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FOREWORD

The riverine and coastal floodplains of the United States are among the most highly desirable
areas in the nation for habitation and construction. Unfortunately, many of these areas are very
susceptible to flooding, which is the single most expensive and persistent natural disaster the
country experiences. Flooding causes millions of dollars in property damage each year, despite
concentrated efforts of government and the private sector to mitigate flood hazards.

The National Flood Insurance Program (NFIP) was created in 1968 by the Congress not only to
provide federally-backed flood insurance to those who generally were not able to obtain it from
private-sector companies, but also to promote sound floodplain management practices in flood-
prone areas. The floodplain management aspects of the program are administered by the Mitiga-
tion Directorate and the insurance aspects are administered by the Federal Insurance Administra-
tion (FIA), both parts of the Federal Emergency Management Agency (FEMA), under the au-
thority of the National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of
1973, U.S.C. 4001-4128, as amended.

Figure v-1: Flooding along major rivers can create widespread damage.

One NFIP mission is to work with communities to reduce future flood losses by establishing
guidelines for protecting existing and new development in flood-prone areas. The program
makes flood insurance coverage available for structures in those communities that adopt and
enforce floodplain management ordinances and regulations that meet or exceed the minimum
NFIP requirements as provided for in Section 44 of the Code of Federal Regulations (44 CFR).
Coverage is available for walled and roofed structures that are principally above ground and not
entirely over water, including manufactured homes that are anchored to permanent foundations.
Flood insurance is available for all structures in a participating community, whether the struc-
tures are located inside or outside the floodplain identified by FEMA.

Owners who have experienced flooding know that complete recovery is often impossible. In
addition to the time and money spent repairing or replacing damaged items, they must also deal
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with cleaning property. alleviating health risks and safety hazards, losing time from work, finding
alternative housing, and the emotional toll of the experience. Responding to flood events also
depletes resources at every level of government. Human resources and capital must be diverted
to providing emergency services, rebuilding public facilities, financing individual assistance for
uninsured victims, and to other efforts. In the Great Midwest Flood of 1993, for example, FEMA
estimated damage costs exceeded $10 billion.

Many of the flood insurance claims received by the NFIP are for structures that have previously
incurred flood damage. Structures for which two or more claims of more than $1.,000 each have
been paid during the previous ten-year period are considered to be repetitive loss structures
according to the NFIP. Most repetitive loss claims are for small amounts and involve structures
built before NFIP-compliant floodplain management regulations were adopted by the commu-
nity. However, owners have the option of taking steps to reduce the likelihood of serious future
flood damage. Retrofitting individual flood-prone structures is a proven technology that has
been in use for many years.

If a flood-prone structure is substantially damaged, certain criteria established by the NFIP must
be met prior to the initiation of any repair activity. Specifically, NFIP regulation 44 CFR
60.3(c)(2) requires communities to ensure that substantially damaged or improved residential
structures be elevated so that the lowest floor is at or above the Base Flood Elevation, (BFE),
also known as the 100-year flood level. “Substantially damaged” is defined as 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% of the value of the structure before the damage occurred.

Given the potential cost of recovering from a serious flood event and meeting the NFIP’s criteria
for restoring substantially damaged property, the owner of a flood-prone home has an incentive
to undertake retrofitting measures to limit future flood damages. FEMA and the other contribut-
ing agencies and organizations have developed this manual to provide engineering and related
economic guidance to professional designers and local officials about what constitutes techni-
cally feasible and cost-effective retrofitting techniques.

However, the guidance provided in this manual should be considered generic in nature, subject to
final refinement in accordance with local regulations and specific site and structural conditions.

It is not intended to be used as a code or specification, nor as a replacement for the engineer’s or
architect’s standard of performance. Through the information and analyses presented in this
manual, local officials, and design professionals will gain a better understanding of the advan-
tages of retrofitting and may choose to take steps that could ultimately save the nation millions of
dollars each year.
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‘ METRIFICATION

FEMA is committed to the federal government’s transition to metric. However, English
units remain the standard of practice for residential construction. Therefore this manual
has been prepared using English units.

However, it is foreseeable that the metric system will be the standard of measurement in
this country within the next few years. With this in mind, soft metric conversion’s have
been provided to promote familiarity with the metric system.

A critical component of unit conversion is rounding. Designers should check to ensure
that rounding does not exceed allowable tolerances for design or fabrication.

Metric Conversion Factors
Quantity From English Units To Metric Units Multiply By:
Length foot (m) 0.3048
inch (mm) 25.4
Area square foot m? 0.092
acre m?2 4047
‘ Volume gallon L 3.7714
cubic foot m?® .0283
Pressure psf Pa 47.8803
psi kPa 6.8947
Power horsepower kW .746
W 746
Weight pounds kg .4535
Flow cfs Ips 28.3
Velocity fps mps 0.3048
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How to Use This Manual

P o

Other flood-related technical
resources are available through
federal agencies such as FEMA,
the U.S. Army Corps of Engineers,
and the Natural Resources
Conservation Service, as well as
state, regional, and local agencies.
See Appendix C, Glossary of
Resources.

This manual will provide valuable
assistance to the design profes-
sional. It is not intended to be
used as a code or specification,
nor as a replacement for the
engineer’s or architect’s standard
of performance.

HOW TO USE THIS MANUAL

GOALS AND INTENDED USERS

This manual has been prepared by the Federal Emergency
Management Agency with assistance from other agencies
and organizations involved in the nationwide effort to assist
local governments, engineers, architects, and property
owners involved in retrofitting flood-prone residential
structures. Its objective is to provide engineering design
and economic guidance to engineers, architects, and local
code officials about what constitutes technically feasible
and cost-effective retrofitting measures for flood-prone
residential structures.

The focus of this manual is the retrofitting of one- to four-
family residences subject to flooding situations without
wave action. The manual presents various retrofitting
measures that provide both active and passive efforts and
employ both wet and dry floodproofing measures. These
include elevation of the structure in place, relocation of the
structure, construction of barriers (levees and floodwalls),
dry floodproofing (sealants, closures, sump pumps, and
backflow valves), and wet floodproofing (flood-resistant
materials and protection of utilities and contents).

The goal of this manual is to capture state-of-the-art infor-
mation and present it in an organized manner. To the
maximum extent possible, existing data and modern re-
search have been utilized as the cornerstone of this docu-
ment. Detailed sections covering the evaluation, planning,
and design of retrofitting measures are included along with
case studies of completed retrofitting efforts. Methods for
performing economic analyses of the various alternatives
are presented.
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Coastal situations subject to wave
action are not addressed in this
manual. For information on that
area the reader is referred to
FEMA 55 (Third Edition):
Coastal Construction Manual,
and the U.S. Army Corps of
Engineers (USACE) Shore
Protection Manual.

P o

FEMA's new Benefit/Cost
Analysis software has been
upgraded to operate in a runtime
version of Microsoft Access®
included with the program.

The architect, engineer, or code official must recognize that
retrofitting a residential structure influences how that
structure reacts to hazards other than those associated with
floodwaters. Flood-related hazards such as water-borne ice
and debris impact forces, erosion forces, and mudslide
impacts, as well as non-flood-related hazards such as
earthquake and wind forces, should be considered in the
retrofitting process. Retrofitting a structure to withstand
only floodwater-generated forces may impair the structure’s
ability to withstand the multiple hazards mentioned above.
Thus, it is important to approach the retrofitting method
selection and design process with a multi-hazard perspective.

ORGANIZATION OF THE MANUAL

This manual has seven chapters and five appendixes.
Chapters I, I1, and III

* Introduction to Retrofitting

* Regulatory Framework

* Parameters of Retrofitting

Chapters IV and V

* Determination of Hazards

* Benefit/Cost Analysis and Alternative Selection

These chapters give detailed guidance on how to focus on
the specific retrofitting solution that is most applicable for
the residential structure being evaluated.
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The balance of the design manual encompasses the following:
Chapter VI
* Design Practices

This chapter provides step-by-step design processes for
each retrofitting measure. (Note: Each retrofitting measure
has its own tab and is organized as a subchapter.)

Chapter VII
* (Case Studies

This chapter is a collection of information on the actual
retrofitting of specific residential structures.

Throughout this manual, the following icons are used,

‘ indicating:

. Special Note: Significant or interesting information

Formula: Use of a mathematical formula
FORMULA
Bomb: Special cautions need to be exercised
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METHODS OF RETROFITTING

¢

Retrofitting involves a combination of adjustments or
additions to features of existing structures that are intended
to eliminate or reduce the possibility of flood damage.
Retrofitting measures includes the following:

Elevation:

Relocation:

Dry Floodproofing:

Wet Floodproofing:

Floodwalls/Levees:

The elevation of the existing struc-
ture on fill or foundation elements
such as solid perimeter walls, piers,
posts, columns, or pilings.

Relocating the existing structure
outside the identified floodplain.

Strengthening of existing founda-
tions, floors, and walls to withstand
flood forces while making the struc-
ture watertight.

Making utilities, structure compo-
nents, and contents flood- and water-
resistant during periods of flooding
within the structure.

The placement of floodwalls or
levees around the structure.
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JEA

See page 1-26 for general cautions
to consider in the implementation
of a retrofitting measure.

Retrofitting measures can be passive or active in terms of
necessary human intervention. Active or emergency
retrofitting measures are effective only if there is sufficient
warning time to mobilize labor and equipment necessary to
implement the measures. Therefore, every effort should be
made to design retrofitting measures that are passive and do
not require human intervention.
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=

Cost is an important factor to
consider in elevating structures.
As an example, lighter wood-
frame structures are easier and
often cheaper to raise than
masonry structures. Masonry
structures are not only more
expensive to raise, but are also
susceptible to cracks.

P o

Base Flood is defined as the flood
having a 1% chance of being
equaled or exceeded in any given
year. The Base Flood Elevation
(BFE) is the elevation to which
floodwaters rise during a Base
Flood.

P o

Refer to FEMA 347: Above the
Flood: Elevating Your
Floodprone House for details on
the elevation of residential
structures.

ELEVATION

Elevating a structure to prevent floodwaters from reaching
damageable portions is an effective retrofitting technique.
The structure is raised so that the lowest floor is at or above
a Design Flood Elevation (DFE). Heavy-duty jacks are
used to lift the existing structure. Cribbing supports the
structure while a new or extended foundation is constructed
below. In lieu of building new support walls, open founda-
tions such as piers, columns, posts, and piles are often used.
Elevating a structure on fill is also an option in some
situations.

While elevation may provide increased protection of a
structure from floodwaters, other hazards must be consid-
ered before implementing this strategy. Elevated structures
may encounter additional wind forces on wall and roof
systems, and the existing footings may experience addi-
tional loading. Extended and open foundations (piers,
piles, posts, and columns) are also subject to undermining,
movement, and impact failures caused by seismic activity,
erosion, ice or debris flow, mudslide, and alluvial fan
forces, among others.

I-6
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The Design Flood Elevation
(DFE), also referred to as the
Flood Protection Elevation (FPE)
or Flood Protection Level (FPL),
is the regulatory flood elevation
adopted by a local community.
Typically, the DFE is the BFE
plus any freeboard adopted by
the community.

Elevation on Solid Perimeter
Foundation Walls

Elevation on solid perimeter foundation walls is normally
used in areas of low to moderate water depth and velocity.
After the structure is raised from its current foundation, the
support walls can often be extended vertically using materi-
als such as masonry block or cast-in-place concrete. The
structure is then set down on the extended walls. While
this may seem to be the easiest solution to the problem of
flooding, there are several important considerations.

Depending on the structure and potential environmental
loads (such as flood, wind, seismic, and snow), new, larger
footings may have to be constructed. It may be necessary
to reinforce both the footings and the walls using steel
reinforcing bars to provide needed structural stability.

Deep floodwaters can generate loads great enough to
collapse the structure regardless of the materials used.
Constructing solid foundation walls with openings or vents
will help alleviate the danger by allowing hydrostatic forces
to be equalized on both sides. For new and substantially
damaged or improved buildings, openings are required
under the NFIP.

Elevation

Utilities and electrical

circuits moved above
flood level

Lightweight or mobile items
can be stored under the
house and moved prior to
flooding

Openings on each wall ensure entry of

- water to equalize hydrostatic pressures

L/—"-“\—___,__

Figure I-1: Elevation on Solid Perimeter Foundation Walls
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Elevation on Open Foundation
Systems

Open foundation systems are vertical structural members
that support the structure at key points without the support
of a continuous foundation wall. Open foundation systems
include piers, posts, columns, and piles.

ELEVATION ON PIERS

The most common example of an open foundation is piers,
which are vertical structural members that are supported
entirely by reinforced concrete footings. Despite their
popularity in construction, piers are often the elevation
technique least suited for withstanding significant horizon-
tal flood forces. In conventional use, piers are designed
primarily for vertical loading; when exposed to flooding,
they may also experience horizontal loads due to moving
‘ floodwater or debris impact forces. Other environmental

<& Footing

Figure I-3: Elevation on Piers

loads, such as seismic loads, can also create significant
horizontal force. For this reason, piers used in retrofitting
must not only be substantial enough to support the vertical
load of the structure, but also must be sufficient to resist a
range of horizontal forces that may occur.

Piers are generally used in shallow depth flooding condi-
tions with low-velocity ice, debris, and water flow poten-
tial, and are normally constructed of either masonry block
or cast-in-place concrete. In either case, steel reinforcing
should be used for both the pier and its support footing. The
reinforced elements should be tied together to prevent
separation. There must also be suitable connections be-
tween the superstructure and piers to resist seismic, wind,
and buoyancy forces.
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ELEVATION ON POSTS OR COLUMNS

Elevation on posts or columns is frequently used when
flood conditions involve moderate depths and velocities.
Made of wood, steel, or precast reinforced concrete, posts
are generally square-shaped to permit easy attachment to
the house structure. However, round posts may also be
used. Set in pre-dug holes, posts are usually anchored or
embedded in concrete pads to handle substantial loading
requirements. Concrete, earth, gravel, or crushed stone is
usually backfilled into the hole and around the base of the

Reinforced pOSt.
3 Concrete Footing

Figure I-4: Elevation on Posts While piers are designed to act as individual support units,
posts normally must be braced. There are a variety of
bracing techniques such as wood knee and cross bracing,
steel rods, and guy wires. Cost, local flood conditions,
loads, the availability of building materials, and local
Columns differ from posts in the construction practices frequently influence which technique

size of their application. Posts are is used.
small columns.

e

Figure I-5: Structure Elevated on Posts
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I ELEVATION ON PILES

Piles differ from posts in that they are generally driven, or
jetted, deeper into the ground. As such, they are less
susceptible to the effects of high-velocity floodwaters,
scouring, and debris impact. Piles must either rest on a
support layer, such as bedrock, or be driven deep enough to
create enough friction to transfer anticipated loads to the
surrounding soil. Piles are often made of wood, although
steel and reinforced precast or prestressed concrete are also
common in some areas. Similar to posts, they may also
require bracing.

Because driving piles generally requires bulky, heavy
construction machinery, an existing house must normally
be moved aside and set on cribbing until the operation is
complete. The additional cost and space needs often
preclude the use of piles in areas where alternative eleva-
tion methods for retrofitting are technically feasible.

Several innovative methods have been developed for
setting piles. These include jetting exterior piles in at an
angle using high-pressure water flow, and trenching, or
auguring, holes for interior pile placement. Augured piles
utilize a concrete footing for anchoring instead of friction
forces. This measure requires that the existing home be
raised several feet above its final elevation to allow room
for workers to install the piles. Jetting and auguring piles
reduces the uplift capacity compared to driven piles.

Figure I-6: Elevation on Piles
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Figure I-7:

= R R - : =

Structure Elevated on Piles
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Table I-1

Advantages and Disadvantages of Elevation

Advantages

Disadvantages

If elevated to the BFE, allows

for a substantially damaged or
improved structure to be brought
into compliance with the NFIP

Reduces flood risk to the structure
and its contents

Eliminates the need to relocate
vulnerabie items above the flood
levet in the house during conditions
of flooding

Often reduces flood insurance
premiums

Techniques are well-known and
qualified contractors are often
readily available

Reduces the physical, financial, and
emotional strain that accompanies
flood events

Does not require the additional fand
that may be needed for floodwalils or
levees

Cost may be prohibitive

The appearance of the structure
may be adversely affected

The structure should not be
occupied during a flood

Access to the structure may be
adversely affected

Not appropriate in areas with high-
velocity water flow, fast-moving ice
or debris flow, or erosion unless
special measures are taken

Additional costs may be incurred to
bring the structure up to current
building codes for plumbing,
electrical, and energy systems

Forces due to wind and seismic
hazards must be considered

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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RELOCATION

Another retrofitting method is to move the structure to a
location that is less prone to flooding and flood-related
hazards such as erosion. This method is commonly referred
to in retrofitting literature as relocation. The structure may
be relocated to another portion of the current site or to a
different site. The surest way to eliminate flood damage to
a structure is to remove it from the floodplain and relocate
it to a flood-free location. The procedure normally in-
volves placing the structure on a wheeled vehicle. The
structure is then transported to a new location and set on a
new foundation.

Relocation is an appropriate measure in high hazard areas

where continued occupancy is unsafe and/or owners want .
to be free from flood worries. It is also a viable option in
communities that are considering using the resulting open
space for more appropriate floodplain activities. Relocation

may offer an alternative to elevation for substantially

damaged structures that are required under local regulations

to meet NFIP requirements.

Figure I-8: Structure Placed on a Wheeled Vehicle for Relocation to a New Site
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While similar to elevation, relocation of a structure requires
additional steps that normally increase the cost of this
retrofitting method. These additional costs include moving
the structure, purchase and preparation of a new site to
receive the structure (with utilities), construction of a new
foundation, and restoration of the old site.

Most types and sizes of structures can be relocated either as
a unit or in segments. One-story wood-frame houses are
usually the easiest to move, particularly if they are located
over a crawl space or basement that provides easy access to
floor joists. Smaller, lighter wood-frame structures may
also be lifted with ordinary house-moving equipment and
often can be moved without partitioning. Houses con-
structed of brick, concrete, or masonry are also movable,
but usually with more difficulty and increased costs.

Structural relocation professionals should help owners to
consider many factors in the decision to relocate. The
structural soundness should be thoroughly checked and
arrangements should be made for temporary housing and
storage of belongings. Many states and communities have
requirements governing the movement of structures in
public rights-of-way.

Relocation

Brick fireplaces are
ﬁ/ braced or taken down
o

A A e A A A A AL AL A A A A

___}@_____

el
|

Larger additions or wings
may have to be moved
separately

| | Main structure disconnected
B | from foundation
SN

D T \‘s.ﬁ

Some contractors remove
brick facing for the move

Old foundation demolished
and backfilled

‘ Figure I-9: Structure to be Relocated
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Table I-2

Advantages and Disadvantages of Relocation

Advantages

Disadvantages

Allows for substantially damaged
or improved structure to be
brought into compliance with the
NFIP

Significantly reduces flood risk to the
structure and its contents

Relocation techniques are well-
known and qualified contractors are
often readily available

Can eliminate the need to purchase
flood insurance or reduce the
premium because the house is

"moved out” of the floodplain

Reduces the physical, financial, and
emotional strain that accompanies
flood events

Cost may be prohibitive

A new site must be located

Disposition of the flood-prone lot
must be addressed

Additional costs may be incurred to
bring the structure up to current
building codes for plumbing, electri-
cal, and energy systems

I-16
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Dry floodprooting is not allowed
under the NFIP for new and
substantially damaged or im-
proved residential structures
located in a Special Flood Hazard
Area. Additional information on
dry floodproofing can be obtained
from FEMA Technical Bulletin 3-
93, entitled Non-Residential
Floodproofing Requirements and
Certification for Buildings
Located in Special Flood Hazard
Areas in Accordance with the
NFIP. Non-residential techniques
are also applicable in residential
situations.

DRY FLOODPROOFING

Another approach to retrofitting is to seal that portion of a
structure below the flood protection level, making that area
watertight. The objective of this approach is to make the
walls and other exterior components impermeable to the
passage of floodwaters. Creating an impervious membrane,
such sealant systems can include wall coatings, waterproof-
ing compounds, impermeable sheeting, or supplemental
impermeable wall systems, such as cast-in-place concrete.
Doors, windows, sewer and water lines, and vents are
closed with permanent or removable shields or valves.

The expected duration of flooding is extremely critical
when using sealing systems because seepage can increase
over time, rendering the floodproofing ineffective. Water-
proofing compounds, sheeting, or sheathing may fail or
deteriorate if exposed to floodwaters for extended periods.
Sealant systems are also subject to damage (puncture) in
areas that experience water flow of significant velocity, or
ice or debris flow.

Dry floodproofing is usually appropriate only where flood-
waters are less than three feet deep, since most walls and
floors in residential structures may collapse or buckle under
higher water levels. Research in this area has been con-
ducted by the U.S. Army Corps of Engineers and is avail-
able in a document entitled Floodproofing Tests, August
1988.

FEMA tasked the National Evaluation Service (NES) to
develop an evaluation protocol for flood resistance of
materials to be utilized in construction below the BFE.
NES has issued a National Evaluation Protocol which can
be used in determining which products meet the flood
resistant standards. Information on the evaluation protocol
is available at http://nateval.org
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Dry Floodproofing

Maximum protection
level is three feet

(including freeboard)
/\M/\AMM_MJ{\ R —

Dry floodproofed walls

Backflow valve Not for buildings Closures for openings
with basements

@ =

1=
Account for sewer and drain backup

Figure I-10: Dry Floodproofed Structure

Dry floodproofing is also not recommended for structures
with a basement. These types of structures can be suscep-
tible to significant lateral and uplift, or buoyancy, forces.
When dry floodproofing a wood-frame superstructure, only
buildings constructed of concrete block or faced with brick

Even brick or concrete block
walls should not be floodproofed

above a height of three feet veneer should be considered. Weaker construction materi-
(without an extensive engineering als, such as wood-frame superstructure with siding, will
analysis) due to the danger of often fail at much lower water depths from hydrostatic
structural failure from excessive forces.

hydrostatic and other flood-
related forces.

P o

The designer should consider
incorporating freeboard into the
three-foot height constraint as a
factor of safety against structural
failure. Other factors of safety
might include additional pump-
ing capacity and stiffened walls.
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Table I3 Advantages and Disadvantages of Dry Floodproofing

Advantages

Disadvantages

Reduces the flood risk to the
structure and contents if the design
flood tevel is not exceeded

May be less costly than other
retrofitting measures

Does not require the extra land that
may be needed for floodwalls or
levees

Reduces the physical, financial, and
emotional strain that accompanies
flood events

Retains the structure in its present
environment and may avoid signifi-
cant changes in appearance

Does not satisfy the NFIP require-
ment for bringing substantially
damaged or improved residential
structures into compliance

Requires ongoing maintenance

Flood insurance premiums are not
reduced for residential structures

Usually requires human interven-
tion and adequate warning time for
installation of protective measures

Measures can fail or be exceeded
by large floods, in which case the
effect will be as if there were no
protection at all

If design loads are exceeded,
walls may collapse, floors may
buckle, and the structure may even
float, potentially resulting in more
damage than just letting the

house flood

The structure should not be occupied
during a flood

Shields are not always aestheti-
cally pleasing

The damage to the exterior of the
structure and other property may not
be reduced

May be subject to leakage, which
could cause damage to the structure
and its contents

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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-

Wet floodproofing is not allowed
under the NFIP for new and
substantially damaged or improved
structures located in a Special
Flood Hazard Area. Refer to
FEMA'’s Technical Bulletin #7-93,
entitled Wer Floodproofing
Requirements for Structures
Located in Special Flood Hazard
Areas in Accordance with the
NFIP.

P o

For additional information, refer to
FEMA 348, Protecting Building
Utilities From Flood Damage:
Principles and Practices for the
Design and Construction of Flood
Resistant Building Utility Systems.

WET FLOODPROOFING

Another approach to retrofitting involves modifying a
structure to allow floodwaters to enter it in a way that will
minimize damage to the structure and its contents. This
type of protection is classified as wet floodproofing.

Wet floodproofing is often used when all other techniques
are not technically feasible or are too costly. Itis generally
appropriate if a structure has available space in which to
relocate and temporarily store damageable items. Utilities
and furnaces may also need to be relocated or protected
along with other non-movable items by using flood-resis-
tant building materials. Wet floodproofing may also be
appropriate for structures with basements and crawl spaces
that cannot be protected technically or cost-effectively by
other retrofitting measures.

Compared with the more extensive flood protection mea-
sures described in this manual, wet floodproofing is gener-
ally the least expensive. The major costs of this measure
involve the rearrangement of utility systems, installation of
flood-resistant materials, acquisition of labor and equip-
ment to move items, and organization of cleanup when
floodwaters recede. Major disruptions to structure occu-
pancy often result during conditions of flooding.

S

Wet Floodproofing

Openings provided
to let water in

L]
‘jo Hzi Hzl Lowest floor
f i

Furnace and utilities Ll 1_;‘: |
arerelocated  _grEasis ’ L
Large appliances are moved
or wrapped in waterproof bags

Figure I-11: Wet Floodproofed Structure
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Table -4 Advantages and Disadvantages of Wet Floodproofing

Advantages

Disadvantages

No matter how small the effort, wet
floodproofing can, in many instances,
reduce flood damage to a building
and its contents

Compared to a dry floodproofing
measure, loads placed on the walls
and floors of a building may be
greatly reduced due to equalized
hydrostatic pressure

Caosts for relocating or storing
contents (except basement contents)
after a flood warning is issued are
covered by flood insurance under
certain conditions

Wet floodproofing measures are
often less costly than other measures

Does not require extra land, which
may be needed for floodwalls or
levees

Reduces the physical, financial, and
emotional strain that accompanies
flood events

Does not satisfy the NFIP require-
ment for bringing substantially
damaged or improved structures
into compliance

Flood warning is usually needed to
prepare the building and contents for
flooding

The evacuation of contents from the
flood-prone area is dependent on
human intervention

The structure will get wet inside, and

possibly be contaminated by sewage,
chemicals, and other materials borne
by floodwaters. Extensive

cleanup may be necessary

The structure should not be occupied
during a flood

The structure may be uninhabitable
for a time after flooding

There may be a need to limit the uses
of the floodable area of the building

There may be some ongoing mainte-
nance requirements

Additional costs may be incurred to
bring the structure up to current
building codes for plumbing, electrical,
and energy systems

To avoid foundation wall collapse,
care must be taken when pumping out
basements

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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FLOODWALLS AND LEVEES

] Another retrofitting approach is the construction of localized

v barriers between the structure and the source of flooding.
There are two basic types of barriers: levees and floodwalls.
They can be built to any height but are usually limited to four
feet for floodwalls and six feet for levees due to cost, aesthet-
ics, access, water pressure, and space. Local zoning and
building codes may also restrict use, size, and location.

A levee is typically a compacted earthen structure that
blocks floodwaters from coming into contact with the
structure. To be effective over time, levees must be con-
structed of suitable materials (i.e., impervious soils) and
with correct side slopes for stability. Levees may com-
pletely surround the structure or tie to high ground at each
end. Levees are generally limited to homes where floodwa-
ters are less than five feet deep. Otherwise, the cost and the -
land area required for such barriers usually make them

P

s

‘ impractical for the average owner.

While floodwalls and levees are Floodwalls are engineered barriers designed to keep floodwaters
allowed under NFIP regulations, from coming into contact with the structure. Floodwalls can be
they do not make a non-compliant tructed i id . fsh d sizes but VD
structure compliant with the NFIP, cons uc.t n g wide variety of shapes and sizes bu arg ypi-
cally built of reinforced concrete and/or masonry materials.

Floodwalls and Levees

Floodwall is reinforced
and anchored to withstand
hydrostatic load

Levee is compacted

fili with 2:1 or 3:1 sl
(IfOl\'NsntabiIity?r siope ' i { E lio’ EB H}

I S ET ¥
L Account for sewer T
and drain backup .
Sump and pump handle seepage ; = Ny
and internal drainage / N =~ Backflow valve
Figure I-12: Structure Protected by Levee and Floodwall —
1-22 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001



Methods of Retrofitting

Figure I-13: House Protected by a Floodwall

P o

Generally, residential floodwalls
are only cost-beneficial at
providing protection up to four
feet and levees up to six feet.
including one foot of freeboard.

A floodwall can surround an entire structure or, depending
on the flood levels, site topography, and design preferences,
it can protect isolated structure openings such as doors,
windows, or basement entrances. Floodwalls can be
designed as attractive features to a residence, utilizing
decorative bricks or blocks, landscaping, and garden areas,
or they can be designed for utility at a considerable savings
in cost.

Because their cost is usually greater than that of levees,
floodwalls would normally be considered only on sites that
are too small to have room for levees or where flood veloci-
ties may erode earthen levees. Some owners may believe
that floodwalls are more aesthetically pleasing and allow
preservation of site features, such as trees. Special design
considerations must be taken into account when floodwalls
or levees are used to protect homes with basements because
they are susceptible to seepage that can result in hydrostatic
and saturated soil pressure on foundation elements.
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The costs of floodwalls and levees can vary greatly,

\‘\ depending on height, length, availability of construction
~ materials, labor, access closures, and the interior drainage
system. A levee could be constructed at a lower cost if the
proper fill material is available nearby.

Provisions for closing access
openings must be included as part
of the floodwall or levee design.

Figure I-14: House Protected by a Levee
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Methods of Retrofitting

Table I-5

Advantages and Disadvantages of Floodwalls and Levees

Advantages

Disadvantages

The area around the structure will
be protected from inundation
without significant changes to

the structure

There is no pressure from floodwater
to cause structural damage to the
home or other structures in the
protected area

These barriers are usually less
expensive to build than elevating
or relocating the structure would be

Occupants do not have to leave
the structure during construction

Reduces flood risk to the structure
and its contents

Reduces the physical, financial, and
emotional strain that accompanies
flood events

Does not satisfy the NFIP require-
ments for bringing substantially
damaged or improved structures
into compliance

Levees and floodwalls can fail or be
overtopped by large floods or floods
of long duration, in which case the
effect will be as if there were no
protection at all

May be expensive

Both floodwalls and levees need
periodic maintenance

Interior drainage must be provided

Local drainage can be affected,
possibly resulting in water problems
for others

No reduction in flood insurance rates
May restrict access to structure

Levees require considerable land
area

Floodwalls and levees do not
eliminate the need to evacuate
during floods

May require warning time and human
intervention for closures

Floodplain management require-
ments may make floodwalls and
levees violations of applicable codes
and/or regulations
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GENERAL RETROFITTING CAUTIONS

Appropriately applied retrofitting measures have several
advantages over other damage reduction methods. Individual
owners can undertake retrofitting projects without waiting for
government action to construct flood control projects. Retro-
fitting may also provide protection in areas where large
structural projects, such as dams or major waterway improve-
ments, are not feasible, warranted, or appropriate. Some
general cautions should always be considered in implementing
a retrofitting strategy. These include:

*  Substantial damage or improvement requirements under
the NFIP, local building codes, and floodplain manage-
ment ordinances render some retrofitting measures illegal.

*  Codes, ordinances, and regulations for other restrictions,
such as setbacks and wetlands, should be observed.

» Retrofitted structures should not be used nor occupied
during conditions of flooding.

*  Most retrofitting measures should be designed and
constructed by experienced professionals (engineers,
architects, or contractors) to ensure proper consider-
ation of all factors influencing effectiveness.

¢ Most retrofitting measures cannot be installed and
forgotten. Maintenance must be performed on a sched-
uled basis to ensure that the retrofitting measures
adequately protect the structure over time.

» Floods may exceed the level of protection provided in
retrofitting measures. In addition to implementing these
protective measures, owners should consider continu-

ing— and may be required—to purchase flood insurance. —

In some cases, owners may be required by lending
institutions to continue flood insurance coverage. -
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General Retrofitting Cautions

¢ When human intervention is most often needed for
successful flood protection, a plan of action must be in
place and an awareness of flood conditions is required.
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RETROFITTING PROCESS

A good retrofitting project should follow a careful path of
exploration, fact finding, analysis, detailed design, and
construction steps. The successful completion of a retrofit-
ting project will require a series of homeowner coordina-
tion and design input meetings. Ultimately, the homeowner
will be living with the retrofitting measure, so every effort
should be made to incorporate the homeowner’s concerns
and preferences into the final product. The primary steps in
the overall process are shown in Figure I-15 and include:

HOMEOWNER MOTIVATION

The decision to consider retrofitting options usually stems
from having experienced or witnessed a flooding event in
or near the structure in question; having experienced sub-
stantial damage from a flood or an event other than a flood;
or embarking on a substantial improvement, which requires
adherence to local floodplain regulations. The homeowner
may contact other homeowners, community officials,
contractors, or design professionals to obtain information
on retrofitting techniques, available technical and financial
assistance, and other possible options.

PARAMETERS OF RETROFITTING

The goal of this step is to conduct the necessary field
investigations, regulatory reviews, and preliminary techni-
cal evaluations to select applicable and technically feasible
retrofitting techniques that warrant further analysis.

DETERMINATION OF HAZARDS

This step involves the detailed analysis of flood, flood- —
related, and non-flood-related hazards and the evaluation of
specific sites and structures to be retrofitted.
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Retrofitting Process

-

Within each of these steps,
homeowners are involved in
providing input into the evalua-
tions, analyses, decisions, and
design concepts to ensure that the
final product meets their require-
ments. Finally, maintenance of
the constructed retrofitting
measure is the responsibility of the
homeowner.

BENEFIT/COST ANALYSIS

This step is critical in the overall ranking of technically
feasible retrofitting techniques, and it combines an objec-
tive economic analysis of each retrofitting measure consid-
ered with any subjective decision factors introduced by the
homeowner or others.

DESIGN

During this phase, specific retrofitting measures are de-
signed, construction details developed, cost estimates
prepared, and construction permits obtained.

CONSTRUCTION

Upon final design approvals, a contractor is selected and
the retrofitting measure is constructed.

OPERATION AND MAINTENANCE

The development of a well-conceived operation and main-
tenance plan is critical to the overall success of the project.
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h 4

~Homeowner Motivation -~~~

 Homeowner Coordination =~~~

Parameters of Retrofitting

Determination of Hazards

Benefit Cost Analysis

Design

Construction

Figure I-15: Primary Steps in the Retrofitting Process
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REGULATORY FRAMEWORK

Most retrofitting projects are regulated by local floodplain, zoning. and building code ordinances.
In addition to governing the extent and type of activities allowable in the regulatory floodplain,
these codes set construction standards that must be met both by new construction and by
substantial improvement and repair of damaged buildings. The portions of these ordinances
dealing with retrofitting are generally derived from guidance issued by FEMA under the NFIP

and the U.S. Army Corps of Engineers (USACE).

This chapter discusses the typical community floodplain management and building code environ-
ment, including:

¢ therole of local officials in a retrofitting project,

. e the various tenets of the NFIP, and

* the compatibility of items covered in international building codes with the NFIP.

Each jurisdiction may adopt standards that are more restrictive than the minimum NFIP require-
ments, but this section will examine only the minimum federal regulations governing construction
in a Special Flood Hazard Area. Local building codes and construction standards vary widely
across the country.

P o

In individual communities, local
regulations are the mechanism by
which NFIP requirements are
enforced. The reader is encour-
aged to contact local floodplain
management and building code
officials to determine if more

restrictive requirements are in
place.
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NATIONAL FLOOD INSURANCE PROGRAM (NFIP)

P o

Guidance on substantial improve-
ment and substantial damage may
be found in FEMA Publications
213, Answers and Questions
About Substantially Damaged
Buildings, and 311, Guidance on
Estimating Substantial Damage.

The creation of the National Flood Insurance Program was
amajor step in the evolution of floodplain management.
During the 1960s, Congress became concerned with prob-
lems related to the traditional methods of dealing with
flood damage. It concluded:

* Flood protection structures are expensive and cannot
protect everyone.

* People are still building in floodplains and therefore are
risking disaster.

 Disaster relief is inadequate and expensive.

* The private insurance industry cannot sell affordable
flood insurance because only those at significant risk
will buy it.

* Federal flood control programs are funded by all tax-
payers, but they primarily help only those who live in
the floodplains.

In 1968, Congress passed the National Flood Insurance Act
to correct some of the shortcomings of the traditional flood
control and flood relief programs. The Act created the
National Flood Insurance Program (NFIP) to:

e Guide future development away from flood hazard
areas;

* Require that new and substantially improved buildings
be constructed to resist flood damage;

* Provide floodplain residents and owners with financial
assistance after floods, especially after smaller floods
that do not warrant federal disaster aid; and

¢ Transfer some of the costs of flood losses from the
taxpayers to floodplain property owners through flood
Insurance premiums.
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P o

To obtain information on repeti-
tive loss structures in your
community, contact your state
CRS program coordinator or your
FEMA regional office.

Congress originally charged the Department of Housing and
Urban Development’s (HUD’s) Federal Insurance Adminis-
tration (FIA) with responsibility for the program. In 1979,
the FIA and the NFIP were transferred to the newly created
Federal Emergency Management Agency (FEMA).

Currently, the floodplain management aspects of the pro-
gram are administered by the Mitigation Directorate and the
insurance aspects are administered by the Federal Insurance
Administration, both parts of FEMA.

FEMA has focused particular attention on mitigating
buildings and facilities subject to repetitive losses. A
building is considered to be a repetitive loss structure when
a building has had at least two losses of $1,000 or more
within any 10-year period.

These buildings represent significant losses for the NFIP
each year. FEMA is continuing to focus NFIP and retrofit-
ting mitigation efforts on properties that have sustained or
are likely to sustain repetitive losses. Possible funding
sources for these activities include:

¢ ICC - Increased Cost of Compliance
*  HMGP - Hazard Mitigation Grant Program
* FMA - Flood Mitigation Assistance Program

For additional information on other FEMA and non-FEMA
sources of funding, the reader is encouraged to contact their
state NFIP and HMGP coordinators.
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¢

FEMA has developed a home
study course on how to use a
Flood Insurance Study (FIS).
Contact your local FEMA regional
office (telephone numbers listed in
Appendix C) for further informa-
tion.

FLOOD HAZARD INFORMATION

Communities that participate in the NFIP’s Regular Pro-
gram typically have a detailed Flood Insurance Study (FIS).
which presents flood elevations of varying intensity, includ-
ing the base (100-year) flood, areas inundated by the vari-
ous magnitudes of flooding, and floodway boundaries.

This information is presented on a Flood Insurance Rate
Map (FIRM) and on a Flood Boundary and Floodway Map
(FBFM).

Riverine Floodplains

The FIS report for riverine floodplains describes in detail
how the flood hazard information—including floodways,
discharges, velocities, and flood profiles for major riverine
areas—was developed for each community.

The area of the 100-year riverine floodplain is often divided
into a floodway and a floodway fringe. The floodway is
the channel of a watercourse plus any adjacent floodplain
areas that must be kept free of encroachment so that the
cumulative effect of the proposed encroachment, when
combined with all other existing or proposed encroach-
ments, will not increase the 100-year flood elevation more
than one foot at any point within the community.

The area between the floodway and 100-year floodplain
boundaries is termed the floodway fringe. The floodway
fringe encompasses the portion of the floodplain that could
be completely obstructed without increasing the water-
surface elevation of the 100-year flood by more than one
foot at any point. Many states and communities limit the
allowable increase to less than one foot.
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FLOODWAY FLOODWAY
FRINGE FLOODWAY FRINGE
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CHANNEL

FLOOD ELEVATION WHEN

GROUND SURFACE CONFINED WITHIN FLOODWAY

{ ENCROACHMENT ENCROACHMENT /‘
; : aprr
FILL FILL
SURCHARGE*i
<= - il e

: o
T T —
AREA OF ALLOWABLE
ENCROACHMENT: RAISING FLOOD ELEVATION
GROUND SURFACE WILL BEFORE ENCROACHMENT
NOT CAUSE A SURCHARGE ON FLOODPLAIN

THAT EXCEEDS THE
INDICATED STANDARDS

LINE A - B IS THE FLOOD ELEVATION BEFORE ENCROACHMENT
LINE C - D IS THE FLOOD ELEVATION AFTER ENCROACHMENT

‘ *SURCHARGE NOT TO EXCEED 1.0 FOOT (FEDERAL EMERGENCY MANAGEMENT AGENCY REQUIREMENT) OR LESSER HEIGHT IF SPECIFIED BY STATE.

Figure II-1: Typical Floodplain Cross Section

Discharges are determined for various locations and flood
frequencies along the stream and are presented in a sum-
mary table in the FIS report, as shown in Table II-1. Flood
profiles depict various flood frequency and channel bottom
elevations along each studied stream. Figure II-2 illustrates
a flood profile included in a typical FIS. For most streams
with significant flood hazards, the FIS for riverine flood-
plains normally contains discharges and water-surface
elevations for the 10-, 50-, 100-, and 500-year floods,
which have annual exceedence probabilities of 10%, 2%,
1%, and 0.2%, respectively.
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Table 11-1 Typical Summary of Discharges Table
Drainage
Area Peak Discharges (CFS)
Flooding Source and Location (Sg. Mi.) 10-Yr 50-Yr 100-Yr 500-Yr

Overpeck Creek

e Upstream of the

confluence of Flat Rock Brook 8.1 910 1,310 1,490 1,960
* Upstream of the confluence

of Tributary to Overpeck Creek 5.7 760 1,090 1,200 1,600
e Upstream of the

confluence of Metzlers Creek 3.0 530 750 830 1,100

Tributary to Overpeck Creek

* Atits confluence
with Overpeck Creek 1.0 275 445 545 810

Metzlers Creek

* Atits confluence
with Overpeck Creek 2.4 453 625 704 995

Flat Rock Brook

* Atits confluence
with Overpeck Creek 2.5 665 1,075 1,315 1,980
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Figure I1-2: Typical Flood Profile for Riverine Floodplains
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Coastal Floodplains

In coastal communities that contain both riverine and
coastal floodplains, the FIS may contain information on
both coastal and riverine hazards. These analyses include
the determination of the storm surge stillwater elevations
for the 10-, 50-, 100-, and 500- year floods as shown in
Table II-2.

Table 112 Typical Summary of Coastal Stillwater Elevations

Elevation (feet) Above NGVD
Flooding Source and Location 10-Yr 50-Yr 100-Yr 500-Yr

ATLANTIC OCEAN
Entire shoreline within Floodport 8.2 8.9 9.2 9.8

MERRIMACK RIVER
Entire shoreline within Floodport 5.9 70 8.2 8.9

These stillwater elevations represent the potential flood
elevations from tropical storms (hurricanes and typhoons),
extra-tropical storms (northeasters), tsunamis, or a combi-
nation of any of these events. The FIS wave analysis
includes an estimate of the expected beach and dune ero-
sion during the 100-year flood and the increased flood
hazards from wave heights and wave runup.

The increases from wave heights and runup are added to
‘ the stillwater elevations to yield the regulatory base flood
U T T ———— elevation. Figure II-3 illustrates the typical wave height
design issues in Coastal High transect showing the effects of physical features on the
Hazard Areas (V Zones). wave heights and corresponding base flood elevation.
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Figure II-3: Typical Wave Height Transect

A FIRM generally shows areas inundated during a 100-year
flood as either A Zones or V Zones. An example of a
FIRM for riverine flooding is shown in Figure 1I-4, while a
FIRM for coastal flooding is shown in Figure II-5. Retro-
fitting designers may use data from FIS materials to deter-
mine floodplain limits, flood depth, flood elevation, and
flood frequency.
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Zone Definitions

A Zones: are the Special Flood Hazard Areas (except
coastal V Zones) shown on a community’s
FIRM. There are six types of A Zones:

/\ A: SFHA where no base flood elevation is pro-
FEMA is in the process of vided.
converting from use of the
National Geodetic Vertical Datum A#: (Numbered A Zones: e.o.. A7 or Al4) SFHA
(NGVD) to the North American ' _ Lo S
Vertical Datum (NAVD). Both whcxnc the FIRM shows a bc.lhe ﬂoqd clevation in
denit ielerenses will be i e relation to National Geodetic Vertical Datum
until the transition is completed. (NGVD) or North American Vertical Datum

(NAVD).

AE:  SFHA where base flood elevations are provided.
AE Zone delineations are used on new FIRMs
instead of A# Zones.

‘ AO: SFHA with sheet flow, ponding, or shallow
flooding. Base flood depths (feet above grade)
are provided.

AH:  Shallow flooding SFHA. Base flood elevations
in relation to NGVD or NAVD are provided.

AR:  Area of special flood hazard that results from
the decertification of a previously accredited
flood protection system that is determined to be
in the process of being restored to provide a
100-year or greater level of flood protection.

B Zones: Areas of moderate flood hazard, usually
depicted on FIRMs as between the limits of the
base and 500-year floods. B Zones are also used
to designate base floodplains of little hazard,
such as those with average depths of less than
one foot.
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C Zones: Areas of minimal flood hazard, usually depicted
on FIRMs as above the 500-year flood level. B
and C Zones may have flooding that does not
meet the criteria to be mapped as a Special
Flood Hazard Area, such as ponding and local
drainage problems.

D Zones: Areas of undetermined but possible flood
hazard.

V Zones: Special Flood Hazard Areas subject to coastal
high hazard flooding. There are three types of
V Zones, which correspond to the A Zone
designations:

V: SFHA where no base flood elevation is pro-
vided.

V#:  (Numbered V Zones; e.g.,V7 or V14) SFHA
where the FIRM shows a base flood elevation in
relation to NGVD or NAVD.

VE:  SFHA where base flood elevations are provided.
VE Zone delineations are now used on new
FIRMs instead of V# Zones.

X Zones: Appear on newer FIRMs and incorporate areas
previously shown as B and C Zones.

Shaded X: Areas of moderate flood hazard usually depicted
on FIRMs as between the limits of the base and
500-year floods. Previously shown as a B Zone.

Unshaded X: Areas of minimal flood hazard usually depicted
on FIRMs as above the 500-year flood level.
Previously shown as a C Zone.
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FLOODPLAIN MANAGEMENT
REGULATIONS

The floodplain management aspects of the NFIP are imple-
mented by communities. A “community” is a governmen-
tal body with the statutory authority to enact and enforce
development regulations. The authority of each unit of
government varies by state. Eligible communities can
include cities, villages, towns, townships, counties, par-
ishes, states, and Indian tribes. In 1994, more than 18,350
communities participated in the NFIP.

To participate in the NFIP, communities must, at a mini-
mum, regulate development in their floodplains in accor-
dance with the NFIP criteria and state regulations. To do
this, communities must require a permit before any devel-
opment proceeds in the regulatory floodplain. Before the
permit is issued, the community must ensure that two basic

. criteria are met:

* All new buildings and substantial improvements to
existing buildings will be protected from damage by the
base flood, and

* New floodplain development will not aggravate exist-

ing flood problems or increase damage to other proper-
ties.
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Several definitions are needed to guide the designer
through floodplain management regulations. The NFIP

definition of key terms is provided below:

Structure: For floodplain management purposes. a walled
and roofed building, including a gas or liquid
storage tank that is principally above ground, as
well as a manufactured home.

Basement: Any area of the structure having its floor
subgrade (below ground level) on all sides.

Lowest Floor: The lowest floor of the lowest enclosed
area (including basement). An unfinished or
flood-resistant enclosure, usable solely for
parking, building access, or storage in an area
other than a basement is not considered a
building’s lowest floor, provided that such
enclosure 1s not built so as to render the struc-
ture in violation of the applicable non-elevation
design requirement of 44 Code of Federal
Regulations (CFR) Ch. 1 (60.3).

Enclosed Area Below BFE: An unfinished or flood-
resistant enclosure, usable solely for parking,
building access, or storage in an area other than
a basement that has an elevation below the BFE.

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 value of the
structure before the damage occurred.

Substantial Improvement: Any reconstruction, rehabilita-
tion, addition, or other improvement of a
structure, the cost of which equals or exceeds 50
percent of the 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. The term does not,
however, include either:
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P o

The definitions of pre-FIRM and
post-FIRM are ditterent for
insurance and tloodplain manage-
ment purposes.

I. any project to correct existing violations of
state or local health, sanitary, or safety code
specifications that have been previously
identified by the local code enforcement
official and that are the minimum necessary
to assure safe living conditions, or

o

any alteration of a “historic structure,”
provided that the alteration will not preclude
the structure’s continued designation as a
“historic structure.”

Pre FIRM: A pre-FIRM building (for floodplain manage-
ment purposes) is a building for which the start
of construction occurred before the effective
date of the community’s NFIP-compliant flood-
plain management ordinance.

Post-FIRM: A post-FIRM building (for floodplain man-
agement purposes) is a building for which the
start of construction post-dates the effective date
of the community’s NFIP-compliant floodplain
management ordinance.

Under NFIP criteria, all new (post-FIRM) and substantially
damaged/substantially improved construction of residential
structures located within Zones Al - A30, AE, and AH
must have the lowest floor at or above the BFE. Therefore,
elevation and relocation are the retrofitting alternatives that
enable a post-FIRM or substantially damaged/substantially
improved structure to be brought into compliance with the
NFIP,

Utilizing the aforementioned definitions and local codes,
the designer can begin to determine which retrofitting
measures may be acceptable for each specific home.
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INSURANCE PROGRAM

Federally-backed flood insurance is made available in
communities that agree to implement NFIP-compliant
floodplain management programs that regulate future
floodplain development. Communities apply to participate
in the program in order to make flood insurance and certain
forms of federal disaster assistance available in their com-
munity.

Everyone in a participating community can purchase flood
insurance coverage, even for properties not located in
mapped floodplains. Insurance provides relief for all
floods. including those that are not big enough to warrant
federal disaster aid, as long as a general condition of flood-
ing exists.

The federal government makes flood insurance available
only in communities that adopt and enforce floodplain
management regulations that meet or exceed NFIP criteria.
Because the communities will ensure that future develop-
ment will be resistant to flood damage, the federal govern-
ment is willing to support insurance and help make it
affordable.

The Flood Disaster Protection Act of 1973 expanded the
program to require flood insurance coverage as a condition
of federal aid or loans from federally-insured banks and
savings and loans for buildings located in identified flood
hazard areas. Most communities joined the NFIP after
1973 in order to make this assistance available for their
flood-prone properties.

NFIP flood insurance is available through many private
flood insurance companies and independent agents, as well
as directly from the federal government. All companies
offer identical coverage and rates as prescribed by the
NFIP.
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Please reter to Appendix A—The

National Flood Insurance Pro-
gram—rtor general information
and an example of the costs of
insurance coverage for structures
subject to various flooding
scenarios.

Pre-FIRM Versus Post-FIRM
(Insurance Purposes)

For flood insurance rating purposes, residential buildings
are classified as being either pre-FIRM or post-FIRM.

Pre-FIRM construction is defined as construction or sub-
stantial improvement begun on or before December 31,
1974, or before the effective date of the community’s initial
FIRM, whichever is later.

Post-FIRM construction includes construction or substan-
tial improvement that began after December 31, 1974, or on
or after the effective date of the community’s initial FIRM,
whichever is later.

Insurance rates for pre-FIRM buildings are set on a subsi-
dized basis; while insurance rates for post-FIRM structures
are set actuarially on the basis of designated flood hazard
zones on the community’s FIRM and the elevation of the
lowest floor of the building in relation to the BFE. This
rate structure provides owners an incentive to elevate
buildings in exchange for receiving the financial benefits of
lower insurance rates. Subsequent to substantial improve-
ments, a pre-FIRM building will become a post-FIRM
building for flood insurance rating purposes. Only eleva-
tion or relocation techniques may result in reduced flood
insurance premiums or in eliminating the need for flood
insurance.
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Communities often adopt tlood-
plain regulations that exceed the
NFIP minimum requirements.
Some states have also enacted
laws that exceed the NFIP mini-
mum requirements.

NFIP FLOOD-PRONE BUILDING
PERFORMANCE STANDARDS

The NFIP has established minimum criteria and design
performance standards that communities participating in
the NFIP must enforce for structures located in Special
Flood Hazard Areas. These standards specity how a struc-
ture should be constructed in order to minimize or elimi-
nate the potential for flood damage.

FEMA, the U.S. Army Corps of Engineers (USACE), the
Tennessee Valley Authority (TVA), the Natural Resources
Conservation Service (NRCYS), and several states and local
government entities have developed technical guidance
manuals and information for public distribution to assist in
the application of these requirements by the building
community (i.e., building code and zoning officials, engi-
neers, architects, builders, developers, and the general
public). These publications, which are listed in Appendix
C. Glossary of Resources, contain guidelines for the use of
certain techniques and materials for design and construction
that meet the intent of the NFIP’s general design criteria.
These publications also contain information on the gener-
ally accepted practices for flood-resistant design and
construction.

FEMA has also been involved in a multi-year effort to
incorporate the NFIP flood-damage-resistant design stan-
dards into the nation’s model building codes and standards,
which are then adopted by either states or communities.
This effort has resulted in the inclusion of the standards in
the new International Building Code Series and in ASCE 7-
98, Minimum Design Loads for Buildings and Other Struc-
tures and ASCE 24-98, Flood Resistant Design and Con-
struction.
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COMMUNITY REGULATIONS AND THE PERMITTING
PROCESS

Regulation of the use of floodplain lands is a responsibility
‘\ of state and local governments and, in limited applications,
/\ the federal government (wetlands. navigable waterways,
federal lands, etc.). It can be accomplished by a variety of
T procedures, such as.estab]ish.mem o'f designated ﬂqodways
adjacent land areas that must be and encroachment lines, zoning ordinances, subdivision
reserved in order to discharge the regulations, special use permits, floodplain ordinances, and
base flood without cumulatively building codes. These land-use controls are intended to
increasing the water surface reduce or eliminate flood damage by guiding and regulating

elevation more than a designated .
heicht floodplain development.

The tloodway is the channel ot a

As was explained in Chapter 1, flood-prone communities
that participate in the NFIP are required to adopt and
enforce, at a minimum, NFIP-compliant floodplain regula-
tions to qualify for many forms of federal disaster assis-
' tance and for the availability of flood insurance.

Many states and communities have more restrictive require-
ments than those established by the NFIP. In fact, state and
community officials, using knowledge of local conditions
and in the interest of safety, may set higher standards, the
most common of which are listed below.

» Freeboard is the elevation difference between the flood
protection elevation and the anticipated flood elevation.
Freeboard requirements provide an extra measure of
flood protection above the design flood elevation to
account for waves, debris, hydraulic surge, or insuffi-
cient flooding data.

* Restrictive standards prohibit building in certain areas,
such as the floodplain, conservation zones, and the
floodway.

* The use of building materials and practices that have

previously proven ineffective during flooding may be
' prohibited.
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* The use and type of construction fill material may be
further restricted by the higher standards adopted by
some states and communities.

Before committing a significant investment of time and
money in retrofitting, the design professional should con-
tact the local building official for building code and flood-
plain management requirements and information on obtain-
ing necessary permits.
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NATIONAL MODEL BUILDING CODES

The National Model Building Codes currently include the
‘\ International Building Codes and the NFPA code. The
B

series of International Building Codes (I-Codes) has re-
cently been developed and are now available for adoption

Designers should consult and use by governmental jurisdictions. Representatives of
Reducing Flood Losses Through the existing code groups (BOCA, ICBO, and SBCCI)

the International Code Series: drafted this code series. The intent of the I-Codes was to
Meeting the Requirements of the include a comprehensive set of regulations for building
Natignal Flood Insurance systems consistent with and inclusive of the scope of the

Program to gain a thorough
understanding of how the

requirements of the NFIP have ) o
been included in the T-Codes. * The 2000 International Building Code (IBC) meets the

minimum design and construction requirements of the
NFIP for all buildings and structures. Appendix G of
the IBC addresses other NFIP requirements such as
floodplain management issues;

existing model codes. The new [-Codes include:

e The 2000 International Residential Code (IRC) meets
the minimum requirements for flood resistant design
and construction of one- and two-family dwellings;

¢ The 2000 International Plumbing Code meets the
minimum requirements for flood resistant design and
construction of plumbing systems;

* The 2000 International Mechanical Code meets the
minimum requirements for flood resistant design and
construction of mechanical systems;

* The 2000 International Fuel Gas Code meets the mini-
mum requirements for flood resistant design and con-
struction of fuel gas systems;

* The 2000 International Private Sewage Disposal Code
meets the minimum requirements for flood resistant
design and construction of private sewage disposal
systems; and

» The NFPA Life Safety Codes, developed by the Na-
tional Fire Protection Association (NFPA), are used as a
‘ standard for fire protection in various parts of the
country. The NFPA Building Code (NFPA 5000) is
currently under development.
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Most communities, at the time of this revision, have
adopted model codes from BOCA, ICBO, or SBCCI.
Many of these locally adopted model codes have incorpo-
rated provisions of the NFIP floodplain management
regulations pertaining to building standards.

The National Model Building Codes are available for
adoption by local communities; some states and communi-
ties have already adopted the new codes. With the IBC, it
is possible to integrate building codes into a single adminis-
trative process. In order to participate in the NFIP using
this approach, all of the IBC, including Appendix G, must
be adopted. Otherwise, not all "development,” as defined
by the NFIP, is regulated adequately. If Appendix G is not
adopted, then provisions regulating "development” would
need to be included in a stand-alone ordinance. The IRC
includes flood-resistant construction requirements as part of
the code and thus are adopted when the IRC is adopted.

For more information about the IBC adoption process,
contact the state or local building and permitting officials.

Some states, local governments, and communities, how-
ever, make their own amendments to the above code. In
these cases, it may be unclear if the adopted code is still
consistent with NFIP floodplain management regulations.

Table 11-3

Building Code Groups

National Model Building Codes:
International Building Codes (I-Codes)

NFPA Codes * NFPA Life Safety Codes (NFPA)

* International Building Code (IBC)
* International Residential Code (IRC)

e International Plumbing Code

* International Mechanical Code

* International Fuel Gas Code

* International Private Sewage Disposal Code

» NFPA Building Code (NFPA 5000)

Model Building Codes:

National Building Code (BOCA)

Standard Building Code (SBCCI)

Uniform Building Code (IMCO)

One- and Two-Family Dwelling Code (CABO)

Note: Model Building Codes to be phased out and replaced by International Building Codes
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CODE COMPATIBILITY WITH THE NFIP

Until a state or community adopts the I-Codes, the basis for
‘\ administering building code and floodplain regulations are
/\ the current regulations and locally adopted building code.

Designers should consult Reducing
Flood Losses Through the Interna-

The use of one of the model codes (BOCA., ICBO, SBCCI)

tional Code Series: Meeting the may still require that the flood-resistant construction stan-
Requirements of the National dards be compared to the appropriate model code so that all
Flood Insurance Progrant to gain of the required flood standards are included in the local

a thorough understanding of how
the requirements of the NFIP have
been included in the I-Codes.

ordinances. Table II-4 compares the [-Codes and the model
codes to selected NFIP requirements.

The application of flood-resistant construction methods is
also included in the engineering standards ASCE 7-98
Minimum Design Loads for Buildings and Other Structures
and ASCE 24-98 Flood Resistant Design and Construction
in addition to the I-Codes. Table II-5 is a summary of

selected key NFIP provisions, citations from the I-Codes
' and other publications, including the ASCE engineering
standards.
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Table 11-4 CODES vs. NFIP REQUIREMENTS: Items of inconsistency
NFIP ITEM I-Codes | SBCCI | ICBO | BOCA | CABO
Use of Registered Professionals X X
Wind, Seismic & Snow Loads X X X X
Footing & Slab Design X X X
Standards for Use of Wood Materials X X X X
S(?Srt]zcaggis:ll Reports and Requirements for Open X X X X
Corrosion Protection X X
Hydrostatic and Hydrodynamic Load Considerations and X
Computations
Occupancy in Basements Below the BFE X X X
Consistency of Criteria for Residential and Non-Residential X
Buildings
Anchorage Requirements X
Exposed Ductwork X
Utility Clearances X
Standards for Sealants X
Standards for Breakaway Walls X
Design Tables Based on Materials X
Design Considerations for Floodwalls X
Protection of Electrical Systems Below the BFE
Grounded and Labeled Power Qutlets for Pumps and Motors
Maintenance of Interior Finishes for Different Occupancies
Complete Flood Design Criteria X X
Alternate Forms or Means of Construction X
Site Preparation Requirements X
Vapor Barrier Requirements X
Walls, Floor & Roof Sheathing Design X X X X
X=Item that may not be consistent with the NFIP.
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Table II-5 SUMMARY OF SELECTED KEY NFIP PROVISIONS, CODE CITATIONS, AND REFERENCE DOCUMENTS

KEY PROVISIONS
OF THE NFIP

2000 IBC

2000 IRC

ASCE 24-98

OTHER PUBLICATIONS

60.3(a)(3)i) new construction
and substantial
improvements to be
designed and adequately
anchored to prevent
flotation, collapse, or lateral
movement

1605.2.2 and 1605.3.1.2
flood loss and load
combinations (reference
ASCE 7)

1612.4 design and
construction (referenence
ASCE 24)

R301.1 construction to
support all loads, including
flood loads

R327.1.1 structural systems
designed, connected, and
anchored

Section 5.6 anchorage and
connections to resist effects
of vertical and ateral loads

ASCE 7-98, Minimum
Design Loads for Buildings
and Other Structures

60.3(a)(3)(ii) new
construction and substantial
improvements fo be
constructed with materials
resistant to flood damage

801.1.3 interior finishes, trim,
and decorative materials to
be in accordnace with
FEMA FIA-TB#2

1403.7 exterior walls to be
resistant to water damage

R327.1.7 and R501.3
building materials to be
flood resistant, installation
methods for flooring and
walls to conform to FEMA
FIA-TB#2

Chapter 6 exposed
structural and non-structural
materials, including
connections, fo be resistant
to damage, deterioration,
corrosion or decay due o
direct and prolonged
contact with floodwater

National Evaluation Service,
Inc., Evaluation Plan for
Determination of Flood-
Resistance of Building
Elements

Technical Bulletin FEMA
FIA-TB#2: Flood-Resistant
Material Requirements for
Buildings Located in Special
Flood Hazard Areas
Technical Bulletin FEMA
FIA-TB#8: Corrosion
Protection for Metal
Connectors in Coastal Areas
for Structures Located in
Special Flood Hazard Areas

60.3(a)(3)(iv) electrical,
heating, ventilation,
plumbing, and air
conditioning equipment and
other service facilities to be
designed and/or located to

1612.4 design and
construction of buildings
and structures (including
utility support systems) to
be in accordance with
ASCE 24

R327.1.5 new and
reptacement mechanical
and electrical systems to be
elevated

IFGC R301.5 appliance
installations to be elevated

Chapter 8 utilities and
attendant equipment to be
elevated or designed,
construcied and installed to
prevent floodwaters from
entering or accumulatng

FEMA 348, Protecting
Building Utilities From Flood
Damage: Principles and
Practices for the Design and
Construction of Flood
Resistant Building Utility

sewage system designed
to minimize/eliminate
infiltration/discharges

{ii) onsite waste disposal
systems located fo avoid
impairment or contamination

Chapter 3 of the International
Private Sewage Disposal
Code

systems, systems below
fiood level, and sanitary
systems, including septic
tanks

protect components or otherwise protected within the components; Systems
R1601.3.8 ducts and ducts | utifities not to be mounted Technical Bulletin FEMA
systems to be elevated on breakaway walls FIA-TB#4: Elevator
Installation for Buildings
Located in Special Flood
Hazard Areas
60.3(a)(6)(1) Appendix G 401.3 R327.1.6 general Section 8.3 buried and FEMA 348, Protecting
new/replacement sanitary Sewer facilities performance, refer to exposed plumbing Building Utilities From Flood

Damage: Principles and
Practices for the Design and
Construction of Flood
Resistant Building Utility
Systems

60.3(b)(1) require permits for
all development, including
placement of manufactured
homes

Appendix G 101.3 Scope
(and definition of
Development)

R101.2 Scope

R105.3.1.1 specifically
addresses substantial
improvement and substantial
damage of existing
buildings

Appendix E

Manufactured Housing Used
as Dwellings AE101,
Exception, refers to IRC
Section R327

Appendix J Existing
Buitdings AJ102.5 work in
existing buildings in flood
hazard areas per R105.3.1.1

Section 1.1 defines the
scope to be new structures,
including subsequent work
and substantial repair or
substantial improvement

ASFPM and Federal
Interagency Floodplain
Management Task Force,
Addressing Your
Community's Flood
Problems: A Guide for
Elected Officials

FEMA EMI IS-9, Managing
Floodplain Development
Through the NFIP
(independent study course)
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Table I1-5 SUMMARY OF SELECTED KEY NFIP PROVISIONS, CODE CITATIONS, AND REFERENCE DOCUMENTS (contd)

KEY PROVISIONS
OF THE NFIP

2000 IBC

2000 IRC

ASCE 24-98

OTHER PUBLICATIONS

60.3(b)(5) where flood
elevation data are provided:
(i) obtain lowest floor
elevation of new and
substantially improved
structures

(i) for floodproofed non-
residential structures, obtain
elevation to which structure
was floodproofed

(iif} maintain records of
elevations

109.3.3 inspection and
submission of Elevation
Certificate

1612.5.1 submission of
specific certifications,
including Elevation
Certificate

104.7 and Appendix G
103.8 retention of
Department records

R109.1.3 inspections and
submision of Elevation
Certificate

R104.7 retention of
Department records

Does not address
administrative requirements
of submissions of
certifications

Elevation Certificate (FEMA
Form 81-31).

[Online]. Available:
http://www.fema.gov/library-
lelveert.pdf

Floodproofing Certificate
(FEMA Form 81-85) [Online].
Available:
http://www.fema.gov/nfip/ff-
81-65.pdf

60.3(b)(8) require installation
of MFH using methods to
minimize flood damage,
including anchoring, and to
resist wind forces

Appendix G 501.1
elevation requirements
Appendix G 501.2
foundation requirements
Appendix G 501.3
anchoring requirements

R327.1.8 MFH elevation per
R327.2; anchor and tie-down
per AE604 and AEB05.

MFH in Floodways per IBC
Appendix AE101 refers to
IRC Section R327

Does not specifically
address manufactured
housing separate from other
buildings.

Foundations for MFH to be
designed as other
foundations and based on
location within flood hazard
areas (with and without high
velocity wave action)

FEMA 85, Manufactured
Home Installation in Flood
Hazard Areas

60.3(c)(2) require all new
and substantially improved
structures to have the
lowest floor elevated to or
above the flood elevation

1603.1.6 Flood load
(information in application)
1612.4 design and
construction (reference
ASCE 24)

3402.1 Exception requires
substantial improvement or
repair of existing building to
be brought into compliance
with flood provisions

R105.3.1.1 specifically
addresses substantial
improvement and substantial
damage of existing
buildings

R327.2.1 elevation
requirements, except for
conforming enclosures
R327.1.4 lowest floor,
excluding enclosures that
meet certain use limitations
and are compliant

Section 2.4 specifies
general elevation
requirements

Section 2.5 and Chapter 5
detail foundation design
requirements

FEMA 259, Engineering
Principles and Practices for
Retrofitting Flood Prone
Residential Buildings

60.3(c)(3) for non-residential
structures:

(i) lowest floor elevated, or
(ii) floodproofed (including

utility and sanitary facilities)

1612.4 design and
construction (reference
ASCE 24)

Not applicable to One-and
Two-Family Dwellings

Section 2.4 specifies
general elevation
requirements

Chapler 7 details
restrictions and
requirements for dry and
wet floodproofing

Technical Bulletin FEMA
FIA-TB#3: Non-Residential
Floodproofing - Requirements
and Certification for
Buildings Located in Special
Flood Hazard Areas

FEMA 348, Protecting
Building Utilities From Flood
Damage: Principles and
Practices for the Design and
Construction of Flood
Resistant Building Utility
Systems

60.3(c)(4) for floodproofed
non-residential structures:
(i) registered design
professional to develop
and/or review the structural
design and certify

(ii) certification retained in
records

104.7 retention of
Department records
1612.5.1 submission of
specific certifications,
including Elevation
Certificate

Not applicabie to One- and
Two-Family Dwellings

Chapter 7 details
restrictions and
requirements for dry and
wet floodproofing, but does
not include administrative
requirements

Floodproofing Certificate
(FEMA Form 81-65) [Online].
Available:
http://www.fema.gov/nfip/f-
81-65.pdf
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Table II-5 SUMMARY OF SELECTED KEY NFIP PROVISIONS, CODE CITATIONS, AND REFERENCE DOCUMENTS (cont'd)

KEY PROVISIONS
OF THE NFIP

2000 1BC

2000 IRC

ASCE 24-98

OTHER PUBLICATIONS

60.3(c)(5) fully enclosed
areas below elevated
buildings are to be: limited
in use (parking, access,
storage); provided with
flood openings that meet
minimum criteria or are
designed and ceriified by a
registered design
professional

1202.3 under-fioor ventilation
(exception allows flood
openings)

1612.4 design and
construction (reference
ASCE 24)

1612.5.1 Flood hazard
certifications (for flood
opening designs other than
as specified)

R327.2.2 enclosed area
below design flood
elevations, use limitations
and flood openings
specifications

R408.5 Enclosing undertioor
spaces to have flood
openings

Garages allowed if elevated
or compliant with provisions
for enclosures below
elevated buildings

Section 2.6 details
provisions for enclosures
below DFE, including
engineered and non-
engineered openings

Technical Bulletin FEMA
FIA-TB#1: Openings in
Foundation Walls for
Buildings Located in Special
Flood Hazard Areas

60.3(d)(3) prohibit floodway
encroachment unless no
impact on flood levels is
demonstrated

Appendix G 103.5 and G
401.1 foodway
development not authorized
unless no increase in flood
level is demonstrated

R301.2.4 residential
development in floodways
to be reviewed under the
BC

R327.1.8 manufactured
housing in floodways to
comply with the IBC

Section 2.3 flood elevations
and conveyance to be
maintained

FEMA EMI 1S-9, Managing
Floodplain Development
Through the NFIP
(independent study course)
FEMA FiA-12, Appeals,
Revisions, and Amendments
to NFIP Maps: A Guide for
Community Officials

Additional requirements for buildings and structures in flood hazard areas

subject to high velocity wave action (V Zones)

60.3(e)(4) require all new
and substantially improved
construction to be elevated
on pilings and columns so
that:

(i) bottom of lowest
horizontal structural member
of the lowest floor is at or
above the flood elevation,
{ii) pile or column
foundation and structure are
anchored to resist flotation,
collapse and lateral
movement due to wind and
water loads; registered
design professional fo
develop or review the
design, specifications and
plans and provide
certification

1603.1.6 specifies elevation
of the lowest of the bottom
of the lowest horizontal
structural member
1605.2.2 and

1605.3.1.2 flood loads and
combined loads

1612.4 design and
construction (reference
ASCE 24)

1612.5.2 submission of
cerfifications

R327.3.1 elevation
requirements

R327.3.2 foundation
requirements, including wind
and water loads

R327.3.5 registered
professional to certify
design and methods of
construction

Section 2.4 and

Section 4.4 specify
elevation requirements
Section 2.5, Chapter 4, and
Chapter 5 address
foundations and designs

FEMA 55, Coastal
Construction Manual
Technical Bulletin FEMA
FIA-TB#8: Corrosion
Protection for Metal
Connectors in Coastal Areas
for Structures Located in
Flood Hazard Areas

60.3(e)(5) enclosed areas, if
any, are o be constucted
with non-supporting,
breakaway walls, lattic, or
screening intended to
collapse under wind and
water loads; uses limited to
parking, building access, or
storage

1612.4 requires design and
construct in accordance with
ASCE 24

1612.5.2 submission of
certification of breakaway
wall design under certain
circumstances

R327.3.3 specifications for
walls and partitions of
enclosures below DFE with
breakaway walls, and
references ASCE 7 (Section
5.3.2.2) for design criteria
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PARAMETERS OF RETROFITTING

In this chapter, the factors that influence retrofitting decisions are examined and com-
pared with various methods to determine the viability of specific retrofitting techniques.
These factors include:

* homeowner preferences,
e community regulations and permitting requirements, and
* technical parameters.

Factors such as homeowner preference and technical parameters are key elements in

identifying appropriate retrofitting measures, while consideration of the multiple flood-
‘ related and non-flood-related hazards is critical in designing the retrofitting measure and/
or avoiding the selection of a poor retrofitting method.

This selection of alternatives can be streamlined through the use of two generic retrofit-
ting matrices, which are designed to help the designer narrow the range of floodproofing
options:

Preliminary Floodproofing/Retrofitting Preference Matrix (Figure III-1), which
focuses on factors that influence homeowner preference and those measures allowable
under local regulations.

Retrofitting Screening Matrix (Figure I1I-3), which focuses on the objective physical
factors that influence the selection of appropriate retrofitting techniques.
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Chapter III: Parameters of Retrofitting

EXAMINATION OF OWNER PREFERENCES

The proper evaluation of retrofitting parameters will require
a series of homeowner coordination and design input
meetings. Ultimately the homeowner will have to deal with
the flood protection environment on a daily basis. There-
fore, the functional and cosmetic aspects of the retrofitting
measure, such as access, egress, landscaping, appearance,
etc., need to be developed by including the homeowner’s
thoughts and ideas. Most retrofitting measures are perma-
nent and should be considered similar to a major home
addition or renovation project. The design should incorpo-
rate the concepts of those who will be using the retrofitted
structure.

Issues that should be addressed include:
 retrofitting aesthetics,
e economic considerations,

e risk considerations.

e accessibility,

P 4

* local code requirements,

In order to avoid any future
misunderstandings, designers R
should use their skills and knowl-
edge of retrofitting projects to
address technical implications
while working with homeowners. *  offsite flooding impacts.
Many owners have little or no
technical knowledge of retrofitting
and naturally look to the designer
or local official for guidance and
expert advice.

building mechanical/electrical/plumbing system
upgrades, and
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Examination of Owner Preferences

The Preliminary Floodproofing/Retrofitting
Preference Matrix, (Figure I1I-1), assists the
designer in documenting the initial consultation
with the homeowner. The first consideration,
measure allowed by community, enables the de-
signer to screen alternatives that are not permissible
and must be eliminated from further consideration.
Discussion of the considerations for the remaining
measures should lead to a “no” or “yes™ for each of
the boxes. Examination of the responses will help
the homeowner and designer select retrofitting
measures for further examination that are both
viable and preferable to the owner.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures I11-3
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Chapter III: Parameters of Retrofitting

Owner Name:

Prepared By:

Address:

Date:

Property Location:

Considerations

Floodproofing
Measures

Elevation | Elevation | Elevation | Elevation | Elevation |Relocation|Dry Flood-|Wet Flood-| Floodwalls
on on Fill on Piers | on Posts | on Piles proofing | proofing and
Foundation and Levees
Walls Columns |

Measure Allowed or
Owner Requirement

Aesthetic Concerns

High Cost Concerns

Risk Concerns

Accessibility Concerns

Code Required
Upgrade Concerns

Off-Site Flooding Concerns

Total “x's”

Instructions:

those measures allowable or owner required, evaluate the considerations to determine if
the homeowner has concerns which would impact its implementation. A concern is defined
as a homeowner issue which if unresolved would make the retrofitting method(s) infeasible.

Determine whether or not floodproofing measure is allowed under local regulations or

“n

homeowner requirement. Put an “x” in the box for each measure which is not allowed.
Complete the matrix for only those measures that are allowable (no “x” in the first row). For

“yn

If the homeowner has a concern, place an “x” in the box under the appropriate
measure/consideration. Total the number of “x’s.” The floodproofing measure with the least

[T

number of “x’s” is the most preferred.

Figure III-1: Preliminary Floodproofing/Retrofitting Preference Matrix

111-4
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Examination of Owner Preferences

THE INITIAL HOMEOWNER MEETING

The first step in the homeowner coordination effort is the
educational process for both the designer and the property
owner. This step is a very important one.

The Homeowner Learns:

|
|
\
\
|
|
|
¢ How it was determined that the home is in the flood-
plain;
* Possible impacts of an actual flood;
¢ Benefits of flood insurance;

* Physical, economic, and risk considerations, and

*  What to expect during each step in the retrofitting
process.

The Designer Learns:
* Flood history of the structure;
* Homeowner preferences;
* Financial considerations;

* Special issues, such as accessibility requirements for
the disabled, and

* Information about the subject property such as:
- topographic surveys,

- site utility information, and

. - critical home dimensions.
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Chapter I11: Parameters of Retrofitting

During this initial meeting, the designer and homeowner
should jointly conduct a preliminary assessment of the

property to determine which portions of the structure
require flood protection and the general condition of the
structure. This initial evaluation will identify the elevation
of the lowest floor and the elevation of potential openings
throughout the structure through which floodwaters may
enter the residence.
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Examination of Owner Preferences

INITIAL SITE VISIT

A Low Point of Entry determination, illustrated in Figure
[I1-2, determines the elevation of the lowest floor and each
of the structure’s openings, and may include:

e basement slab elevation;

|
e windows, doors, and vents;
* mechanical/electrical equipment and vents;

/\‘\ ¢ the finished floor elevation of the structure;

The evaluation of information * drains and other floor penetrations;
obtained during the initial meeting
with the homeowner will help the

designer and owner address the * water spigots, sump pump discharges, and other wall
tflood threat to the entire structure penetrations;

» other site provisions that may require flood protection,
such as storage sheds, wellheads, and storage tanks; and

/\' e the establishment of an elevation reference mark on or
o near the house.
Sometimes it is necessary for a

and the vulnerability of specitic
openings to floodwater intrusion.
|
\
|
|
| field survey to be conducted by a

professional land surveyor before Once the Low Point of Entry determination has been
design documents are developed. completed, the designer/owner can determine the flood
However, frsquently the hogms- protection elevation and/or identify openings that need to

owner and designer may be able to
develop a rough elevation relation-
ship between the expected tlood
elevation, the elevation of the
lowest floor, and the low points of
entry to the structure sufficient for
an initial evaluation.

be protected (in the case of dry floodproofing).
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Chapter III: Parameters of Retrofitting

The approximate height of the retrofitting measure can be
used by the owner and designer as they evaluate each of the
parameters of retrofitting discussed in this chapter. In
addition to determining the Low Point of Entry, this initial
site visit should be used to assess the general overall condi-

A detailed discussion of how to

evaluate the costs of ditferent )
alternatives and the effect of the tion of the structure.
Low Point of Entry may be found
in the chapter on Benefit/Cost

Analysis.
Low Point of Entry Low Point of Entry Utility Hazards
Hose Bib Window Sill A/C Unit
SlsmphPump Electric/Gas Mete
ischarge
I i f ]
P L
N7
l | ] $_
-4 A/C
Nl ] I - - — Unit LoB=4 Ground
1 T [ 1 LA ]
SR A R }
1! UL T : ' L
i 2 ! ! .
1! i ' [ N S A .
p ! =2 i [ e e v o e [
L} ! Ty 1 [ !
i S L !
¢_: S i st | D ow Point of Entry
e e ettt Dt D Window or Door Sill
/ Low Point of Entry Structural opening Bryer Vent
Top of Window Wells Window or Door Sill
Top of Areaway Stairwell Backflow Hazards
Floor Drains and .
Lowest Floor Elevation Sanitary Sewers q} Survey Point
Top of Basement Slab or
Top of First Floor

Figure III-2: Low Point of Floodwater Entry Survey for a Typical Residential Structure
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Examination of Owner Preferences

AESTHETIC CONCERNS

Although physical and economic considerations may help
determine feasible retrofitting measures for individual
buildings, the homeowners may consider other factors
equally or more important. Aesthetics, for example, is a
subjective issue.

The homeowner may reject a measure that scores high for
all considerations except aesthetics. On the other hand,
what may be aesthetically pleasing to the homeowner may
not be technically appropriate for a project. Here, a
designer must use skill and experience to achieve a
common ground. In doing so, the homeowner’s preference
should be considered, while not jeopardizing the structural,
functional, and overall success of the proposed project.

An aesthetically pleasing solution that also performs well as
a retrofitting alternative can be achieved through an

‘ understanding of the relationship between the existing and
proposed modifications, creative treatment and
modification of surrounding landforms, proper landscaping
techniques, and preservation of essential and scenic views.

ECONOMIC CONSIDERATIONS

detailed cost analysis. Rather, general estimates of the cost
of various retrofitting measures should be presented to the

At this point, the designer should not attempt to conduct a
| homeowner.
|

| As discussed in Chapter I, the cost of retrofitting will

| depend on a variety of factors including the building’s
condition, the retrofitting measure to be employed, the
design flood elevation, the choice of materials and their
local availability, the availability and limitations of local
labor, and other site-specific issues (i.e., soil conditions and
flooding levels) and other hazards.
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Chapter III: Parameters of Retrofitting

The following costs are nationwide averages that may need

\‘\ to be adjusted for local economic conditions. They were
7~ derived from various sources, including FEMA 312,

Cost information on elevation of Homeowner's Guide to Retrofitting (June 1998) and the
substantially damaged structures is USACE document, Flood Proofing, How to Evaluate Your

available from a variety of post-
disaster documents prepared by
FEMA as a result of recent
disasters. Two such documents
were prepared following Hurricane
Andrew in Florida (January 1993)
and the Midwest Flood of 1993.
Cost data from these two docu-
ments suggest that elevation costs
for substantially damaged homes
may vary significantly from the
elevation costs listed in Table III-1.

Options. They are provided to assist in economic analysis
and preliminary planning purposes.

Table III-1 Elevation and Relocation Cost Guide
Construction Foundation Elevation Relocation Per
Type Type Cost Cost

Basement $18 $34 square foot

Wood Frame Crawlspace $18 $29 square foot
Slab-on-Grade $50 $54 square foot

Basement $37 $52 square foot

Masonry Crawlspace $37 $34 square foot
Slab-on-Grade $50 $65 square foot

Table Ill-1 Assumptions:

1. Elevation costs include foundation, existing utilities, and miscellaneous items, such as extending
staircases.

2. Elevation unit cost is based on a 2-foot raise. Add $0.80 per square foot for each additional foot of
elevation up to 8 feet. Above 8 feet, add $1.05 per square foot.

3. Relocation costs include off-site relocation (less than 5 miles) and new site development for a 1,000 SF
building. Extrapolation of this unit cost to larger buildings may result in artificially high estimates
because the costs of relocation do not increase proportionally with building size.

4. Relocation costs do not include the cost of restoring the old site, which would be $12 per square foot of
building footprint regardless of construction type or foundation type.

5. For wood frame house with brick veneer on walls, add 10 percent to elevation and relocation costs.
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Examination of Owner Preferences

P

In relocating a structure, the cost
of preparing the new site and
cleaning up the old site must be

considered.
Table 111-2 Floodwalls and Levees Cost Guide
Type Cost Per

Floodwalls, two feet above ground level $90 linear foot

| Floodwalls, four feet above ground level $132 linear foot
| Levees, two feet above ground level $39 linear foot
Levees, four feet above ground level $73 linear foot

‘ Levees, six feet above ground level $122 linear foot

Floodwall costs are based upon typical foundation depth of 30 inches. Levee costs are
based upon typical foundation depth of one foot, 5-foot top width, and 1:3 side slopes.
| Levee costs include seeding and stabilization. Additional costs that may need to be
estimated for both floodwalls and levees are as follows:

Interior Drainage $4,500 lump sum
Closures $77 square foot
Riprap $33 cubic yard
Seeding of disturbed areas $0.05 square foot

More detailed cost estimating guidance is provided in Chapters V and VI.
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Chapter I11: Parameters of Retrofitting

Table 111-3 Dry Floodproofing Cost Guide
Type Cost Per
Sprayed-on Cement (above grade) $3.50 square foot
Waterproof Membrane (above grade) $1.17 square foot
Asphalt (2 coats below grade) $1.47 square foot
Perimeter drainage $33 linear foot
Plumbing Check Valve $660 lump sum
Sump Pump (with backup battery) $1,060 lump sum
Metal Flood Shield $77 square foot
Wood Flood Shield $24 square foot

Table 111-3 Assumptions:
1. Cement, membrane, and asphalt are alternative sealant methods.

2. Asphalt costs do not include the cost of excavation.

Table 111-4 Wet Floodproofing Cost Guide
. Height of Wet Foundation
Construction Type Floodproofing Type Cost Per

2 fost Basement $1.80 square foot of
Crawlspace $1.40 house footprint
WoodOI:rame 4 fest Basement $3.70 square foot of
Masonry Crawlspace $3.45 house footprint
. Basement $10.60 square foot of
Crawlspace NA house footprint

Table IlI-4 Assumptions:

1. For house with basement, the height of wet floodproofing is measured in feet above basement floor. For
house with crawlspace, the height of wet floodproofing is measured in feet above lowest adjacent grade.

Basements are unfinished.

"NA" indicates a house would almost never have a crawlspace 8 feet high which is nearly the height of
a full story.

Additional costs which may be included:

* temporary living quarters (displacement costs) that may
be necessary during construction (estimate: relocation -
3 to 4 weeks; elevation - 2 to 3 weeks),

» professional or architectural design (10% of the costs of
selected retrofitting measures),

» contractors’ profit (10% of the estimated costs), and

* contingency to account for unknown or unusual conditions.
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Examination of Owner Preferences

Table I1I-5 can serve as a guide for developing the initial planning level estimate for each retro-
fitting alternative being considered.

Table III-5 Preliminary Cost Estimating Worksheet

Owner Name: Prepared By:
Address: Date:

Property Location:

Cost Component Unit Unit Cost Quantity Total

Subtotal Retrofitting Measure

Contractor's Profit (10%)

Design Fee (10%) (optional)

Loss of Income (optional)

Displacement Expenses (optional)

Contingency

Subtotal Other Costs

‘ Total Costs

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures I1-13
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Chapter III: Parameters of Retrofitting

RISK CONSIDERATIONS

Another element that is included in the evaluation of
retrofitting measures is the risk associated with a do-
nothing approach. Risk can also be established among the
various measures by knowing the exceedence probability
of floods and the design flood levels for competing mea-
sures. Relocation is an example of how retrofitting can
eliminate the risk of flood damage. On the other hand, a
levee designed to protect against a 10-percent chance
annual exceedence probability (10-year) flood would have
an 88-percent chance of being overtopped during a 20-year
period. Such information will assist the homeowner in
evaluating the pros and cons of each measure. Table I11-6
provides the probabilities associated with one or more
occurrences of a given flood magnitude occurring within a
specific number of years.

Table 111-6 Flood Risk
Frequency-Recurrence Interval (Year-Event)
10 25 50 100 500
1 10% 4% 2% 1% 0.2%
Length 10 65% 34% 18% | 10% | 2%
of
GieliaH 20 88% 56% 33% | 18% 5%
(Years)
25 93% 64% 40% 22% 5%
30 96% 71% 45% 26% 6%
50 99+% 87% 64% 39% 10%
100 99.99+% 98% 87% 63% 18%

The table values represent the probabilities, expressed in percentages, of one
or more occurrences of a flood of given magnitude or larger within a specified
number of years.
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Examination of Owner Preferences

Flood probabilities are also useful in evaluating the home-
owner inconvenience aspects of retrofitting. Reducing
cleanup and repairs, lost time from work. and average non-
use of a building from once in two years to once in ten
years could be a powerful incentive for retrofitting even
though other aspects may be less convincing.

ACCESSIBILITY FOR THE DISABLED

Accessibility for the disabled is an issue that must be
addressed primarily on the specific needs of the owner.
Many retrofitting measures can create access problems for
a house that was previously fully accessible. The Ameri-
cans with Disabilities Act (ADA) of 1990 and the Fair
Housing Amendment Act (FHA) of 1988 and other accessi-
bility codes and regulations do not specifically address
private single-family residences, which are the focus of this
manual. However, the above-mentioned regulations con-
tain concepts that may be of assistance to a designer repre-
senting a disabled property owner.

It is important for the designer to remember that the term
disabled does not refer only to someone who uses a wheel-
chair. Other disabilities may include:

* limited mobility requiring the use of a walker or cane,
which can inhibit safe evacuation;

« aperson’s limited strength to open doors, climb stairs,
install flood shields, or operate other devices; and

» partial or total loss of hearing or sight.

Special considerations such as small elevators may be
needed.

Discussion of the above factors with the homeowner and
utilization of the Preliminary Retrofitting Preference
Matrix will allow the designer to rank the retrofitting
methods by homeowner preference.
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Chapter I1I: Parameters of Retrofitting

COMMUNITY REGULATIONS AND PERMITTING

A designer should become familiar
with the prevailing conditions,
codes, and legal restrictions
particular to a building’s location.

Some communities require that
structures undergoing substantial
rehabilitation, either because of
previous damage or significant
improvements/additions, be
brought into compliance with
current building codes. In
addition to floodplain manage-
ment requirements, these require-
ments could include items such as
the addition of fire alarms,
removal of lead water pipes,
upgrades in electrical wiring, etc.

LOCAL CODES

Most local governments regulate building activities by
means of building codes as well as floodplain and zoning
ordinances and regulations. With the intent of protecting
health and safety, most local codes are fashioned around
the model building codes discussed in Chapter II. The
designer should be aware that modifications may be under-
taken to make the model codes more responsive to the local
conditions and concerns in the area, such as seismic and
hurricane activity, extreme cold, or humidity.

Determination of which retrofitting measures are allowed
under local regulations is an important step in compiling
the Preliminary Floodproofing/Retrofitting Preference
Matrix. Retrofitting measures not allowed under local
regulations will be screened and eliminated from further
consideration.

BUILDING SYSTEMS/CODE
UPGRADES

Other local code requirements must be met by owners
building improvements. Most building codes require
approval when elevation is considered, especially if struc-
tural modification and/or alteration and relocation of
utilities and support services are involved.

If more stringent laws have been adopted since a building
was constructed, local code restrictions can seriously affect
the selection of a retrofitting method because construction
may be expected to comply with new building codes.

I11-16

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001



Community Regulations and Permitting

5 4

Addressing offsite impacts and
issues is as much a matter of
responsible practice and con-
science as it is a requirement of
most building codes and flood-
plain management ordinances.

NFIP, state, and local regulations
do not allow construction within a
floodway or, in some cases,
within a floodplain that would
back up and increase flood levels.

OFFSITE FLOODING IMPACTS

Where a chosen retrofitting measure requires the modifica-
tion of site elements, a designer shall consider how adjacent
properties will be affected.

*  Will construction of levees and floodwalls create
diversions in the natural drainage patterns?

*  Will new runoffs be created that may be detrimental to
nearby properties?

» If floodproofing disturbs the existing landscape. will
regrading and relandscaping undermine adjacent streets
and structures?

*  Will the measure be unsightly or increase the possibility
of sliding and subsidence at a later date?

» If a building is to be relocated to another portion of the
current site, or if it is to be elevated, will it encroach on
established easements or rights-of-way?

*  Will the relocated building infringe on wetland areas or
regulated floodplains?

These and other questions must be addressed and satisfac-
torily answered by the designer and homeowner in select-
ing the most appropriate retrofitting measure. Both must be
aware of the liabilities that may be incurred by altering
drainage patterns and other large-scale site characteristics.
The designer should insure that any modified runoffs do
not cause negative impacts on the surrounding properties.
The means necessary to collect, conduct, and dispose of
unwanted flood or surface water resulting from retrofitting
modifications must be understood and clearly resolved.
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TECHNICAL PARAMETERS

Once the designer has resolved preliminary retrofitting
preference issues with the owner, a more intensive evalua-
tion of the technical parameters is normally conducted,
including flooding, site, and building characteristics.

Figure II1-3 provides a Retrofitting Screening Matrix
(worksheet) that can be used to evaluate which measures
are appropriate for individual structures. Instructions for
using this matrix are presented in Figure I1I-4. The remain-
der of this chapter provides background information on
cach of the technical parameters, which will be useful to the
designer in completing the Retrofitting Screening Matrix.

II1-18
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Technical Parameters

Owner Name: Prepared By:
Address: Date:
Property Location:

Measures | Elevation | Elevation | Elevation |Relocation| Dry Flood-|Wet Flood-| Floodwalls
on on Fill | on Piers, proofing | proofing and

| Foundation Piles, Levees

| Walls Posts, and
Parameters Columns

Measure Permitted by Community
or Preferred by Homeowner

Flood Depth
Shallow (<3 feet) |
Moderate (3 to 6 feet) : N/A
Deep (>6 feet) N/A N/A N/A
Flood Velocity
Slow/Moderate (<5 fps)
Fast (>5 fps) 1 1 1 . N/A 1
Flash Flooding
Yes (<1 hour) g '| 2 2
1 No I
‘ Ice and Debris Flow
|

\

|

Flooding Characteristics

Yes 6 4 N/A 4
No
Site Location
Floodway 5 5 5 5 5 5 5
Other A Zone
Soil Type
Permeable 3 3
Impermeable
Building Foundation
Slab on Grade
Craw!| Space N/A
Basement 6 6 6
Building Construction (Framing)
Concrete or Masonry
Wood and Others
Building Condition
‘ Excellent to Good

Fair to Poor 6 6 6 6 6

Figure III-3: Retrofitting Screening Matrix

Site Characteristics

Building Characteristics
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The Retrofitting Screening Matrix (Figure 111-3) is designed to screen and eliminate
retrofitting techniques that should not be considered for a specific situation.

Step 1: Screen alternatives which are not permitted nor preferable to the homeowner and are eliminated
from further consideration, by inserting N/P (not permitted) in the appropriate box(es) on the
Measures Permitted by Community row. If a N/P is placed in a column representing a retrofitting
measure, that alternative is eliminated from consideration.

Step 2: Select the appropriate row for each of the nine characteristics that best reflect the flooding, site,
and building characteristics.

Step 3: Circle the N/A (not advisable) boxes that apply in the rows of characteristics selected. Do not
circle any N/A boxes where there is a plan to engineer a solution to address the specific
characteristic.

Step 4: Examine each column representing the different retrofitting measures. If one or more N/A boxes
are circled in a column representing a retrofitting measure, that alternative is eliminated from
consideration.

Step 5: The numbers enclosed in the boxes represent special considerations (detailed below) which
must be accounted for to make the measure applicable. If the consideration cannot be
addressed, the number should be circled and the measure eliminated from consideration.

Step 6: Retrofitting measures that remain should be further evaluated for technical, benefit-cost, and
other considerations. A preferred measure should evolve from the evaluation.

N/A Not advisable in this situation.

N/P Not permitted in this situation.

1 Fast flood velocity is conducive to erosion and special features to resist anticipated erosion may
be required.
2 Flash flooding usually does not allow time for human intervention; thus, these measures must

perform without human intervention. Openings in foundation walls must be large enough to
equalize water forces and should not have removable covers. Closures and shields must be
permanently in place, and wet floodproofing cannot include last-minute modifications.

3 Permeable soils allow seepage under floodwalls and levees; therefore, some type of subsurface
cutoff feature would be needed beneath structures. Permeable soils become saturated under
flood conditions, potentially increasing soil pressures against a structure, therefore some type of
foundation drain system or structure may be needed.

4 Ice and debris loads should be considered and accounted for in the design of foundations and
floodwall/levee closures.

5 Any retrofitting alternative considered for the floodway must meet NFIP, state, local, and
community floodplain requirements concerning encroachment/obstruction of the floodway
conveyance area.

6 Not advisable in this situation, unless a specific engineering solution is developed to address the
specific characteristic or constraint.

Figure III-4: Instructions for Retrofitting Screening Matrix

111-20 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
June 2001



Technical Parameters

FLOODING CHARACTERISTICS

Riverine flooding is usually the result of heavy or pro-

longed rainfall or snowmelt occurring in upstream inland

watersheds. In some cases, especially in and around urban

areas, flooding can also be caused by inadequate or im-

proper drainage. In coastal areas subject to tidal effects,

| flooding can result from wind-driven and prolonged high

| tides, poor drainage, storm surges with waves, and tsuna-
mis.

There are several different flood characteristics that must be

| examined to determine which retrofitting measure will be

| best suited for a specific location. These characteristics not

| only indicate the precise nature of flooding for a given area,

| but can also be used to anticipate the performance of

‘ ‘ different retrofitting measures. These factors are outlined
below.

Flood Depth

Determining the potential depth of flooding for certain
flood frequencies is a critical step because it is often the
primary factor in evaluating the potential for flood damage.

A building is susceptible to floods of various depths.
Floods of greater depth occur less frequently than those of
lesser depths. Potential flood elevations from significant
flooding sources are shown in Flood Insurance Studies
(FIS) for most participating NFIP communities. For the
purpose of assessing the depth of flooding a structure is
likely to endure, it is convenient to use the flood levels
shown in the study, historical flood levels, and flood infor-
mation from other sources. The depth of flooding affecting
a structure can be calculated by determining the height of
the flood above the ground elevation at the site of the

‘ structure.
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Figure III-5: Photographs showing mud lines on homes are a source of
historical information

e For those areas outside the limits of an FIS or state, com-
e munity, or privately prepared local floodplain study, deter-
|| Hydrostatic mination of flood depth may require a detailed engineering
| forees evaluation of local drainage conditions to develop the
necessary relationship between flow (discharge), water-
surface elevation, and flood frequency. The designer
should contact the local municipal engineer, building
official, or floodplain administrator for guidance on com-
puting flood depth in areas outside existing study limits.

=

=T

Buoyancy or uplift forces
increase with flood depth.

Figure III-6: Hydrostatic Forces Floodwaters can impose hydrostatic forces on buildings.
These forces result from the static mass of water acting on
any point where floodwater contacts a structure. They are
equal in all directions and always act perpendicularly (or
normally) to the surfaces on which they are applied. Hy-
drostatic loads can act vertically on structural members
such as floors and decks (buoyancy forces) and laterally
(hydrostatic forces) on upright structural members such as
walls, piers, and foundations. Hydrostatic forces increase
linearly as the depth of water increases. Figure III-6 illus-
trates the hydrostatic forces generated by water depth.
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If a well-constructed building is subject to flooding depths
of less than three feet, it is possible that unequalized hydro-
static forces may not cause significant damage. Therefore,
consideration can be given to using barriers, sealants, and
closures as retrofitting measures. If shallow flooding (less
than three feet) causes a basement to fill with water. wet
floodproofing methods can be used to reduce flood damage
to basements.

Technical Parameters

If a residential building is subject to flooding depths greater
than three feet, elevation or relocation are often the most
effective methods of retrofitting. Water depths greater than |
three feet can often create hydrostatic forces with enough
load to cause structural damage or collapse if the house is |
not moved or elevated. One other potential method (pro- |
vided the cost is not prohibitive) is the use of levees and

floodwalls designed to withstand flooding depths greater

than three feet. |

‘ Figure III-7: Buoyancy forces from flood waters caused structure to lift off foundation
Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures I11-23
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Flood Velocity

The speed at which floodwaters move (flood flow velocity)
is normally expressed in terms of feet per second (fps). As
floodwater velocity increases. hydrodynamic forces im-
posed by moving water are added to the hydrostatic forces
\‘\ from the depth of still water, significantly increasing the
7~ possibility of structural failure. Hydrodynamic forces are
caused by water moving around an object and consist of
positive frontal pressure against the structure, drag forces

The use of existing and historical
data can be very useful in analyz-

ine the flood threat. Through along the sides. and negative pressures on the building’s
interviews with residents, approxi- downstream face. Greater velocities can quickly erode, or
mate dates of flooding may be scour, the soil supporting and/or surrounding buildings.

established, as well as remembered
depths of flooding, types of
velocity (moving or standing

Thus, the impact, drag. and suction from these fast-moving
waters may move a building from its foundation or other-

water). duration of floodine. etc. wise cause structural damage or failure.
Once the dates have been estab-
lished, the designer can check Unfortunately, there is usually no definitive source of

other sources such as newspapers
and the National Weather Service
for additional information.

information to determine potential flood velocities in the
vicinity of specific buildings. Hydraulic computer models
or hand computations based on existing floodplain studies
may provide flood velocities in the channel and overbank
areas. Where current analysis data is not available, histori-
cal information from past flood events is probably the most
reliable source.

Figure II1-8: Fast-moving floodwaters caused scour around the foundation and damage
to the foundation wall
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Flash tlooding will usually
preclude the use of any retrofit-

ting measure that requires human
intervention.

P o

A detailed hydrograph can provide
information on duration of
flooding. However, such informa-
tion is usually not available, and
the cost of creating a new study is
usually prohibitive. One potential
source ot information is to check
similarly sized drainage basins in
neighboring areas to see if
historical data exists.

Onset of Flooding

In areas of steep topography or those areas with a small
drainage area, floodwaters can rise very quickly with little
or no warning. This condition is known as flash flooding.
High velocities usually accompany these floods and may
preclude certain types of retrofitting, especially those
requiring human intervention. In a flash flooding situation,
damage usually begins to occur within one hour after
significant rainfall. If a building is susceptible to flash
floods, insufficient warning time can preclude the installa-
tion of shields on windows, doors and floodwalls, as well
as the activation of pump systems and backup energy
sources. Temporarily relocating movable contents to a
higher level may also be impractical. However, such
measures may be effective if a building is not subject to
flash flooding and the area has adequate flood warning
systems, such as television and radio alerts.

Flood Duration

In areas of long-duration flooding, certain measures such as
dry floodproofing may be inappropriate due to the in-
creased chance of seepage and failure caused by prolonged
exposure to floodwaters.
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SITE CHARACTERISTICS

Site characteristics such as location, underlying soil condi-
tions, and erosion vulnerability play a critical role in the
determination of an applicable retrofitting method.

Site Location

The floodplain is usually defined as the area inundated by a
flood having a 100-year flood frequency. The riverine
floodplain is often further divided into a floodway and a
floodway fringe.

As defined earlier, the floodway is the portion of the flood-
plain that contains the channel and enough of the surround-
ing land to enable floodwaters to pass without increasing
flood depths greater than a predetermined amount. If there
are high flood depths and/or velocities, this area is the most
dangerous portion of the riverine floodplain. Also, since
the floodway carries most of the flood flow, any obstruc-
tion may cause floodwaters to back up and increase flood
levels. For these reasons, the NFIP and local communities
prohibit new construction or substantial improvement in
identified floodways that would increase flood levels.
Relocation is the recommended retrofitting option for a
structure located in a floodway. Community and state
regulations may prohibit elevation of structures in this area.
However, elevation on an open foundation will allow for
more flow conveyance than a structure on a solid founda-
tion.

The portion of the floodplain outside the floodway is called
the floodway fringe. This area normally experiences
shallower flood depths and lower velocities. With proper
precautions, it is often possible to retrofit structures in this
area with an acceptable degree of safety.
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Figure III-9: Lateral Forces Resulting
From Saturated Soil
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Figure I1I-10: Buoyancy Forces
Resulting From
Saturated Soil
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Contact the local office of the
Natural Resource Conservation
Service (NRCS) or a local
geotechnical engineering firm to
obtain guidance on the permeabil-
ity or consolidation features of
soils native to the area. Because
the site may have been backfilled
with non-native materials during
original construction, NRCS data
should be used carefully.

Soil Type

Permeable soils, such as sand and gravel, are those that
allow groundwater flow. In flooding situations, these soils
may allow water to pass under floodwalls and levees unless
extensive seepage control measures are employed as part of
the retrofitting measures. Also, saturated soil pressure may
build up against basement walls and floors. These condi-
tions cause seepage, disintegration of certain building
materials, and structural damage. Levees, floodwalls,
sealants, shields, and closures may not be effective in areas
with highly permeable soil types.

Saturated soils subject horizontal surfaces, such as floors,
to uplift forces, called buoyancy. Like lateral hydrostatic
forces, buoyancy forces increase in proportion to the depth
of water/saturated soil above the horizontal surface. Fig-
ures II1-9 and III-10 illustrate the combined lateral saturated
soil and buoyancy forces.

For example, a typical wood-frame home without a base-
ment or proper anchoring may float if floodwaters reach
three feet above the first floor. A basement without flood-
water in it could fail when the ground is saturated up to
four feet above the floor. Uplift forces occur in the pres-
ence of saturated soil. Therefore, well-designed, high-
capacity subsurface drainage systems with sump pumps
may be an effective solution and may allow the use of dry
floodproofing measures.

Other problems with soil saturated by floodwaters need to
be considered. If a building is located on unconsolidated
soil, wetting of the soil may cause uneven (differential)
settlement. The building may then be damaged by inad-
equate support and subject to rotational, pulling, or bending
forces. Some soils, such as clay or silt, may expand when
exposed to floodwaters, causing massive forces against
basement walls and floors. As a result, buildings may
sustain serious damage even though floodwaters do not
enter or even make contact with the structure itself.
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BUILDING CHARACTERISTICS

Ideally. a building consists of three different components:
substructure, superstructure, and support services. The
substructure consists of the foundation system; the super-
structure consists of the portion of the building envelope
above the foundation system. The support services are
those elements that are introduced into a building to make
it habitable.

These components are integrally linked together to help a
building maintain its habitability and structural integ-
rity. Any action that considerably affects one may have a
minimal or sometimes drastic effect on the others. An
understanding of building characteristics and types of
construction involved is therefore an important consider-
ation in deciding upon an appropriate retrofitting measure.

Substructure

The substructure of a building supports the building enve-
‘\ lope. It includes components found beneath the earth’s
/\ surface, as well as above-grade foundation elements. This

system consists of both the vertical foundation elements
i , , such as walls, posts, piles, and piers, which support the
indication of a weak foundation. e .

e S _ building loads and transmit them to the ground, and the
The use of floodwalls and levees —a ) ) &
may be the easiest and most footings that bear directly on the soil.
practical approach to retrofitting a
SINGEHIES Wil 4 POot IoNTENTL, At any given time, there are a number of different kinds of
Another solution may be an entire < . .
relocation of the building’s super- loads acting on a building. The foundation system trans-
structure onto a new foundation. fers these loads safely into the ground. In addition to dead
and live loads, retrofitting decisions must take into account
the buoyant uplift thrust on the foundation, the horizontal
pressure of floodwater against the building, and any loads
imposed by multiple hazards such as wind and earthquake
events.

A cracked foundation is one

The ability of a foundation system to successfully with-
stand these and other loads or forces, directly or indirectly,
is dependent to a large extent on its structural integrity. A
designer should determine the type and condition of a
building’s foundation system early in the retrofitting
evaluation.
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Retrofitting of structures with
basements is not covered in this
manual.

All foundations are classified as either shallow or deep.
Shallow foundations consist of column and wall footings,
slab-on-grade, crawl space. and basement substructures; deep
foundations include piles. Even though each of these foun-
dation types may be utilized either individually or in combi-
nation with others, most residential buildings located outside
coastal high hazard areas are supported on shallow founda-
tions. Each type has its own advantages and limitations
when retrofitting measures are being evaluated. Whichever
is used in a building, a designer should carefully check for
the structural soundness of the foundation system.

Basement walls may be subject to increased hydrostatic and
buoyancy forces; thus, retrofitting a building with a base-
ment is often more involved and costly.

Superstructure

The superstructure is the portion of the building envelope
above the foundation system. It includes walls, floors,
roof, ceiling, doors, and other openings. A designer should
carefully and thoroughly analyze the existing conditions
and component parts of the superstructure to determine the
best retrofitting options available. Flood- and non-flood-
related hazard effects should also be considered; the uplift,
suction, shear, and other pressures exerted on building and
roof surfaces by wind and other environmental hazards may
be the only reasons needed to rule out elevation as a retro-
fitting measure.

Support Services

These are elements that help maintain a human comfort
zone and provide needed energy, communications, and
disposal of water and waste. For a typical residential
building, the combination of the mechanical, electrical,
telephone, cable TV, water supply, sanitary, and drainage
systems provides these services. An understanding of the
nature and type of services used in a building is necessary
for a designer to be able to correctly predict how they may
be affected by retrofitting measures.
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For example, the introduction of new materials or the
alteration of a building’s existing features may require
resizing existing services to allow for the change in require-
ments. Retrofitting may also require some form of relo-
cated ductwork and electrical rewiring. Water supply and
waste disposal systems may have to be modified to prevent
future damage. This is particularly true when septic tanks
and groundwater wells are involved. If relocation is being
considered, the designer must consider all these parameters
and weigh the cost of repairs and renovation against the
cost of total replacement.

II1-30
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P

For general consideration of
retrofitting measures. all construc-
tion should be classified as wood
material unless all walls and
foundations are concrete and
masonry.

Building Construction

Modern buildings are constructed with a limitless palette
of materials integrated into various structural systems. A
building may be constructed with a combination of
various materials. Thus, the suitability of applying a
specific retrofitting measure may be difficult to assess.

Concrete and masonry construction may be considered for
all types of retrofitting measures, whereas other materials
may not be structurally sound or flood-damage resistant
and therefore not suitable for some measures. When
classifying building construction as concrete and masonry,
it 1s important that all walls and foundations be con-
structed of this material. Otherwise, there may be a weak
link in the retrofitting measure, raising the potential for
failure when floods exert hydrostatic or hydrodynamic
forces on the structure.

Masonry-veneer-over-wood-frame construction must be
identified since wood-frame construction is less resistant
to lateral loading than a brick-and-block wall section.
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Typically, a designer will begin a
retrofitting project with an initial

analysis of the present conditions.

Decisions based on early tindings
may be revised after a more
detailed analysis.

Building Condition

A building’s condition may be difficult to evaluate, as
many structural defects are not readily apparent. However,
careful inspection of the property should provide for a
classification of “excellent to good™ or “fair to poor.” This
classification is only for the reconnaissance phase of
selecting appropriate retrofitting measures. More in-depth
planning and design may alter the initial judgment regard-
ing building condition, thereby eliminating some retrofit-
ting measures from consideration at a later time.

Analysis of a building’s substructure, superstructure, and
support services may be done in two stages—an initial
analysis usually based on visual inspection, and a detailed
analysis (discussed in Chapter VI) which is often more
informative, involves greater scrutiny, and usually requires
detailed engineering calculations.

In the course of an analysis, a designer should visually
inspect the walls, floors, roof, ceiling, doors, windows, and
other superstructure and substructure components. Walls
should be examined for type of material, structural stability,
cracks, and signs of distress. A crack on a wall or damp-
ness on concrete, plaster, wood siding, or other wall fin-
ishes may be a sign of concealed problems. Doors, win-
dows, skylights, and other openings should be checked for
cracks, rigidity, structural strength, and weather resistance.

Metal-clad wood doors or panel doors with moisture-
resistant paint, plastic, or plywood exterior finishes may
appear fine even though the interior cores may be damaged.
Aluminum windows may be checked for deterioration due
to galvanic action or oxidati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>