineers, Lower Mississippi Division, Vicksburg,
Mississippi, 1978.

Glossary

Base flood The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred 1o as the 100-year flood).

Base Flood Elevation (BFE) The height of the base flood, usually in feet, in. relation to the
Mational Geodetic Vertical Datum of 1929 or other damum as specified.

Basement Any arca of a structure having its floor subgrade (below ground level) on all
sides.

Coastal High Hazard Area An area of special flood hazard extending from offshore to the
inland limit of a primary frontal dune along an open coast and any other area subject to high-
velocity wave action from storms or seismic sources. These areas are identified as V zones.

Existing Construction/Structure For floodplain management purposes, existing
construction means structures for which the start of construction commences before the

effective date of a floodplain management regulation adopted by a community. These
structures are often referred to as "Pre-FIRM" structures.

Federal Emergency Management Agency (FEMA) The independent federal agency that, in
addition to carrying out other activities, oversees the administration of the NFIP.

Federal Insurance Administration (FIA) The component of FEMA directly responsible for
administering the flood insurance aspects of the National Flood Insurance Program.

Flood Insurance Rate Map (FIRM) The insurance and floodplain management map issued
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 100-year
flood hazard in a community.

Flood Prone Area Any land area susceptible to being inundated by floodwater from any
SOUnCe,

Lowest Floor The lowest floor of the lowest enclosed area of a structure, including a
basement. Any NFIP-compliant unfinished or flood-resistant enclosure useable solely for
parking of vehicles, building access, or storage (in an area other than a basement) is not
considered a structure’s lowest floor.

Mitigation Directorate The component of FEMA directly responsible for administering the
floodplain management aspects of the National Flood Insurance Program.
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New Construction/Structure For floodplain management purposes, new construction means
structures for which the stant of construction commences on or after the effective date of a
floodplain management regulation adopted by a community and includes all subsequent
improvements to the structure, These structures are often referred to as “Post-FIRM"®
structures.

Special Flood Hazard Area (SFHA) Area delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated as Zone A, AE, Al-A30, AR,
AD, AH, V, VE, or VI-V30,

Substantial Damage Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of
the market value of the structure before the damage occurred.

Substantial Improvement Any reconstruction, rehabilitation, addition, or other
improvement of a structure, the cost of which equals or exceeds 50 percent of the market
value of the structure before the "start of construction” of the improvement. This term
includes structures that have incurred "substantial damage," regardless of the actual repair
work performed.

Wet Floodproofing Permanent or contingent measures applied to a structure and/or it

contents that prevent or provide resistance to damage from flooding by allowing water to
enter the structure.
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TECHNICAL BULLETIN 8-96
Corrosion Protection for Metal Connectors in Coastal Areas

Introduction

An important objective of the National Flood Insurance Program (NFIP) is to protect buildings
from the effects of hurricanes. The NFIP regulations include requirements conceming the
resistance of buildings to flood and wind forces (as described in the following section). For a
building in a Coastal High Hazard Area to comply with these requirements, many of its
components must be adequately anchored. In wood-frame buildings, the necessary anchoring is
usually achieved through the use of metal connectors such as joist hangers, truss plates, and
hurricane straps. The need for such connectors is especially great in coastal areas, where storm-
induced flooding and high winds pose significant threats. However, metal connectors are subject
to corresion when exposed to moisture and salt, both of which are prevalent in coastal areas.

This bulletin describes the causes of accelerated corrosion of metal connectors in buildings
located near the ocean and some larger saltwater bays. The variation in the corrosive
environments within a typical building is also described. This bulletin outlines available
cofrosion-resistant materials and methods of maintaining proper anchorage for the life of the
building. It recommends connector materials for buildings at various distances from the ocean
and for different exposure conditions within an individual building. Few local building codes and
no national building codes address accelerated corrosion near the coast, This bulletin describes
areas where corrosion is known to be a problem and recommends a variety of solutions.

MNFIP Regulations
Section 60.3(a){3) of the NFIP regulations states that the community shall:

“Review all permit applications to determine whether proposed building sites will be
reasonably safe from flooding. If a proposed building site is in a flood-prone area, all
new construction and substantial improvemenis shall (i) be designed (or modified) and
adequately anchored to prevent flotation, collapse, or lateral movement of the

structure,.. "
And Section 60.3(e}{4) states that the community shall:

"Provide that new construction and substantial improvements in...(the coastal high
hazard area)...are elevated on pilings and columns 5o thar.. (i) the pile or column
SJoundation and structure attached thereto is anchored to resist flotation, collapse and
lareral movement due to the effects of wind and water loads acting simultaneously on all
building components. Water loading values shall be those associated with the base flood,
Wind loading values used shall be those required by applicable State or local building
standards. A registered professional engineer or architect shall develop or review the
structural design specifications and plans for the construction, and shall certify that the
design and methods of construction to be used are in accordance with accepted standards

of practice for meeting the provisions of paragraphs ... (ii) of this section.”



Standard Metal Connectors

Common Uses

When buildings are damaged by natural hazards
such as high wind, waves, flooding, and
carthquakes, the structural damage usually does
not start with a wood board breaking. The weak
link is normally the connection between
individual wooden members, and it is here that
structural failure often begins. In many cases,
replacing conventional nailing with a sheetmetal
connector produces a connection over 10 times
stronger. Hurricanes and earthquakes have
demonstrated repeatedly that for most buildings,

good connections often make the difference

between survival and severe damage. Figure |. Wind anchor and truss plate

Typical metal connectors that are potentially
subject to corrosion include hurricane straps
and wind anchors used to connect roofs to
walls (see Figure 1); truss plates that connect
the separate members of premanufactured
roof and floor systems (see Figure 1); joist
hangers used on floor joists, beams, and
rafters (see Figure 2); and various other metal
straps used o connect wood components
throughout the building. These include straps
that attach the roof to the walls and prevent
the aerodynamic lift of high winds from
removing the roof or displacement caused by
lateral forces during carthquakes.

Figure 2. Single and double foist hargers

Standard Materials: Galvanized Steel

Most connectors are fabricated from steel sheetmetal. In thin sheets, steel is sufficiently strong,
readily workable, and relatively inexpensive, characteristics that make it well-suited for
connectors. However, bare steel is subject to corrosion, or rusting, even in inland areas, and it
corrodes rapidly in salt air. Most sheetmetal connectors, therefore, are galvanized for corrosion
protection. Galvanizing is the process of coating steel with zinc. After careful cleaning, the steel
sheet is dipped into a vat of molten zinc. The high temperature melis the surface of the steel and
forms several steel/zine alloys to tightly bond the zine coating to the steel base metal. The
coating of zinc still corrodes, but generally over 50 times more slowly than steel in the same salt
air environment.

Galvanizing is particularly effective for steel because, unlike most other coatings, the zine

sacrificially protects any bare stee] edges or scraiches, The zinc surface near a scratch will
correde slightly faster than the zinc surrounding it and will fill small scratches with zinc



corrosion products, preventing the steel from rusting until the nearby zine is consumed. Zinc also
differs from other coatings (or paints) and most metals by corroding at a relatively steady rate in
most atmospheric exposures. Therefore, doubling the thickness of the zinc coating approximately
doubles the protection period.

Most connectors are fabricated after the steel sheetmetal has been galvanized. The American
Society for Testing and Materials (ASTM) has established national standards for galvanizing that
are accepted by the Standard (Southern Building Code Congress International), National
(Building Officials & Code Administrators International}, Uniform (Intermnational Conference of
Building Officials), and most local building codes. Most connector manufacturers specify ASTM
A-525 G 60 for the galvanized steel sheetmetal from which connectors are fabricated. ASTM A-
525 is a general standard that establishes a variety of galvanizing thicknesses identified by
different G numbers. The G 60 designation used for most connectors indicates a zinc coating
thickness of 0.5 mil {1 mil = 0.001 inch) on each side of the steel. The numerical G designation
increases or decreases proportionally with the coating thickness. For example, the coating of zinc
on a G 20 connector is 1.5 times thicker than that on a G 60 connector.

Causes of Corrosion Near the Ocean

The conditions that accelerate corrosion near the coast have been studied in a few corrosion field
stations and research laboratories around the world. Several of these conditions occur along most
shorelines. Understanding the canses of accelerated corrosion can help identify some of the worst
corrosion exposures that affect coastal buildings.

Salt Spray from Breaking Waves and Onshore Winds

Salt spray from breaking waves and onshore winds significantly accelerates the corrosion of
mietal connectors. The ocean salts, which are primarily sodium chloride but include other
compounds, accumulate on the metal surfaces and aceelerate the electrochemical reactions that
cause rusting and other forms of corrosion. The combination of salt accumulation on the surface
and the high humidity common to many coastal areas significantly accelerates the corrosion rate
of steel and other metals commonly used for connectors or other building materials. The longer a
surface remains damp during normal daily fluctuations in humidity, the higher the corrosion rate,
Onshore winds carry both salt and moisture inland. Therefore, cormosion rates along shorelines
with predominately onshore winds will be higher than those along shorelines with predominately
offshore winds.

Distance from the Ocean

Corrosion rates vary considerably from community to community. But the amount of salt spray
in the air is greatest near the breaking waves and can decline rapidly in the first 300 to 3000 feet
(roughly 100 to 100 meters) landward of the shoreline. Farther landward, corrosion is akin to
that which occurs in milder, inland conditions. The width of the high-corrosion zone must be
determined in each community, but oceanfront buildings will always be more severely affected
than buildings farther inland.

One series of tests in North Carolina in the 1940s found that samples of iron corroded 10 times

faster at BO feet ( 25 meters) landward of the shoreline than samples of the same type at BOO feet
{250 meters) landward of the shoreline (LaQue, 1975, sec #6 in the section titled “Further



Information™). Similar results have been noted around the world. Where waves break, salt is
tossed into the air and the wind tends to distribute the salt spray to inland areas.

Corrosion Rate
VYariation with Elevation

Elevation Above Ground
(feet)

T T
0 10 20 30

Corrosion Rate (milsyr)

Figure 3. The variation in the corrosion rate of steel
with elevarion for Kure Beach, NC

Elevation

Other tests conducted in North Carolina found
that corrosion reached a peak at about 12 feet
(3.6 meters) above the ground (see Figure 3),
approximately equal to the lowest floor
elevation of an elevated building with lower
level parking. Several rows of buildings
farther inland, the overall corrosion rate is
lower, but it is highest at an elevation above
the roofs of small buildings. Figure 3 also
indicates that the worst corrosion nearest the
ocean was more than double the worst farther
inland.

Shelter and Orientation

Bold exposures such as building exteriors are
coated with large amounts of salt spray and

can be expected to suffer high corrosion rates. But partially sheltered exposures, such as
underncath open, piling-supported buildings or underneath decks and walkways, can sustain
even worse corrosion than bold exposures, The results of other exposure tests from near the
ocean in Kure Beach are shown in Figure 4 (LaQue, 1975). Steel samples were weighed, then
exposed under a wooden roof. After 2 years, rust and other corrosion products were stripped
from the samples, and the samples were weighed again to measure the weight loss.

The study reported that salt spray accumulations on bold exposures are rinsed periodically by
rainfall (Positions 4 and 5}, reducing the surface salt concentrations. Sheltered exposures receive
little salt spray (Positionl). Partially sheltered exposures (Positions 2 and 3) receive almost as
much incoming spray as bold exposures. However, the surface concentrations remain high,
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because of the shelter from cleansing rain. An additional factor is the duration of surface
wetness. Accelerated corrosion occurs pnmarily when a certain level of surface weiness is
exceeded, initiating electrochemical reactions among the metal, salts, and air. Bold exposures are
more rapidly dried because they are exposed to sunlight. Drying slows the corrosion rate.
Partially sheltered exposures stay damp longer and therefore corrode faster. The effect of
building orientation on corrosion is also shown in Figure 4. The metals on the side of a building
facing the ocean will corrode much faster than those facing away from the ocean.

Weather and Time

Weather affects the rate of corrosion in all exposures, both coastal and inland. Most chemical
reactions, including corrosion rates, are affected by temperature, humidity, wind speed, and other
factors, Like any weather-driven condition, the corrosion rate can vary considerably from year to
vear. Average conditions for factors like rainfall seldom occur. The measured rainfall is often
either much higher or much lower than the average. Average years seldom occur. Likewise, the
annual corrosion rate in any individual year will be significantly higher or lower than the long-
term average. Therefore, annual measurements of corrosion can be very misleading unless
compared to long-term averages for nearby locations.

Identifying Corrosion-Prone Buildings

In a few communities, corrosion test facilities can predict the distance from the shoreline at
which corrosion will be most severe. Unfortunately, in most communities, corrosion data will not
be available. Estimates of the width of the zone where corrosion-resistant materials and methods
are necessary should be based on local experience, Metal connectors should be observed in older
buildings at various distances from the shoreline. If oceanfront buildings are experiencing severe
corrosion problems in less than 10 years, then the second or third row buildings will experience
severe cormosion over a typical useful lifetime of 50 to 70 years,

Classes of Exposure for Connectors in a Building

Corrosion exposures for metal connectors in most buildings can be grouped into five classes,
four of which are shown in Figure 5. The five

classes are listed below in order of decreasing Vented
, - Unvented Enclosed
COMOs1on severity. Enclosed Exposure
. . Exposure
Partially sheltered exterior exposures, (Wall Cavity) 27 Erentor Exbosare
Examples include open, underhouse storage and ]
parking areas below a piling-, column-, or post-
) P |y — i
supported building and areas underneath roofl
overhangs, decks, and walkways. Corrosion can
significantly weaken standard sheetmetal
connectors after 5 to 10 years in these exposures ;:;:::#L’é
on oceanfront buildings. Exterior
. Exposure
Boldly exposed exterior exposures, Examples

include exterior walls with the connector fully

. . Fi 5 .
exposed. If the exposed connector is fully dried "gure 3. The locations of various classes of
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between weltings by the ocean spray, the corrosion rate will be lower than that in partially
sheltered exterior exposures. Otherwise, the corrosion rate can match that in partially sheltered

exlerior exXposures.

Vented enclosed exposures. Attics, which must be vented to release excess heat and moisture,
are typical examples of this type of exposure. Corrosion will vary with the location of the
connector in the enclosed space. Corrosion rates for connectors near exterior vents, where
outside airflow is concentrated, are often similar to those for connectors in partially sheltered
exterior exposures. For connectors that are away from the vents or covered by insulation, the
corrosion rate 15 expected to be much lower.

Unvented enclosed exposures. Examples include enclosed floor systems with solid joists or

trusses. Because of the limited airflow and incoming salt spray, corrosion rates for connectors in
these exposures are expected to be lower than those for connectors in the previous three

SXPOSUCEs.

MWMH spaces are sealed from most salt spray, and normal

heating and cooling further reduce interior humidity below the threshold needed for rapid
corrosion. Connectors in these spaces should have the lowest corrosion rates.

Corrosion-Resistant Materials and Coatings

Improved corrosion resistance can be obtained by fabricating connectors from more resistant
sheetmetal or by treating standard connectors after they have been fabricated. The relative
improvement in corrosion resistance for different options is estimated in this section. Better
materials can sometimes mean higher cost. Typical cost differences for the alternative materials
are also estimated in this section,

Thicker Galvanizing

There are two methods of producing thicker galvanizing on connectors: 1) fabricating connectors
from steel sheet with thicker initial galvanizing, or 2) regalvanizing standard connectors after
fabrication. Galvanized sheet steel is available in a variety of coating thicknesses. Several
manufacturers now market standard connectors in various designs fabricated from G 180 or G
20K} grades of galvanized steel, which, compared to the standard G 60 connector, have zinc
coatings that are 3 or 3.3 times thicker, respectively. Since the corrosion resistance of zinc is
proportional to the thickness of the zinc, these connectors should last approximately 3 or 3.3
times longer, respectively, than standard connectors. Advertised costs for connectors with thicker
galvanizing have been known to range from 1.3 to 1.7 times the cost of standard connectors,

Thicker galvanizing can also be obtained by hot-dipping standard connectors after fabrication.
The manufacturer usually sends the connectors to an outside galvanizing company for dipping.
Several variables can affect the thickness of the galvanizing, but the result is typically a coating
of zinc four times thicker than that on a standard G 60 connector. A few types of these connectors
are regularly available. Other connector designs are available by special order. The cost estimate
tar sheetmetal connectors hot-dipped after fabrication has been known to be roughly 1.75 times
the cost of standard G 60 grade connectors.



Stainless Steel

Several connector manufacturers also produce a variety of the most commonly used connectors
in stainless steel. Stainless steel is very resistant to corrosion in salt air and should last longer in
a wood-frame building than most other materials, even in the most cormosive oceanfront
situation. For extended lifetimes, stainless connectors must be attached with stainless steel nails
when separate fasteners are needed. Stainless steel sheetmetal is a more costly raw material than
the sheetmetal used to make galvanized connectors. It is also harder; therefore, stainless steel
connectors are more difficult to fabricate. The cost of a stainless steel connecior, including the
cost of the necessary stainless steel nails, can be 6 to 15 times the cost of the same connector in

G 60 grade galvanized steel.

Paint Coatings

Painting standard galvanized steel connectors can significantly improve their corrosion
resistance. However many paints commonly used for buildings do not adhere well to galvanized
surfaces. The Truss Plate Institute (TPI) has considered the use of truss plates in corrosive
environments like coastal buildings. The TPI design specifications, which'are accepted by the
national model codes, recommend that one of three types of industrial paint systems be applied
by brush to embedded plates after delivery of the completed truss to the job site or after truss
installation (see TPI-85). The paints are specific formulations of (1) epoxy-polyamide, (2) coal-
lar epoxy-polyamide, and (3) zinc chromate-vinyl butyral primer with asphaltic mastic.

The increased corrosion resistance provided by the recommended paint coatings in coastal
buildings is difficult to estimate. Unlike changes in galvanizing thickness, changes in paint
thickness do not proportionally change the corrosion resistance. Paint lifetimes are significantly
affected by salt spray, but exposure conditions can affect paints and galvanizing differently.
Surface preparation and care in application are critical for improved corrosion resistance with
paints. The added cost of these coatings will vary with local labor costs. In general, other types
of paints should not be assumed to significantly improve the corrosion resistance of standard
connectors or truss plates. For other types of connectors, the alternatives described previously
are recommended over any type of painting. However, for maintenance, zinc-rich coatings of
paint may be better than nothing.

Guidance for Connector Corrosion Control

All construction materials deteriorate with time. The average useful lifetime of the structural
components of a wood-frame building is approximately 70 years in the United States. Continued
use of a building requires that (a) the original materials be durable enough to last the expected
lifetime, (b) periodic maintenance be conducted to extend the life of original materials, or (c) the
material be replaced one or more times during the lifetime of the building.

Avoid the problem

Most connectors are intended for inland uses with mild corrosion and, under normal conditions,
appear to last as long as or longer than other materials in the building. Many buildings in
communities near the coast are likely to experience only slightly increased corrosion rates, and
standard connectors appear appropriate for those buildings. But close to the ocean, drastically
higher corrosion rates can be expected. The use of standard connectors in these areas may



necessitate care in controlling the exposure.
Otherwise, alternative materials should be used.

For some uses, cormosion can be partially
avoided by altering the exposure of the
connectors. For example, on exteriors, a
connector should be fully covered if possible or
otherwise protected from salt spray and
maisture. Exterior siding should be designed to
completely cover connectors. Applying siding
in this way changes the exposure from boldly
exposed (o unvented enclosed. An eas'y, but
maore costly, way to protect joist hangers and

truss plates in the floors of piling-supported
bulldi“gﬁ ]5 tl:! it'ta.l.h d':lﬂ undﬂmi& ﬂr mﬂ ﬂm[ Flfl"f'ﬁ. qufr-ﬁanni i n hdgtrh?ard: Iﬂ'ﬂd in
Joists to reduce the exposure to salt air. Adding  place of joiss hangers in high-corrosion areas

such sheathing transforms one of the worst
exposures, partially sheltered exterior, into a

Mails Through less comrosive, unvented enclosed.

Beams into Floor
For some connections, corrosion may be

avoided by not using sheetmetal. Undemeath
unsheathed floors and decks, the traditional use
of ledger boards avoids the need for joist
hangers in the worst corrosion exposures (see
Floor Beams|  Figure 6). The wooden wind anchors in Figure

; 7 attach piling-supported floor beams to floor
joists, Commeonly used on the Texas coast,
these anchors proved effective during

Wind Anchors

Baolts Through
Beams and Pile Hurricane Alicia’s 90- to 100-mph winds in
Square Wood Pils 1983,

Figure 7. Wooden wind anchors used to connect floor Maintenance and Replacement

] ha

Jolxx ta flogr beanss In some uses, connectors may be placed

where they are accessible and maintainable. In milder exposures, applying a regular coat of
exterior house paint may be enough to extend the life of the connector. But in severe exposures,
even annual painting is unlikely to prolong the life of a connector to that of the rest of the
building. In these exposures, accessible connectors may be inspected for corrosion and, if
necessary, replaced. Galvanized sheetmetal connectors should be replaced as soon as partial
surface rusting appears. The presence of more than thin rusty edges indicates that the zinc
coating has been consumed and the sacrificial effects have been lost. Corrosion of the thin, steel
sheet will occur quickly and will rapidly deteriorate the structural integrity of the connector.

When the option of periodic replacement is evaluated, the cost over the lifetime of the building
should be considered. Corrosion-resistant connectors, available for a moderately higher price,
can have significantly longer lifetimes than standard connectors. The cost of labor for initial
installation is the same for both materials. The material and labor cost for even one replacement



is often greater than the added initial cost for corrosion-resistant materials. By using better
materials initially, one can avoid the cost of two or three replacements of standard materials. In
the worst exposures, where standard connectors may have to be replaced as often as every 5
years, even the use of stainless steel connectors may prove less costly over the long run.

Given the low likelihood of regular inspection by most building owners and the brief expected
lifetime of standard connectors in the worst exposures, replacement is usually a poor option.
Furthermore, many connectors are hidden structural components that are difficult or impossible
to maintain or replace. In such cases, replacement is rarely an option and more corrosion-
resistant materials should be selected. Replacement may be the only option in existing buildings
where connectors have already been damaged by corrosion or were never installed. In existing
buildings, adding roof connectors can mgmf'::anlly improve the wind resistance and is therefore

worthwhile, even if some dismantling is needed to gain access.

Summary of Recommendations

For many connector applications in corrosion-prone buildings, the use of corrosion-resistant
materials is the best solution for new construction. The choice of alternative connector material
or coating specifications should be guided by the location of the building relative to the observed
corrosion hazards in each community and by the class of exposure in the building.
Recommended materials for a typical community are listed in Table 1.

Table 1 Recommendations for Corrosion—Resistant Materials and Methods*
Location | Oeeanfront Buildings Intermediate Rows of Buildings in Buildings Farther
Corrosion-Prone Areas Landward
Class of | (200 feet or less from the shorelime)®=* | (300 10 3,000 feet from the (Greater than
ime)* = 3000 feet from
Exposure ™ shoreline ) | ]
P the shoreling)®**
Partially | 1. Awvoid shestetal cosmectan where possihle Ulse conmciors wilh thickes Use connecors with
sheloorod | & Wse staisless seel connectons, palvamizing. stamdard galvanizieg.
1 Llse connectors with thecker gal vanizisg and (Dptional: #ainless gresl) (Oiptional: thicker
EXEeron replice themm when Decessary. galvanizing )
E-nrdhr . Avold shescmeml conseciorswiene possibde Uiee connectors with thicker galvanizing Use ponnecoor with
axposed 1 Use sialnbess sree| conneciogs {COiptional: stasnbezs siocl) standard galvanizing
3. Wse commectors with thicker galvanizing and [Cpticsal; hecker
EXLorEOrs replace them when secessany Balvanizing]
WVented f | Use conmecion: wilh thicker galvasizing I, Use connestors wath thicker galvanizing | Ulse comnecions with
enclosures |Oipdiomal: staanless sioel) mcar vends, standard galvanizing.
2. Use TPl paints on cness plates. 2. Use TPl painés on russ plates near venis {Crpaional- thickes
{{ptiomal far eruss plates: thicker galvanizing, TPl | (Oplicsal: thicker galvanizing for all gadvanizing)
painis over thicker galvanizisg, or sminkess sieel) COnnSChors)
Unvenoed | 1. Wie connectors with thicker galvanizing Use commeciors with standard galvanizing Use connecors with
N E—— T, Use TPI padnis on muss plares [Oypeional shicker galvaniEingl tamdan] galvanizing
{Chptional Tor bress plates: thacker galvanizing) (Optsanal; thicker
galvanizisgh
Interior | Use conmecicss with standard galvanizing. Lize connectnrs walh srandard galvanizing. Llsg cannectars with
living space {Ciptional thicker galvanizing {Cptional: thicker galvanizing standard galvanizing
{ptiomal: thicker
Ealvanizing}

* Hecommendstions are based on the availsble reararch and aee subgecit s change = fuiure Techeacal Dulleoas

=* See Figess § for cormsion classes
® [hstances may vary considerably dependeag on Incal climass, The widsh of the somsine hazaed aeea relaiive 1o the oceaa should be deemmined in each

commugry from field odervanons ard sy existing commeon mudies




In Table 1, building locations are categorized as oceanfront buildings, intermediate rows of
buildings in corrosion-prone areas, and buildings near the coast but far enough away from the
ocean that excessive corrosion is not anticipated. In most communities, connectors on
oceanfront buildings can be expected to corrode at high rates. Corrosion rates should approach
inland levels 300 to 3000 feet (roughly 100 to 1000 meters) landward of the ocean in most
communities. The types of connector exposures in a building are listed in Table 1 in order of
decreasing severity of location. Truss plate treatments are noted separately, based on TPI
recommendations for corrosive environments, Recommendations in the table are in some cases
based on limited research. When the severity of the exposure is unknown, selecting more
corrosion-resistant materials prudent. Optional materials for superior corrosion resistance are
also noted.

Technical Bulletins

This publication is one of a series of Technical Bulletins FEMA has produced to provide
guidance conceming the building performance standards of the NFIP. These standards are
contained in Title 44 of the U.5. Code of Federal Regulations at Section 60.3. The bulletins are
intended for use primarily by State and local officials responsible for interpreting and enforcing
WNFIFP regulations and by members of the development community, such as design professionals
and builders. New bulletins, as well as updates of existing bulletins, are issued periodically, as
necessary. The bulletins do not create regulations; rather they provide specific guidance for
complying with the minimum requirements of existing NFIP regulations. Users of the Technical
Bulletins who need additional guidance concerning NFIP regulatory requirements should
contact the Mitigation Division of the appropriate FEMA regional office. The User's Guide to
Technical Bulleting (FIA-TB-0} lists the bulletins issued to date and provides a key word/subject
index for the entire series,

Ordering Information

Copies of the Technical Bulletins can be obtained from the appropriate FEMA regional office.
Technical Bulletins can also be ordered from the FEMA publications warchouse, Use of FEMA
Form 60-8 will result in a more timely delivery from the warchouse. The form can be obtained
rom FEMA regional offices and your state’s Office of Emergency Management. Send
publication requests to FEMA Publications, P.O. Box 2012, Jessup, MD 20794-2012.

Further Information

1. Atmospheric Corrosion, edited by W. H. Ailor, John Wiley & Sons, 1982,
“Coastal Construction Manual,” FEMA, 1986, FEMA-55,

Corrosion Engineering, by M. G. Fontana & N. D. Greene, McGraw-Hill, 1986,

Corrosion Prevention by Protective Coatings, by C. G. Munger, National Association of

Corrosion Engineers, 1984,

L

Ao

5. “Design Specification for Metal Plate Connected Wood Trusses,” American National
Standards Institute, ANSITPI 1-95, Commentary and Appendix, 1995.

6. Marine Corrosion: Causes and Prevention, by F. R. LaQue, John Wiley & Sons, 1975,
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7. “Selected Specifications for Hot Dip Galvanizing,” by the American Society for Testing and
Materials (ASTM), 1994, available from the American Galvanizers Association.

8. “Standard Specification for General Requirements for Steel Sheet, Zinc-Coated (Galvanized)
by the Hot-Dip Process,” ASTM, 1987, ASTM A 525-90,

Glossary
Base Flood — The flood that has a 1-percent probability of being equaled or exceeded in any
given year (also referred to as the 100-year flood).

Base Flood Elevation (BFE) — The height of the base flood, usually in feet, in relation to the
MNational Geodetic Vertical Datum of 1929 or other datum as specified.

Coastal-High Hazard Area — An area of special flood hazard extending from offshore to the
inland limit of a primary frontal dune along an open coast and any other area subject to high-
velocity wave action from storms or seismic sources. These areas are identified as V zones.

Federal Emergency Management Agency (FEMA) — The independent Federal agency that, in
addition to carrying out other activities, oversees the administration of the National Flood

Insurance Program.

Federal Insurance Administration (FIA) — The component of FEMA directly responsible for
administering the flood insurance aspects of the National Flood Insurance Program.

Flood Insurance Rate Map (FIRM) — The insurance and floodplain management map issued
by FEMA that identifies, on the basis of detailed or approximate analyses, areas of 100-year

flood hazard in a community.

Floodprone Area — Any land area susceptible to being inundated by floodwater from any
source.

Lowest Floor — The lowest floor of the lowest enclosed area of a structure, including a
basement. An unfinished or flood-resistant enclosure useable solely for parking of vehicles,
building access, or storage in an area other than a basement area is not considered a building's
lowest floor, as long as the enclosure is not built in such a way that it violates the non-elevation
design requirements of Section 60.3 of the National Flood Insurance Program regulations.

Mitigation Directorate — The component of FEMA directly responsible for administering the
floodplain management aspects of the National Flood Insurance Program and for carrying out
hazard mitigation activities related to flood and other disasters.

MNew Construction/Structure — For floodplain management purposes, new construction means
structures for which the start of construction commences on or after the effective date of a
Moodplain management regulation adopted by a community and includes subsequent
improvements to the structure. These structures are often referred to as “Post-FIRM" structures.

Special Flood Hazard Area (SFHA) — Area delineated on a Flood Insurance Rate Map as
being subject to inundation by the base flood and designated Zone A, AE, A1-A30, AR, AQ, AH,
YWOVE, or V1-V30
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Substantial Damage — Damage of any origin sustained by a structure whereby the cost of
restoring the structure to its before-damaged condition would equal or exceed 50 percent of the

market value of the structure before the damage occurred.

Substantial Improvement — Any reconstruction, rehabilitation, addition, or other improvement
of a structure, the cost of which equals or exceeds 50 percent of the market value of the structure
before the “start of construction”™ of the improvement. This term includes struciures that have

incurred “substantial damage,” regardless of the actual repair work performed.
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TECHNICAL BULLETIN 9-99

Design and Construction Guidance for Breakaway Walls
Below Elevated Coastal Buildings
in accordance with the National Flood Insurance Program

Introduction

In Coastal High Hazard Areas (ZonesV, VE, and V 1-30), the National Flood Insurance Program
(NFIP) regulationsrequire that communities participating in the program adopt floodplain
management ordinancesor lawsrequiring that all new and substantially improved buildings be
elevated to or above the base flood el evation (BFE) on foundations consisting of piles, posts, piers,
or columns. These open foundations must be designed to allow waves and water moving at high
velocity to flow beneath the building. Local ordinances or laws adopted by participating
communities must further require that the areabelow the lowest floor of the elevated building be
left free of obstructions. Walls or other obstructions below the elevated building can significantly
increase the potential for flood damage to the el evated building by increasing the surface area
subject to wave impact and vel ocity flow during acoastal storm.

Although obstructions are prohibited, the areabelow the lowest floor of an elevated buildingina
Coastal High Hazard Areamay be enclosed with open wood | atticework, insect screening, or non-
supporting “breakaway” walls (see Figure 1). However, each of these must be designed and
constructed to collapse under wind and water loads without causing collapse, displacement, or
other structural damageto the elevated portion of the building or supporting foundation system. In
addition, likeall other construction in the Special Flood Hazard Area, any enclosure below the
lowest floor of an elevated building must be built with flood-resi stant material s and with methods
and practicesthat minimize flood damage. Furthermore, the areabelow the lowest floor of the
elevated building may be used only for parking, building access, or storage.

Specific design requirementsareincluded in the NFIP regulationsfor breakaway walls. More
recent research on breakaway walls performed for the Federal Emergency Management Agency
(FEMA) and the National Science Foundation by North Carolina State University and Oregon
State University evaluated the failure mechanisms (see Further Information on page 14 of this
bulletin). Theresearch included full-scal e, laboratory wave-tank tests of breakaway wall panels.
Thisbulletin describes prescriptive design detail sthat comply with the requirements of the NFIP
regulations and that may be used by design professionals as an alternative to the performance
requirementslisted in theregulations.
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NFIP Regulations
Section 60.3(e)(4) of the NFIP regulations statesthat the community shall:

“Provide that new construction and substantial improvementsin ZonesV1-V30, VE,
and also ZoneV if baseflood elevation data is available on the community’'sFIRM, are
elevated on pilingsand columns so that (i) the bottom of thelowest horizontal structural
member of the lowest floor (excluding the pilingsor columns) iselevated to or abovethe
baseflood level; and (ii) the pile or column foundation and structure attached theretois
anchored toresist flotation, collapse and lateral movement dueto the effects of wind and
water loads acting simultaneously on all building components. Water loading values
shall bethose associated with the base flood. Wind loading values used shall bethose
required by applicable State or local building standards. A registered professional
engineer or architect shall develop or review the structural design specificationsand
plansfor the construction, and shall certify that the design and methods of construction
to be used arein accordance with accepted standards of practicefor meeting the
provisionsof paragraphs(e)(4)(i) and (ii) of thissection.”

Section 60.3(e)(5) further statesthat acommunity shall require:

“...that all new construction and substantial improvementswithin ZonesV1-V-30, VE,
andV on the community’s FIRM have the space below the lowest floor either free of
obstruction or constructed with non-supporting breakaway walls, open wood | attice-
work, or insect screening intended to collapse under wind and water loads without
causing collapse, displacement, or other structural damageto the elevated portion of the
building or supporting foundation system. For the purpose of this section, a breakaway
wall shall have a design safeloading resistance of not lessthan 10 and no morethan 20
pounds per square foot. Use of breakaway walls which exceed a design safe loading
resistance of 20 pounds per squarefoot (either by design or when so required by local or
State codes) may be permitted only if aregistered professional engineer or architect
certifiesthat the designs proposed meet thefollowing conditions: (i) Breakaway wall
collapse shall result from a water load less than that which would occur during the base
flood; and (ii) The elevated portion of the building and supporting foundation system
shall not be subject to collapse, displacement, or other structural damage dueto the
effects of wind and water |oads acting ssmultaneously on all building components
(structural and non-structural). Water loading values used shall be those associated with
the base flood. Wind loading values used shall be those required by applicable State or
local building standards. Such enclosed space shall be useable solely for parking of
vehicles, building access, or storage.”

Technical Bulletins provide guidance on the minimum requirements of the NFIP regulations.
State or local requirements that exceed those of the NFI P take precedence. Design
professionals should contact community officialsto determine whether morerestrictive State
or local regulations apply to the building or sitein question. All applicable standards of the
State or local building code must also be met for any building in aflood hazard area.




Below-Building Enclosure Options Compliant With the Regulations

According to Section 60.3(e)(5) of the NFIP regul ations, areas below elevated buildingsin Coastal
High Hazard Areas (ZonesV 1-V-30, VE, and V) may be enclosed in one of two ways: (1) with
insect screening or open latticework or (2) with breakaway walls.

Insect Screening and Open L atticework

Insect screening and open latticework below elevated buildings are not considered obstructions as
long asthey meet the performance requirements of Section 60.3(e)(5) of the NFIP regulations. To
increasethe likelihood that the screen or latticework will collapse asintended, without transferring
loadsto the building or itsfoundation, thisbulletin recommendsthat the vertical framing members
on which the screen or latticework is mounted (such as 2 x 4's) be spaced at least 2 feet apart.
Either metal or synthetic insect screening isacceptable. Latticeisavailablein4’ x 8 sheetsinwood
or plastic. The material used to fabricate the lattice should be no thicker than ° inch, and the
finished sheet should have an opening ratio of at |east 40 percent. (Although Section 60.3(e)(5)
specifieswood lattice, plastic latticeis acceptable aslong as it meetsthe requirementslisted above.)

Breakaway Walls

Section 60.3(e)(5) of the NFIP regulations requiresthat breakaway walls either (1) be constructed
to meet prescriptive criteriafor resistance to wind and water loads or (2) be certified by aregistered
professional engineer or architect.

Walls M eeting the Prescriptive Criteria

According to NFIP performance criteriafor breakaway walls, any wall with adesigned safe
working resistance of not lessthan 10 and not more than 20 pounds per square foot (psf) is
considered abreakaway wall and does not require certification by an engineer or architect.
Previous NFIP design guidance, in the 1986 edition of FEMA’'s Coastal Construction Manual,
specified standard stud wall panel s placed between pilings or other vertical foundation members,
but connected to the building only at the top and bottom of the panel with a specific number of
fastenersintended to restrict the capacity of thewall to the 10- to 20-psf range. Higher loads will
cause afailure at the top or bottom connections. Breakaway walls built according to this previously
devel oped guidance continue to be compliant with the NFIP performance criteria.

Walls Requiring Certification

In many coastal areas, loca building codes include wind design requirements that exceed the 20-psf
maximum described above. NFIP performance criteriaalow for construction of breakaway walls that
meet these wind requirements. Breakaway walls with capacities higher than 20 psf are permitted if an
engineer or architect certifies that (1) the wall will collapse before base flood conditions are reached
and (2) the eevated building will not be damaged by combined wind and flood loads on al building
components. The remainder of this bulletin presents a prescriptive description of breakaway walls that
meet the two certification conditions based on more recent research.



Wave Forces and Rising Storm Surge

Theresultsof previous breakaway wall analyses, which served asthe basis of recommendationsin
the 1985 edition of FEMA’s Coastal Construction Manual, assumed design flood conditionsand
oscillating (non-breaking) wave conditions. The more recent research conducted by North Carolina
State University and Oregon State University assumed two significant differencesto better model
coastal storms: breaking wavesand rising water levelswithtime. In addition, full-scalewall panels
weretested in awavetank at Oregon State University to confirm the theoretical results.

The severity of theflood hazard inV zones and coastal A zonesis greater than that in non-coastal
A zones, primarily because of the presence of breaking waves, which generally do not occur in
non-coastal A zones. As a breaking wave passes a piling foundation or other open foundation, the
structure experiences an oscillating, high-vel ocity flow that peaks at the wave crest, just asthe
wave breaks. While there are drag forces on the foundation, most of the flow under the building is
undisturbed, making open foundations a manageabl e design. When abreaking wave hitsavertical
surface, the effect isquite different. When the crest of abreaking waveimpactsavertical surface, a
pocket of air istrapped and compressed by the wave (see Figure 2). Asthe air pocket collapses, an
exceedingly high-pressure burst is placed on thewall, centered around the stillwater level. For
example, peak pressures from a5-foot breaking wave can be 100 times higher than the 10- to 20-
psf range specified inthe NFIP regulations.
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Figure?2 I mpact of breaking waveon vertical surface.
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The research found that standard wood stud wall construction with structural wood sheathing
failed after being hit by several breaking waves averaging 2 feet in height. Those conditionswill
occur early in the storm when the stillwater depth isapproximately 2 feet. Although the forces
acting on the wall are high, they can be expected to act close to the ground, where much of the
forceistransferred into the ground or to the foundation near the ground. Therefore, prior to failure,
theforcestransferred to the elevated building by the breakaway wall can be minimized.

Thefull-scaletests conducted as part of the research showed that wood-frame breakaway walls
designed to meet high-wind conditionswill fail reliably at the connection between the bottom plate
of thewall and thefloor (see Figure 3a). Thetests showed that the failure begins with the bowing
and gradual displacement of the bottom plate (see Figure 3b) or asimilar secondary failure
beginning with the central studs of the breakaway wall. Wood-frame breakaway walls built
according to the criteriapresented in the following section of thisbulletin are expected tofail inthis
manner. In addition, the tests demonstrated a secondary failure mode that occursif the bottom plate
of thewall failsto break away. In that situation, failure will occur at the connection between the
bottom plate of thewall and the bottom of each wall stud, with little increasein capacity (see
Figure4). The conclusion of the research isthat wood-frame breakaway wallswill fail well before
they transfer excessive loads caused by higher wave forcesto the elevated building or foundation.
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Breakaway walls consisting of unreinforced masonry are expected to fail at the mortar joints
between the masonry units, beginning near the stillwater level (see Figure 5), wherethe pressure
onthewall isgreatest.
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Prescriptive Breakaway Wall Criteria
Design and Construction

A professional designer may specify abreakaway wall with a capacity outside the 10- to 20-psf
range using the following specifications.

1. The building must be elevated on a piling or other open foundation designed to withstand
wind and water loads acting simultaneously and any other loads prescribed by applicable
State or local building codes or other applicable laws, ordinances, or regulations.

2. Breakaway walls shall be designed to meet or exceed all applicable building code
requirements for wind, earthquake, and other criteria.



3. Thefloors of areas enclosed with breakaway walls are assumed to be soil or unreinforced
concrete slabs less than 4 inches thick. An unreinforced concrete slab has no wire mesh or
steel rods. Floor slabs shall not be structurally attached to the pilings or other vertical
foundation members.

4. Breakaway wall panels may be attached to the pilings or other vertical foundation
members, elevated floor support beams, or slab floor with nails or other comparable-
capacity fasteners (see Figure 6). All four sides of the wall panel may be attached to the
foundation and elevated building. High-capacity connectors such as bolts, lag screws,
metal straps, or hurricane fasteners (e.g., clips or straps) shall not be used.

5. The exterior sheathing on breakaway wall panels placed between pilings or other vertical
foundation members may overlap and be attached to the vertical foundation members.

6. Breakaway walls may be constructed as continuous, non-bearing walls, attached to the
floor and elevated floor joists, with or without attachment to the pilings or other vertical
foundation members.

7. Breakaway wall sheathing and siding may overlap and attach to elevated floor beams and
joists provided a separation joint is present to prevent damage to the sheathing or siding
of the elevated building if the breakaway wall collapses (see Figure 7). Asshown in
Figure 7, separation joints shall be fitted with a watertight seal that prevents wind-driven
rain water and sea spray from entering the building envelope.

8. Utilities, including electrical wiring, breaker boxes, power meters, plumbing, conduits,
and ventilation ducts, shall not be placed in or on a breakaway wall panel. Building
supply lines and other utility line components, such as light switches or electrical outlets,
may be attached to pilings or other vertical foundation members as allowed by applicable
building codes and floodplain management ordinances and laws (which generally require
that utilities be elevated above the BFE). If utility lines must be routed into or out of an
area enclosed by breakaway walls, one or more of the walls shall be constructed with a
utility blockout (see Figure 6). Utility lines that pass through the blockout will be
independent of the walls and therefore will not be damaged if the wall panel breaks away
under flood or wind loads.

9. Breakaway wall panels shall be positioned such that on failure, they do not collapse
against cross-bracing or threaten other foundation components.

10. Standard residential garage doors may be considered breakaway panels. Although these
doors were not tested, published loading capacities for garage doors are comparable to
the ultimate capacity for the tested breakaway walls (55 psf).

11. Because enclosures below buildingsinV zones must be constructed with breakaway
walls that meet the performance requirements of the NFIP regulations, flood vents or
openings are not required for such enclosures. Note: Numerous State and local
governments require openings in breakaway walls. See your local building official or
floodplain administrator for further information.
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Construction M aterials

Asexplained in FEMA Technica Bulletin 2-93, Flood-Resistant Materials Requirements for
Buildings Located in Special Flood Hazard Areas, construction materials used below the BFE
must be resistant to flood damage. “ Flood-resistant” construction materials are those capabl e of
withstanding direct and prolonged contact (i.e., at least 72 hours) with floodwaters without
suffering significant damage (i.e., damage requiring more than cleanup or low-cost cosmetic repair,
such aspainting). Therequirement for flood-resistant construction materials appliesto breakaway
walls.

In addition, except where heavier materialsarerequired by thelocal building code, construction
materialsused for breakaway walls should meet the following specifications:

Wood-Frame Materias

« Exterior siding on breakaway wall panels shall be no thicker than °-inch plywood, APA
32/16 rated sheathing or other equivalent sheathing material.

* Breakaway wall studs shall be no larger than 2 inches x 4 inches (nominal dimensions).

» Breakaway wall stud spacing shall be 24 inches on center or greater.

» Breakaway wall panels attached to concrete slabs shall be constructed with single top and
bottom plates. Wallsthat enclose areas with earth floors may use adoubl e bottom plate.

e Interior wall sheathing on breakaway wall panels shall be a maximum of “-inch plywood
or equivalent material.

Other Materials

» Light-gauge steel framing, such as steel studs, is expected to perform in a manner similar
to wood studs and may be used with the conditions for wood framing listed above.

» Stucco, Exterior Insulation Finishing System walls, and other lightweight exterior
sheathing material may be applied over breakaway walls, provided a separation joint is
installed in any sheathing (see Figure 7), insulation, or reinforcing where attached at or
near the bottom of the elevated floor beam or joists.

* Unreinforced, ungrouted hollow-cell masonry units with awidth of 8 inches or less may
be attached to floor beams and to concrete or masonry vertical foundation members with
standard mortars. Minimum perimeter connections are acceptable aslong asthewall is
unreinforced.

Warning: Unreinforced masonry walls shall not be used in earthquake hazard areas. Consult
local building officialsfor seismic safety requirements.
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Other Regulatory Requirements

In addition to the NFIP regulatory requirementscited in thisbulletin, State and local requirements,
and the recommendations listed above, other regulatory requirements may apply, such asthose
listed inthefollowing FEMA Technical Bulletins:

* Flood-Resistant Material Requirements, FIA-TB-2

* Elevator Installation, FIA-TB-4

*  Free-Of-Obstructions Requirements, FIA-TB-5

» Corrosion Protection for Metal Connectorsin Coastal Areas, FIA-TB-8

Flood Insurance Considerations

The presence of breakaway walls or other obstructions below an elevated building in the
Coastal High Hazard Area (Zones VV1-V 30, VE, or V) significantly increases the cost of flood
insurance. Generally, flood insurance rates increase as the size of the enclosure increases.
Flood insurance policies place significant limits on the coverage of any enclosure and/or stored
contents below the elevated building. Contact an insurance agent before installing breakaway
walls or other obstructions.

The NFIP

The NFIP was created by Congress in 1968 to provide federally backed flood insurance
coverage, because flood coverage was generally unavailable from private insurance companies.
The NFIP is also intended to reduce future flood losses by identifying floodprone areas and
ensuring that new development in these areas is adequately protected from flood damage. The
NFIP is based on an agreement between the Federal government and participating
communities that have been identified as floodprone. FEMA, through the Federal Insurance
Administration (FIA), makes flood insurance available to the residents of a participating
community, provided the community adopts and enforces adequate floodplain management
regulations that meet the minimum NFIP requirements. The NFIP encourages communities to
adopt floodplain management ordinances that exceed the minimum NFIP criteria. Included in
the NFIP requirements, found under Title 44 of the U.S. Code of Federal Regulations, are
minimum building design and construction standards for buildings located in Special Flood
Hazard Areas. Through their floodplain management ordinances or laws, communities adopt
the NFIP performance standards for new, substantially improved, and substantially damaged
buildings in floodprone areas identified on FEMA'’s Flood Insurance Rate M aps.

Technical Bulletins

Thispublicationisone of aseriesof Technical Bulletinsthat FEMA has produced to provide
guidance concerning the building performance standards of the NFIP. These standards are
contained in Title 44 of the U.S. Code of Federal Regulations at Section 60.3. The bulletinsare
intended for use primarily by State and local officialsresponsiblefor interpreting and enforcing
NFIP regulations and by members of the devel opment community, such asdesign professionals
and builders. New bulletins, aswell as updates of existing bulletins, areissued periodically, as
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necessary. The bulletins do not create regulations; rather they provide specific guidance for
conforming with the minimum requirements of existing NFIP regulations. Users of the Technical
Bulletinswho need additional guidance concerning NFIP regulatory requirements should contact
the Mitigation Division of the appropriate FEM A regional office or thelocal floodplain
administrator. The User’s Guideto Technical Bulletins (FIA-TB-0) liststhe bulletinsissued to date,
provides akey word/subject index for the entire series, and lists addresses and tel ephone numbers
for FEMA’s 10 regional offices.

Ordering Information

Copiesof FEMA Technical Bulletins can be obtained from the FEMA regional office that serves
your area. In addition, Technical Bulletinsand other FEM A publications can be ordered from the

FEMA Publications Service Center at 1-800-480-2520. The Technical Bulletinsare also available
at the FEMA web site at www.fema.gov.

Further Information

Thefollowing publications contain further information concerning breakaway walls:

Federal Emergency Management Agency. 2000. Coastal Construction Manual — Principles and
Practices of Planning, Sting, Designing, Constructing, and Maintaining Residential Buildingsin
Coastal Areas. (Available spring 2000.)

Rogers, Spencer M. 1991. “Foundations and Breakaway Walls of Small Coastal Buildingsin
Hurricane Hugo.” Proceedings of Coastal Zone ‘91. American Society of Civil Engineers. New
York, NY.

Tung, C.C.; Bohumil Kasal; Spencer M. Rogers, Jr.; S.C. Yeh. 1999. Behavior of Breakaway Wall
Subjected to Wave Forces: Analytical and Experimental Studies. North Carolina Sea Grant, North
Carolina State University. Raleigh, NC.

Glossary

Baseflood — Theflood that has a 1-percent probability of being equaled or exceeded in any given
year (also referred to asthe 100-year flood).

Coastal High Hazard Area— An areaof specia flood hazard extending from offshoreto the
inland limit of aprimary frontal dune along an open coast, and any other area subject to high-
velocity wave action from storms or seismic sources. These areas areidentified asV zones.

Federal Emergency Management Agency (FEMA) — The independent Federal agency that, in
addition to carrying out other activities, administersthe NFIP.

Federal InsuranceAdministration (FI A) —The component of FEMA directly responsiblefor
administering the flood insurance aspects of the NFIP.
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Flood I nsurance Rate Map (FIRM) — The insurance and floodplain management map issued by
FEMA that identifies, on the basis of detailed or approximate analysis, areas of 100-year flood
hazard in acommunity.

Floodprone area—Any land area susceptible to being inundated by flood water from any source.

Mitigation Dir ector ate—The component of FEMA directly responsiblefor administering the
flood hazard identification and floodpl ain management aspects of the NFIP,

New construction/structur e—For floodplain management purposes, new construction means
structuresfor which the start of construction commences on or after the effective date of a
floodplain management regul ation adopted by acommunity and includes subsequent
improvementsto the structure. These structures are often referred to as* post-FIRM” structures.

Special Flood Hazard Area (SFHA) —Area subject to inundation by the base flood, designated
ZoneA, A1-30, AE, AH, AO, V, V1-V30, or VE.

Substantial damage—At minimum, damage of any origin sustained by astructure whereby the
cost of restoring the structureto its before-damaged condition would equal or exceed 50 percent of
the market val ue of the structure before the damage occurred. More stringent local requirements

may apply.

Substantial improvement —At aminimum, any reconstruction, rehabilitation, addition, or other
improvement of astructure, the cost of which equals or exceeds 50 percent of the market val ue of
the structure beforethe “ start of construction” of theimprovement. Thisterm includes structures
that haveincurred “ substantial damage,” regardless of the actual repair work performed. More
stringent local requirements may apply.
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