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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, find-
ing 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.

Richard T. Moore
Associate Director for Mitigation
Federal Emergency Management Agency
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@ vETRIFICATION

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? 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

7

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.

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
govemments, engineers, architects, and property owners
involved in retrofitting flood-prone residential structures. Its
objective is to provide engineering design and economic guid-
ance to engineers, architects, and local code officials about
what constitutes technically feasible and cost-effective retrofit-
ting 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 struc-
ture 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 con-
tents).

The goal of this manual is to capture state-of-the-art information
and present it in an organized manner. To the maximum extent
possible, existing data and modern research have been utilized
as the cornerstone of this document. 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: Coastal Construction
Manual, and the U.S. Army Corps
of Engineers (USACE) Shore
Protection Manual.

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 retro-
fitting method selection and design process with a multi-hazard
perspective.

ORGANIZATION OF THE MANUAL

This manual has seven chapters and five appendixes.
Chapters 1, I1, and IIT

* Introduction to Retrofitting

* Regulatory Framework

* Parameters of Retrofitting

ChaptersIVand 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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FORMULA

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 hasits
own tab and is organized as a subchapter.)

Chapter VII
e Case Studies

This chapter is a collection of information on the actual retrofit-
ting 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

Bomb: ‘Special cautions need to be exercised

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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METHODS OF RETROFITTING

Retrofitting involves a combination of adjustments or addi-
tions to features of existing structures that are intended to
eliminate or reduce the possibility of flood damage. Retro-
fitting measures includes the following;

Elevation:

Relocation:

Dry Floodproofing:

Wet Floodproofing:

Floodwalls/Levees:

The elevation of the existing structure
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 foundations,
floors, and walls to withstand flood
forces while making the structure
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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See page 1-26 for general cautions
to consider in the implementation

Retrofitting measures can be passive or active in terms of
necessary human intervention. Active or emergency retrofit--
ting measures are effective only if there is sufficient warn-
ing time to mobilize labor and equipment necessary to
implement the measures. Therefore, every effort should be

of aretrofitting measure. made to design retrofitting measures that are passive and do
not require human intervention.
Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures I-5
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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 designated flood protection elevation (FPE). Heavy-duty
jacks are used to lift the existing structure. Cribbing sup-
ports the structure while a new or extended foundation is
constructed below. In lieu of building new support walls,

Cost is an important factor to

consider in elevating structures. open foundations such as piers, columns, posts, and piles are
As an example, lighter wood-frame often used. Elevating a structure on fill is also an option in
structures are easier and often some situations.

§ cheaper to raise than masonry
{ structures. Masonry structures

are not only more expensive to While elevation may provide increased protection of a
raise, but are also susceptible to structure from floodwaters, other hazards must be consid-
cracks. ered before implementing this strategy. Elevated structures

may encounter additional wind forces on wall and roof systems,
and the existing footings may experience additional loading.
Extended and open foundations (piers, piles, posts, and col-
umns) 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.

e

ll 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

B floodwaters rise during a Base

& Flood.
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Flood Protection Elevation (FPE),
also referred to as the Flood
Protection Level (FPL), is the
elevation (height) to which a
retrofitting measure is designed.
Typically, the FPE is a function of
the expected flood elevation
(normally the BFE) plus a mini-
mum freeboard value of 1.0 foot.

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. Afterthe
structure is raised from its current foundation, the support walls
can often be extended vertically using materials 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 reinforc-
ing bars to provide needed structural stability.

Deep floodwaters can generate loads great enough to col-
lapse the structure regardless of the materials used. Con-
structing 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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T % i

Figure I-2: Elevation of Existing Residence on Extended F (;tiﬁdation Walls

I-8
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Figure I-3: Elevation on Piers

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 horizontal flood forces. In conven-
tional 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 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
arange of horizontal forces that may occur.

Piers are generally used in shallow depth flooding conditions
with low-velocity ice, debris, and water flow potential, 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 between the superstructure and piers to
resist seismic, wind, and buoyancy forces.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures I-9
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Reinforced

Figure I-4: Elevation on Posts

Columns differ from posts in the
size of their application. Posts are
small columns.

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 post.

While piers are designed to act as individual support units, posts
normally must be braced. There are a variety of bracing tech-
niques such as wood knee and cross bracing, steel rods, and
guy wires. Cost, local flood conditions, loads, the availability of
building materials, and local construction practices frequently
influence which technique is used.

Figure I-5: Structure Elevated on Posts
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Figure I-6: Elevation on Piles

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 pre-
stressed concrete are also common in some areas. Similar to
posts, they may also require bracing.

Because driving piles generally requires bulky, heavy construc-
tion machinery, an existing house must normally be moved aside
and set on cribbing until the operation is complete. The addi-
tional cost and space needs often preclude the use of piles in
areas where alternative elevation 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 feét above its final
elevation to allow room for workers to install the piles.
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Table I-1

Advantages and Disadvantages of Elevation

Advantages

Disadvantages

If elevated to the BFE, allows

for asubstantially 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
vulnerable items above the flood
level 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 land
that may be needed for floodwalls 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 loca-
tion 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 involves 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. Itis 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

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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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 constructed 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 belong-
ings. Many states and communities have requirements govern-

- ing the movement of structures in public rights-of-way.

Relocation

Brick fireplaces are
braced or taken down

Larger additions or wings
may have to be moved
separately

L] Main structure disconnected
from foundation
———

Some contractors remove
brick facing for the move

Old foundation demotished
\ and backfilled

Figure I-9: Structure to be Relocated
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or improved structure to be
brought into compllance 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

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

Table -2 Advantages and Disadvantages of Relocation
Advantages Disadvantages
Allows for substantially damaged 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, andenergy systems

I-16
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DRY FLOOD

PROOFING

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, waterproofing 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,
Dry floodproofing is not allowed rendering the floodproofing ineffective. Waterproofing com-
under the NFIP for new and pounds, sheeting, or sheathing may fail or deteriorate if exposed

substantially damaged or im- .
proved residential structures to floodwaters for extended periods. Sealant systems are also

| located in a Special Flood Hazard subject to damage (puncture) in areas that experience water
‘ | Area: Additional information on flow of significant velocity, or ice or debris flow.
(| dry floodproofing can be obtained
1 330, ﬂ;ﬁ?ﬁ? ;s :h;;i?i;:tllgm > Dry floodproofing is usually appropriate only where floodwaters
8| Floodproofing Requirements and are less than three feet deep, since most walls and floors in
| Certification for Buildings residential structures may collapse or buckle under higher water

Located in Special Flood Hazard levels. Research in this area has been conducted by the U.S.
| Areas in Accordance with the Army Corps of Engineers and is available in a document entitled

NFIP. Non-residential techniques
| are also applicable in residential Floodproofing Tests, August 1988.

# situations.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 1-17
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Maximum protection I u
level is three fest L__I — Dry flcodproofed walls
(including freeboard) A o

Backiiow 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 ‘
abasement. These types of structures can be susceptible to

significant lateral and uplift, or buoyancy, forces. Whendry

floodproofing a wood-frame superstructure, only buildings

constructed of concrete block or faced with brick veneer

Even brick or concrete block walls
should not be floodproofed above

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

failure from excessive hydrostatic
and other flood-related forces.

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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TableI-3 Advantages and Disadvantages of Dry Floodproofing

Advantages Disadvantages
-+ Reduces the flood risk to the + Does not satisty the NFIP require-
structure and contents if the design ment for bringing substantially
flood level is not exceeded damaged or Improved residential

structures Into compllance

* May be less costly than other retrofit- ) . .
ting measures * Requires ongoing maintenance

* Flood insurance premiums are not

* Does not require the extra land that -reduced for residential structures

may be needed for floodwalls or

levees . ;
o * Usually requires human interven-

tion and adequate warning time for

* Reduces the physical, financial, and installation of protective measures

emotional strain that accompanies

floodevents : « Measures can fail or be exceeded
by large floods, in which case the
* Retains the structure in its present effect will be as if there were no
environment and may avoid signifi- protection at all
. cant changes in appearance

* 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 A I-19
January 1995



Chapter I:

Introduction to Retrofitting

T

B Wet floodproofing is not allowed
i under the NFIP for new and
B substantially damaged or im-
| proved structures located in a
| Special Flood Hazard Area. Refer

8 o FEMA’s Technical Bulletin #7-

93, entitled Wet Floodproafing

Requirements for Structures

Located in Special Flood Hazard

| Areas in Accordance with the
NFIP,

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 protec-
tion is classified as wet floodproofing.

Wet floodproofing is often used when all other techniques are
not technically feasible or are too costly. It is generally appro-
priate 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-resistant building materials. Wet
floodproofing may also be appropriate for structures with
basements and crawl spaces that cannot be protected techni-
cally or cost-effectively by other retrofitting measures.

Compared with the more extensive flood protection measures
described in this manual, wet floodproofing is generally the least
expensive. The major costs of this measure involve the rear-
rangement of utility systems, installation of flood-resistant
materials, acquisition of labor and equipment to move items,
and organization of cleanup when floodwaters recede. Major
disruptions to structure occupancy often result during conditions
of flooding.

Openings provided

to let water in

Lowest floor

s
Ty

ad,

1 EEEh
Fumace and utilities || ta ] tal {1731, |
are relocated ,L"é' i/
Large appliances are moved
orwrapped in waterproof bags

Figure I-11: Wet Floodproofed Structure
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Tablel-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

Costs for relocating or storing con-
tents (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 iImproved 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

Thé 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 are not
allowed under the NFIP for new
and substantially damaged or
improved structures located in a
Special Flood Hazard Area.

FLOODWALLS AND LEVEES

Another retrofitting approach is the construction of localized
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, aesthetics,
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 constructed of suitable
materials (i.e., impervious soils) and with correct side slopes for
stability. Levees may completely surround the structure or tie to
high ground at each end. Levees are generally limited to homes
where floodwaters are less than five feet deep. Otherwise, the
cost and the land area required for such barriers usually make
them impractical for the average owner.

Floodwalls are engineered barriers designed to keep floodwa-
ters from coming into contact with the structure. Floodwalls
can be constructed in a wide variety of shapes and sizes but are
typically built of reinforced concrete and/or masonry materials.

Floodwalls and Levees

Levee is compacted
fill with 2:1 or 3:1 slope
(for stability)

Floodwal! is reinforced

and anchored to withstand

hydrostatic load

ix

EEE

Sump and pump handle seepage f .9
and internal drainage / \ S Backfiow valve

[ Account for sewer R S —
| and drain backup

=

Figure I-12: Structure Protected by Levee and Floodwall
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Figure I-13: House Protected by a Floodwall

Generally, residential floodwalls
are only cost-beneficial at provid-
ing 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 de-
signed as attractive features to a residence, utilizing decora-
tive 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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Tablel-5 Advantages and Disadvantages of Floodwalls and Levees

Advantages Disadvantages

+ The area around the structure will * Does not satisfy the NFIP require-
be protected from inundation ments for bringing substantlaliy
without significant changes to damaged or Improved structures
the structure into compliance

* Thereis no pressure from floodwater » Levees and floodwalls can fail or be
to cause structural damage to the overtopped by large floods or floods
home or other structures in the of long duration, in which case the
protected area effect will be as if there were no

protection at all

- These barriers are usually less
rexpensive to build than elevating * May be expensive
or relocating the structure would be '
: * Both floodwalls and levees need
« Occupants do not have to leave periodic maintenance
the structure during construction
* Interior drainage must be provided

* Reduces flood risk to the structure v
’ and its contents » Local drainage can be affected,
possibly resulting in water problems
* Reduces the physical, financial, and for others ’
emotional strain that accompanies :
flood events » 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 advan-
tages over other damage reduction methods. Individual owners
can undertake retrofitting projects without waiting for govern-
ment action to construct flood control projects. Retrofitting
may also provide protection in areas where large structural
projects, such as dams or major waterway improvements, 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 management
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 con-
structed by experienced professionals (engineers, architects,
or contractors) to ensure proper consideration of all factors
influencing effectiveness.

»  Mostretrofitting measures cannot be installed and forgotten.
Maintenance must be performed on a scheduled 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 continuing—
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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When human intervention is most often needed for success-
ful flood protection, a plan of action must be in place and an

awareness of flood conditions is required.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Chapter I: Introduction to Retrofitting

RETROFITTING PROCESS

A good retrofitting project should follow a careful path of
exploration, fact finding, analysis, detailed design, and construc-
tion steps. The successful completion of a retrofitting project
will require a series of homeowner coordination and design
input meetings. Ultimately, the homeowner will be living with the
retrofitting measure, so every effort should be made to incorpo-
rate the homeowner’s concerns and preferences into the final
product. The primary steps in the overall process are shown in

" FigureI-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 substantial damage
from'a flood or an event other than a flood; or embarking ona
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 investiga-
tions, regulatory reviews, and preliminary technical evaluations
to select applicable and technically feasible retrofitting tech-
niques 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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BENEFIT/COST ANALYSIS

This step is critical in the overall ranking of technically feasible
retrofitting techniques, and it combines an objective economic
analysis of each retrofitting measure considered with any

* subjective decision factors introduced by the homeowner or

others.
DESIGN
During this phase, specific retrofitting measures are designed,
w construction details developed, cost estimates prepared, and
” construction permits obtained.
Within each of these steps,
homeowners are involved in CONSTRUCT'ON
providing input into the evalua-
tions, analyses, decisions, and ) .
design concepts to ensure that the Upon final design approvals, a contractor is selected and the
final product meets their require- retrofitting measure is constructed.
ments. Finally, maintenance of the
constructed retrofitting measure is
the responsibility of the OPERATION AND MAINTENANCE
homeowner.
The development of a well-conceived operation and mainte-
nance plan is critical to the overall success of the project.
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Parameters of Retrofitting

Determination of Hazards

Benefit Cost Analysis

Construction

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

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

- 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
environment, including:

s therole of local officials in a retrofitting project,
« the various tenets of the NFIP, and

s the compatibility of items covered in model building codes with the NFIP.
ments, but this section will examine only the minimum federal regulations goveming construction

ina Special Flood Hazard Area. Local building codes and construction standards vary widely
across the country.

Most retrofitting projects are regulated by local floodplain, zoning, and building code ordinances.

substantial improvement and repair of damaged buildings. The portions of these ordinances

Each jurisdiction may adopt standards that are more restrictive than the minimum NFIP require-

b g

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.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Chapter II: Regulatory Framework

NATIONAL FLOOD INSURANCE PROGRAM (NFIP)

The creation of the National Flood Insurance Program was a
major step in the evolution of floodplain management. During
the 1960s, Congress became concerned with problems
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 reliefis 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 taxpayers,
but they primarily help only those who live in the floodplains.

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

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 taxpay-
ers to floodplain property owners through flood insurance

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Congress originally charged the Department of Housing and
Urban Development’s (HUD’s) Federal Insurance Administra-
tion (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 program
are administered by the Mitigation Directorate and the insurance
aspects are administered by the Federal Insurance Administra-
tion, both parts of FEMA.
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Regulatory Framework

P o

B FEMA has developed a home

& study course on how to use a

B Flood Insurance Study (FIS).

& Contact your local FEMA regional
8 office (telephone numbers listed in
| Appendix C)for further informa-

E  tion.

FLOOD HAZARD INFORMATION

Communities that participate in the NFIP’s Regular Program

~ typically have a detailed Flood Insurance Study (FIS), which

presents flood elevations of varying intensity, including the base
(100-year) flood, areas inundated by the various magnitudes of
flooding, and floodway boundaries. This information is pre-
sented 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
afloodway 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 encroachments, 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 floo dplain
boundaries is termed the floodway fringe. The floodway fringe
encompasses the portion of the floodplain that could be com-
pletely 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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ENCROACHMENT
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NOT CAUSE A SURCHARGE OM FLOODPLAN
THAT EXCEEDS THE
INDICATED STANDARDS
LINE A - B 1S THE FLOGD ELEVATION BEFORE EHCAOACHMENT
LINE C - D IS THE FLOOD ELEVATION AFTER ENCROACHMENT
. « SURCHARGE NOT TO EXCEED 10 FOOT (FEDERAL ENERGENCY MANAGEMENT AGENCY REQUIREMENT) OR LESSER HEIGHT IF SPECIFIED BY STATE.

Figure I1-1: Typical Floodplain Cross Section

Discharges are determined for various locations and flood
frequencies along the stream and are presented in a summary
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 atypical FIS. For most streams with significant
flood hazards, the FIS for riverine floodplains normally contains
discharges and water-surface elevations for the 10-, 50-, 100-,
and 500-year floods, which have annual exceedence probabili-
ties of 10%, 2%, 1%, and 0.2%, respectively.

.
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Table II-1 Typical Summary of Discharges Table
Drainage
Flooding Source and Location Area Peak Discharges (CFS
(Sg. Mi.) 10-Yr 50-Yr 100-Yr 500-Yr
Overpeck Creek
* Upstream of the confluence 8.1 910 1,310 1,490 1,960
of Flat Rock Brook
* Upstream of the confluence 57 760 1,090 1,200 1,600
of Tributary to Overpeck Creek
+ Upstream of the confluence of 3.0 530 750 830 1,100
Metzlers Creek
Tributary to Overpeck Creek
* Atits confluence with Overpeck 1.0 275 445 545 810
Creek
Metzlers Creek
+ Atits confluence with Overpeck 24 453 625 704 985
Creek
Flat Rock Brook
* Atits confluence with Overpeck 2.5 665 1,075 1,315 1,880

Creek

11-6
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Figure II-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.

Tablell-2  Typical Summary of Coastal Stillwater Elevations

Flooding Source and Location

ATLANTIC OCEAN
Entire shoreline within Floodport

MERRIMACK RIVER
Entire shoreline within Floodport

Elevation (feet) Above NGVD -
10-Yr 50-Yr 100-Yr 500-Yr

8.2 8.9 9.2 9.8

5.9 7.2 8.2 8.9

This manual does not cover

design issues in Coastal High
ki Hazard Areas (V Zones).

These stillwater elevations represent the potential flood eleva-
tions from tropical storms ¢hurricanes and typhoons), extra-
tropical storms (northeasters), tsunamis, or a combination of
any of these events. The FIS wave analysis includes an
estimate of the expected beach and dune erosion 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 elevation.
Figure II-3 illustrates the typical wave height transect showing
the effects of physical features on the wave heights and corre-
sponding 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 I1-4, while a FIRM for
coastal flooding is shown in Figure II-5. Retrofitting designers
may use data from FIS materials to determine floodplain limits,
flood depth, flood elevation, and flood frequency.
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Figure II-5: Typical FIRM for Coastal Flooding
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”~ “
FEMA is in the process of
converting from use of the
National Geodetic Vertical Datum
(NGVD) to the North American
Vertical Datum (NAVD). Both

datum references will be in use
until the transition is completed.

Zone Definitions

A Zones:

AO:

B Zones:

_ are the Special Flood Hazard Areas (except

coastal V Zones) shown on a community’s FIRM.
There are six types of A Zones:

SFHA where no base flood elevation is provided.

(Numbered A Zones; e.g., A7 or A14) SFHA
where the FIRM shows a base flood elevation in
relation to National Geodetic Vertical Datum
(NGVD) or North American Vertical Datum
(NAVD).

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

SFHA with sheet flow, ponding, or shallow flood-
ing. Base flood depths (feet above grade) are
provided.

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

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.

Areas of moderate flood hazard, usually de-
picted 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.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures Im-11
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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 provided.

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

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

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

[I-12 Engineering Principles and Practices of Retrofitting Flood-Prene Residential Structures
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FLOODPLAIN MANAGEMENT
REGULATIONS

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

To participate in the NFIP, communities must, at a minimum,
regulate development in their floodplains in accordance with the
NFIP criteria and state regulations. To do this, communities
must require a permit before any development proceeds in the
regulatory floodplain. Before the permit is issued, the commu-
nity must ensure that two basic criteria are met:

»  Allnewbuildings and substantial improvements to existing
- buildings will be protected from damage by the base flood,
and

* New floodplain development will not aggravate existing
flood problems or increase damage to other properties.

Engineering Principies and Practices of Retrofitting Flood-Prone Residential Structures 1I-13
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Several definitions are needed to guide the designer through
floodplain management regulations. The NFIP definition ofkey

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 is not built so
as to render the structure 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 base-
ment 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, rehabilitation,

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 construc-
tion” 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:

0-14 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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. , 1. any project to correct existing violations of state
or local health, sanitary, or safety code specifi-
cations that have been previously identified by
the local code enforcement official and that are
the minimum necessary to assure safe living
conditions, or

.2. 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 management
purposes) is a building for which the start of con-
struction occurred before the effective date of the
community’s NFIP-compliant floodplain manage-

| The definitions of pre-FIRM and

i post-FIRM are different for ment ordinance.
insurance and floodplain manage- ‘
| ment purposes. Post-FIRM: A post-FIRM building (for floodplain manage-
. ment purposes) is a building for which the start of
, _ construction post-dates the effective date of the
community’s NFIP-compliant floodplain manage-
ment 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.

" . -
L e
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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 develop-
ment. Communities apply to participate in the program in order
to make flood insurance and certain forms of federal disaster
assistance available in their community.

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 flooding 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 afford-

able.

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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National Flood Insurance Program (NFiP)

;o

Please refer to Appendix A—7The
National Flood Insurance
Program—for 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 substantial
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 substantial
improvement that began after December 31, 1974, or on or
after the effective date of the community’s initial FIRM, which-
ever is later.

Insurance rates for pre-FIRM buildings are set on a subsidized
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 receiv-
ing the financial benefits of lower insurance rates. Subsequent
to substantial improvements, a pre-FIRM building may retain its
pre-FIRM rate or become a post-FIRM building for flood
insurance rating purposes. Only elevation or relocation tech-
niques may result in reduced flood insurance premiums or in
eliminating the need for flood insurance.
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Chapter II:

Regulatory Framework

ji Communities often adopt flood-
B plain regulations that exceed the
& NFIPminimum requirements.

NFIP FLOOD-PRONE BUILDING
PERFORMANCE STANDARDS

The NFIP has established minimum criteria and design perfor-
mance standards that communities participating in the NFIP
must enforce for structures located in Special Flood Hazard
Areas. These standards specify how a structure should be
constructed in order to minimize or eliminate the potential for
flood damage.

FEMA, the U.S. Army Corps of Engineers (USACE), the
Tennessee Valley Authority (TVA), the Natural Resources
Conservation Service (NRCS), 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, engineers, architects, builders, devel-
opers, and the general public). These publications, which are
listed in Appendix C, Glossary of Resources, contain guide-
lines 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 generally accepted practices for flood-resistant design and
construction.

'FEMA has also undertaken a multi-year effort to incorporate

the NFIP flood-damage-resistant design standards into the
nation’s model building codes and standards, which are then
adopted by either states or communities. This effort has yielded
the Code Compatibility Report, which examines the compat-
ibility of NFIP regulations, technical standards, and guidance
with the model building codes/standards.
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Community Regulations and the Permitting Process

COMMUNITY REGULATIONS AND THE PERMITTING

PROCESS

P 4

The floodway is the channel of a
river or other watercourse and the
adjacent land areas that must be
reserved in order to discharge the
base flood without cumulatively
increasing the water surface
elevation more than a designated
height.

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 procedures,
such as establishment of designated floodways and encroach-
ment lines, zoning ordinances, subdivision regulations, special
use permits, floodplain ordinances, and building codes. These
land-use controls are intended to reduce or eliminate flood
damage by guiding and regulating floodplain development.

As was explained in Chapter I, flood-prone communities that
participate in the NFIP are required to adopt and enforce, ata
minimum, NFIP-compliant floodplain regulations to qualify for
many forms of federal disaster assistance 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 com-
mon 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 insufficient flooding data.

¢ Restrictive standards prohibit building in certain éreas, 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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Before committing a significant investment of time and
money in retrofitting, the design professional should contact
the local building official for building code and floodplain
management requirements and information on obtaining neces-

sary permits.
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Model Building Codes

MODEL BUILDING CODES

Several model codes and standards have been developed over
a period of years under the auspices of various organizations.
The most widely accepted model codes are:

* National Building Code: developed by the Building Officials

and Code Administrators (BOCA), generally
adopted by eastern and midwestern states;

Standard Building Code: developed by the Southern Building
Code Congress International (SBCCI), generally
adopted by southern states;

Uniform Building Code: developed by the International
Council of Building Officials (ICBO), generally
adopted by western states;

One- and Two-Family Dwelling Codes: developed by the
Council of American Building Officials (CABO),
used for residential structures in various parts of the
country; and

NFPA Life Safety Codes: developed by the National Fire
Protection Association (NFPA), used as a standard
for fire protection in various parts of the country.

Documents for each of the above codes follow standardized
formats for content and references. Most model code groups

~ also maintain product material evaluation reports, which contain

specific testing information on a variety of building products.
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Regulatory Framework

TableI1-3

Model Code Groups

National Codes (BOCA):

BOCA National Building Code ,
BOCA National Fire Prevention Code
BOCA National Mechanical Code
BOCA National Plumbing Code
BOCA Property Maintenance Code

Standard Codes (SBCCI):

Standard Building Code

Standard for Floodplain Management
Standard Mechanical Code

Standard Gas Code

Standard Plumbing Code

Standard Existing Building Code
Standard Housing Code

Standard Fire Prevention Code

!

Uniform Codes (ICBO):

Uniform Building Code -
Uniform Mechanical Code
International Plumbing Code
Uniform Fire Code

Uniform Housing Code

NFPA Standards:

NFPA 101 - Life Safety Code

NFPA 70 - National Electrical Code
NFPA 54 - National Fuel Gas Code
NFPA 58 - Standard for the Storage and
Handling of Liquefied Petroleum Gases

CABO One- and Two-
Family Dwelling Code:

« CABOQ One- and Two- Family Dwelling Code

b o

| States and local governments
often make their own amend-
ments to the above codes.

Most communities have adopted model codes from one of
these groups. Many of these codes have incorporated provi-
sions of the NFIP floodplain management regulations pertaining
to building standards.

FEMA is working closely with the model building code groups
to ensure that NFIP requirements will be accessible, credible,
and easier to use and enforce by the building community. This
ongoing effort is aimed at placing as many of the NFIP flood-
plain management requirements as possible into the model
building codes. For more information on the model building
codes, contact the local building and permitting officials or refer
to the model code groups.
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~ Code Compatibility with the NFIP

| Given the variation in standards

| between model building codes, it
|| is very important that the designer
£ contactalocal building official to
@ ascertain any building code and/
@ or floodplain management

§ requirements that would be

B unique to the specific retrofitting

project or local jurisdiction.

¢

I| Designers should consult FEMA's
& Code Compatibility Report to gain
4 athorough understanding of how
|| differences in NFIP standards and
B other codes affect the model code
@ in use in a given community. The
|| designer is responsible for

determining a feasible resolution

& to these differences; it is recom-
i1 mended that designers obtain

concurrence from local officials.

CODE COMPATIBILITY WITH THE NFIP

Under contract to FEMA, in 1992 the National Institute of
Building Sciences (NIBS) consulted on an examination of the
compatibilities between the NFIP regulations and technical

-guidance to the model codes. A report of this study—FEMA's

Code Compatibility Report—provided a basis for coordinating
NFIP documents with the model codes. Italso represents a
starting point for the preparation of a consensus flood-resistant
construction standard.

Table II-4 presents the general items that need to be reconciled

. between the model codes and NFIP requirements. Refer to the

Code Compatibility Report for conflict resolution or the indi-

vidual code documents for additional information.
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Table 114 MODEL CODES/NFIP REQUIREMENTS: Items to be Reconciled

ITEMS TO BE RECONCILED WITH THE NFIP

BOCO

SBCCI

ICBO

NFPA | CABO

Use of Registered Professionals

X

X

Wind, Seismic & Snow Loads

Footing & Slab Design

Standards for Use of Wood Materials

Geotechnical Reports and Requirements for Open
|Foundations

XX KX

|Corrosion Protection

XK XXX K

Hydrostatic and Hydrodynamic Load Considerations
and Computations

Occupancy in Basements Below the BFE

KX | X XXX X

Consistency of Criteria for Residentiat and
Non-Residential Buildings

Anchorage Requirements

Exposed Ductwork

Utility Clearances

XKl x| XX >

Standards for Sealants

Standards for Breakaway Walls

Design Tables Based on Materials

‘Design Considerations for Floodwalls

K> X[ X

Protection of Electrical Systems Below the BFE

Grounded and Labeled Power Qutlets for Pumps and
Motors '

Maintenance of Interior Finishes for Different
Qccupancies

Complete Flood Design Criteria

Altemate Forms or Means of Construction

| Site Preparation Requirements »

Vapor Barrier Hequirementé

Walls, Floor & Roof Sheathing Design

X

b Ol I B I

X=ltem that must be reconciled between model codes and NFIP.
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PARAMETERS OF RETROFITTING

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

e homeowner preferences,
« 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 retrofitting
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 II-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 protec-
tion environment on a daily basis. Therefore, 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 permanent and should be considered similarto a
major home addition or renovation project. The design should
incorporate the concepts of those who will be using the retrofitted
structure.

Issues that should be addressed include:

* retrofitting aesthetics,

* economic considerations,
« risk considerations,

*  accessibility,

w » local code requirements,
P

In order to avoid any future * building mechanical/electrical/plumbing system upgrades,
| misunderstandings, designers and

| should use their skills and knowl-
edge of retrofitting projects to . ..
address technical implications *  offsite flooding impacts.
while working with homeowners.
Many owners have little or no
technical knowledge of retrofitting
and naturally look to the designer
or local official for guidance and
expert advice.
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Examination of Owner Preferences

The Preliminary Floodproofing/Retrofitting Prefer-
ence Matrix, (Figure III-1), assists the designer in
documenting the initial consultation with the homeowner.
The first consideration, measure allowed by community,
enables the designer to screen alternatives that are not
permissible and must be eliminated from further consid-
eration. 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.
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Chapter ITI: Parameters of Retrofitting

Owner Name: Prepared By:
Address:
Property Location:

Floodproofing -w-

Measures :
Elevation | Elevation | Elevaticn Elsvation | Elevation {Relocation|Dry Flood-{Wst Flood-{ Floodwalls
on onFill | onPiers | enPosts | on Piles procfing | proofing and
Foundation and Levess
Considerations Walts Columns

Measure Allowed or

Owner Requirement

Aesthetic Concems

High Cost Cancems

Risk Concerns

Accessibility Concems

Code Required

.| Upgrade Concems

Off-Site Flooding Concems

Total “x's”

Instructions: Determine whether or not fioodproofing measure is allowed under local regulations or
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
those measures allowable or owner required, evaluate the considerations to determing if
the homeowner has concems which would impact its implementation. A concem is defined
as a homeowner issue which if unresolved would make the retrofitting method(s) infeasible.
If the homeowner has a concem, place an “X” in the box under the appropriate
measure/consideration. Total the number of *X’s.” The floodproofing measure with the least
number of “¥'s” is the most preferred.

Figure I1I-1: Preliminary Floodproofing/Retrofitting Preference Matrix
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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 floodplain;

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:

o Flood history of the structure;
e 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

- ¢ritical home dimensions.
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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 protec-

- tion 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

b o

The evaluation of information
obtained during the initial meeting
with the homeowner will help the
designer and owner address the
flood threat to the entire structure
and the vulnerability of specific
openings to floodwater intrusion.

b o

Sometimes it is necessary fora
field survey to be conducted by a
professional land surveyor before
design documents are developed.
However, frequently the
homeowner and designer may be
able to develop a rough elevation
relationship between the expected
flood elevation, the elevation of
the lowest floor, and the low points
of entry to the structure sufficient
for an initial evaluation.

INITIAL SITE VISIT

A Low Point of Entry determination, illustrated in Figure I1I-
2, determines the elevation of the lowest floor and each of

the structure’s openings, and may include:

* basement slab elevation;

« windows, doors, and vents;

» mechanical/electrical equipment and vents;
 the finished floor elevation of the structure;
s drains and other floor penetrations;

* water spigots, sump pump discharges, and other wall
penetrations; '

« othersite provisions that may require flood protection, such
as storage sheds, wellheads, and storage tanks; and

« the establishment of an elevation reference mark on or near
the house.

Once the Low Point of Entry determination has been com-
pleted, the designer/owner can determine the flood protection
elevation and/or identify openings that need to be protected
(in the case of dry floodproofing).
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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 different

| alternatives and the effect of the tion of the structure.
Low Point of Entry may be found
g in the chapter on Benefit/Cost
B Analysis.
Low Point of Entry Low Point of Entry Utility Hazards
Hose Bib Window Sill ASC Unit
Sump Pump Electric/Gas Mater
Discharge
1 i ] 71 ]
- —< I
P e ———. p T T Ground
Yo ! N T ! ; 1 1
i VTN Ry ! ] i
e L 1] [ t
[ LL 1 l jemmmaledec ey m e e ———— | .
1 i I I mmmechmberfec e em e ————— [
1 l L, 1 1
1] L 1]
_$_: L e B N, Yl | i
B 7 i b R B DD ST D- Window or Door Silf
/ Low Point of Ent Structural openin Dryer Vent
Top of Window Wells Window or Door Sill
Top of Areaway Stairwell Backflow Hazards
Fleor Drains and .
Lowest Floor Elevation Sanitary Sewers —p- Survey Point
Top of Basement Slab or
Top of First Floor

Figure I11-2: Low Point of Floodwater Entry Survey for a Typical Residential Structure
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Examination of Owner Prefe‘re,nc#es ‘

_‘ § Sometimes property owners are
¥ reluctant to participate in retrofit-
[l ting measures because they are

conicerned with how the work will

| _alter the physical appearance of

their property. Such reluctance

il may be overcome with a video

display of before and after scenes
of a building. This can be accom-

| plished with a personal computer

(PC) and a video camera. The PC

M can be loaded with a video capture

card, which will allow transfer of a
video image to the PC. The
camcorder or VCR image is
captured while in the pause mode
and projected to the PC monitor.

§ Images can then be edited to-

portray them in various surround-
ings and with structure modifica-

| tions. These simulated pictures in

color or black and white can be
developed with currently available

| computer software.

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 acommon ground. Indoing 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 modifica-
tions, creative treatment and modification of surrounding
landforms, proper landscaping techniques, and preservation of
essential and scenic views.

ECONOMIC CONSIDERATIONS

At this point, the designer should not attempt to conduct a
detailed cost analysis. Rather, general estimates of the cost of
various retrofitting measures should be presented to the
homeowner.

As discussed in Chapter I, the cost of retrofitting will depend on
a variety of factors including the building’s condition, the retro-
fitting 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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8 The following costs are nation-
¥ wide averages that may need to be
adjusted for local economic
conditions. They were derived
from various sources including
the USACE document, Flood
M Proofing, How to Evaluate Your
¢ Options and various post-disaster
documents prepared by FEMA as
aresult of the Midwest Flood of
1993, Hurricane Andrew in Florida
(January 1993), the Northridge
B California earthquake (January
1994), and flooding in Southeast-
ern Texas (November 1994). They
are provided to assist in economic
analysis and preliminary planning

purposes.
Tablelll-1  Elevation and Relocation Cost Guide
Elevation | Relocation
Type Cost Cost Per
Wood-Frame Building on Open Foundations
(Piles, Posts or Piers) $18 $28 square foot
Wood-Frame Building on Solid Foundation $13 $23 square f obt
Walls
Brick Building $24 $39 square foot |
Slab-on-Grade Building $22 $37 square foot

Table lil-1 Assumptions:

1. Elevation costs include foundation, extending utilities, and miscellaneous items, such as
sidewalks and driveways.

2. Elevation unit cost is based on a 2-foot raise. Add $0.75 per square foot for each additional
foot raise up to eight feet. Above 8 feet, add $1.00 per square fest.

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 astificially
high estimates because the costs of relocation do not increase proportionally with building size.
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B In relocating a structure, the cost

| of preparing the new site and
cleaning up the old site must be

R considered.

Tablelll-2 Floodwalls and Levees Cost Guide

Type Cost Per
Floodwalls, two feet above ground level $77 linear foot
Floodwalls, four feet above ground level $113 linear foot
Floodwalis, six feet above ground level $160 linear foot
Levees, two feet above ground level $34 linear foot
Levees, four feet above ground level $63 linear foot
Levees, six feet above ground level $105 linear foot

Floodwall costs are based upon typical foundation depth of 30 inches. Levee costs are
based upon typical foundation depth of one foot, 10-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 $3,800 lump sum
Closures $66 square foot
Riprap $28 cubic yard
Sidewalk (3’ wide) $9 linear foot
Driveway (asphalt) $6 square yard
Driveway (concrete) $16 square yard

More detailed cost estimating guidance is provided in Chapters V and VL.
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Tablell3  Dry Floodproofing Cost Guide
Type Cost Per
 Sprayed-on cement (1/8 inch) $3 square foot
Asphalt (2 coats below grade) $1 square foot
Periphery drainage $28 linear foot
Plumbing check valve $600 lump sum
Sump and pump installation $1,000 lump sum
Table l1I-4 Flood Shields Cost Guide
Type Cost Per
Metal $66 square foot
Wooed $21 square foot
Additional costs which may be included:
» temporary living quarters (displacement costs) that may be
necessary during construction (estimate: relocation-3to 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.
Table ITI-5 can serve as a guide for developing the initial
planning level estimate for each retrofitting alternative being
considered.
I-12 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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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
January 1995
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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 measures. Relocation is an example
of how retrofitting can eliminate the risk of flood damage. On
the other hand, a levee designed to protect againsta 10-
percent chance annual exceedence probability (10-year) flood
would have an 88-percent chance of being overtopped during
a20-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 occur-
rences of a given flood magnitude occurring within a specific
number of years.

Table I11-6 Flood Risk .

Frequency-Recurrence Interval (Year-Event)
10 25 50 100 | 500
1 10% 4% 2% 1% 0.2%
tength | 10 65% 3% | 18% | 10% | 2%
(F’Yee'::; 20 88% 56% 33% 18% 5%
25 93% - 64% 40% 22% 5%
30 968% 71% 45% 26% 6%
50 99+% 87% 64% 38% 10%
100 99.99+% 98% B87% 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 homeowner
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 Americans with Disabilities Act
(ADA) of 1990 and the Fair Housing Amendment Act (FHA)
of 1988 and other accessibility codes and regulations do not
specifically address private single-family residences, which are
the focus of this manual. However, the above-mentioned
regulations contain concepts that may be of assistance to a
designer representing 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 wheelchair.
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

s partial ortotal 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 retroﬁttmg methods
by homeowner preference. .
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COMMUNITY REGULATIONS AND PERMITTING

k| A designer should become familiar
8l 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 undertaken 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 Prelimi-
nary 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 structural 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.

HI-16
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Community Regulations and Permitting

Addressing offsite impacts and

B issues is as much a matter of

@ responsible practice and con-
science as it is a requirement of

| most building codes and floodplain
§ management ordinances.

8 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 modification 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?

 Iffloodproofing disturbs the existing landscape, will regrad-
ing and relandscaping undermine adjacent streets and
structures?

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

» Ifabuilding 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?

o Will therelocated building infringe on wetland areas or
regulated floodplains?

These and other questions must be addressed and satisfactorily
answered by the designer and homeowner in selecting 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 prefer-
ence issues with the owner, a more intensive evaluation of the
technical parameters is normally conducted, including flooding,
site, and building characteristics. Figure ITI-3 provides a
Retrofitting Screening Matrix (worksheet) that can be used to
evaluate which measures are appropriate for individual struc-
tures. Instructions for using this matrix are presented in Figure
I1I-4. The remainder of this chapter provides background

" information on each of the technical parameters, which will be
useful to the designer in completing the Retrofitting Screening
Matrix,
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Owner Name: Prepared By:
Address: Date:
Property Location:

Measures | Elevation | Elevation | Elevation |Relocation | Dry Flood-|Wet Fiood-| Flocdwalls
o on onFill | onPiers, 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) v . . N/A
Deep (>6feet) -~ - N/A NA | NA
Flood Velocity
Slow/Moderate (<5 fps) _
Fast (>5 fps) 1 1 1 N/A 1
Flash Flooding
Yes (<1 hour) 2 2 2
No :
lce and Debris Flow
Yes 6 4 N/A 4
No

Site Location
Floodway 5 5 5 5 5 - B 5
Other A Zone
Soil Type
Permeable 3 3
Impermeable
Building Foundation
Slab on Grade

Crawl 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 .8 6 6 6
Figure ITI-3: Retrofitting Screening Matrix

Flooding Characteristics

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. lf 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 sach of the nins characteristics that best reflect the flooding, sits,
and building characteristics.

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

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

Step §: The numbers enclosed in the boxes represent special considerations {dstaited 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 technicat, benefit-cost, and
other considerations. A preferred measure should evolve from the evaluation.

N/A  Not advisable in this situation.
NP 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 doss 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 soii pressures against a structure, therefore some typs of
foundation drain system or structure may be needed.

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

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

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

Figure I1I-4: Instructions for Retrofitting Screening Matrix
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FLOODING CHARACTERISTICS

Riverine flooding is usually the result of heavy or prolonged
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 improper 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 tsunamis.

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 retrofit-
ting 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
information 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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For those areas outside the limits of an FIS or state, community,
or privately prepared local floodplain study, determination of
flood depth may require a detailed engineering 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 guid-
ance on computing flood depth in areas outside existing study
limits.

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. Hydrostatic loads can act
vertically on structural members such as floors and decks
(buoyancy forces) and laterally (hydrostatic forces) on upright
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structural members such as walls, piers, and foundations.
Hydrostatic forces increase linearly as the depth of water
increases. Figure III-6 illustrates the hydrostatic forces gener-
ated by water depth.

Ifa well-constructed building is subject to flooding depths of
less than three feet, it is possible that unequalized hydrostatic
forces may not cause significant damage. Therefore, consider-
ation 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.

If aresidential 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 (provided the cost is not
prohibitive) is the use of levees and floodwalls designed to
withstand flooding depths greater than three feet.
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The use of existing and historical
data can be very useful in analyz-
ing the flood threat. Through
interviews with residents, approxi-
mate dates of flooding may be
established, as well as remem-
bered depths of flooding, types of
velocity (moving or standing
water), duration of flooding, etc.
Once the dates have been estab-
lished, the designer can check
other sources such as newspapers
and the National Weather Service
for additional information.

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 imposed by
moving water are added to the hydrostatic forces from the
depth of still water, significantly increasing the 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 along the sides, and negative
pressures on the building’s downstream face. Greater velocities
can quickly erode, or scour, the soil supporting and/or sur-
rounding buildings. Thus, the impact, drag, and suction from
these fast-moving waters may move a building from its founda-
tion or otherwise cause structural damage or failure.

Unfortunately, there is usually no definitive source of 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, historical information from past flood events is
probably the most reliable source.

Figure I1I-7: Fast-moving floodwaters caused scour around the foundation and damage

to the foundation wall.

I11- 24
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Flash flooding will usually
preclude the use of any retrofit-
ting measure that requires human
intervention.

A detailed hydrograph can provide

B information on duration of

4 flooding. However, such informa-

§ tion is usually not available, and
the cost of creating a new study is

8 usually prohibitive. One potential

@ source of information is to check

B similarly sized drainage basins in

i 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. Ina flash flooding situation, damage usually begins
to occur within one hour after significant rainfall. Ifa building is
susceptible to flash floods, insufficient warning time can pre-
clude the installation of shields on windows, doors and flood-
walls, as well as the activation of pump systems and backup
energy sources. Temporarily relocating movable contentsto 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 increased chance
of seepage and failure caused by prolonged exposure to
floodwaters.
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SITE CHARACTERISTICS

Site characteristics such as location, underlying soil conditions,
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 flood-
plain is often further divided into a floodway and a floodway
fringe.

As defined earlier, the floodway is the portion of the floodplain
that contains the channel and enough of the surrounding land to
enable floodwaters to pass without increasing flood depths
greater than a predetermined amount. Ifthere 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 obstruction 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 regula-
tions 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 foundation.

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, itis
often possible to retrofit structures in this area with an accept-
able degree of safety.
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From Saturated Soil
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Resulting From Saturated Soil
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Contact the local office of the
Natural Resource Conservation
Service (NRCS)ora 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
1 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 retrofit-
ting measures. Also, saturated soil pressure may build up
against basement walls and floors. These conditions cause
seepage, disintegration of certain building materials, and struc-
tural damage. Levees, floodwalls, sealants, shields, and clo-
sures 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. Figures I1I-8 and
I11-9 illustrate the combined lateral saturated soil and buoyancy
forces.

For example, a typical wood-frame home without a basement
or proper anchoring may float if floodwaters reach three feet
above the first floor. A basement without floodwater in it could
fail when the ground is saturated up to four feet above the floor.
Uplift forces occur in the presence 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. Ifabuilding is located on unconsolidated soil,
wetting of the soil may cause uneven (differential) settlement.
The building may then be damaged by inadequate 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. Asa
result, buildings may sustain serious damage even though
floodwaters do not enter or even make contact with the struc-
ture itself.
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A cracked foundation is one
indication of a weak foundation.
The use of floodwalls and levees
may be the easiest and most
practical approach to retrofitting a
structure with a poor foundation.
Another solution may be an entire
relocation of the building’s super-
structure onto a new foundation.

BUILDING CHARACTERISTICS

Ideally, abuilding consists of three different components:

- substructure, superstructure, and support services. The

substructure consists of the foundation system; the superstruc-
ture 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 togetherto helpa
building maintain its habitability and structural integrity. 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 consideration in deciding uponan
appropriate retrofitting measure.

Substructure

“The substructure of a building supports the building envelope.
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 such as walls, posts,
piles, and piers, which support the building loads and transmit
them to the ground, and the footings that bear directly on the

soil.

At any given time, there are a number of different kinds of
loads acting on a building. The foundation system transfers
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.

The ability of a foundation system to successfully withstand
these and other loads or forces, directly or indirectly, is depen-
‘dentto a large extent on its structural integrity. A designer
should determine the type and condition of a building’s founda-
tion system early in the retrofitting evaluation.
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g

Retrofitting of structures with

basements is not covered in this

manual.

All foundations are classified as either shallow or deep. Shal-
low foundations consist of column and wall footings, slab-on-
grade, crawl space, and basement substructures; deep founda-
tions include piles. Even though each of these foundation types
may be utilized either individually or in combination with others,
most residential buildings located outside coastal high hazard

- areas are supported on shallow foundations. Each type hasits

own advantages and limitations when retrofitting measures are
being evaluated. Whichever is used in abuilding, 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 basement 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 pres-
sures exerted on building and roof surfaces by wind and other
environmental hazards may be the only reasons needed torule
out elevation as a retrofitting 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 combina-
tion 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 ina
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 abuilding’s existing features may require resizing existing
services to allow for the change in requirements. Retrofitting
may also require some form of relocated ductwork and electri-
cal rewiring. Water supply and waste disposal systems may
have to be modified to prevent future damage. This is particu-
larly true when septic tanks and groundwater wells are involved.
Ifrelocation is being considered, the designer must considerall
these parameters and weigh the cost of repairs and renovation
against the cost of total replacement.
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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 is important that all
walls and foundations be constructed of this material. Other-
wise, 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 findings
8l - may berevised after a more
i 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 regarding building condition, thereby eliminating
some retrofitting 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 finishes
may be a sign of concealed problems. Doors, windows,
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 oxidation from contact with floodwater.
Steel windows may be damage-free if they are well pro-
tected against corrosion. Wood windows require inspection
for shrinkage and warping, and for damage from moisture,
mold, fungi, and insects.

Flooring in a building can include a vast range of treatments.
It involves the use of virtually every material that can be walked

I -32 Engineering Principles and Practices of Retrofitiing Flood-Prone Residential Structures

January 1995




Technical Parameters

upon, from painted concrete slabs to elegant, custom-designed
wood parquet floors. A designer should investigate the nature
of both the floor finishes and the underlying subfloor. Vinyl or
rubberized plastic finishes may appear untouched due to their
resistance to indentations and water; however, the concrete or
wood subfloor may have suffered some damage. Likewise, a
damage-free subfloor may be covered with a scarred finish.

Aninitial analysis of the conditions of the roof and ceiling ofa
building can be done by observation during the early decision-
making stage. An understanding of the materials and construc-
tion methods will be necessary at a later date to evaluate fully
the extent of possible damage and need to retrofit. The roofs
over most residential buildings consist of simple to fairly com-
plex wood framing that carries the ceilings below and plywood
roof decks above, over which the roof finishes are placed.
Finish materials include asphalt, wood, metal, clay and concrete
tile, asbestos, and plastic and are available in various composi-
tions, shapes, and sizes. In some cases, observation may be
enough to determine the suitability, structural rigidity, and
continuing durability of a roof system. However, it may be
necessary to pop up a ceiling tile; remove some shingles, slate,
or roofttiles; or even bore into a roof to achieve a thorough
inspection.

The inspection also determines if the building materials and
component parts are sound enough for the building easily to
undergo either elevation, relocation, or wet or dry
floodproofing. If not, floodwalls or levees around the structure
may be the best alternative if allowable.

Figure I11-10 presents a template that a designer can utilize to
document findings during the initial building condition survey.
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Owner Name: Prepared By:
Address: Date:

Property Location:

Preliminary Building Condition Evaluation Worksheet

Condition
Building Components Excellent to Notes and Materials
Fair to Poor
Good
Substructure
Footings
Foundation

Foundation Walls
Other

Superstructure
Floors
Walls

Ceilings

Doors
Windows
Roof
Other

Support Services
Heating System
Plumbing System

] Air Conditioning System

Water Supply

Sewage

Other

Comments

Figure [1I-10: Preliminary Building Condition Evaluation Worksheet
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BALANCING HISTORIC
PRESERVATION INTERESTS WITH
FLOOD PROTECTION

Many historic building features were developed, either deliber-
ately or intuitively, as responses to natural and environmental
hazards, and to local climate or topography. Recognizing how
and why these features were intended to work can help in
designing a program of preventive measures that is historically
appropriate and that minimizes incongruous modifications to
historic residential properties.

There are retrofitting steps that will not hé}ve a negative or
even significant impact upon the historic character of a site
or its particular features. Preventive measures can be
carried out without harming or detracting from historic
character, as long as design and installation are carefully super-
vised by a professional knowledgeable in historic preservation.

There may well be instances, however, whena measure that
best protects the site also may result in some loss of historic
character. In such a case, the designer and the owner will have
to weigh the costs of compromising character or historic
authenticity against the benefits of safeguarding the site or a
particular site feature against damage or total destruction. One
example of such a choice is the decision whether to elevate a
historic structure located in a flood hazard area, relocate it out
of the area, retrofit it with wet or dry floodproofing tech-
niques, or leave it in its existing state to face the risks of damage
or loss. Itis difficult to prescribe a formula for such a decision,
since each situation will be unique, considering location, struc-
tural or site conditions, the variety of preventive alternatives
available, cost, and degree of potential loss of historic character.
Here are some questions the designer may wish to pose in
deliberating such a decision:

*  What s the risk that the historic feature or the entire site
could be totally destroyed or substantially damaged if the
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preventive measure is not taken? If'the measure is taken, to
what degree will this reduce the risk of damage or total
destruction?

 Arethere preventive alternatives that provide less protec-
tion from flood damage but also detract less from historic
character? What are these, and what is the trade-off
between protection and loss of character?

¢ Isthere adesign treatment that could be applied to the
preventive measure to lessen detraction of historic charac-
ter?

MULTIPLE HAZARDS

The selection of a retrofitting method may expose the structure
to additional non-flood environmental hazards that could
jeopardize the safety of the structure. These multiple hazards
can be accommodated through careful design of the retrofitting
measures or may necessitate selection of a different retrofitting
method. Multiple hazards include both flood-related and
non-flood-related hazards. Information concerning the
analysis and design for these multiple hazards is contained

~ in Chapters IV and V1.

The significant flood-related hazards to consider include ice
and debris flow, impact forces, erosion forces, and mudslide
or alluvial fan impacts. The major non-flood-related hazards
to consider include earthquake and wind forces. Less
significant hazards addressed in Chapter IV include land
subsidence, fire hazards, snow loads, movable bed streams,
and closed basin lakes. Multihazards may affect a structure
independently, as with flood and earthquakes, or concur-
rently, as with flood and wind in a coastal area.
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P o

Itis important to consider these

* multiple hazards when screening
and selecting a retrofitting measure.

However, the designer should be
aware that structures can be
engineered to withstand these
multiple hazards, and the existence
of these hazards alone may not
justify the elimination of specific
homeowner-preferred retrofitting
methods. The local building codes
normally contain additional
guidance concerning natural
hazard-resistant design and
construction practices.

Flood-Related Hazards

IMPACT FORCES - ICE AND DEBRIS FLOW

In colder climates, floodwaters may carry chunks of ice that can
act as a battering ram on a structure. During a flood, ice can
also form around the structure. Rising floodwaters can lifta
structure, resulting in severe damage. Flash and high-velocity
floodwaters often carry debris such as cars, sheds, boulders,
rocks, and trees that can destroy most retrofitting measures
as well as the structure itself.

Retrofitting measures suitable for areas of ice and debris
flow may include elevation on fill, relocation, levees, and
armored floodwalls.

EROSION FORCES

If a soil is highly erodible, fast-moving floodwaters can under-
mine foundations and cause building, levee, or floodwall failures.
The consideration of soil erosion is critical when retrofitting a
building located in the floodplain. With the exception of deep
foundation systems such as piles, shallow foundation systems
generally do not provide sufficient protection against soil erosion
without some type of protection or armoring measure of below-
grade elements. The local office of the Natural Resources
Conservation Service (NRCS) will generally have information
concerning the erodibility of the soils native to a specific site.

ALLUVIAL FANS

Because of the potential for high flood velocities, significant
debris flow, and varying channel locations, alluvial fans present
many unique challenges. In the upper portions of the fan, the
only feasible retrofitting technique may be relocation. However,
on lower portions of the fan where the flood velocities and
depths are low, several options may be available. The
hazards associated with alluvial fan flooding are discussed
in detail in Appendix D of this manual.
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FEMA is curreatly involved in an
interagency task force developing
earthquake-resistant design
(standards in the wake of recent
disasters. For additional informa-
tion contact FEMA*s Mitigation
Directorate or the appropriate
Regional FEMA office.

| Strengthening an existing masonry

B block foundation wall can be

complicated and normally requires
the expertise of a designer knowl-
edgeable in this type of work. The
local building codes may contain

| additional guidance concerning
earthquake-resistant design and

- construction materials.

Non-Flood-Related Hazards
EARTHQUAKE FORCES

Earthquake protection steps can be divided into two categories:
steps that deal with the building structure itself, and steps that
can be taken with other parts of the building and its contents.

The most important step for the structure is making sure that it is
properly bolted down onto its foundation so it will not slide off
in an earthquake. Another important step, especially if the
foundation is being raised to place the structure above flood
levels, is to make sure the foundation can withstand an earth-
quake. For masonry block foundations, this usually means
strengthening key portions of the wall by installing reinforcing
bars in the blocks and then filling them with concrete grout.

WIND FORCES

High winds impose forces on a home and the structural ele-
ments of its foundation. Damage potential is increased when the
wind forces occur in combination with flood forces. In addition,
as a structure is elevated to minimize the effects of flood forces,
the wind loads on the elevated structure may be increased.

A conventional structure is normally built to resist vertical
downward loads (its own weight) plus live loads (contents,
people) on the floor and snow and wind loads on the roof.
Occasionally, structural elements are laid on top of each other
with minimal fastening. However wind forces can be upwards,
or from any direction exerting considerable pressure on struc-
tural components such as walls, roofs, connections, and anchor-
age. Therefore, wind loads should be considered in the design
process at the same time as hydrostatic, hydrodynamic, and
impact dead and live loads as prescribed under the applicable
codes.
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DETERMINATION OF HAZARDS

Chapters I through III introduced retrofitting and guided the designer through the techni-
cal process of pre-selecting retrofitting techniques for consideration. In this chapter, the
analyses necessary to determine the flood- and non-flood-related forces and other site-
specific considerations that control the design of a retrofitting measure are presented. This
information may be useful in preparing benefit/cost analyses and determining which retro-
fitting alternatives are infeasible. The analysis of hazards contributes to the design criteria
for retrofitting measures, which are described in Chapter VI.

Retrofitting measures must be designed, constructed, connected, and anchored to resist
flotation, collapse, and movement due to all combinations of loads appropriate to the
situation, including:

 flood-related hazards, such as hydrostatic and hydrodynamic forces, impact forces,
. interior drainage considerations, and the effects of erosion;

- site-specific flood-related hazards, such as alluvial fans, closed basin lakes, and
movable bed streams;

« non-flood-related environmental loads, such as earthquake and wind forces and land
subsidence; and

. site-specific soil or geotechnical considerations, such as soil pressure, bearing capacity,
scour potential, shrink-swell potential, and permeability.
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ANALYSIS OF FLOOD-RELATED HAZARDS

Flood-Related Hazards

Flood Pepth

Hydrostatic Forces

Hydrodynamic Forces

Impact Forces

Erosion Hazards

Interior Drainage

Alluvial Fans

Closed Basin Lakes

Movable Bed Streams

Figure 1V-1: Flood-Related Hazards

Additional information concern-

ing the determination of flood-
related forces will be available in
the next revision of the Flood
Design Load Criteria incorpo-
rated in Section 5 of ASCE 7
Standard, Minimum Design
Loads for Buildings and Other
Structures, expected to be
published in 1995.

The success of any retrofitting measure depends on an accu-
rate assessment of the flood-related forces acting upon a
structure. Floodwaters surrounding a building exert a num-
ber of forces on the structure, including lateral and vertical
hydrostatic forces, hydrodynamic forces, impact forces, and
erosion effects. Additionally, interior drainage, closed basin
lakes, alluvial fans, and movable bed streams pose flood-
related hazards that require consideration.

Hydrostatic forces (pressures) are caused by water above the
surface of the ground that is either stagnant or moving slowly.
Saturated soils beneath the ground surface also impose
hydrostatic loads on foundation components.

Hydrodynamic forces (pressures) result from the moderate- .
or high-velocity flow of water against or around a structure.

Impact loads are imposed on the structure by waterborne

objects; their effects become greater as the velocity of flow,

the weight of the objects, and the duration of the impact

increase. The basic equations for analyzing and considering

these flood-related forces are provided below.

FLOOD DEPTH

Riverine Areas

The determination of expected flood depth at a site is a
critical aspect of the overall determination of flood-related
hazards. One method of determining the 100-year water-
surface elevation is to look at the Flood Insurance Rate Map
(FIRM) panel depicting the location of the structure in
question. On most FIRMs, floodplains are delineated for
floods of 100- and 500-year frequencies. As an example,
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Figure IV-2 shows the portion of a community’s FIRM
where a subject home is located.

Flat Rock
Brook

%

129

GLOUCESTER
STREET

Figure IV-2: House Location on the FIRM

In this example, the location of the home was determined
by pacing off the distance from the intersection of Van
Nostrand Avenue and Jones Street. The house is located
approximately 50 feet north of the intersection. Converting
this distance to the map’s scale (one inch equals 400 feet),
the house is 0.125 inches along Jones Street from its inter-
section with Van Nostrand Avenue, and 0.125 inches from
Jones Street.

The darker shaded area on the map is the 100-year flood-
plain. The lighter shaded area denotes the 500-year flood-
plain. The house is located in this area between two wavy
lines numbered 127 and 128. These are the 100-year flood
elevations at those locations on Flat Rock Brook. There-
fore, the 100-year flood elevation affecting the home in this
example is between 127 and 128 feet, based on the National
Geodetic Vertical Datum (NGVD).

Flood elevations for the other frequencies are shown on the
stream’s water-surface profile in the FIS report. For the
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above example, the position of the house on Flat Rock
Brook was determined by drawing a line on its location on
the FIRM (Figure IV-3) perpendicular to the stream. The
point where this line crosses the streamline is the location of
the house along the stream.

o Shoem
Q}. ocation

Flat Rock
Brook

Figure IV-3: Stream Location on the FIRM

The distance along the stream (Figure IV-3) is then mea-
sured from the home to Van Nostrand Avenue, the nearest
bridge structure across Flat Rock Brook. This distance is
0.11 inches, a measurement that when converted to the map
scale is equal to approximately 45 feet (0.11 inches multi-
plied by 400 feet per inch of map).

The Van Nostrand Avenue bridge is then located on the Flat
Rock Brook profile (Figure IV-4) and measured 0.45 inches
upstream (45 divided by 100 feet per inch, which is the
horizontal scale of the profile). This location is marked as
the point on Flat Rock Brook with water-surface elevations
equivalent to the house. The elevations on the profile at this
point are 124.5, 125.9, 127.1, and 128.1 feet for the 10-,
50-, 100-, and 500-year floods, respectively. The bottom of
the Flat Rock Brook channel shown on the profile is at
119.5 feet.
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ﬂ’rable Iv-1 Flood Data

Summary
Frequency Elevation
%’;‘:&";” 1195 .
10-yr. 1245 ft.
50-yr. 125.9 ft.
100-yr. 127.1 .
500-yr. 128.1 ft.

Flood elevations in coastal A and
V Zones are based on wave height
and runup added to the stillwater
elevation. For the 100-year

FIRM. For other flood frequen-
cies, the flood elevation can be
estimated by multiplying 1.55
times the difference between the
stillwater elevation and the
ground surface elevation. A
detailed discussion of the method-
ologies involved in computing

| wave heights and runup is beyond
the scope of this manual. Refer to
FEMA'’s Guidelines and Specifi-
cations for Wave Elevation
Determination and V Zone
Mapping, Third Draft, July 1989,
for more information.

frequency flood (BFE), refer to the

Once the flood frequency and associated elevation informa-
tion is obtained, a summary table can be created and used to
calculate the depth of each flood frequency to be consid-
ered. Table IV-1 depicts the flood data obtained from the
FIS for this example

Coastal Areas

In coastal areas, the determination of the expected water
surface elevation for the various recurrence interval floods
is made by locating the structure and its flooding source on
the FIRM, identifying the corresponding flooding source/
location row on the summary of stillwater elevation table,
and selecting the appropriate elevation for the recurrence
interval in question.

As an example, consider a building located on Georgetown
Street (as depicted on Figure IV-5). From the FIRM we
can identify the flooding source as the Atlantic Ocean.
Review of the entire area map for the FIS would indicate
the Town of Fenwick Island (and Georgetown Street) is
located between Bethany Beach and the Delaware-Mary-
land State Line.

Figure IV-5: Coastal FIRM
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This flooding source/location is located on the summary of
stillwater elevations table (Figure IV-6). From this table,
flood elevations of 6.2, 7.8, 8.6, and 10.2 feet above NGVD
are identified for the 10-, 50-, 100- and 500-year frequency
floods, respectively.

Summary of Stillwater Elevations
Elevation (feet NGVD?)

" Flooding Source and Location~  10-Year  50-Year 100-Year 500-Year -

Atlantic Ocean

Coastline from Cape Henlopen
to just south of Dewey Beach 6.5 8.2 9.2 11.3

Coastline from just south of
Dewey Beach to just north of :
Bethany Beach 6.4 8.0 8.9 10.8

[ Coastline from just nothof
Bethany Beach to Delaware-
’ Maryland state line 6.2 7.8 8.6 - 10.2
Chesapeake Bay
Coastline at Chance 4.2 5.4 5.8 6.8

Delaware Bay
Coastline from Kent-Sussex

County line to Cape Henlopen 6.6 8.5 9.3 11.3
Indian River Bay

Entire coastline 4.7 6.4 7.5 10.8
Rehoboth Bay

Entire coastline 3.8 59 7.0 10.8

Assawoman Bay
Coastline within Sussex County 3.8 5.4 6.0 10.2

Little Assawoman Bay
Entire Coastline 3.8 5.4 6.0 10.2

* National Geodetic Vertical Datum of 1929

Figure IV-6: Summary of Stillwater Elevations

/.
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When computing flood depth, be.
sure to utilize the lowest ground
surface adjacent to the structure
in question as shown in Figure
v-7.

Flood depth can be computed by subtracting the lowest
ground surface elevation (grade) adjacent to the structure
from the flood elevation for each flood frequency, as shown
in FormulaIV-1.

d=FE-GS=__ feet

FORMULA

where: d is the depth of flooding (in feet);
FE  isthe flood elevation for a
specific flood frequency (in feet);
and
GS s the lowest ground surface
elevation (grade) adjacent to a
structure (in feet).

Formula IV-1: Flood Depth

For design purposes, a factor of safety (freeboard) is typi-
cally added to the flood elevation to develop a retrofitting
design level as illustrated in Formuia IV-2: Flood Protection
Elevation.

FPE=FE+f=__ feet

where: FPE  is the flood protection elevation
(in feet);

FE isthe flood elevation for a
specific flood frequency (in feet);
and

f is the factor of safety (freeboard),
typically a minimum of 1.0 foot.

Formula IV-Z: Flood Protection Elevation

The floodproofing design depth (H), which is used to
calculate flood-related hazard forces, is the difference
between the FPE and the lowest grade adjacent to the
structure. This computation is shown in Formula IV-3.
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/@ H=FPE -GS = __feet

In some instances involving
combined soil and water forces,
another reference feature such as

where: H is the floodproofing design depth
over which flood forces are

the top of slab or footing is considered (in feet); _
normally used instead of lowest FPE is the flood protection elevation
adjacent grade to compute the for a specific flood frequency (in
floodproofing design depth. feet); and

! H

GS  is the lowest ground surface
elevation (grade) adjacent to the
structure (or other reference
feature such as a slab or footing)
(in feet).

Formula IV-3: Floodproofing Design Depth

w FPE
V= .
~
Flood f
Elevation
k

[ ]

Figure I'V-7: Illustration of Flood Depth and Design Depth

i
ZENN
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Hydrostatic Forces

Lateral Water Pressures

Saturated Soil Pressures

Combined Water and
Saturated Soil Pressures

Equivalent Hydrostatic

Pressures due to Velocity |

Vertical (Buoyanc
Water Igresguresy )

Figure IV-8: Hydrostatic Forces

HYDROSTATIC FORCES

Hydrostatic pressures (loads), at any point of floodwater
contact with the structure are equal in all directions and
always act in a perpendicular manner to the surface on
which they are applied. Pressures increase linearly with
depth or “head” of water above the point under consider-
ation. The summation of pressures over the surface under
consideration represents the load acting on that surface.
For structural analysis, hydrostatic forces, as shown in
Figures IV-9 and IV-10, are defined to act:

» vertically downward on structural elements such as flat
roofs and similar overhead members having a depth of
water above them;

» vertically upward (uplift) from the underside of gener-
ally horizontal members such as slabs, floor diaphragms,
and footings (also known as buoyancy);

» laterally, in a horizontal direction on walls, piers, and
similar vertical surfaces. (For design purposes, this
lateral pressure is generally assumed to act on the
receiving structure at a point one-third of the water
depth above the base of the structure or two-thirds of
the altitude from the water surface, which correlates to
the center of gravity for a triangular pressure distribu-
tion.)

Hydrostatic forces include lateral water pressures, saturated
soil pressures, combined water and soil pressures, equiva-
lent hydrostatic pressures due to velocity flows, and vertical
or buoyancy pressures. The computation of each of these
pressures is illustrated in the sections that follow.

For the purpose of this document, it has been assumed that
hydrostatic conditions prevail for stillwater and water
moving with a velocity of less than ten feet per second.
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W Flood Protection Elevation

= Area of
Horizontal

R Vertical Upward
(Buoyancy) Forces

Figure IV-9: Hydrostatic Force

Hydrostatic loads generated by velocities up to 10 feet per
second may be converted to an equivalent hydrostatic load
using the conversion formula presented later in this chapter.

. Lateral Hydrostatic Forces

The basic equation for analyzing the lateral force due to
hydrostatic pressure from standing water above the surface
of the ground is illustrated in Formula IV-4:

F =%PH=%H =__ Ibs/LF

ki

where: F, is the lateral hydrostatic force
from standing water (in pounds
per linear foot of surface) acting
at a distance H/3 from the point
under consideration;

P, is the hydrostatic pressure due to
standing water at the point under
consideration (in pounds per
square foot), (P, = YH);

Y is the specific weight of water
(62.4 pounds per cubic foot); and

H is the floodproofing design depth

‘ ' (in feet).

Formula IV-4: Lateral Hydrostatic Forces
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Saturated Soil Forces

If any portion of the structure is below grade, saturated soil
forces must be included in the computation in addition to the

hydrostatic pressure and bearing
capacity for expansive soils
should be conducted by a
qualified soils engineer, Prefer-
ably, expansive soils should be
removed and replaced by stable
soils.

hydrostatic force. This situation is illustrated in Figure IV-
10. The basic equation for analyzing the resultant lateral
force due to hydrostatic forces from saturated (non-expan-

sive) soil is:
[ ' '
F =%SD*=%P D= Ib/LF
Be= S sat B —
where: F,  is the lateral force from saturated
soil acting at a distance D/3 from
the point under consideration (in
R — pounds per linear foot of sur-
A face);
‘ P, is the lateral hydrostatic pressure
_ due to saturated soil at the point
Formula 1V-5: Saturated Soil under consideration (in pounds
Hydrostatic Forces is not suitable foot):
- for expansive soils, due to the Per squarf: oot); . .
| unpredictable nature of these S is the equivalent fluid weight of
| soils. Due to the continual ~ saturated soil (in pounds per cubic
| shrink and swell of expansive foot); and
soil backfills and the variation of D is the depth of saturated soil (in
their water content, the stability feet hich hvdrostati
and elevation of these soils and eet) over w lc_ ydrostatic
overlaying soil layers may vary forces are considered.
considerably. The analysis of

Formula IV-5: Saturated Soil Hydrostatic Forces

IV - 12
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W Flood Protection Elevation

Saturated

&

Figure IV-10: Saturated Soil Hydrostatic Forces

The equivalent fluid pressures for various soil types are
presented in Tables IV-2 and IV-3. The equivalent fluid
weight of saturated soil is not the same as the effective
weight of saturated soil. Rather, the equivalent fluid weight
of saturated soil is a combination of the unit weight of water
and the effective saturated weight of soil.

Table1V-2 Effective Equivalent Fluid Weight of Soil(s)

protected from infiltration: CL, CH

Column A Column B
S, Equivalent
Equivalent Fluid Weight
. Fluid Weight of
Soil Type* of Moist Soil { Submerged
(pounds per Soil and
cubic foot) Water
(pounds per
cubic foot)
Clean sand and gravel: GW, GP, SW, SP 30 75
Dirty sand and gravel of restricted permeability: a5 7.',.
GM, GM-GP, SM, SM-SP
Stiff residual silts and clays, silty fine sands,
clayey sands and gravels: CL, ML, CH, MH, SM, 45 82
8C, GC
Very soft to soft clay, silty clay, organic silt and 100 106
clay: CL, ML, OL, CH, MH, OH
Medium to stiff clay deposited in chunks and 120 142

Note: See Table IV-3 for soil type definitions.
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Chapter IV: Determination of Hazards

TableIV-3 Soil Type Definitions Based
on USDA Unified Soil Classification
Soil Type Group Description
‘ Symbol
Gravels GW Well-graded gravels and gravel
mixtures.
GP Poorly graded gravel-sand-silt
mixtures.
GM Silty gravels, gravel-sand-silt
mixtures.
GC Clayey gravels,
gravel-sand-clay mixtures.
Sands SwW Well-graded sands and graveily
sands.
SP Poorly graded sands and
gravelly sands.
SM Silty sands, poorly graded
' sand-silt mixtures.
SC Clayey sands, poorly graded
sand-clay mixtures.
Fine Grain Silt ML Inorganic silts and clayey silts.
and Clays
CL Inorganic clays of low to
medium plasticity.
OL Organic silts and organic silty
clays of low plasticity.
MH Inorganic silts, micaceous or
fine sands or silts, elastic silts.
CH Inorganic clays of high plasticity,
fine clays.
OH Qrganic clays of medium to high
plasticity.
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Combined Water and Saturated Soil

Forces

When a structure is subject to hydrostatic forces from both
saturated soil and standing water (illustrated in Figure IV-
11), the resultant cumulative lateral force, F, is the sum of
the lateral water hydrostatic force, F,, and the differential
between the water and soil pressures, F . The basic equa-
tion for computing F , is:

where: F it

F, = %(S-7)D*=__Ibs/LF

is the differential soil/water force
acting at a distance D/3 from the
point under consideration (in
pounds per linear foot of
surface);

is the equivalent fluid weight of
submerged soil and water (in
pounds per cubic foot);

is the depth of saturated soil

(in feet); and

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

Formula 1V-6: Combined Water and Soil Forces
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| FoRmLA |

F,=F, +F,=__ Ibs/LF

Note that while F, and F,, do not
act at the same point, we can where: F; is the cumulative lateral hydro-

assume for structural analysis static force acting at a distance
purposes that F, acts ata

distance H/3 above the point H/3 .fron.l the point und?r consid-

under consideration. eration {in pounds per linear foot
of surface);

F, is the lateral hydrostatic force
from standing water (from
Formula I'V-4); and

F,,  isthe differential soil/water force
(from Formula IV-6).

Formula IV-7: Cumulative Lateral Hydrostatic Force

¥ Flood Protection Elevation

A =Areaof
Horizontal
Surface

TH/3

[ gl =0
g
Jm T

Ptet P10

Figure IV-11: Combination Soil/Water Hydrostatic and Buoyancy Forces
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Vertical Hydrostatic Force

The basic equation for analyzing the vertical hydrostatic
force (buoyancy) due to standing water (illustrated by
Figure IV-11)is:

;:f'dRMULA_, Fb =Y AH-= ___lbs
where: F, is the force due to buoyancy (in
pounds);
Y is the specific weight of water
(62.4 pounds per cubic foot);
A is the area of horizontal surface

(floor or slab) being acted upon
(in square feet); and

H is the floodproofing design depth
(in feet).

Formula IV-8: Buoyancy Force

The computation of hydrostatic forces is vital to the suc-
cessful design of floodwalls, sealants, closures, shields,
foundation walls, and a variety of other retrofitting mea-
sures. The following Hydrostatic Force Computation
Worksheet (Figure IV-12) can be utilized to conduct hydro-
static calculations. Figure IV-13, Example Hydrostatic
Force Computation, illustrates the use of the worksheet.
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HYDROSTATIC FORCE COMPUTATION WORKSHEET

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

| Variables: Summary of Forces
H (Floodproofing Design Depth)= F
D (Depth of Saturated Soil) = F
¥ (Specific Weight of Water) = 62.4 Ibs/cubic foot F
S (Equivalent Fluid Weight of Saturated Soil) = F
A (Area) = F

"~ Formula I'V-4: Lateral Hydrostatic Force From Freestanding Water

| F,=%PH = %yH!=

Formula I'V-5: Lateral Hydrostatic Force From Saturated Soil

F = %SDor P D=

sat -

Formula I'V- 6: Lateral Hydrostatic Force
From Standing Water and Saturated Soil

F_= % (Sy)D* =

dif

Formula IV-7: Total Lateral Hydrostatic Force From
Standing Water and Saturated Soil

Formula IV-8: Vertical Hydrostatic Force (Buoyancy)

F, = vAH =

b

| Note: Formulas IV-4-6 do not account for equivalent hydrostatic loads due to
velocity floodwaters (less than 10 {ps.). If velocity floodwaters exist, recompute F, .
using FormulaIV-11. i ‘

Figure IV-12: Hydrostatic Force Computation Worksheet
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HYDROSTATIC FORCE COMPUTATION WORKSHEET

Owner Name: __“SMiThH Prepared By: eV

Address: __12. WATER. STREET Date: 314

Property Location:_THM 28 , SEcTion b, Lo 4

Variables: . Summary of Forces

H (Floodproofing Design Depth)= % F,= 499 \slLe
D (Depth of Saturated Soil) = z! F = |50 \bs/ur
v (Specific Weight of Water) = 62.4 Ibs/cubic foot F,= 10\ s I e
S (Equivalent Fluid Weight of Saturated Soil) = 4 F,= (60O \bs ILe
A (Area) = 30%40'= |zoo 6" Bl Fo

299,520 \bs

* Formula IV-4: Lateral Hydrostatic Force From Freestanding Water

F,=%PH = = %(ez4 "2 Y u )" = 499 lbefir

Formula IV-5: Lateral Hydrostatic Force From Saturated Soil

F,= %SDorudb= % (35 /e ) (2 &) = 120 lbs/ir

Formula IV- 6: Lateral Hydrostatic Force
From Standing Water and Saturated Soil

%.(35-czn Wofep )(u &)
1oy \bs/LE

F,= % 62D

Formula IV-7: Total Lateral Hydrostatic Force From
Standing Water and Saturated Soil

F,= F,+F,= 199 lbsfir + 101 \bs/LF
= oo \bsfie

FormulaIV-8: Vertical Hydrostatic Force (Buoyancy)

F = yAH = (az.q \bs[-@-\-’)(two -H-")(q )
= 299,520 lbs

Note: Formulas IV-4-6 do not account for equivalent hydrostatic loads due to
velocity floodwaters (less than 10 fps.). If velocity floodwaters exist, recompute F,
using FormulaIV-11.

Figure IV-13: Example Hydrostatic Force Computation Worksheet
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Chapter IV: Determination of Hazards

HYDRODYNAMIC FORCES

When floodwaters flow around a structure at moderate to
high velocities, they impose additional loads on the struc-
ture, as shown in Figure IV-14. These loads consist of
frontal impact by the mass of moving water against the
projected width and height of the obstruction represented by
the structure, drag effect along the sides of the structure,
and eddies or negative pressures on the downstream side of
the structure.

Low velocity hydrodynamic forces are defined as situations
where floodwater velocities do not exceed 10 feet per
second, while high velocity hydrodynamic forces involve
floodwater velocities in excess of 10 feet per second.

F!OQ q

rote "
Ele Clion

% e
_—

§

Negative Pressure
{Suction) on
Downstream Side

Drag Effect
on Sides

Figure 1V-14: Hydrodynamic and Impact Forces
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b o

Sources of data for determining-
flood flow velocity include
hydraulic calculations, historical
measurements, and rules of
thumb. Floodwaters one foot
deep moving in excess of five

. feet per second can knock an

adult over and cause erosion of
stream banks. Overbank veloci-
ties are usually less than stream

channel velocities.” If no data for-

flood flow velocity exists fora
site, the reader should contact an
experienced hydrologist or
hydraulic engineer for estimates.

Low Velocity Hydrodynamic Forces

In cases where velocities do not exceed 10 feet per second,

-the hydrodynamic effects of moving water can be converted
to an equivalent hydrostatic force by increasing the depth of

the water (head) above the flood level by an amount dh,

which is:
2
dh = Co ¥ = feet
2g E—
~ where: dh is the equivalent head due to low
velocity flood flows (in feet);
C, is the drag coefficient (from Table
_ 1v-4),
A\ is the velocity of floodwaters (in
ft/sec); and
g is the acceleration of gravity
(equal to 32.2 ft/sec?).

TableIv-4  Drag

Coefficients
Width to height | Drag Coefficient

Ratio b/h d

From 1 to 12 1.25
13t020 . 1.3
21 to 32 1.4
33 to 40 15
41 to 80 1.75
81 to 120 1.8

160 or more 2.0

Formula IV-9: Conversion of Low Velocity Flow to
Equivalent Head

" The drag coefficient C, depends on the proportions of the

shape of the object around which the water flows. The
value of C, unless otherwise evaluated, shall not be less than
1.25 and can be determined from the width-to-height ratio,
b/h, of the structure in question. The width (b) is the side
perpendicular to the flow and the height (h) is the distance
from the bottom of the structure to the water level. Table
IV-4 gives C, values for different width-to-height ratios.
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Chapter IV: Determination of Hazards

/u
While F,, acts at a point H/2, it
is normally a small percentage of

F,,, therefore, we can assume that
F,, acts at the same point H/3 as
. F

H

The value dh is then converted to an equivalent hydrostatic
pressure through use of the basic equation for lateral
hydrostatic forces introduced earlier in this chapter and
modified as shown below:

n

0
Jalsiis]
[2[s}s]s]

(BAR

F, = y(dWH =P, H= Ibs/LF

where: F;,  is the equivalent hydrostatic
force due to low velocity
flood flows (in pounds per linear
foot of surface);

Y is the specific weight of water
(62.4 pounds};
H is the floodproofing design depth
in feet;
dh s the equivalent head due to low
velocity flood flows in feet; and .
P,  isthe hydrostatic pressure due to

low velocity flood flows (in
pounds per square foot)

Py =7 (dh)).

Formula IV-10: Conversion of Equivalent Head to Equivalent
Hydrostatic Force

The resultant lateral hydrostatic force due to low velocity
hydrodynamic pressures is then added to the lateral hydro-
static pressures due to standing water and saturated soil to
obtain the total lateral hydrostatic force shown below and
illustrated in the Equivalent Hydrostatic Force Computa-
tion Worksheet, Figures [V-15 and IV-16.

S F,=F, +F, +F, = Ibs/LF

FORRILLA

where: variables were defined previously in
Formulas IV-4, IV-6, IV-7, and IV-10.

Formula IV-11: Total Lateral Hydrostatic Force
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EQUIVALENT HYDROSTATIC FORCE
COMPUTATION WORKSHEET

Owner Name: Prepared By:

Address: Date:

Property Location:

Variables: Summary of Forces
b (width of structure perpendicular to flow) = F
H (floodproofing design depth) = F =
h (height of water above structure bottom) = F
V (velocity of flood water, 10 feet per second or less) = | F
v (specific weight of water) = 62.4 Ibs/cubic foot

g (acceleration of gravity) = 32.2 feet per second squared

Formula IV-9: Conversion of Low Velocity Flood Flow to Equivalent Head

dh = c,V: _
=g "
Develop C;;:
b/h =
From Table IV-4; C,=
Formula IV-10: Conversion of dh to Equivalent Hydrostatic Force
F,= y(dh)H=
Formula IV-11: Total Lateral Hydrostatic Force
FH = Fh+ Fdif + Fdh=

Figure IV-15: Equivalent Hydrostatic Force Computation Worksheet
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EQUIVALENT HYDROSTATIC FORCE

COMPUTATION WORKSHEET
Owner Name:___SwmiTH : Prepared By: _T&V
Address: __ 12 WATER STREST Date: 1oz lay
Property Location: T 38 y SBeTion 6, Lot U
| Variables: . Summary of Force7
b (width of structure perpendicular to flow)= 30 F,= | 35 lbs/LF
H (floodproofing design depth) = 4" F,= 499 lbs[LF

h (height of water above structure bottom) = B’ ofdFu= LO1 Wsir
V (velocity of flood water, 10 feet per second orless) =n] F,= 335 lbs ILe
¥ (specific weight of water) = 62.4 Ibs/cubic foot '

g (acceleration of gravity) = 32.2 feet per second squared|

Formula IV-9: Conversion of Low Velocity Flood Flow to Equivalent Head

an=SV
h==p = .
A
2 (32.2 -H'{sec") o From TableIV-4;C,= 1.25
2 0. FO Leet

Formula I'V- 10: Conversion of dh to Equivalent Hydrostatic Force

F,= y(@hH= @z.H bs /64> ) (0.0 seet) (1 fet)
= 135 \bs/ir

Formula IV-11: Total Lateral Hydrostatic Force

Fy= F+Fu +F= 499 4 101+ \15 \bs /LF

= 335 \be/LF | .

Figure IV-16: Example Equivalent Hydrostatic Force Computation
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HIGH VELOCITY HYDRODYNAMIC
FORCES

For special structures and conditions, and for velocities
greater than 10 feet per second, a more detailed analysis
and evaluation should be made utilizing basic concepts of
fluid mechanics and/or hydraulic models. The basic equa-
tion for hydrodynamic pressure is:

= . Ibs/SF

where: P, is the hydrodynamic pressure (in
pounds per square foot);

P is the mass density of water (1.94
slugs/ft’);
A4 is velocity of floodwater (in feet

per second); and
is the drag coefficient (taken
from Table IV-4).

Formula 1V-12: High Velocity Hydrodynamic Pressure

After determination of the hydrodynamic pressure (P,), the
total force (F,) against the structure (see Figure IV-14) can
be computed as the pressure times the area over which the
water is impacting:

F,=P,A=__lbs

where: F, is the total force against the

structure (in pounds);

is the hydrodynamic pressure (in

pounds per square foot); and

A is the submerged area of the
upstream face of the structure in
question (in square feet).

Formula IV-13: Total Hydrodynamic Force

P

d
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Figure IV-17, Hydrodynamic Force (High Velocity) Com-
putation Worksheet, can be used in the computation of
high velocity hydrodynamic forces, while Figure IV-18
illustrates the computations.
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HYDRODYNAMIC FORCE (HIGH VELOCITY)

COMPUTATION WORKSHEET
Owner Name: Prepared By:
Address: Date:
Property Location:
Variables: Summary of Forces
p (mass density of water) = 1.94 slugs/ft’ P, =
V (velocity of floodwater, > 10 feet per second) F,=

C, (drag coefficient) =
A (submerged area of upstream face of structure) =

FormulaIV-12: High Velocity Hydrodynamic Pressure (Force)

P,=C,p(V¥2)=

. Develop C,:
' b/h =

From Table IV-4; C =

Formula IV-13: Total Force Against the Structure

e
]

P A=

. Figure IV-17: Hydrodynamic Force (High Velocity) Computation Worksheet
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HYDRODYNAMIC FORCE (HIGH VELOCITY)

COMPUTATION WORKSHEET
Owner Name: Suith Prepared By:___Tev
Address: 12 WaTBR STREET Date:__wol3i/ay

Property Location::__T™ 38, SeEctmion &, LoT 4

Variables: Summary of Forces
p (mass density of water) = 1.94 slugs/ft3 P,= \35 \bs] *
V (velocity of floodwater, >10 feet per second) = \2 ¥p>| F a= 2,000 Ibs
C,(drag coefficient) = |, 25

r = ¥
A (submerged area of upstream face of :q':cgmgg)n 120 ﬁz‘

FormulaIV-12: High Velocity Hydrodynamic Pressure (Force)

P,=C,p(V¥2)=
Develop C,:

ib-see? & -
= \.zs(‘ﬂ‘* %}.} f%)éz%ﬁ) bh= sofu=s *5
z_ NS

From TableIV-4; C,= |. 2%
\b - 3ae™

13)

Conversion ; 1 9‘&3:

135 b [e4

Formula IV-13: Total Force Against the Structure

=PAs (135 \!:s/ﬁ"‘)[tzo o)

= z\,000 \be

e
I

Figure IV-18: Example Hydrodynamic Force (High Velocity) Computation |I
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IMPACT LOADS

Impact loads are imposed on the structure by objects carried
by the moving water. These loads are the most difficult to
predict and define, yet reasonable allowances must be made
for these loads in the design of retrofitting measures for
potentially affected buildings. To arrive at a realistic allow-
ance, considerable judgment must be used, along with the
designer’s knowledge of debris problems at the site and
consideration of the degree of exposure of the structure.
Impact loads are classified as either:

+ no impact (for areas of little or no velocity or potential
source of debris);

* normal impact;

. * special impact; or

» extreme impact.
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Normal impact Forces

Normal impact forces relate to isolated occurrences of
typically sized ice blocks, logs, or floating objects striking
the structure (see Figure IV-14). For design purposes, this
can be considered a concentrated load acting horizontally at
the flood elevation, or any point below it, equal to the
impact force created by a 1,000-pound mass traveling at the
velocity of the floodwater acting on a one-square-foot
surface of the submerged structure area perpendicular to
the flow. The calculation of normal impact forces is shown
in Formula IV-14.

MV w YV
F=—— = Ibs
o L
where: F_ is the normal impact force (in
pounds);

w is weight of object (1,000 1bs for
normal impact loads);

g is acceleration of gravity (32.2 ft/
' sec?);
t is time of impact (generally 1 sec
or less);
A\ is velocity of flow (in feet per
second); and
M is the mass of the object com-

puted as w /g.

Formula 1V-14: Normal Impact Force
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Special Impact Forces

Special impact forces occur when large objects or conglom-
erates of floating objects, such as ice floes or accumulations
of floating debris, strike a structure. In an area where
special impact forces may occur, the load considered for
design purposes is the impact created by a 100-pound load
times the width of building, acting horizontally over a one-
foot-wide horizontal strip at the flood elevation or at any
Jevel below it. Where stable natural or artificial barriers
exist that would effectively prevent these special impact
forces from occurring, these forces may not need to be
considered in the design.

MV wV 100bV

. e T
where: F_ is the special impact force (in
pounds);
w is weight of object (in pounds)

(100 Ibs/ft x width of structure
(b) normal to flow); b is shown in
Figure IV-14;

b is the width of structure normal
to flow (in feet);

g is acceleration of gravity
(32.2 ft/sec?);

t is time of impact (generally 1 sec
or less);

v is velocity of flow (in feet per
second); and

M is the mass of the object
computed as w /g

Formula IV-15: Special Impact Forces

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures v - 31
January 1985



Chapter IV: Determination of Hazards

@

Where extreme impact loads are a
threat, the preferred retrofitting
alternative is relocation,

Whether impact loads should be allowed for depends on data
that can be obtained from a number of sources:

* historic records and the FIS;

*  interviews with local residents and floodplain management
officials;

* floodway versus floodplain location;
* upstream debris potential; and
* climatologic information.

Impact forces are critical design considerations that must be
thoroughly evaluated. The following Impact Force Compu-

tation Worksheet, Figure IV-19, can be used to conduct .
those calculations, while Figure IV-20 illustrates those calcu-

lations.

- Extreme Impact Forces

Extreme impact forces occur when large, floating objects and
masses, such as runaway barges or collapsed buildings and
structures, strike the structure (or a component of the struc-
ture). These forces generally occur within the floodway or
areas of the floodplain that experience the highest velocity
flows. Itis impractical to design residential buildings to have
adequate strength to resist extreme impact forces.
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IMPACT FORCE COMPUTATION WORKSHEET

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

Normal Impact Loads

w_ (weight of object) = typically, 1,000 pounds
g (acceleration of gravity) = 32.2 ft/sec?

t (time of impact) = typically, 1 sec.

V (velocity of floodwater) =

M (mass of the object computed as w _/g) =

F, =
F=

Variables: Summary of Forces

Formula IV-14: Normal Impact Force

MV w\V
F =—
n t = gt
Special Impact Loads
Variables:

b (width of structure normal to flow) =

w_ (weight of object) = 100 (b) =

g (acceleration of gravity) = 32.2 ft/sec?

t (time of impact) = typically, 1 sec. or less
V (velocity of floodwater) =

M (mass of the object computed as w /g) =

Formula IV-15: Special Impact Forces

MV _wV  100bV
ST T et T 322t - —bs

Figure IV-19: Impact Force Computation Worksheet
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IMPACT FORCE COMPUTATION WORKSHEET

Owner Name: ___ Swmmw Prepared By: Tev
Address: ___ \z \wiates SteseT Date: 1o/31]l9s

Property Location: __ T 38 , Sections &

Normal Impact Loads

Variables: Summary of Forces
w_ (weight of object) = typically, 1,000 pounds
g (acceleration of gravity) = 32.2 ft/sec? F = 333 s
t (time of impact) = typically, 1 sec. F= ,ue ibs
|V (velocity of floodwater) = 1z fp>

M (mass of the object computed as w /g) =

oo b

3t -ﬂ-{,_si

Formula IV-14: Normal Impact Force

j ~ wnv N (\an \bg) (12_ ﬂ/ﬁ!‘\
" t = st C3z-z'ﬂfsu‘)(_tu=§

233 \bs

Special Impact Loads

Variables:

b (width of structure normal to flow) = 3o ¥t

w_(weight of object) = 100(b)= oo lbs/st (30 ¥H) = 3000 by
g (acceleration of gravity) = 32.2 ft/sec?

t (time of impact) = typically, 1 sec. or less

V (velocity of floodwater) = |2 fps

M (mass of the object computed as w /g) = 3°°° “”/9:. 2 Ehfat T

Formula IV-15: Special Impact Forces

= M)/= wyV  100bV (oo s gt ) (3064 )12 Fhfsec )

t gt 322t (32.2 ®fsec?) (1 =ec)
= l, 118 \be

Figure TV-20: Example Impact Force Compuration
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RIVERINE EROSION

The analysis of erosion that impacts stream banks and
nearby overbank structures is a detailed effort that is usually
accompanied by detailed geotechnical investigations. Some
of the variables that impact the stability (or erodibility) of
the stream banks include the following:

critical height of the slope;
» inclination of the slope;
« cohesive strength of the soil in the slope;

» distance of the structure in question from the shoulder of
the stream bank;

» degree of stabilization of the surface of the slope;
 level and variation of groundwater within the slope;

»  level and variation in level of water on the toe of the
slope;

« tractive shear stress of the soil; and
» frequency of rise and fall of the surface of the stream.

Both FEMA and the USACE have researched the stability
of stream banks in an effort to quantify stream bank erosion.
However, concerns over the universal applicability of the
research results preclude their inclusion in this manual. It is
suggested that when dealing with streambanks susceptible to
severe erosion, the designer contact a qualified geotechnical
engineer or a hydraulic engineer experienced in channel
stability.
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Rainfall intensities for the
eastern half of the United States
are available from HYDRO-35, a
publication of the National
Weather Service (NWS), while
rainfall intensities for the
western half of the United States
can be obtained from NOA4A4
ATLAS 2, also published by the
NWS. Rainfall intensities are
available for a range of storm
frequencies including the 2-,
10-, 25-, 50-, and 100-year 60-
minute events. The 2- or 10-
year intensity rainfall is consid-
ered a minimum design value
for pumping rates when flood-
waters prevent gravity discharge
from floodwalls and levees. The
100-year intensity rainfall
should be the maximum design
value for sizing gravity flow
pipes and/or closures.

¢

The rational formula (Q=ci A) is
used to compute the amount of
precipitation runoff from small
areas. It is generally not appli-
cable to drainage areas greater
than 10 acres in size.

INTERIOR DRAINAGE

The drainage system for the area enclosed by a levee or
floodwall must accommodate the precipitation runoff from
this interior area (and any contributing areas such as roofs
and higher ground parcels) and the anticipated seepage
through or under the floodwall or levee during flooding
conditions.

There are two general methods for removing interior drain-
age. The firstis a gravity flow system, which provides a
means for interior drainage of the protected area when there
is no floodwater against the floodwall or levee. This is
accomplished by placing a pipe(s) through the floodwall or
levee with a flap gate attachment. The flap gate prevents
flow from entering the interior area through the drainpipe
when floodwaters rise above the elevation of the drain.

The second method, a pump system, removes accumulation
of water when the elevation of the floodwater exceeds the
elevation of the gravity drain system. A collection system
composed of pervious trenches, underground tiles, or sloped
surface areas transports the accumulating water to a sump
area. In the levee application, these drains should be incor-
porated into the collection system. The anticipated seepage
from under and through levees and floodwalls must also be
taken into consideration by combining it with flow from
precipitation (see Figure IV-21).

Floodwall or Levae

Enclosed
- Area
Bl Ae= (X))

Figure IV-21: Rectangular Area Enclosed by a Floodwall or
Levee
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The residential terrain runoff
coefficient, ¢, is used to model the
runoff characteristics of different
land uses. Use the value for the
predominant land use within a
specific area or develop a
weighted average for areas with
multiple land uses. The most
common coefficients are 0.70 for
residential area, 0.90, for com-
mercial area, and 0.40 for
undeveloped land.

Additional Area (Ag)
Discharging into the
Enclosed Area

Ag=(a)(0) Floodwall or Levee

Figure IV-22: Rectangular Area Partially
Enclosed by a Floodwall or Levee

To determine the amount of precipitation that can collect in
the contained area, the rainfall intensity, given in inches per
hour, must be determined for a particular location (see
note). This value is multiplied by the enclosed area, A , in
square feet, a residential terrain runoff coefficient (c) of 0.7,
and a conversion factor of 0.01. The answer is given in
gallons per minute.

Q =001ci A=__ gpm

where: Q, is the runoff from the enclosed
area (in gal/min (gpm));
A, is the area enclosed by the flood-
wall or levee (in square feet);
c is aresidential terrain runoff
coefficient of 0.7;
0.01 is a factor converting the answer
to gallons per minute; and
is the intensity of rainfall (in
inches per hour).

e

Formula IV-16: Runoff Quantity in an Enclosed Area

In some cases, a levee or floodwall may extend only par-
tially around the property and tie into higher ground (see
Figure IV-22). For such cases, the amount of precipitation
that can flow downhill as runoff into the protected area, A ,
must be included. To calculate this value, the additional
area of land, A, that can discharge water into the enclosure
should be estimated. This value is then multiplied by the
previously determined rainfall intensity, i , by the most
suitable terrain coefficient, and by 0.01.
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When determining the minimum
discharge size for sump pumps
within enclosed areas, the

Q,=0.01ci A = gpm

where: Q,

b

is the runoff from additional
contributing area (in gal/min
(gpm));

designer should consider the A, is the area discharging to the area

impacts of lag time between partially enclosed by the floodwall
storms that control the gravity or levee (in square feet);

flow mechanism (i.e., inside and c is the most suitable terrain runoff

outside the enclosed area) and the fficient:

storage capacity within the Foe cient, .

enclosed area after the gravity 0.01 is a factor converting the answer

discharge system closes. Ifthe
designer is not familiar with
storm lag time and the computa-
tion of storage within an enclosed
area, an experienced hydrologist
or hydraulic engineer should be
consulted.

to gallons per minute; and
is the intensity of rainfall (in
inches per hour).

Formula IV-17: Runoff Quantity from Higher Ground into a
Partially Enclosed Area

Seepage flow rates from the levee or floodwall, Q, must also .

be estimated. In general, unless this seepage rate is calcu-
lated by a qualified soils engineer, a value of two gallons per
minute for every 300 feet of levee or one gallon per minute

for every 300 feet of floodwall should be assumed during
base 100-year-flood conditions.

FORMULA®

where: Q_

sr

Q.= sr())

is the seepage rate through the
levee/floodwall (in gallons per
minute);

is the seepage rate (in gallons per
minute)} per foot of levee/flood-
wall; and

is the length of the levee/floodwall
(in feet).

Formula IV-18: Seepage Flow Rate through a Levee or Floodwall
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The values for inflow within the enclosed area, runoff from
uphill areas draining into the enclosure, and seepage
through the levee/floodwall should be added together to
obtain the minimum discharge size, Q,, in gallons per
minute (gpm) for the sump pump.

le=Ql+Qb+Qc

is the minimum discharge for

sump pump installation (in gpm);

Q, is discharge from an enclosed
area (from Formula IV-16)
(gpm);

Q, isthedischarge from higher
ground to a partially enclosed
area (from Formula [V-17) (in
gpm); and

Q, is the discharge from seepage

through a floodwall or levee

(from Formula IV-18) (in gpm).

Formula [V-19: Minimum Discharge for Sump Pump Installation

Important considerations in determining the minimum
discharge size of a sump pump include storage available
within the enclosed area and the lag time between storms
that impact the enclosed area and the area to which the
enclosed area drains. Sump pumps will continue to operate
during flooding events (assuming power is constant or
backup power is available), but gravity drains will close
once the floodwater elevation outside of the enclosed area
exceeds the elevation of the drain pipe/flap gate. Therefore,
the critical design issue is to determine runoff and seepage
that occurs once the flap gate closes. Typical design solu-
tions incorporate a freeboard of several inches or more to
control the 10-year flood event safely.
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b o

A detailed discussion of alluvial
fan flooding and techniques for
retrofitting under those conditions
is presented in Appendix D:
Alluvial Fan Flooding.

b o

Alluvial Fans: Hazards and
Management (1989) is a FEMA
publication that provides an
overview of alluvial fans and
related management issues, and
briefly discusses retrofitting of
residential structures. Another
FEMA publication entitled
Reducing Losses in High Risk
Flood Hazard Areas: A Guide-
book for Local Officials specifi-
cally addresses alluvial fan
flooding as a regulatory problem
and provides outlines for the
development of regulations and
master plans for communities.
This guidebook also summarizes
the Dawdy Method for flood
frequency estimates on alluvial
fans and presents the Colorado
Statute HB-1041 as a model
geologic hazard ordinance that
includes alluvial fan flooding
hazards.

ALLUVIAL FAN FLOODING HAZARDS

Alluvial fan floods are natural hazards in the western
United States. Alluvial fan flooding is characterized by
sudden unpredictable, high-velocity flow that transports
dangerous debris down steep mountain drainages to the
valley floor below. The type of detailed information avail-
able for other flood-prone areas is not yet available for
alluvial fan situations, but a profile of this type of flooding
and general measures to mitigate its impacts are beginning
to emerge.

Alluvial fans are landforms evolved from a history of flood
events debouching from steep-sloped watersheds onto
valley floors or piedmonts. Across the western United
States alluvial fans are appealing to residential developers
for their vistas, and the pressure to construct on fans is
increasing as the valley floors become populated. On most
fans, there is evidence of past floods, but the history of
development is relatively short and the consequences of a
100-year return period flood may not have been fully
addressed.

Figure 1V-23: Telluride, Colorado, Alluvial Fan
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Flood hazards on alluvial fans are compounded by high
velocities, hyper-concentrated sediment flows, severe
erosion, and massive sediment deposition. -

Retrofitting designs are typically dependent on the assess-
ment of flood hazards (specifically flow depth and velocity),
but for alluvial fans this information may not be available.
FIRMSs may provide general information such as the delin-
eation of flood hazard zones and 100-year maximum flow
depths. Local ordinances may recommend methods for
determining design criteria. Additional available informa-
tion may include the apex peak discharge and potential
sediment concentrations. Retaining a qualified engineer
may be necessary to determine design ﬂow conditions at the
property location.

Some aspects of alluvial fan flood loads are comparable to
riverine flooding. Flow analyses including hydraulic loading
and buoyancy are similar in principle to riverine flooding,
but several key elements are different. Alluvial fan analyses
should consider the severe velocity gradients, the combined
effects of water and sediment mixtures, boulder impact
pressure, and hydraulic loading on the upstream s1de ofa
structure.

Formulas for the computation of sediment-water mixtures,
hydrodynamic forces, freeboard, and factor of safety recom-
mendations are provided below.

Bulking Factor

The design ﬂood'conditioné must be evaluated considering
the increased flood discharge related to sediment bulking.
The bulking factor, BF, is given by Formula IV-20.
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Concentration of Sediment (C)
values are estimated by engi-
neers experienced with this type
of analysis and typically range
from 0-50% (decimal equiva-
lent).

g
i“’

In hyperconcentrated sediment
flows, where the sediment
concentrations range from 20 to
435 percent sediment by volume,
the hydrostatic pressures can be
30 to 75 percent greater than
from clear water.

1.0
BF=79.c. =—

¥

where: BF  isadimensionless factor applied
to riverine discharge values (Q)
to account for sediment bulking;
and
C, is the concentration of sediment

of the fluid mixture by percent
(decimal equivalent) of volume.

Formula IV-20: Bulking Factor

For semi-arid alluvial fans, typical bulking factors range
from 1.1 to 1.2 for sediment concentrations of 0.10 to 0.15
by volume. Bulking factors for mud flows can be as high as
2.0 (C,=0.50).

Hydrostatic and Hydrodynamic
Loads

Hydrostatic loading is the force of the weight of standing
water acting in a perpendicular manner on a submerged
surface. Sediment suspended in floodwater will increase
the specific weight of the fluid as a function of sediment
concentration by volume C . Water with a high sediment
concentration will impose greater hydrostatic pressures than
clear water.

Likewise, hydrodynamic loading is related to the density of
the fluid, which will increase with sediment loading. The
greater mass the fluid has, the more momentum it will
transfer when it impinges on an obstacle.

To include the effects of sediment loading in hydrostatic and
hydrodynamic calculations, the specific weight of water is
replaced with the specific weight of the water-sediment
mixture (Formula IV-21).
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b o

In alluvial fan situations,
hydrostatic and hydrodynamic
forces developed using Formulas
IV-4 through I'V-13 should be
recomputed replacing the
specific weight of water (y ) with
the specific weight of the water-
sediment mixture (y,).

!
B=8 Ys=(-Cy+C,S y=__Ibs/ff
where: is'the specific weight of the
water-sediment mixture, in lbs/ft3;
C, is the sediment concentration by
volume expressed as a percent
(decimal equivalent);
Y is the specific weight of water,
62.4 Ibs/ft* and
S, is the specific gravity of sediment
(dimensionless).

Formula IV-21: Specific Weight of Water-Sediment Mixture

The additional live load attributed to sediment should be
considered in all calculations of hydrostatic loading with
volumetric concentration of five percent or greater. This
additional hydrostatic load will be most significant near the
fan apex where sediment concentrations are higher and will
decrease in the downfan direction. The loading factor
related to sediment will be negligible in the sheet flow zone.

Freeboard

Prediction of alluvial fan flooding parameters is not an exact
science, so safety factors should be considered in retrofitting
design. Freeboard is the additional design height of walls,
levees, and foundations above the base flood level to ac-
count for velocity head, waves, splashes, and surges. The
conditions of superelevation and flow runup can be severe
for mud, debris, and high velocity flows and should be
evaluated separately.
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The U.S. Army Corps of
Engineers recommends that the
freeboard (f) be greater than or
equal to 2.0 feet in alluvial fan
situations.

Hydrostatic, hydrodynamic, and
|| impact loading design should fall
L | within constraints imposed by

local ordinances or building codes.

4 Where local guidelines are not

|| available, factors of safety pre-
sented in Table IV-5 should be

i applied to design loads for

1 structure design.

The U.S. Army Corps of Engineers (draft report, undated)
recommends that the amount of freeboard be based on the
velocity head plus the increase in depth caused by a 50%
increase in flow rate, with a minimum value of 0.5 feet,
expressed by the equation shown in Formula IV-22:

f= (dl.SQdesign - deesign) +Vi2g=__ ft
where:

f is the recommended freeboard in
feet;

A\ is the velocity of flow in feet per
second;

g is the acceleration of gravity
(32.2 ft/sec?);

4, cqaesign is the depth of flooding from a

discharge 50% greater than the
design discharge, in feet; and

is the depth of flooding from the
design discharge (typically the
100-year event), in feet.

d

Qdesign

Formula IV-22: Recommended Freeboard

Safety Factors

A safety factor greater than one is an additional measure of
safety to account for unanticipated or unquantifiable factors.
In the case of retrofitting on alluvial fans, additional safety
should be built into the design, depending on the engineer’s
perception of the sensitivity of the flow conditions to change.
The engineer must also weigh the cost of obsolescence if a
retrofitting technique becomes inadequate with continued
development. Safety factors are always a compromise be-
tween the desire for added protection and the additional costs
associated with retrofitting design and construction.
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Table IV-5 Freeboard and Factor of
Safety Recommendations
. Freeboard Factor of
Type of Flooding (ft) Safety
Shallow Water Flooding, < 1 ft. (FIRM Zones A
1 : 1.10
and B)
Moderate Water Flooding, < 3 fi. 1 1.20
Moderate Water Flooding, < 3 ft. with potential for 1 1.20
debris, rocks < 1 fi. diameter and sediment ’
Mud Floods, Debris Flooding < 3 ft., minor surging 2 195
and deposition, < 1 ft. boulders ’
Mud Flows, Debris Flows < 3 ft., surging, mud o 1.40
levees, > 1 ft. boulders, minor waves, deposition ’
Mud and Debris Flows > 3 ft., surging, waves, 3 150
. boulders > 3 ft., major deposition .

Source: 1986 Colorado Floodproofing manual
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More information on closed basin
lakes, alluvial fan, and movable
bed stream hazards can be
obtained from the Community
Rating System (CRS) Commen-
tary Supplement for Special
Hazards Credit, dated July 1994,
This document is available
through Flood Publications,
NFIP/CRS, P.O. Box 501016,
Indianapolis, Indiana 46250-

1016. Telephone (317) 845-2898.

CLOSED BASIN LAKES

Two types of lakes pose special hazards to adjacent devel-
opment: lakes with no outlets, such as the Great Salt Lake
and the Salton Sea (California); and lakes with inadequate,
or elevated outlets, such as the Great Lakes and many
glacial lakes. These two types are referred to as “closed
basin lakes.” Closed basin lakes are subject to very large
fluctuations in elevation and can retain persistent high water
levels.

Closed basin lakes occur in almost every part of the United
States for a variety of reasons: lakes in the northern tier of
states and Alaska were scoured out by glaciers; lakes with
no outlets (playas) formed in the west due to tectonic
action; oxbow lakes along the Mississippi and other large
rivers formed as a result of channel migration; and sinkhole
lakes form in areas with large limestone deposits at or near
the surface where there is adequate surface water and
rainfall to dissolve the limestone (Karst topography).

Determination of the flood elevations for closed basin lakes
follows generally accepted hydrological methods, which
incorporate statistical data, historical high water mark
determinations, stage-frequency analysis, topographical
analysis, water balance analysis, and combinations of these
methods. While NFIP regulations do not specifically ad-
dress closed basin lakes, communities that develop mapping
and regulatory standards addressing these hazards may
receive flood insurance premium credits through the NFIP
Community Rating System. The designer should determine
if a local community has mapped or enacted an ordinance
covering this special hazard.
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MOVABLE BED STREAMS

Erosion and sedimentation are factors in the delineation and
regulation of almost all riverine floodplains. In many rivers
and streams, these processes are relatively predictable and
steady. In other streams, sedimentation and erosion are
continual processes, often having a larger impact on the
extent of flooding and flood damages than the peak flow.

Extreme cases of sedimentation and erosion are a result of
both natural and engineered processes. They frequently
occur in the arid west, where relatively recent tectonic
activity has left steep slopes, where rainfall and streamflow
are infrequent, and where recent and rapid development has
disturbed the natural processes of sediment production and
transport.

Movable bed streams include streams where erosion (deg-
radation of the streambed), sedimentation (aggradation of
the streambed), or channel migration cause a change in the
topography of the stream sufficient to change the flood
elevation or the delineation of the floodplain or floodway.

Analysis of movable bed streams generally includes a study
of the sources of sediment, changes in those sources, and
the impact of sediment transport through the floodplain.
While NFIP regulations do not specifically address movable
bed streams, communities that develop mapping and regula-
tory standards that address these hazards may receive flood
insurance premium credits through the Community Rating
System. The designer should determine if a local commu-
nity has mapped or enacted an ordinance covering this
special hazard.
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ANALYSIS OF NON-FLOOD-RELATED HAZARDS

Non-Flood-Related
‘Hazards

Wind Forces

Seismic Forces

Land Subsidence

Figure 1V-24: Non-Flood-Related
Natural Hazards

| ¢

B The designer must be aware that
| retrofitting actions may trigger a
M threat from multiple natural
8 hazards and be prepared to
8 address these issues.

While floods continue to be a major hazard to homes
nationwide, they are not the only natural hazard that causes
damage to residential buildings. Parts of the United States
are subject to high winds that can accompany thunder-
storms, hurricanes, tornadoes, and frontal passages. In
addition, many regions are threatened by earthquake fault
areas, land subsidence, and fire and snow hazards (Figure
1V-24).

Retrofitting measures can be designed to modify structures
to reduce the chance of damage from wind and other non-
flood-related hazards. Fortunately, strengthening a home to
resist earthquake damage can also increase its ability to
withstand wind damage and flood-related impact and

velocity forces. '

WIND FORCES

High winds impose significant forces on a home and the
structural elements of its foundation. Damage potential is
increased when the wind forces occur in combination with
flood forces, as often occurs in coastal areas. In addition,
as a structure is elevated to minimize the effects of flood
forces, the wind loads on the elevated structure may be
increased, depending on the amount of elevation and the
structure’s exposure to wind forces.

Wind forces exert pressure on structural components such
as walls, roofs, connections, and foundations. Therefore,
wind loads should be considered in the design process at
the same time as hydrostatic, hydrodynamic, impact, and
building dead and live loads, and loads from other natural
hazards such as earthquakes.
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Wind Design Process The concept of wind producing significant forces on a
structure is based on the velocity difference of a medium

Determine base wind speed (air) striking an obstruction (the structure). Wind speeds
vary depending on the location within the United States and

the frequency with which these loads occur. Model building

v
Translate wind speed codes have adopted isolines showing the wind velocity for
pressures using building code an exceedence frequency of 50 years as recommended by
v

the American Society of Civil Engineers (ASCE). The

Apply pressures to I - design velocity for a particular site can be determined from
entire structure these isoline charts. If no local code is in force, the designer
- should refer to the ASCE 7 Standard, Minimum Design
Transfer the lateral sum of these Loads for Buildings and Other Structures.

lateral pressures into the primary
resisting frame or shearwalls

Whatever the governing code or wind load standard in
force, the application of the wind loads is primarily the

Determine wind design pressures same, and is shown in Figure IV-25 and illustrated in Figure
for primary resisting frame IV-26

v
. Check foundation for increased I

. ' Wind
loading due to overturning /\> &%
from lateral loads iQ, H m _.Q @
I
v D g
. . —— 5 .8
Design secondary framing 3 UVAJ 8
members e £
&}
Figure 1V-25: Wind Design Process : Building code Sum of pressures Effect on
interpretation transferred to and . - foundation due to
(secondary framing  resisted by shear moment created
members designed  walls or primary by overtuming
for this uniform resisting frame
loading)

Figure IV-26: Wind Design Process Illustration

FEMA recently completed two building performance
assessments following Hurricanes Andrew (August 24,
1992) and Iniki (September 11, 1992). FEMA assessed the
structural performance of residential building systems
damaged by hurricane winds; provided findings and recom-
mendations for enhancing building performance under
hurricane wind conditions; and addressed building materials,
code compliance, plan review, construction techniques,
quality of construction, and construction inspection issues.

O
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Copies of these documents can
be obtained from FEMA:

FEMA (FiI4-22), Building
Performance: Hurricane
Andrew in Florida; Observa-
tions, Recommendations and
Technical Guidance, February
1993,

FEMA (FIA-23), Building
Performance: Hurricane Iniki
in Hawaii; Observations,

Recommendations and Technical
Guidance, March 1993.

P o

If no local code is in force, the
i designer should refer to the
ASCE 7 Standard, Minimum
| Design Loads for Buildings and
Other Structures.

These reports present detailed engineering discussions of
building failure modes along with successful building
performance guidance supplemented with design sketches.
Please refer to these documents for specific engineering
recommendations.

SEISMIC FORCES

Seismic forces on a home and the structural elements of a
foundation can be significant. Seismic forces may also
trigger additional hazards such as landslides and soil lique-
faction, which can increase the damage potential on a
home. Seismic forces act on structural components such as
walls, roofs, connections, and foundations. Similar to wind
forces, seismic forces should be considered in the design
process at the same time as hydrostatic, hydrodynamic,
impact, and building dead and live loads, and loads from
other natural hazards such as hurricanes. Design assump-
tions for seismic loadings are normally based upon local
building codes.

Figures IV-27 and IV-28 illustrate the process for estimat-
ing seismic hazards and determining the ability of existing
structural components to withstand these forces.

i L
.‘
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Seismic Design Process

Determine seismic region

v

Determine lateral loads
__using building code

Apply loads to the structure in
accordance with building code

primary resisting frame or shear walis

+

Transfer the lateral load into the I

Check foundations for increased loading due to
overturning from lateral loads

Check for lateral forces on elements
of structural and non-structural components

+

Design secondary framing members I

Figure IV-27: Seismic Design Process
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Q - @
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wrlg‘ Design assumptions g D;%ﬂ/l g
based on building - g
code. Lateral forces ©

Ground movement transferred to and Effect on
due to earthquake resisted by designed foundation due to
walls or primary moment created
resisting frame by overturning

Figure IV-28: Seismic Design Process Illustration

When making repairs to a flood-damaged home or consider-
ing retrofitting structures to minimize the impact of future
flooding events, there are certain practical steps that can be
taken at the same time to reduce the chance of damage from
other hazards. Earthquake protection steps can be divided
into two categories: steps that deal with the building struc-
ture itself, and steps that can be taken with other parts of the
building and its contents.

Protection of the Structure

Additional information concern-

|| ing the determination of flood- For the building structure, the most important step is making

H related forces will be available in , . s . P
the next revision of the Flood sure the hc.)me is Properly bolted onto its fogndatlon so that }t
Design Load Criteria incorpo- will not slide off in an earthquake. Another important step, if
rated in Section 5 of ASCE 7 raising the foundation to place the house above flood levels,
Standard, Minimum Design is to make sure the foundation can withstand an earthquake.

Loads for Buildings and Other
B Structures, expected to be . . .
published in 1995. Key portions of masonry block foundations usually require

strengthening by installing reinforcing bars in the blocks and
then filling them with concrete grout. FEMA has developed
a sample plan for strengthening a masonry block foundation
wall. This type of work can be complicated and normally
requires the expertise of a professional engineer, architect, or
-contractor.
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*

The additional cost for seismic
_strengthening was estimated by

FEMA (during the Midwest

Flood of 1993) to range from

17-23% of the base repair cost

for elevating a 1,000-SF wood-
| frame structure on masonry
foundation walls. FEMA has
prepared some simple one-page
8 descriptions (details) and costs
associated with these steps that
are available in a publication
entitled Protecting Your Home
from Earthquake Damage
(1993).

¢

More information on land
subsidence hazards can be
obtained from the CRS Commen-
& /ary Supplement for Special

| - Hazards Credit, dated August
1992. This document is available

® through Flood Publications,

NFIP/CRS, P.O. Box 501016,
Indianapolis, Indiana 46250-
1016. Telephone (317) 845-
2898.

FEMA'’s Technical Information on Elevating Substantially
Damaged Residential Buildings in the Midwest (August 24,
1993) provides procedures for determining seismic forces
and recommendations for seismic retrofitting of a wood-
frame structure. For more information on protecting a
structure from seismic hazards, contact the appropriate
FEMA Regional Office’s Mitigation Division.

Protection of Non-Structural Building

.Components and Building Contents

For non-structural building components and contents,
earthquake protection usually involves simpler activities that
homeowners can undertake themselves. These include
anchoring and bracing of fixtures, appliances, chimneys,
tanks, cabinets, and shelves.

LAND SUBSIDENCE

Subsidence of the land surface affects flooding and flood
damages. It occurs in at least 38 states. Although there are
no national figures for increased flood damage due to
subsidence, it can increase flood damage to entire communi-
ties that are subject to coastal flooding, and it threatens
larger or smaller areas elsewhere. Because the causes of
subsidence vary, selected mitigation techniques are require
in different situations. ’

Subsidence may result in sudden, catastrophic collapses of
the land surface or in a slow lowering of the land surface. In
either case, it can cause increased hazards to structures and
infrastructure. In some cases, the causes of subsidence can
be controlled.

Subsidence is typically a function of withdrawal of fluids or
gases, the existence of organic soils, or other geotechnical
factors; it requires an extensive engineering/geotechnical
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analysis. While NFIP regulations do not specifically address
land subsidence, communities that develop mapping and
regulatory standards addressing these hazards may receive
flood insurance premium credits through the NFIP Commu-
nity Rating System. The designer should determine if a local
community has mapped or enacted an ordinance covering
this special hazard.
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GEOTECHNICAL CONSIDERATIONS

Soil properties during conditions of flooding are important
w factors in the design of any surface intended to resist flood
” loads. These properties include:

Information on land subsidence,
which is sometimes caused by
flooding conditions, can be found
in the Analysis of Non-Flood-

Related Hazards Section of « allowable bearing capacity;
Chapter IV.

saturated soil pressures (covered previously in Chapter
IV under Hydrostatic Forces);

+ potential for scour;

« frost zone location;

» permeability; and

« shrink-swell potential.

The computation of lateral soil forces and determination of
soil bearing capacity are critical in the design of founda-
tions. These forces plus the frost zone location and poten-
tial scour play an important role in determining the type of
foundation to use. Likewise, the permeability and
compactibility of soils are key factors in selecting borrow
materials for backfill or levee construction.

If unsure of local soil conditions, obtain a copy of the U. S.
Department of Agriculture, Natural Resource Conservation
Service Soil Survey of the general area. This survey provides
valuable information needed to conduct a preliminary evalua-
tion of the soil properties, including:

* type, location, and description of soil types;

« use and management of the soil types; and
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The physical properties of soil
are critical to the design,
suitability, and overall stability
of fleodproofing measures.
Therefore, the designer should
consult a geotechnical engineer
if the soil properties at a site do
§ not support the use of the chosen
refrofitting method. A
geotechnical engineer should
also be consulted for any
information that cannot be
obtained from the Seil Survey or
the local office of the Natural
Resources Conservation Service.

* engineering and physical properties including plasticity
indexes, permeability, shrink/swell potential, erosion
factors, potential for frost action, and other informa-
tion.

This information can be compiled using Figure IV-29
(Geotechnical Considerations Decision Matrix) to enable
the designer to determine the suitability of the specific soil
type to support the various retrofitting methods. It is
important to note that while the soil properties may not be
optimum for specific retrofitting methods, facilities can
often be designed to overcome soil deficiencies.

The following sections begin a discussion of the various soil
properties, providing the information necessary to fill out
the decision matrix (Figure IV-29) and to understand the
relationship between these soil properties and retrofitting
measures.
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Geotechnical Considerations Decision Matrix

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

Elevation | Elevation | Elevation | Elevation | Elevation | Relocation| Dry Flood-|Wet Flood-| Floodwalls

on onFil | onPiers | onPosts | on Piles proofing | proofing and
Foundation and Levees
Soil Properties Walls Columns
High
Lateral Soil Moderate
Pressure
Low
High
Bearing Moderate
Capacity
Low
High
Potential for Moderate
Scour
Low
High
Shrink/Swell Moderate
Potential
Low
High
Potential
rat
Front Action Moderate
Low
High
Permeability Moderate
Low
Instructions:

This matrix is designed to help the designer identify situations where soil conditions are unsuitable when applied to
certain retrofitting measures, therefore eliminating infeasible measures. It is not intended to select the most suitable
alternative. Instructions for use of this matrix follow:

1. Circle the appropriate description for each of the soil properties.

2. Use the NRCS survey, information from this and other reference books, and engineering judgment to determine
which methods are Suitable (S)/Not Suitable (NS} for each soll property. Enter S or NS in each box.

3. Review the completed matrix and eliminate any retrofitting measures that are clearly unsuitable for the existing soil
conditions.

Figure IV-29: Geotechnical Considerations Decision Matrix
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An approach developed by
FEMA during the elevation of
substantially damaged homes in
Florida and the Midwest is to
reuse the existing footings, if

' allowed by code.

BEARING CAPACITY

Another important consideration is the allowable bearing
capacity of the soil. The weight of the structure, along with
the weight of backfilled soil (if present), creates a vertical
pressure under the footing that must be resisted by the soil.
The term “allowable bearing pressure” refers to the maxi-
mum unit load that can be placed on a soil deposit without
causing excessive deformation, shear failure, or consolida-
tion of the underlying soil. The allowable bearing capacity is
the ultimate bearing capacity divided by an appropnate
factor of safety, typically 2 to 3.

Q,.=Q/FS=___Ibs/SF

where: Q.. istheallowable bearing capacity
(in pounds per square foot);

Q, is the ultimate bearing capacity (in
pounds per square foot);

FS  isafactor of safety, typically 2 or
3 (as prescribed by code.)

Formula IV-23: Allowable Bearing Capacity

Table IV-6 presents estimated bearing capacities for various
soil types to be used for preliminary sizing of footings only.
The actual allowable soil bearing capacity should be deter-
mined by a soils engineer. Most local building codes specify
an allowable bearing capacity to be utilized in design if the
soil properties have not been specifically determined.

Once the allowable bearing capacity is determined by the
soils engineer or a conservative estimate prescribed by code
is made, the designer can determine the capacity of the
existing foundation to support the expected loads. Depend-
ing on the outcome of that evaluation, the designer may
need to supplement the existing footing to support the
expected loading condition (i.e., keep the actual bearing
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" Table IV-6

Typical Bearing Pressure
by Soll Type (from Table IV-3)

Bearing Capacity

GC)

Soll Type (Symbol) (Ib.sst.)
Clay, Soft (CL, CH) 600 to 1,200
Clay, Firm (CL, CH) 1,500 to 2,500
Clay, Stift (CL, CH) 3,000 to 4,500
;oves% hSI;"d- Wet (SP, 800 to 1,600
;IVT gha‘f?déé‘\)’ﬁt (SP, 1,600 to 3,500
Gravel (GW, GP, GM, | 5 54 44 3,000

Certain types of soil-loose sands
and soft clays (SP, SW, SM, SC,
CL, CH)-exhibit very poor
bearing capacities when satu-
rated; therefore, foundation,
levee, and floodwall applications
in those conditions would not be
feasible without special treat-

ment.

pressure below the allowable bearing pressure of the soil) as
a result of the retrofitting project.

The ability of soils to bear loads, usually expressed as
shearing resistance, is a function of many complex factors,
including some that are site-specific. A very significant
factor affecting shearing resistance is the presence and
movement of water within the soil. Under conditions of
submergence, some shearing resistance may decrease due to
the buoyancy effect of the interstitial water or, in the case of
cohesive soils, to physical or chemical changes brought
about in clay minerals.

While there are many possible site-specific effects of satura-
tion on soil types, some classes of soil can be identified that
have generally low shearing resistances under most condi-
tions of saturation. These include:

« fine silty sands of low density, which in some localities
may suddenly compact when loaded or shaken, resulting
in a phenomenon known as liquefaction;

» sand or fine gravel, in which the hydraulic pressure of
upward-moving water within the soil equals the weight
of the soil, causing the soil to lose its shear strength and
become “quicksand,” which will not support loads at the
surface; and

« soils below the water table, which have lower bearing
capacity than the same soils above the water table.

Other types of saturated soils may also have low shearing
resistances under loads, depending on numerous site-specific
factors such as slope, hydraulic head, gradient stratigraphic
relationships, internal structures, and density. Generally, the
soils noted above should not be considered suitable for
structural support or backfill for retrofitting, and when they
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are known to be present, a soils engineer should be con-
sulted for site-specific solutions.

Mechanical properties of all soils are complex. Attempts to
construct water- or saturated soil-retaining/resisting struc-
tures without a thorough understanding of soil mechanics
and analysis of on-site soils can result in expensive mis-
takes and project failure.

SCOUR POTENTIAL

Erosion of fill embankments, levees, or berms depends on
the velocity, flow direction, and duration of exposure.
Scour is localized erosion caused by the entrainment of soil
or sediment around flow obstructions, often resulting from
flow acceleration and changing flow patterns due to flow

constriction. Where flow impinging on a structure is .
affected by diversion and constriction due to nearby struc-

tures or other obstructions, flow conditions estimated for

the calculation of depths of scour should be evaluated by a

qualified engineer.

Scour under building foundations and around supporting
walls and posts and the erosion of elevating fill can render
structural retrofitting and resistive designs ineffective,
possibly resulting in failure. FiguresIV-30andIV-31
illustrate scour at open foundation systems and ground
level buildings.

Maximum potential scour is critical in designing an el-
evated foundation system to ensure that failure during and
after flooding does not occur due to any loss in bearing
capacity or anchoring resistance around the posts, piles, or
piers.
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Depth of
Flow=d

[a"a¥ e

Figure IV-30: Local Scour at Piers, Piles and Posts

Flood
Elevation
w

Depth of
& Flooding = d

Direction of Flow

=1 Area of Greatest
Scour Depth at
Both Upstream Corners

Figure IV-31: Scour Action on a Ground-Level Building
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Resistance to scouring increases
with clay content and/or the
introduction of bonding agents,
which help bond the internal
particles of a soil together.

The factor “a” in Formula IV-
24 is the diameter of an open

foundation member or half of
the width of the solid founda-

tion perpendicular to flood flow.

The potential for foundation scour is a complex problem.
Granular and other consolidated soils in which the individual
particles are not cemented to one another are subject to
scour erosion and transport by the force of moving water.
The greater the velocity or turbulence of the moving water,
the greater the scour potential. Soils that contain sufficient
proportions of clay to be described as compact are more
resistant to scour than the same grain sizes without clay as
an intergranular bond. Likewise, soils with angular particle
shapes tend to lock in place and resist scour forces.

Shallow foundations in areas subject to flood velocity flow
may be subject to scour, and appropriate safeguards should
be undertaken. These safeguards may include the use of
different, more erosion-resistant soils, deeper foundations,
surface armoring of the foundation and adjacent areas, and
the use of piles.

The calculation for estimating maximum potential scour
depth at an elevated or ground-level foundation member
(Formula IV-24) is based upon the foundation (or founda-
tion member) shape and width, as well as the water velocity
and depth, and type of soil.

Where elevation on fill is the primary retrofitting measure,
embankments must be protected against scour and erosion.
Scour at the embankment toe may be calculated as shown in
Formula IV-24.
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Estimate Maximum
Aliowable Scour

v
investigate presence of
underlying strata which would
terminate scour action
v

Estimate anticipated
scour depth

v

-

Estimate required
depth of foundation members

k3

Interpret results

h

Figure IV-32: Process for Estimating
Potential Scour Depth

. The scour information pre-
sented is the best available;
however, there is not a general
consensus within the scientific
community that these scour
formulas are valid. Research
continues into this area.

-
e s, = d[1.1(a/d)* (V/(gd)*5)*>] = feet
Where:s - is the maximum potential depth
of scour hole (in feet);

d is the depth of flow upstream of
structure (in feet);

a is the diameter of post, pier, or
pile or half the frontal length of
the blockage (in feet);

A\ is the velocity of flow approaching
the structure (in feet per second);
and

g is the acceleration of gravity (32.2

feet per second.)

Formula IV-24: Maximum Potential Scour at Embankment Toe

The maximum potential scour depth predicted by the
following equation represents a maximum depth that could
be achieved if the soil material were of a nature that could
be displaced by the water’s action. However, in many
cases, a stronger underlying strata will terminate the scour
at a more shallow elevation. Figure IV-32 illustrates the
process of determining the potential scour depth affecting a

foundation system.
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Figure IV-33: Flow Angle of Attack

Step 1:

Compute Maximum Allowable Scour. The scour
depth at square and circular pier, post, and pile
foundation members and/or a ground-level build-
ing can be calculated as follows:

65 43
S, =(d)(K)[ 2.2(%) ( %) ]

variables are the same as in
Formula IV-24. For additional
information, refer to the
document, “Highways in the
River Environment™ (U.S. Dept.
of Transportation, 1987).

K is the scour factor for flow angle
of attack. K= 1 for buildings
perpendicular to flow; additional
values of K are shown in Table
IV-7. See Figure IV-33.

where:

Formula IV-25: Maximum Potential Scour at Structure

The above scour equation applies to average soil conditions
(2,000 - 3,000 psf bearing capacity). Average soil condi-
tions would include gravels (GW, GP, GM and GC), sands
(SW, SP, SM, and SC), and silts and clays (ML, CL, MH,
CH). For loose sand and hard clay, the maximum scour
values may be increased and decreased, respectively, to
reflect their lower and higher bearing capacities. However,
the assistance of a soils engineer should always be sought
when making this adjustment, computing scour depths, and/
or designing foundations subject to scour effects.

If a wall or foundation member is oriented at an angle to the
direction of flow, a multiplying factor, K, can be applied to
the scour depth to account for the resulting increase in
scour as presented in the following table.
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Numerous scour equations can be
utilized to estimate scour depths.
The U.S. Department of Trans-
portation recommends a factor of

safety of 1.5 for predicting
building scour depth.

Table IV-7
Scour Factor for Flow
Angle of Attack, K
Length to Width Ratio of Structural
Angle of Member In Flow
Attack
4 8 12 16
0 1 1 1 1
15 1.15 2 2.5 3
30 2 25 3.5 4.5
45 25 3.5 45 5
60 2.5 . 3.5 4.5 6

Step 2: Investigate Underlying Soil Strata. Once the
maximum potential scour depth has been estab-
lished, the designer should investigate the underly-
ing soil strata at the site to determine if the under-
lying soil is of sufficient strength to terminate scour
activities. Information from the NRCS Soil Survey
may be used to make this assessment.

Figure IV-34 illustrates a scour terminating strata. If an
underlying terminating strata does not exist at the site, the
maximum potential scour estimate will become the antici-
pated scour depth. However, if an underlying terminating
strata exists, the maximum potential scour depth will be
modified to reflect this condition, as shown in Step 3.
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B Open
§4 Foundation
Flood Protection Elevation w i Member v
~ B

- ‘ 8 Erosion Avoided b
Direction of Flow . ¥ Terminating Stratay

Figure IV-34: Terminating Strata

Step 3: Determine the Anticipated Scour Depth. Based on
the results of Step 2, the designer will determine
the anticipated scour depth to be used in determin-
ing the depth to which the foundation element
must be placed to resist scour effects. If a termi-
nating strata exists, the expected scour would stop
at the depth at which this strata starts, and the
distance from this point to the surface is consid-
ered to be the potential scour depth, (s,), Figure
1V-34. If no terminating strata exists, the maxi-
mum potential scour (s__ ) computed earlier
becomes the potential scour depth (s,).

IV - 66 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
January 1985



Geotechnical Considerations

Step 4:

Determine Required Depth of Foundation Mem-
bers. Scour will increase the height above grade
of the vertical member, since the grade level
would be lowered due to scour-and erosion (see
Figure IV-35). As this occurs, the depth of burial
(D,) of the vertical foundation member also
decreases an identical distance. This can result in
a foundation failure because the loss of supporting
soils would change the assumed conditions under
which the elevated foundation system was de-
signed. To account for this, the vertical founda-
tion member depth used for the purpose of deter-
mining an acceptable design must be increased by
the amount of potential scour depth, (s,).

Scour Depth

i
i

7N\

Additional Depth of

Sd Embedment Required

Figure IV-35: Additional Embedment

Step S:

Interpret Results. Foundations, footings, and any
supporting members should be protected at least
to the anticipated scour depth. If the structural
member cannot be buried deeper than the antici-
pated scour depth, the member should be pro-
tected from scour by placing rip-rap (or other
erosion-resistant material) around the member, or
by diverting flow around the foundation member
with grading modification or construction of an
independent barrier (floodwall or levee). For
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P o

Local building codes generally
specify the depth of the zone
of maximum frost penetration.
In the absence of guidance in
the local building code, refer
to the National Weather
Service or the NRCS Soil
Survey.

situations in which the anticipated scour depth is
minimal, the designer should use engineering
judgment to determine the required protective
measures. Whenever the designer is unsure of the
appropriate action, a qualified geotechnical engi-
neer should be consulted.

FROST ZONE CONSIDERATIONS

Because certain soils under specific conditions expand upon
freezing, the retrofitting designer must consider the frost
heave impact in the design of shallow foundations. When
frost-susceptible soils are in contact with moisture and
subjected to freezing temperatures, they can imbibe water
and undergo very large expansions (both horizontally and
vertically). Such heave or expansion exerts forces strong
enough to move and/or crack adjacent structures (founda-
tions, footings, etc.). The thawing of frozen soil usually
proceeds from the top downward. The melted water cannot
drain into the frozen subsoil, and thus becomes trapped,
possibly weakening the soil. Normally, footing movements
caused by frost action can be avoided by placing part of a
foundation below the zone of maximum frost penetration.

PERMEABILITY

Of principal concern for the construction of retrofitting
measures such as levees and floodwalls are the properties of
the proposed fill material and/or underlying soils. These
propetties will have an impact on stability and will deter-
mine the need for seepage and other drainage control
measures.
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While impervious cutoffs such as
compacted impervious core,

Bl sheet pile metal curtains, or

8 cementitious grout curtains can

8 be designed to reduce or elimi-

§ nate seepage, their costs are
 beyond the financial capabilities

B of most homeowners. However,

& scveral lower-cost measures to
8 control seepage include pervi-
Bl ous trenches, pressure relief
 wells, drainage blankets, and

§ drainage toes.

P

It is very important that the
designer keep the units in this
formula consistent. The results
of Formula IV-26 depend on the
homogeneity of the foundation
and the accuracy of the coefficient
of permeability. The results
should be considered as an
indication only of the order of
magnitude of seepage through a
foundation.

Since most retrofitting projects are constructed using locally
available materials, it is possible that homogenous and
impermeable materials will not be available to construct
embankments and/or backfill floodwalls and foundations.
Therefore, it is essential that the designer determine the
physical properties of the underlying and borrowed soils.

Where compacted soils are highly permeable (i.e., sandy soils),
significant seepage through an embankment and under a
floodwall foundation can occur. Various soil types and their
permeabilities are provided in Table IV-8.

The coefficient of permeability provides an estimate of
ability of a specific soil to transmit seepage. It can be used
(Formula IV-26) to make a rough approximation of the
amount of foundation underseepage. Formula IV-26 may
be used in lieu of Formula IV-17 for large levee/floodwall
applications when the coefficient of permeability for the
specific site soil is known.

Q=ki, A

where: Q is the discharge in a given unit of
time;

k is the coefficient of permeability
for the soil foundation (in feet per
unit of time);

i is the hydraulic gradient (h/L)

which is the difference in head
between two points divided by
the length of path between two
points (dimensionless); and

A is the gross area of the foundat-
ion through which flow takes
place (in square feet).

Formula IV-26: Volume of Seepage
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! Soils that exhibit severe shrink-
§ swell characteristics include clays
& and clay mixtures such as soil
| types CH, CL, ML-CL, SC, and
MH.

SHRINK-SWELL POTENTIAL

As mentioned earlier in this chapter, due to the continual
shrink and swell of expansive soil backfills and the variation
of their water content, the stability and elevation of these
soils and overlaying soil layers may vary considerably.
These characteristics make the use of these soils in engi-
neering/construction applications imprudent. The NRCS
Soil Survey for a specific area offers guidance on the shrink-
swell potential of each soil group in the area as well as
guidance on the suitability of their use in a variety of appli-
cations including engineering, construction, and water
retention activities. If the designer is unsure of the type or
nature of soil at the specific site, a qualified soils engineer
should be contacted for assistance.

The physical soil parameters at the retrofitting and potential
borrow sites are an important design consideration.
Homeowners and designers should clearly understand that
the advice of a professional soils engineer is vital when
planning retrofitting measures that are not ideal for the
physical soil parameters at a given site.
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TableIV-8 Typical Values of Coefficient of Permeability k for Soils

Soil Type Typical Coefficient of
and Description Symbol Permeability, Ft/Day

Well-graded clean gravels,
gravel-sand mixtures GwW 75

Poorly graded clean
gravels, gravel-sand-silt GP 180

Silty gravels, poorly
graded gravel-sand-silt GM 1.6 x 103

Clayey gravels, poorly
graded gravel-sand-clay GC 1.6 x 104

Well-graded clean sands,
gravelly sands sw 4.0

Poorly graded clean
sands, sand-gravel mix SP 4.0

Silty sands, poorly
graded sand-silt mix SM 2x 102

Sand-silt clay mix with
slightly plastic fines SM-SC 3.0x 103

Clayey sands, poorly
graded sand-clay mix sC 7.5 x 10*

Inorganic silts and clayey
silts ML 1.6 x 103

Mixture of inorganic silt
and clay ML-CL 3.0x 10*

Inorganic clays of low to
medium plasticity CL 1.5 x 10*

Organic silts and silt-clays,
low plasticity - oL Quite variable

Inorganic clayey silts,
elastic silts MH 1.5x10*

Inorganic clays of high
plasticity CH 1.5 x 102

Organic clays and silty
clays OH Quite variable

1 cm/sec =2,840 ft/day =
2 ft/min
1 ft/year =1 x 10°® cm/sec
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BENEFIT/COST ANALYSIS
AND ALTERNATIVE SELECTION

Benefit/cost analysis is a powerful tool to help determine whether the benefits of a prospective
hazard mitigation project are sufficient to justify the costs of the project. This analysis can also
be used to assist in ranking different retrofitting alternatives.

A user’s guide and computer disks for a computer model, Benefit/Cost Analysis of Hazard
Mitigation Projects, developed by FEMA is included as Appendix E to this manual. The
benefits calculated by the model are expected future benefits estimated over the useful lifetime of
the retrofit project. To account for the time value of money, a net present value is calculated

automatically by the model.

§ Benefit/Cost vs. Cost-Effective
f| Analysis. Benefit/cost analysis
Bl differs from cost-effectiveness
B analysis in one major way—it
[l considers a project’s merits (or
f| benefits). Analysis of cost-

effectiveness simply identifies the

B least expensive way to achieve an

objective. Benefit/cost analysis

il also takes into account the usually
B different benefits of various
| retrofitting measures.

THE BENEFIT/COST ANALYSIS PROCESS

Benefit/cost analysis provides estimates of the benefits and
costs of a proposed project. The term “benefit/cost analysis™ is
used to denote economic analyses that apply either the maxi-
mum present value criterion or the benefit/cost ratio criterion to
evaluate prospective actions. Both costs and benefits are
discounted to their present values. The maximum present value
criterion subtracts costs from benefits to determine if benefits
exceed costs. Benefit/cost ratios provide an alternative evalua-
tion: prospective actions in which benefits exceed costs have
benefit/cost ratios above 1.0.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Chapter V:

Benefit/Cost Analysis and Alternative Selection

B The “benefits” considered in a
B retrofitting measure are the future
,:’:J damages and losses that are
[l expected to be avoided as a result
g€ of the measure.

Evaluate Hazards

Estimate
Potential Damages

Identify Costs for
Each Alternative

identify Benefits for
Each Alternative

Compute B/C Ratio
and Net Present Value
for Each Alternative

Evaluate Resuits

Select a Method

Figure V-1: Benefit/Cost Analysis

Process

The logic of benefit/cost analysis implies that the alternative with
the highest maximum present value or highest benefit/cost ratio
is the desired alternative.

The benefits of retrofitting projects are avoided future damages.
Benefits are not the damages incurred in an event already
experienced, even if such damages would have been avoided
by the retrofit project. Rather, benefits are the present value of
the sum of expected avoided future damages for all levels of
intensity of future floods.

To estimate future damages (and the benefits of avoiding them),
the probabilities of future events must be considered. The
probabilities of future events profoundly affect whether or nota
proposed retrofitting measure is cost effective. The benefits of
avoiding flood damage for a building in the 10-year floodplain
will be enormously greater than the benefits of avoiding flood
damage for an identical building situated at the 1,000-year flood
level.

Each proposed retrofitting project must be evaluated on its own
merits, comparing the benefits and costs of a specific project
and/or alternatives. In particular, the benefits of a project may
vary markedly depending on the vulnerability of the existing
home to damages and losses, the probabilities of future dam-
ages, and the effectiveness of the mitigation measure in avoiding
future damages.

Figure V-1 presents the basic steps in performing any benefit/
cost analysis. These steps are summarized below.
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The Benefit/Cost Analysis Process

EVALUATE HAZARDS

Conducting a benefit/cost analysis of flood hazard mitigation
projects requires estimating the expected frequency and severity
of flooding in the area under consideration. Detailed flood
information is given in Flood Insurance Studies (FISs) and on
Flood Insurance Rate Maps (FIRMs) where such studies are
available. In some cases, estimates of expected flood fre-
quency and severity may have to be made. State, local, and
privately prepared studies may exist as well.

Chapter [IV—Determination of Hazards—provides guidance on
the development of the flood hazard information required for
conducting a benefit/cost analysis.

ESTIMATE THE POTENTIAL
DAMAGES (NO ACTION
ALTERNATIVE)

Estimating the benefits of prospective flood hazard mitigation
projects requires site-specific data to establish expected
damages as a function of flood dépth (and other flood hazards
such as high velocity, ice/debris flows, or soil failure, where
appropriate). The expected flood hazard relationships devel-
oped in the previous step are used in conjunction with actuarial
flood damage data developed from FIA flood insurance claim
data and compiled in tables and graphs of damage versus depth
of flooding. The flood hazard mitigation benefit/cost computer
model presented in Appendix E considers property damage and
certain other economic losses.

COSTS ASSOCIATED WITH
ALTERNATIVES

The costs of a flood hazard mitigation project vary according to
the retrofitting measure and generally include direct construction
costs, engineering or architectural design fees, permit fees,
contractor’s fees, the cost of temporary living quarters, and loss
of income due to design/construction activities. Guidance on
estimating these costs is provided in Chapter III.
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Chapter V: Benefit/Cost Analysis and Alternative Selection

FEMA has developed a computer
B program, Benefit/Cost Analysis of

| Hazard Mitigation Projects (see
Appendix E), which can be used to
evaluate the benefit/cost ratio of
the flood hazard mitigation
measures presented in this manual.
The program requires an IBM-
compatible computer with 15 Mb of
available hard disk storage, 4 Mb
of available RAM, and a color
monitor, and the Quatiro™ Pro for
Windows spreadsheet.

'ESTIMATE BENEFITS

The benefits of a flood hazard mitigation project are the avoided
future damages. Benefits cannot be determined exactly because
the times and severity of future flooding events are not known
exactly. Rather, benefits are estimated by probability, based on
experienced or hypothetical floods of various severity.

COMPUTE BENEFIT/COST RATIO AND
NET PRESENT VALUE

The computation of benefit/cost values involves discounting
projected benefits and their associated costs to their present
values and computing either a benefit/cost ratio or a maximum
present value. Benefit/cost ratios of 1.0 or greater and positive
net present values indicate a cost-beneficial project.

EVALUATE RESULTS

The results of a benefit/cost analysis include the present value of
damages and losses avoided, costs of the specific retrofitting
measure, and calculation of either the net present value or
benefit/cost ratio. As previously stated, alternatives with a
positive net present value or a benefit/cost ratio greater than 1.0
indicate a cost-beneficial project.

Where more than one alternative is being considered, the
aforementioned results should be tabulated and compared for
each alternative. Ranking of the alternatives from the highest to
lowest net present value or benefit/cost ratio will indicate the
desirability (from a benefit/cost standpoint) of each alternative
with respect to other alternatives.
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The Benefit/Cost Analysis Process

b o

For guidance on performing
benefit/cost analysis using manual
methods, please refer to “How to
Evaluate Your Options” prepared
by the U.S. Army Corps of
Engineers National Flood Proofing
Committee. A complete reference
for this document is provided in
Appendix C.

SELECT A METHOD

The existence of a favorable benefit/cost ratio is not the sole
factor for the selection of a retrofitting measure. Other eco-
nomic, technical, and subjective factors can influence the
homeowner’s selection of a retrofitting measure.

Conducting a benefit/cost analysis for a flood hazard mitigation
project requires various data and judgments to estimate the
expected frequencies and intensities of damage-producing flood
events. Further estimates are made of both the benefits and
costs associated with the different retrofitting measures. The
calculations involved with establishing these estimates can be
fairly complicated. FEMA’s computer program (see Appendix
E) addresses many of these complexities.
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Chapter V: Benefit/Cost Analysis and Alternative Selection

EVALUATE HAZARDS

Determine Flood
Frequency, Discharge
and Elevaticn

Compile Discharge
vs. Exceedence
Probability Curve

Figure V-2: Critical Stepsin
Evaluating Flood Hazards

P o

\ A Flood Insurance Study (FIS)
consists of an FIS report, Flood
Insurance Rate Map (FIRM), and
{(in non-coastal floodplains) a
Floed Boundary and Floodway
Map (FBFM). The FIS report
describes how the flood hazard
information was developed for the
community. The FIRM shows
areas inundated during a 100-year
flood event. The FBFM delineates
the regulatory floodway adopted
within the community.

To perform a benefit/cost analysis, the flood hazard to the
structure in question must be determined in terms of the fre-
quency and intensity of expected floods. The hazard analysis
must include the expected frequency of flood hazards (e.g., a
50-year flood), depth of flooding, and in the case of riverine
flooding, the corresponding intensity or severity of the flood
[e.g., discharge of 1,500 cubic feet per second (cfs)].

To perform an economic analysis in riverine flooding situations,
the relationship between discharge and water-surface elevation
(often referred to as the rating curve, depicted in Figure V-3)
and the relationship between discharge and exceedence prob-
ability must be known. This section describes how to develop
this data (the process is illustrated in Figure V-2). Incoastal A
Zones, FISs provide a table of the flood frequency versus flood
elevation relationship.

129
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100-Year~Q
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Figure V-3: Discharge Versus Elevation (Rating Curve)
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Evaluate Hazards

b o

To obtain a copy of the FIS for the
community in question, contact
FEMA at 1-800-358-9616.

b o

The various agencies that maintain
flood information are listed in
Appendix C.

DETERMINE FLOOD FREQUENCY,
DISCHARGE, AND ELEVATION

Several tools exist that can be utilized to obtain information on
the flood hazards affecting the structure in question. A Flood

Insurance Study (FIS) is available for most flood-prone com-
munities throughout the United States.

In some cases, an FIS may not be available for a community, or
it may have insufficient data for the flooding source affecting the

~ building. Inthese cases, the designer can turn to the U.S. Army

Corps of Engineers (USACE) and Natural Resources Conser-
vation Service (NRCS), which provide flood hazard information
reports for many flooding sources. The U.S. Geological Survey
(USGS) and the Tennessee Valley Authority (TVA) also publish
stream gaging data and have flood information reports for
various flooding sources. :

State or local floodplain studies may also be available for the
community. For more information concerning available data,
contact the floodplain management services officeof the
USACE or the local offices of the USGS, TVA,NRCS,or -
your municipal engineer, floodplain administrator, flood control
district, or water control boards.

COMPILE DISCHARGE VERSUS
EXCEEDENCE PROBABILITY CURVE

For riverine A Zone scenarios, FEMA’s benefit/cost computer
program takes the data for flood frequency, discharge, and
elevation and automatically compiles the discharge versus
elevation and discharge versus exceedence probability curves. -
This information is critical for the development of the depth-
damage relationships presented in the next step.

Coastal A Zone flood models are based on storm surge models
or tide gage analyses, which predict flood elevations. The FIS
gives flood elevations relative to a benchmark elevation, gener-
ally the National Geodetic Vertical Datum of 1929 (NGVD).
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Benefit/Cost Analysis and Alternative Selection

Determine Flood
Frequency, Discharge
and Elevation

Y

Compile Discharge §
vs. Exceedence |
Probability Curve ‘

Figure V-4: Critical Steps in
Evaluating Flood
Hazards

Unlike riverine FIS data, flood data given in the FIS for coastal
A Zones includes a table of exceedence probability (flood
frequency) versus flood elevation. FEMA’s benefit/cost com-
puter model analyzes these data and creates a smooth curve
relating exceedence probability and flood depth. This regres-
sion fit gives the annual exceedence probability for all floods in
one-foot increments of depth.

From the annual exceedence probabilities, calculated as de-
scribed above, the expected annual number of floods in a given
one-foot increment is calculated by difference. Forexample,
the expected annual number of a two-foot flood (i.e., all floods
between 1.5 and 2.5 feet) is calculated as the exceedence
probability fora 1.5-foot flood minus the exceedence probabil-
ity for a 2.5-foot flood.

For a given coastal area covered by an FIS and a FIRM, the
elevations of the 10-, 50-, 100-, and 500-year floods are
constant over the entire area. However, the probability ofa
given flood depth occurring at a specific site depends very
strongly on the elevation of the particular site. Thus, the Zero
Flood Depth Elevation of the facility under evaluation hasa
profound impact on the degree of flood risk experienced at the
site.
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Estimate Potential Damages

' ESTIMATE POTENTIAL DAMAGES

Estimating the potential damages to a structure for the no-action
(before mitigation) alternative is a critical step in the overall
development of expected benefits from retrofitting measures.
The potential damages (flooding depth and loss of function)
from the no-action alternative serve as the baseline from which
future avoided damages can be computed for various retrofitting
alternatives.

Data regarding depth-damage relationships from FIA data
tables (Figure V-5), which express damage to abuilding as a
percentage of the building replacement value, or the analyst’s
data can be input to FEMA’s benefit/cost analysis computer
program, which will then prepare flood depth-versus-damage
and probability-versus-damage relationships.

The estimated damages and losses for the existing building at
each flood depth depend on the depth-damage functions for
items such as building and contents, displacement, and rental

* losses. The expected damages and losses also depend very

strongly on the degree of flood risk at the site under evaluation.
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Flood Insurance Administration (FIA) Depth-BuiIding Damage Data

Building Damage Percent by Building Type (based upon replacement value)
1 Story 2 Story |SplitLevel] 1or2 |SplitLevel
Flood without without without | Story with with Mobile
Depth | Basement | Basement | Basement | Basement | Basement{ Home

-2 0 0 0 4 3 0

-1 0 0 0 8 5 0

0 9 5 3 11 6 8

1 14 g 9 15 16 44

2 22 13 13 20 19 63

3 27 18 25 23 22 73

4 29 20 27 28 27 78

5 30 22 28 33 32 80

6 40 24 33 38 35 81

7 43 26 34 44 36 82

8 44 29 41 49 44 82 .

9 45 33 43 51 48 82
10 46 38 45 53 50 82
1 47 38 46 55 52 82
12 48 38 47 57 54 a2
13 49 38 47 59 56 82
14 50 38 47 60 58 82
15 50 38 47 60 58 82
16 50 38 47 60 58 82
17 50 38 47 80 58 . 82
18 50 38 47 60 58 82

Figure V-5: FIA Depth-Damage Data Table
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Estimate Potential Damages

P 4

Scenario damages are based on
depth of flooding, not on flood
hazard risk. Two identical build-
ings at different locations will have
identical scenario damages, given
the same depth of flooding.

¢

B Even for buildings with high

| expected annual damages, mitiga-

8 tion projects are not necessarily

i cost-beneficial. Whether ornota

{ project is cost-beneficial depends

§ on the cost of the mitigation

8 project and on the effectiveness of

fl the mitigation project in avoiding
damages, as well as on the
expected anmual damages.

FEMA’s benefit/cost ratio model characterizes losses expected
both before and after mitigation as follows:

Scenario Damages: Scenario damages indicate the estimated
damages that would result from a single flood of a particular

~ depth at the building under evaluation. For example, the sce-

nario damages for a three-foot flood are the expected damages
and losses each time a three-foot flood occurs at a particular
site. Scenario damages do NOT depend on the probability of
floods at that location. The model tabulates scenario damages
for each flood depth from -2 to 18 feet for building damages,
contents damages, displacement costs, and rental income losses
(as well as other categories not applicable to residences). The
total damages and losses are shown for each flood depth. This
information shows the total vulnerability of the existing building
to flood damage, how these damages are distributed among
different categories of damages, and how these damages vary
with flood depth.

Expected Annual Damages: Expected annual damages take
into account the annual probabilities of floods of each depth.
Expected annual damages are the average damages per year
expected over along time period. “Expected annual” does not
mean that these damages will occur every year. For each flood
depth, expected annual damages are calculated by multiplying
the scenario damages times the expected annual number (prob-
ability) of floods of each depth.

The expected annual damages are tabulated in the same way as
scenario damages. Expected annual damages will generally be
much smaller than scenario damages because the expected
annual number or annual probability of a flood of a given depth
is usually much less than one.
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Benefit/Cost Analysis and Alternative Selection

f Scenario damages and expected
annual damages provide different

information. Scenario damages

| describe how bad flood damages will

H be each time a flood occurs. How-

f cver, because scenario damages do
not consider flood probabilities,

§ they do not provide sufficient
information for decision making.
Scenario damages for a given flood
| depth may be high, but if the flood

% probability is very low, no mitigation
i action may be warranted. Ifa five-

i foot flood causes $50,000 in dam-
§ ages but such a flood is expected to
§ occur only once in 1,000 years, then
simply repairing the very infrequent
| flood damage may be the most
i sensible strategy.

The scenario damages before mitigation and the expected
annual damages before mitigation provide, in combination, a
complete picture of the vulnerability of the building to flood
damage before undertaking a mitigation project.

Expected annual damages consider flood probabilities. A
building with high expected annual damages means that not only
are scenario damages high, but also that flood probabilities are
relatively high. Ifexpected annual damages are high, then there
will be high potential benefits in avoiding such damages.

Damages after mitigation depend on the damage before mitiga-
tion and on the effectiveness of the mitigation measure in
avoiding damages. The expected annual damages and losses
after mitigation also depend very strongly on the degree of flood
risk at the site under evaluation. For some mitigation projects,
such as relocation or buyout, the scenario damages and ex-
pected annual losses after mitigation will be zero. For other
mitigation projects, such as elevation or flood barriers, scenario
damages and expected annual losses after mitigation will be
lower than before mitigation but not zero. FEMA’s benefit/cost
ratio model tabulates after-mitigation losses in the same way as
before-mitigation losses.
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Estimate Benefits

IDENTIFY COSTS ASSOCIATED WITH ALTERNATIVES

Once a detailed review of the flood hazard and associated
losses has been performed, the costs associated with each of
the technically feasible alternative retrofitting measures must be
determined. Developing detailed construction cost estimates is
crucial to ensuring that the homeowner can afford to complete
the project. In Chapter I1I, a methodology for developing
preliminary estimates of the cost of various retrofitting mea-
sures was presented. The methodology for developing de-
tailed construction costs is similar, but requires more detail and
definition of project component quantities and unit costs and
often occurs after the preliminary economic analysis. Gener-
ally, the designer’s’/homeowner’s approach to examining
retrofit alternatives and selecting the one that is most appropri-
ate is an iterative cycle including these steps:

‘ « examine technical feasibility of alternatives;

 develop preliminary cost estimates of each alterna-
tive being considered; '

« model benefit/cost ratios of considered alternatives;
« rank alternatives based on benefit/cost ratios;

» develop more detailed design study(ies) of highly ranked
alternative(s) and detailed cost estimate(s); and

« refine benefit/cost model(s) if previous step yields cost
figure(s) significantly different from previous estimate(s),
and re-rank alternatives as indicated based on new ratios
and homeowner preference.

Detailed cost estimating is discussed later in this chapter.
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Chapter V: Benefit/Cost Analysis and Alternative Selection

ESTIMATE BENEFITS

The benefits of a flood hazard mitigation project are the reduction
in damages that would otherwise be expected. Expected annual
benefits are defined as the sum of expected avoided damages.
The computer program presented in Appendix E automatically
computes values for the types of damages illustrated in Figure V-6

Scenario
Damages

Expected
Annual Damages

and explained below.
Expected Annual | .
Avoided Damages I * Scenario Damages: The expected damages per flood
" event of a given flood depth at the residence. Scenario
Figure Vg\:raTi‘a’:t:sd"fBeneﬁts damages (SCD) are the sum of building damages (BD),
contents damages (CD), displacement costs (DIS), and rental
income losses (RENT) for floods of each depth per scenario.
SCD =BD + CD + DIS + RENT
where: SCD  is the total scenario (per event)

damages;

BD  isscenariobuilding damagesin
dollars;

CD  isscenario contents damagesin
dollars;

DIS  isscenariodisplacement costs in
dollars; and

RENT is scenario rental income losses in
dollars.

Formula V-1: Scenario Damages
V-14 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

January 1995



Estimate Benefits

+ Building Damages: (BD) are defined as the product of
floor area of the building (FA), replacement value of the
building per square foot (BRV), and the modified/depth
damage function (MDDF), which is the expected damage
by flood depth expressed as a percentage of building
replacement value.

fﬁ BD = (FA) (BRV) (MDDF)

where: BD  isthe total amount of building
damage per scenario in dollars;

FA  isthefloorareaof the building (in
square feet);

BRYV is the replacement value of the
building (dollars per square foot);
and

MDDF is the expected damage by flood
depth, expressed as a percentage

. of building value.

Formula V-2: Building Damages

e Contents Damages: (CD) are estimated as the product
of the expected contents damage (ECD) and the total
building contents replacement value (CRV) for each
flood depth. Building and contents damages can also be
taken from the depth-damage curves developed by FIA.

CD =(ECD) (CRV)

where: CD  is the total contents damage in
dollars;
ECD isthe expected contents damage by
flood depth, expressed as a
percentage of contents replacement
value; and
CRV isthetotal building contents

. replacement value in dollars.

Formula V-3: Contents Damages
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Chapter V: Benefit/Cost Analysis and Alternative Selection

* Displacement Costs: (DIS) are defined as the product of
displacement days necessary (DD), the total costs of
displacement per day per SF (TDC), and the total area
occupied (TA).

= DIS = (DD) (TDC) (TA)

where: DIS  istherelocationcostin dollars;

DD  istheestimated number of dispiace-
ment days necessary for floods of
flood depth;

TDC istheestimated displacement costs
per day per SF; and

TA  isthetotal area occupied in SF.

Formula V-4: Displacement Costs

* Rental Income: Lossesare also included ifall or part of
the residence is rented. Rental income losses (RENT) are
the product of displacement days (DD) and the daily rental
rate (DRR).

RENT = (DD) (DRR)

where: RENT is the total rental income lost in
dollars;
DD  isthe number of displacement days
necessary; and
DRR isthe daily rental rate in dollars.

Formula V-5: Rental Income Losses
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Estimate Benefits

+ Expected Annual Damages: Expected annual damages
(AD) are the product of scenario damages (SCD) and the
expected annual number of floods of a given depth

(EAE):

Doog
ood g
ac

g2 |

AD =(SCD) (EAE)

where: AD  isthe expected annual damages in
dollars;
SCD s the scenario damages (as defined
previously) in dollars; and
EAE  isthe expected annual number of
floods of a given depth.

Formula V-6: Expected Annual Damages

» Expected Avoided Damages: Expected avoided dam-
ages (AVD) are the product of scenario damages (SCD),
the expected annual number of floods (EAE), and the
effectiveness of the mitigation measure (EFF):

AVD = (SCD) (EAE) (EFF)

where: AVD  is the expected avoided damages in
dollars;

SCD . are scenario damages for each
damaging flood of a given depth (in
dollars);

EAE isthe expected annual number of
floods of a given depth; and

EFF  istheeffectiveness of the mitigation
measure in reducing expected
damages from a flood of a given
depth (percent of expected dam-
ages expressed as a decimal
equivalent).

Formula V-7: Expected Avoided Damages
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s Expected Annual Benefits: The expected annual
benefits (AB) of a hazard mitigation project are the sum
of expected avoided damages (AVD) over the range of
flood depths considered. FEMA’s benefit/cost model (see
Appendix E) includes a range of from -2 feet to 18 feet.

AB= 3 AVD

RF=min

where: AB  isthe expected annual benefits in
dollars;

RF  isthe flood depth considered above
the zero flood depth elevation (in
feet);

min  isthe minimum damaging flood
considered above the zero flood
depth elevation (in feet);

max isthe maximum flood depth consid-
ered above the zero flood depth
elevation (in feet); and ,

AVD istheexpected annual avoided
damages from each flood depth
above the zero flood depth eleva-
tion considered (in dollars).

Formula V-8: Expected Annual Benefits
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Compute Benefit/Cost Ratio and Net Present Value

.

COMPUTE BENEFIT/COST RATIO AND NET PRESENT

VALUE

P

Formulas here are automated in
FEMA'’s benefit/cost program
(Appendix E).

One important aspect of benefit/cost analysis is accounting for
the time value of money. The value of money changes over time
due to economic, political, and other factors. Interest rate
changes may impact the estimation of costs and benefits ex-
pected to occur in the future.

For that reason, benefit/cost analysis requires a common basis
for comparing estimates of project costs and benefits. This is
usually accomplished by converting present, future, and annual
project costs and benefits to a common basis such as present

‘value, future value, or average annual values.

The assumed interest rate, or discount rate, is the factor that
controls the conversion of future values to present values.

Increasing the discount rate lowers the present value of future
benefits/costs and, conversely, lowering the discount rate raises
the present value of future benefits/costs.

As previously mentioned, either the benefit/cost ratio or maxi-
mum present value (net benefit) criterion can be used to evalu-
ate each prospective retrofitting action. Earlier sections of this
chapter have built the foundation for completion of the analyses
discussed below.
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Convert
Estimated Benefits |
to Present Value

Convert
Estimated Costs
to Present Valus

Compute
Benefit/Cost
Ratio

Figure V-7: Critical Steps
in Benefit/Cost Ratio
Analysis

CONVERT ESTIMATED ANNUAL
BENEFITS TO A PRESENT VALUE

After determining the average annual damage to be prevented
by the retrofitting measure, the present worth of damages
prevented over the expected life of the structure can be
determined. To make this determination, one must first assume
the building’s life expectancy; this will normally be the useful
life of the structure. However, analysts can use the period the
homeowner plans to occupy the home, or the length of the
mortgage. Secondly, an interest rate for borrowing money to
retrofit must be assumed. This rate may be obtained from any
bank. The analyst can then use the following formula to
compute a present worth factor for the assumed life of the
structure and the assumed interest rate:

(1+i)" -1
(1+1)"
where: PWF  is the present worth factor;
n is the assumed life of the structure
(years); and
i is the assumed interest rate for
borrowing money (decimal
equivalent of percent per year).

PWF =

Formula V-9: Present Worth Factor
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Multiply the average annual damage prevented by retrofitting by
the present worth factor to determine the present-day value of
these expected flood damages avoided.

EAB,, = (PWF) (AB)

where: EAB,_ is the present value of estimated
annual benefits in dollars;
PWF is the present worth factor; and
AB  isthe expected annual benefits of a
mitigation project in dollars.
Formula V-10: Present Value of Estimated Annual Benefits

CONVERT ESTIMATED COSTS OF
RETROFITTING TO A PRESENT
VALUE |

The primary cost of a retrofitting measure will be the engineering
and construction costs, which already represent present-day
values. Should the retrofitting measure require annual operation
and maintenance costs (including replacements), these estimated
periodic costs should be converted to a present-day value,
using the same methodology previously employed to convert
annual benefits to a present value worth.

EAC,, = (PWF) (AC) + ECC,,

where: EAC,, is the present value of estimated
annual costs in dollars;

PWF is the present worth factor;

AC  istheexpected annual cost (in
dollars) for operation and mainte-
nance of a specific retrofitting mea-
sure; and

ECC,, is the present value of the engineer-
ing and construction costs associ-
ated with a specific retrofitting
measure, in dollars.

Formula V-11: Present Value of Estimated Annual Costs
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COMPUTE THE BENEFIT/COST
RATIO AND/OR NET BENEFIT

Once the present value of the benefits and costs associated
with a retrofitting measure is computed, dividing the present
value of the benefits by the present value of the costs will
enable the designer to fairly evatuate a number of retrofitting
alternatives.

BCR =EAB,, / EAC,,

| TORMULA

where: BCR is the benefit/cost ratio;
EAC,, is the present value of

estimated annual costs in

dollars; and

is the present value of

estimated annual benefitin

dollars.

EAB

PY

Formula V-12: Benefit/Cost Ratio

Analternative evaluation measure is to subtract the present
value of the costs from the present value of the benefits.

(BBRg
o

NPV =EAB,, - EAC,,

where: NPV is the net present value or
benefit ofthe mitigation
measure;

is the present value of
estimated annual costs in
dollars; and

is the present value of
estimated annual benefits
indollars.

EAC

PV

EAB

PY

Formula V-13: NetPresent Value
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A benefit/cost ratio of 1.0 or greater indicates that the benefits
of the retrofitting alternative exceed the costs. The alternative
with the highest benefit/cost ratio or net benefit would be the
preferred alternative from an economic perspective, if the same
level of protection (design flood) is being evaluated.

It should be pointed out that the entire procedure of generating
a benefit/cost ratio is not an exact science but instead a subjec-
tive process. The creation of a benefit/cost ratio is intended to
give an idea of the cost effectiveness of a specific retrofitting
technique in comparison to the other options available. Aslong
as the same procedures are utilized in all scenarios, the ratio
should provide the designer with an idea of the relative cost

 effectiveness ofall options.

Benefit/cost models can be used to optimize the selection of a
retrofitting measure by analyzing incremental improvements toa
selected alternative. This is accomplished by maximizing
(avoided damages) benefits while minimizing project costs. Itis
an iterative process whereby an original retrofitting solution is
modified by adding or deleting design features and/or desig-
nated protection levels. Each modification will have an impact
on the project benefits and costs and subsequently the benefit/
cost ratio. This technique will assess the relationship between
increased (decreased) cost and increased (decreased) effec-
tiveness for the range of modifications with a particular retrofit-
ting measure analyzed.

The following example illustrates this optimization technique.
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Benefit/Cost Analysis Optimization Example

Given: A one-story, 2,500 SF slab-on-grade building with a first floor elevation
of 6.0 NGVD is subject to coastal A Zone flooding (1-yr=2.0", 10-yr=
5.0', 50-yr =7.0', 100-yr = 9.0', and 500-yr = 10.0".

Building replacement is estimated at $50/SF; contents replacement at $8/SF,
and rental cost (displacement) at $1/SF.

Alternative 1: Construct a 3-foot-high floodwall (9.0' NGVD) around the
building. The floodwall has a 30-year useful life and project costs are esti-
mated at $10,000 with an annual maintenance cost of $250.

Floodwalls are considered effective to one foot below their flood protection
elevation. In this case, seepage and leakage concerns reduce the project
effectiveness to 90% for floods reaching 6.0' NGVD; 85% at 7.0,” NGVD;
80% NGVD, and 0% at 9.0' NGVD and above (since the water elevation is
the same both inside and outside the floodwall due to overtopping).

Alternative 1 Results: Benefit/cost ratio of 1.03 indicates this project is
beneficial to pursue.

However, the homeowner is concerned that seepage and leakage will damage
flooring and building contents (and result in a potentially expensive temporary
relocation) and is therefore considering adding an interior drainage system
(periphery drainpipe and sump pump system) to Alternative 1. Economic
optimization can be used to indicate whether or not this design change would
be cost-beneficial. :

Alternative 2: Construct an interior drainage system with the 3' floodwall
proposed in Alternative 1. New project costs are estimated at $15,000 with
annual maintenance of $350. The drainage system improves project effective-
ness to 100% at all flood depths up to and including 8.0' NVD.

Alternative 2 Results: Benefit/cost ratio of 0.81 indicates the addition of an
interior drainage system would not be a beneficial modification to Alternative
1.

This results from the fact that the increased benefits (damages avoided) are
not sufficient to support the additional construction cost and annual mainte-
nance expenditures.
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SELECT A METHOD

Factors Weighing on
Alternative Selection

¢ Present Worth of
Benefits

» Total Project Cost
* Benefit/Cost Ratio
 Technical Feasibility

* Need for Human
Intervention

¢ Need for Annual
Maintenance

Figure V-8: Factors Weighing on
Alternative Selection

While benefit/cost analysis provides an indication as to whether
or not a retrofitting alternative is cost-beneficial, it is not the sole
parameter upon which retrofitting measures are selected.
Occasionally, there will be more than one favorable alternative,
or the designer will customize the retrofitting measure, either by
combining several methods or varying the level of protection.

Owner preference can also have an impact on sound economic
analysis and make a less cost-beneficial alternative a more
preferable choice. The cost of the retrofitting measure may be
the pivotal factor in a homeowner-financed retrofitting project.
Conversely, local code requirements may limit the use ofa
method preferred by the homeowner. In the final analysis, it is
the owner who must be satisfied with the retrofitting alternative.
Each of these factors (aesthetics, local code requirements, and
hazards such as wind, earthquake, erosion, impact, and other
forces) may affect the applicability of a specific retrofitting
measure. The designer is advised to consider these factors
along with the cost and benefit/cost ratio of the various alterna-
tives (see Figure V-8).

» Present Worth of Benefits: This indicates the present
worth of annual damages avoided by the retrofitting alterna-
tive. The designer should review this value in terms of his/
her expected benefit (threshold for damages to be avoided).

+ Total Project Cost: This represents costs required to
construct the retrofitting alternative. The designer
should review this value in terms of how the project
suits the homeowner’s budget.

» Benefit/Cost Ratio: As discussed previously, this
value indicates whether an alternative is cost-beneficial.
The higher the value, the more cost-beneficial the alter-
native. The designer should review the benefit/cost
ratios for the retrofitting alternatives being considered.
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* Technical Feasibility: The designer must judge the
technical solution(s) that best address the project objec-
tives.

*  Aesthetics: This value reflects the owner’s view on the
way the retrofitting alternative fits in with the appearance of
his/her house.

* Human Intervention Requirements: This reflects the
need for human intervention to operate the retrofit measure
and the warning time required to conduct the required
activity.

* Annual Maintenance: Thisreflects theintensity of
annual maintenance required by each retrofitting altemative.

A preference scale or order of preference ranking can be
utilized with the table presented in Figure V-9 to arrive ata
subjective decision on the retrofitting method to be selected.
The preference scale assigns numbers 0 to 10 to each alterna-
tive by factor, with 0 indicating not liked and 10 meaning liked a
lot. The values assigned to the various factors for each alterna-
tive are totalled, and the alternatives with the highest total
should be the optimal choices.

The preference scale process can also be modified by weighting
the decision factors to reflect the increased importance of any
specific factor. For example, if total project cost were the
predominant factor, the value (0-10) could be multiplied by a
factor, for example, 2, which would double its contribution to
the overall score, thereby reflecting its importance.
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Owner Name; Prepared By:
Address: Date:
Property Location:
Decision Factors
Other
PW Technical Human Annual | _____ I Total
Benefits Maintenance

B/C Ratio | Difficulty | Aesthetics | Intervention

Weighted Score

instructions:

This matrix may be filled out by the designer in consultation with the homsowner. The objective of this matrix is to
select an alternative for design from competing alternatives which had previously passed screening for technical
feasibility and homeowner preference.

For each alternative, enter the alternative name (i.e. 1A, 1B, 1C) and unweighted preference score (0-10) on the first
row. A score of 0 indicates the measure is the least preferred in terms of the decision factor, while a score of 10
indicates the measure is the most preferred. A blank column is provided for any additional decision factor(s) which
are being considered by the designer or homeowner.

Based upon the relative importance of each decision factor to the designer and homeowner, develop and enter an
importance factor (weighting amount) for each decision factor on the second row. Muitiply the unweighted preference
score by the importance factor (weighting amount) and enter the result on the third line. Total the first and third lines
on the right hand column (Total Scors). The preferred alternative is the one with the highast weighted score.

Figure V-9: Preference Ranking Worksheet
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DETAILED COST ESTIMATING

Previously, in Chapter III, we were able to utilize a unit cost
(per square foot) for a specific retrofitting measure, such as
elevating a wood-frame building on an open foundation and
adding ancillary items for fill and landscaping, to arrive ata
preliminary construction cost estimate. When and if the cost
estimate is refined after the retrofit measure alternatives are
further defined from a design standpoint, the costs of each may
be found to differ from earlier estimates that were used to rank
the retrofit alternatives. Ifthis difference in estimated cost is
significant for a given alternative, the benefit/cost ratio for that
alternative could be affected. Therefore, the designer/analyst
may re-run the benefit/cost model for any alternatives affected
in this way, which could result in a different ranking of potential
retrofit alternatives.

When the retrofitting measure is designed (as discussed in .
Chapter VI), the cost estimate can be refined by identifying and

pricing all of the components of the retrofitting measure. For

example, site preparation, building preparation, permitting,

excavation and earthwork, foundation, concrete, reinforcing,

framing, elevation, utility extension, connections, code upgrades,

backfill, site stabilization, access/egress, landscaping, and

interest costs can be estimated and then aggregated.
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Cost estimate accuracy can be directly related to the level of
detail in a quantity breakdown. Quantities or components not
identified usually do not get estimated and may not be covered
by any allowed-for contingency, resulting in less accurate
estimates. Figure V-10, the Floodproofing Measure Compo-
nent Takeoff Guide, was developed to identify cost items
typically found in the various retrofitting measures. However,
every retrofitting application is unique and may include more of
_ or fewer than the components listed.

Floodproofing Measure Component Takeoff Guide

Elevation Techniques

¢ Site Preparation

¢ Building Preparation

» Elevation of Structure

* Foundation Construction

* Connection of Structure to New Foundation
 Extension of Utility Systems

* Required Code Upgrades

¢ Exterior Finish Work

* Interior Finish Work

¢ Access and Egress v
* Site Grading and Stabilization
¢ Landscaping ~

Floodwalls

» Site Preparation

* Excavation

* Construction of Floodwall

» Closure Installation

» Access and Egress

* Drainage System Installation
+ Site Grading and Stabilization
* Interior Area Finishing

s Utility System Adjustment

* Landscaping

Levees

' . ¢ Site and Borrow Area Preparation
Relocation Techniques « Earthwork

* Preparation of Existing Site

* Preparation of Existing Building

» Preparation of the Route

¢ Elevation of Structure

* Transfer of Building to Transportable Frame
* Moving Building

« Preparation of New Site (Including Utilties) | Smields
* New Foundation Construction

* Transfer of Building to New Foundation

¢ Connection of Utility Systems

e Exterior Finish Work

« Interior Finish Work

* Access and Egress

. E:r?dizc:ir;g and Stabilization « Building Exca.wat.ion and Preparation
* Demolition of Old Foundation * Sealant Application

* Grading and Stabilization of Old Site * Int_qrior Drainags Sy_sterp
* Route Modification Reversals * Utility System Modification

¢ Drainage System Installation
¢ Access and Egress
» Site Grading and Stabilization

* Building Preparation

+ Shield Installation

* Interior Drainage System
+ Utility System Moditication

Sealants

Figure V-10: Floodproofing Measure Component Takeoff Guide

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures v-29
January 1995



Chapter V: Benefit/Cost Analysis and Alternative Selection

SOURCES FOR UNIT COSTS

Once a detailed quantity takeoff has been completed, unit-cost
information can be obtained for individual items from a variety
of sources. These sources include:

» local construction industry data collected from published
indexes or solicited from several construction compa-
nies;

+ average nationwide construction cost data, available
from various publications, that contain factors for
adjusting the average nationwide costs to specific locations
and present-day values; and

» data collected by the FEMA Mitigation Directorate for
areas of the United States that have recently experienced
major flood damage. These unit costs may have to be
adjusted to a specific geographical area by multiplying
the FEMA unit cost by a factor of the Bureau of Labor
Wholesale Price Index (or other published cost index) for
the subject community and the community for which FEMA
has data.

FEMA has observed post-disaster inflation due to material and
labor shortages that has significantly impacted the costs of
restoring flood-damaged houses. For example, the cost of
materials and labor was 10% higher after the 1993 Midwest
flooding than before the storm. In the extreme case (cata-
strophic disaster) such as Dade County, Florida, after Hurricane
Andrew, the increase was 25%.
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Unit costs are adjusted for local conditions with the following
computation:

UG = UCkena (WPL_/WPL ) (L)

local

where: UC is the unit cost of a specific
retrofitting measure compo-
nent at the location in
question;
UC .va is the FEMA unit cost fora
specific retrofitting measure
at a specific location;
is the wholesale price index
or other published cost
index for the locality at
which FEMA has unit price

local

WPI

FEMA

‘ data;

WPI__, is the wholesale price index
or other published cost
index at the locality for
which a unit cost is needed;

- and
is post-disaster inflation due
to ashortage of skilled
labor and limited availability
of materials. It ranges from
100 percent to 125 perent,
but is normally 110 percent.

PD

Formula V-14: Adjusting Unit Costs for Local Communities
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Once appropriate unit-cost information has been collected, the .
Floodproofing Measure Component Takeoff Guide (Figure V-

10) and the Detailed Cost Estimating Worksheet (Figure V-11)

can be used to develop the detailed cost estimate. Itisimpor-

tant to include the contractor’s profit and a contingency item to

cover unexpected costs.
Owner Name: Prepared By:
Address: Date:

Property Location:

Floodproofing Measure: (Describe Project Specifics)

Estimating ltem Quantity Unlt Unit Cost ltem Cost
| Subtotal

Design Fee

Contractor's Profit

Subtotal

Contingency

Total .
Figure V-11: Detailed Cost Estimating Worksheet
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At the completion of this chapter, the designer has determined
flood and non-flood-related hazards; developed and evaluated
retrofitting alternatives; and, in concert with the homeowner,
selected a retrofitting measure that addresses the flooding
problem. The next step, covered in Chapter VI, is to develop a
detailed design of the selected retrofitting measure and produce
construction documents.
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GENERAL DESIGN PRACTICES

Chapter IV introduced the analyses necessary to quantify the flood- and non-flood-related
hazards that control the design of a specific retrofitting measure. The objective of Chapter
V1 is to apply the anticipated loads developed in Chapter IV to the existing site/structure
and design an appropriate retrofitting measure.

This chapter covers the process of designing each retrofitting measure and developing
construction details and specifications, providing the designer with tools to tailor each
retrofitting measure to local requirements and homeowner preferences. Separate sections
for elevation, relocation, dry floodproofing, wet floodproofing, floodwalls, and levees are
presented.

The design of these retrofitting measures is a straightforward but technically intensive

approach that will result in the generation of construction plans that may receive a build-

‘ ing permit and mitigate potential flood and other natural hazards. This design process is
illustrated in Figure VI-1. '

Many elements of the design process (field investigation, homeowner coordination, main-
‘tenance considerations, and analysis of existing structure) are common to many of the
retrofitting measures, warranting a general discussion of these elements.
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Chapter VI: General Design Practices

Field Investigation
* Low Point of Entry Survey
s Site Topography
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* Homeowner Preferences

Homeowner
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A
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Construction
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Figure VI-1: Design Process
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Field Investigation

FIELD INVESTIGATION

Detailed information must be obtained about the site and
existing structure to make decisions and calculations con-
cerning the design of a retrofitting measure. The designer
should obtain the following information prior to developing
retrofitting measure concepts for the owner’s consideration:

*  local building requirements;
s surveys;
+ final hazard determinations;

» documentation of existing structural, mechanical, elec&ical,
- and plumbing systems; and

e homeowner preferences.

LOCAL BUILDING REQUIREMENTS

Close coordination with the local building code official is
critical to obtaining approval of a retrofitting measure
design. The designer should review the selected retrofitting
measure concept with the local building official to identify
local design standards or practices that must be integrated
into the design. This discussion may also identify, and
provide an opportunity to resolve, issues where construc-
tion of the retrofitting measure may conflict with local
building regulations. '

SURVEYS

A detailed survey of the site should be completed to supple-
ment the information gathered during the Low Point of Entry
Determination (discussed in Chapter I1T) and to identify and
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Chapter VI: General Design Practices

locate structure, site, and utility features that will be needed for
the design of the retrofitting measure.

Structure Survey

The structure survey is a vertical elevation assessment at
potential openings throughout the structure, whereby flood-
waters may enter the residence. It may include:

* basement slab elevation;

* windows, doors, and vents;

« mechanical/electrical equipment and meters;
 finished floor elevation of the structure;

* drains and other floor penetrations;

* water spigots, sump pump discharges, and other wall
penetrations;

* other site provisions that potentially may require
flood protection such as storage tanks and outbuildings;
and

* the establishment of an elevation reference mark on or
near the house.
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Field Investigation

P o

Field surveys for design purposes
should be performed by a state
registered Professional Land or

Topographic Survey

A detailed retrofitting design should not be developed
without a site plan or map of the area. A state registered
Professional Land or Property Line Surveyor can prepare a
site plan of the area, incorporating the Low Point of Entry
Determination information, as well as general topographic
and physical features. The entire site and/or building lot
should be mapped for design purposes. A typical topo-
graphic and site survey is shown in Figure VI-2. General
surveying practices should be observed, but as a minimum
the site plan should include:

Property Line Surveyor. « spot elevations within potential work areas;
+ one-foot or two-foot contours, depending on degree
of topographic relief;
~« property lines, easements, and/or lines of division;
+ perimeter of house and ancilliary structures (sheds,
storage tanks);
Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures VI-5
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Sample Topographic Survey
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Figure VI-2: Topographic and Site Survey
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Field Investigation

o driveways, sidewalks, patios, mailbox, fences, light
poles, etc.;

« exposed utility service (meters, valves, manholes, etc).;
* road or streets;

» downspout locations;

 frees, shrubs, and other site landscaping features;

*  building overhangs and chimney;

» window, door, and entrance dimensions;

. « mechanical units such as A/C and heat pumps; and

other appropriate flood data.

Additionally, the site plan should extend at least 50 to 100 feet
beyond the estimated construction work area. The purpose of
extending the site map beyond the estimated work limits is to
insure that potential drainage and/or grading problems can be
resolved. Construction site access for materials and equipment
as well as sediment and erosion control measures may also have
an effect on the adjacent work area. Local building code
mapping issues should also be addressed.

Site Utilities Survey

‘ ‘ As part of the field investigation, above- and below-ground site
utilities should be identified. Above-ground utilities, such as
: ! power lines, manhole covers, electric meters, etc., can be
regarding the location of under- . . .
ground utilities before construc- located both horizontally and vertically on the topographic map.
‘ tion begins. Underground utilities, such as sanitory and storm drain lines,

Contact local utility companies

wells and septic tanks, and electric or gas service, will require

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures vi-7
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an investigation through the appropriate utility agency. Local
utility companies and county, municipal, and building code
officials will be able to assist in the identification of the under-
ground utilities. Sometimes a copy of the topographic map and
area can be submitted to the utility agency, who will prepare a
sketch of their underground service. A checklist of underground
services includes:

»  water main and sanitary sewer pipes;
» water and sanitary service pipes;

* cabletelevision;

» gaslines;

* storm drain pipes;

« water wells;
* electric service;

~+ telephone cables; and

other local utility services.

In some instances, exact horizontal and vertical locations ofthe
utility service may be required. A small hole, more commonly
referred to as a test pit, can be dug to unearth the utility service
in question. Typically this service is performed by a licensed
contractor or the utility provider.
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By identifying the utility services and units, provisions can be
developed during the detailed design that will protect these
utilities and keep them operational during a flood. Design
provisions for utility relocation, encasement, elevation, anchor-
ing, and, in some instances, new service, can be prepared.

HAZARD DETERMINATIONS

G The designer (with the homeowners) should review the risk
‘ determinations previously conducted in Chapter IIl and confirm
If the design flood elevation is the flood protection design level and required height of the
less than the 100-year flood retrofitting measure selected. Not merely a function of ex-
elevation, the retrofitting measure pected flood elevation, freeboard, and low point of entry, this
may violate FEMA standards. analysis should consider the protection of all components below
Check with the local building the design elevation (i.e. below-grade basement walls and
official or the FEMA Regional . s
Office for clarification. associated appurtenences).

The analysis of flood- and non-flood-related hazards was
presented in detail in Chapter IV. The designer should utilize
the calculation templates presented there to finalize expected
design forces. '

DOCUMENTATION OF EXISTING
BUILDING SYSTEMS

Documentation of the condition of the existing structure is an
important aspect of the design of elevation, relocation, and dry
and wet floodproofing measures. This topic was introduced in
Chapter III as reconnaissance designed to provide preliminary
information on the condition of an existing structure and its
suitability for the various retrofitting methods.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures vI-9
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As the design of a specific elevation, relocation, or dry and wet
floodproofing measure is begun, the designer should conduct a
detailed evaluation of the type, size, location, and condition of
. 1 the existing mechanical, electrical, and plumbing systems. The
| S book are pemeraimed tor | enclosed Mechanical, Electrical, Plumbing, and related Building
f| residential housing applications Systems Data Sheet (Figure VI-3) can be used to document the
and ask for information that may results of this examination.
not be applicable to a specific
retrefitting measure, the designer
should exercise judgment in
| collecting the information cited
i€ on the checklists.
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Field Investigation

(Note: Collect only the data necessary for your project)

OwnerName: Prepared By:
Address: Date:
Property Location:

A. EXTERIOR UTILITIES AND APPURTENANCES

Water

On-site well or spring
Public water system
Water Purveyor's Name:

oo

Sanitary

On-site septic and drain field
Public sewerage

Storm
On-site

Public sewerage

oo OO

Incoming Electrical Service

Transformer #:

O OQverhead [ Underground

O Voltage O 120/240 volt 10 O 120/208 volt 10
O Direct Burial Size:

O Service Entrance Cable Amps:

O PVC Conduit

O RGS Conduit

O

Power Co:

Power Meter #:
Contact:

Estimated Transformer Rating:
Fault Current Rating:

Telephone Service
O Company:
O Overhead 0O Underground
0 Cable Pair
0O Pedestal [ Grounded
O Direct Burial

Cable TV

O Company:

O Overhead O Underground # of channels:

O pPvC CATV #:

0 Direct Burial O RGS: Contact:

Page 1 0of 3

Figure VI-3: Mechanical, Electrical, Plumbing and Related Building Systems Data Sheet
Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures VI - 11
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Other Utilities ,

O Natural Gas

Utility Company Name:

Location of service entrance:

Meter Location:

O LPG

Utility Company Name:

Location of gas bottle:

How is tank secured?

O Qil

Qil Supplier:

O Above ground tank [ Underground tank
Size - gallons .
Location
Vent terminal
Elevation: ___ feet or elevation above grade? feet
Fill cap type:

| B. DOMESTIC PLUMBING

Water ’
O Location of service entrance
Main service valve? O Yes O No
Backflow preventer? DO Yes 0 No
Type of water pipe [0 Copper O Iron O Plastic
O Domestic water heater
O Gas BTU/HR
g oil GAL/HR
8 Other Specify units
Size: gallons
Location: '
O Sanitary Drainage
Floor served?
Fixtures below BFE O Yes O No
Backwater valve installed in fixtures below BFE?[ Yes O No
Backwater valves needed (if none exist) B Yes 0O No
O Storm Drainage
Basement floor drains connected? O Yes 0 No
Is storm combined w/sanitary? O Yes 8 No

C. HEATING SYSTEM
Type 0O Central System O Space heaters

Central System
O Warmair {0 Hotwater O Steam
Warm Air Furnace »
Location: O Basement [ 1stFloor O __ floor O Attic Page20f3

Figure VI-3: Mechanical, Electrical, Plumbing and Related Building Systems Data Sheet (continued)
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Type: O Upflow [0 Downfiow O Horizontal O Low Boy

Fuel: O Natural Gas O LPG O Electric d Coal O Wood
Burner: O Atmospheric O Fan assisted

Condensing: O Yes O No

Venting: O Natural draft O Forced draft O Direct vent

Air Distribution: O Gravity O Ducted

O Sheet metal ductwork

O Flexible, non-metallic runouts

O Fiberglass ductboard

O Location
Air Outlets: 0O Floor O Low sidewall O High sidewall O Ceiling O 2nd floor
Hot Water/Steam:
Boiler: O Hot Water [] Steam
Location: [0 Basement 0O 1stFloor 0O __ floor O Attic
Fuel: O Natural Gas 1 LPG O Electric 0 Coal O Wood
Terminal Units: O Baseboard [ Radiators [ Other

In-Space Heating Equipment
Gas 0O Room heater 0O Vented 0O Unvented
0 Wall Furnace O Conventional [ Direct vent
O Floor Furnace
Qil/Kerosene: 0O Vaporizing oil pot heater O Powered atomizing heater
O Portable kerosene heater
Electric Heaters: O Wall O Floor O Toe space O Baseboard
Radiant Heat: 0O Panels [O Embedded fireplace O Portable cord and plug
Solid Fuel Heaters: O Simple fireplace O Factory built - 0 Radiant
O Circulating O Freestanding
Stoves: O Conventional O Advanced design O Fireplace insert
O Pellet stove

D. COOLING SYSTEM
Type O Central O In-space Conditioners

Central Systems O Split system A/C 0O Unitary A/C O A-Coil add-on
O Split system heat pump
Split Systems:
Indoor unit location: O Basement 00 1st Floor O ___floor O Attic
Type: 0O Upflow OO Downflow 0O Horizontal
Air distribution: O Sheet metal ductwork
O Fiberglass ductboard
O Flexible non-metallic runouts
Air outlets: O Floor O Low sidewall
O High sidewall O Ceiling

Outdoor unit location:

In-space Air Conditioners: O Window air conditioners

O Ductless split systems Page 3of 3
Figure VI-3: Mechanical, Electrical, Plumbing and Related Building Systems Data Sheet (continued)
Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures VI - 13
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HOMEOWNER PREFERENCES

A detailed discussion of homeowner preferences was pre-
sented in Chapter I11. The designer should confirm the
homeowner’s preferences regarding:

+ retrofitting measure type, size, and location(s);
» project design desires/preferences;

» limitations on construction area;

+ estimated construction budget; and

* potential future site improvements.

Once the designer has collected the above-mentioned informa-
tion, a conceptual design of the proposed retrofitting measure
can be discussed with the homeowner.

At this time the designer should also review and confirm
coordination and future maintenance requirements with the
homeowner to ensure that the selected retrofitting measure is
indeed suitable.

Homeowner Coordination

Homeowner coordination is similar for each of the retrofitting
methods and involves reviewing design options, costs, specific
local requirements, access and easement requirements, mainte-
nance requirements, construction documents, and other infor-
mation with the homeowner and regulatory officials to present
the alternatives, resolve critical issues, and obtain necessary
approvals.
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Maintenance Programs and
Emergency Action Plans

Development of appropriate maintenance programs for retrofit-
ting measures is critical to the continued success of retrofitting
efforts. Refer to FEMA Technical Bulletin 3-93 Non-Residen-
tial Floodproofing—Requirements and Certification for
Buildings Located in Special Flood Hazard Areas in Accor-
dance with the NFIP for additional guidance concerning
minimum recommendations for Emergency Operations Plans
and Inspection and Maintenance Plans. While this bulletin was
prepared for non-residential structures, it contains sound advice
for the development of inspection, maintenance, and emergency
operation plans. :

Design information presented in this chapter relates to field
investigation, design calculations and construction details, and
construction issues. Since many of the key elements in the field
investigation phase were discussed above, only those issues that
are critical to the design and successful construction of the
particular retrofitting measure are included here.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures VI - 15
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ANALYSIS OF EXISTING STRUCTURE

The ability of an existing structure to withstand the addi-
tional loads created as a result of retrofitting is an important
design consideration. Accurate reconnaissance of the
foundation and estimates of the capacity of various struc-
tural systems are the first steps in the design of retrofitting
measures. The objective of this analysis is to identify the
extent to which structural systems must be modifiedor
redesigned to accommodate a retrofitting measure such as
elevation, relocation, dry and wet floodproofing, levees, or
floodwalls. The steps involved in this analysis include:

¥ J

structural reconnaissance;

+ determination of the capacity of the existing footing and
foundation system; .

« analysis of the loads imposed by the retrofitting measure;
and '

+ comparison of the capacity of the existing structure to
resist the additional loads imposed by the retrofitting
measure.

STRUCTURAL RECONNAISSANCE

- In order to determine whether a structure is suited to the
various retrofitting measures being considered, the type and
condition of the existing structure must be surveyed. Some
structural systems are more adaptable to modifications than
others. Some retrofitting methods are more suited for, or
specifically designed for, various construction types. Of the
retrofitting methods discussed, elevation, dry floodproofing,
and relocation most directly affect a home’s structure.
Floodwalls and levees are designed to prevent water from
reaching the house and thus should not have an impact on
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the structure. Wet floodproofing techniques have a lesser
impact on the structure due to equalization of pressures, and
also require analysis of the existing structure.

Several sources of information concerning the details of
construction that were used in a structure include:

construction drawings from the architect, engineer, or
builder. These are usually the best and most reliable re-
source for determining the structural systems and the size of
the members;

information available from the building permits office;

plans of any renovations or room additions and a recent
record of existing conditions;

contractors who have performed recent work on the
house, such as plumbing, mechanical, electrical, or other
kinds;

a home inspection report, if the home has been recently
purchased. While these reports are not highly detailed,
they may give a good review of the condition of the
house and point out major deficiencies.

If the aforementioned information is not available, the
designer (with the permission of the owner) should deter-
mine the type and size of the critical structural elements.

The structural reconnaissance worksheet provided at Figure VI-
4 can be used to document this information.
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Owner Name: Prepared By:
Address: Date:
. Property Location:
Structural Reconnaissance Worksheet
Sketch and Description of Existing Structure:
Condition
. . {Excellent,
ltem Material Size Good, Fair, Notes
Unacceptable)
Footing Concrete
Concrete
Foundation | Concrete
Walt Masonry
Brick
Masonry
Wood Frame
Walls Masonry
Metal Frame
Wood Joist
Post and
Floor System Beam
Wood Truss
Truss
Roof System
Rafter
Woeod Siding
Exterior .
Finishes Brick Veneer
Stucco
Drywall
Interior )
Finishes Plaster .
Wood
?Eure VI-4: Structural Reconnaissance Worksheet
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P o

Elevating a house exposes it to
greater vertical loads from
increased wind loadings and
additional weight, and horizontal
and shear loads from increased
wind forces. Figure VI-5 illus-
trates the various loads that affect
a foundation system.

FOOTINGS AND FOUNDATION
SYSTEMS

The foundation system of a house (footings and foundation
walls) serves several purposes. It supports the house by
transmitting the building loads to the ground, and it serves as an
anchor against uplift and against forces caused by wind, seismic,
flooding, and other loads. Foundation walls (below grade)
restrain horizontal pressures from adjacent soil pressures. The
foundation system anchors the house against horizontal, vertical,
and shear loads from water, soil, debris, seismic, snow, and
wind hazards. Retrofitting measures such as elevation change
the dynamics of the forces acting on a house.

Snow

Wind Forces J Loads
Dead Loads Seismic Forces
Live Loads + Impact Forc_ef —
ng¥gg:y Soil Forces -
Flood Forces
e o
c 2 c £
ARERE 3 A1 8 g Al 8
& S & S
- ‘ E (4 E
o o
Figure VI-5: Foundation System Loading
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For linear foundation walls, the
width of the footing is normally
two times the thickness of the
foundation wall. The depth of the
footing is normally equal to the

| thickness of the foundation wall.

b o

Perimeter drainage systems may
be used if the bearing soil is
adversely affected by saturation.
Often soils under bearing pressure
- will not become saturated due to
low permeability. Each situation
should be evaluated separately.

When older foundation systems
| (such as stone) are encountered,
the designer should consult the
local code on what procedures/
applications are allowable. The
compressive strength of stone
walls is so variable that profes-
i sional testing and specialized
expertise is usually required.

Footings

Footings are designed to transmit building loads to the ground
and should be placed completely below the maximum frost
penetration depth. The size of the footing can be determined
by the formula below:

A=PS, =___f¢

is the bearing area of the

footing in square feet;

P is the load in pounds; and

is the allowable soil bearing capa-
city in pounds per square foot.

Formula VI-1: Determining Footing Size

An existing footing should be checked to determine its maxi-
mum loading condition. Rearranging the above formula will
provide the maximum load for the existing footing.

P =AS=__ 1Ibs
where: P is the load in pounds;
A is the bearing area of the footing
(in square feet); and
S is the soil bearing capacity in
pounds per square foot.

Formula VI-2: Maximum Loading of Existing Footing
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In conducting this computation, it is important to confirm the
size and depth of the footing and bearing capacity of the soil to
assure that the existing conditions meet current codes. In the
absence of reliable information, excavation may be required to
confirm the depth, size, and condition of the existing footing.

The designer should also check the existing footing to ensure
that it has a perimeter drainage system to prevent saturation of
the soil at the footing. If one does not exist, the designer should
consider including this feature in the design of the retrofit.

Bearing Capacity

The bearing capacity of an existing concrete masonry founda-
tion wall can be estimated if the designer knows the size and
grade of the block, using the following formula.

W,=F sA=__ Ibs

is the total weight per linear foot

the wall will support;

F is the bearing capacity of the
masonry from Table VI-1;

s is the slendemess ratio, which is
computed from the height or
length to thickness ratio of the
member in question; and

A is the cross sectional area per

linear foot of wall.

Formula VI-3: Bearing Capacity of an Existing Concrete
Masonry Foundation Wall
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To limit the effects of slenderness

on masonry walls, American
Concrete Institute (ACI) 530

B provides maximum height or

8 length to thickness ratios. Height
| or length is based on the location
of the lateral support elements
that brace the masonry and permit
B the transfer of loads to the

B resisting elements. Nominal wall
# thickness may be used for t_.

§ Table VI-2: Wall Lateral Support

§ Requirements, provides maximum
f slenderness ratio values for

| bearing and non-bearing walls.

The slenderness ratio, s, (which is less than 1.0) can be com-
puted as follows:

s=12-H/37t, =

is the slenderness ratio, a dimen-

sionless value;
H, is the height of the unbraced
foundation wall in inches; and
t is the thickness of the wall in
inches.

Formula Vi-4: Slendemness Ratio

By changing the value of the bearing capacity according to the
conditions identified on the site, the designer can determine the
approximate weight that the foundation wall will support. Ifthe
type of block and mortar is unknown, the most conservative
values should be used. Intrusive methods of investigation must
be employed to determine footing depth, thickness, reinforce-
ment, condition, or drainage. Technology exists for investiga-
tion of walls using x-ray, ultrasound, and other methods;
however, these methods may be too costly for residential
retrofitting projects.

vI- 22
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The approximate bearing capacity

of concrete and reinforced

[ concrete materials may be quite

@ variable due to regional differ-

B cnces in concrete mix, aggregate,
B reinforcing practices, and other

& factors. In general, the approxi-

B mate bearing capacity of concrete/
Bl rcinforced concrete is substantially
8| greater than masonry block: a

i conservative estimate ranges from

E 500 to 1,000 pounds per square

[ inch. Additional information on

# the capacity and strength of

B concrete mixtures can be obtained -
f from the American Concrete

Institute (ACI) 318.

Approximate Bearing Capacity

Table VI-1 for Masonry Materials
Type of Stress and Masonry Type of Mortar
Unit or Condition N _| S | M
: Allowable stress, Ib/in?
Compression, f , Ib/in?
Brick, SW 300 350 400
Brick, MW 275 310 350
Brick, NW 215 235 290
Concrete block, grade A walls 85 90 100
Concrete block, grade B walls 70 75 85
Concrete block, grouted piers 90 95 105
Cut granite 640 720 800
Cut limestone, marble 400 450 500
1 Cut sandstone, cast stone 320 360 400
Rubble, rough, random 100 120 140-
Glass block, min. 3 in. thick

Exterior walls:

Unsupported surface area < 144 ft?
Unsupported length < 25 ft

Unsupported height < 20 ft
Interior walls: Unsupported surface area < 250 ft2
Unsupported length and unsupported
height < 25 ft
Table VI2 Wall Lat.eral Support
Requirements
Maximum
. Slenderness
Construction Ratio (Itwor
hitw)
Solid or Solid 20
Bearing Grouted
Walls
All Other 18
Non-Bearing Exterior 18
Walls Interior 36
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For additional information concern-
ing the performance of various
structural systems, refer to the U.S.
Army Corps of Engineers research
study entitled Flood Proofing
Tests, August, 1988.

LATERAL LOADS

The ability of exterior foundation walls and interior structural
walls to withstand flood-related and non-flood-related forces is
dependent upon the wall size, type, and material. Interior and
exterior walls are checked for failure from overtuming, bending,
and shear (horizontal, vertical, and diagonal). Ifthe stress
caused by the expected loading is less than the code-allowable
stress for the expected failure mode, the wall design is accept-
able. Conversely, if the stresses caused by the expected
loadings are greater than the code-allowable stresses for the
expected failure mode, the design is unacceptable and reinforc-
ing is required.

Due to the large number of wall types and situations that can be
encountered that would make a comprehensive examination of
this subject unwieldy for this manual, only procedural and
reference information for lateral load resistance is provided.
The process of analyzing foundation and interior walls is out-
lined below:

Step 1: Determine the type, size, material, and location of the
walls to be analyzed.

Step 2: Using ACI 530 (Building Code Requirements for
Masonry Structures) as a reference for masonry
construction, determine the code-allowable overturn-
ing, bending, and shear stresses for the wall in ques-
tion. ACI 530 has tables of allowable stress informa-
tion for masonry structures based on physical testing.

The American Plywood Association offers informa-
tion on allowable loads in plywood shear walls.
Watch for increased soil pressures due to overturning
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For additional inforrhation on »
il loading conditions for exterior and
B shear walls, refer to ASCE 7.

Step 3:

in the wall. ACI 318 should be used for reinforced
concrete walls, and ACI 318.1 for non-reinforced
concrete walls.

Lateral loads are distributed to the shear walls via the
diaphragms of the floor or roof. Distributionis based -
upon relative stiffnesses of the walls. Use extreme

~ care in the design of diaphragm-to-wall connections.

Most codes require that an additional eccentricity
(factor of safety) be considered in the location of the
resultant of the lateral loads.

Compare the stresses caused by the expected
loadings versus code-allowable stresses (capacities)
for each wall being analyzed. Ifthe stresses caused
by the expected loadings are less than the code-
allowable stresses, the design is acceptable; if not,
reinforcement is required or another method should
be considered.

VERTICAL LOADS

In addition to the loads imposed by floodwaters, other types of
loads must be considered in the design of a structural system,
such as building dead loads, live loads, snow loads, wind

loads, and seismic loads (if applicable). Flood, wind, and
seismic loads were discussed earlier in Chapters Il and IV.
This section deals with the computation of dead loads, live
loads, and snow loads.
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Dead Loads

Dead loads are the weight of all permanent structural and
nonstructural components of a building, such as walls, floors,
roofs, ceilings, stairways, and fixed service equipment. The sum
of the dead loads should equal the unoccupied weight of the
building. The weight of a house can be determined by quantify-
ing the wall and surface areas and multiplying by the weights of
the materials or assemblies. A list of the weights of some
construction types is provided in Table VI-3. In additionto the
weight of the structure, any furnishings and equipment located in
the house must be added to the total. The worksheet provided
at Figure VI-6 can be used to make a preliminary estimate of
the weight of a structure. To use Figure VI-6, the designer
should:

Step 1: Determine the construction of the various components
of the building, quantify them, and enter this informa-
tion in the second column;

Step2: Look up the weight of these assemblies and enter that
figure into the third column;

Step 3: Multiply the quantities by the unit weights to obtain
the construction component weights, and enter the
result in the fourth column;

Step 4: Add these component weights in column four to
obtain an estimate of'the total weight of the structure.
Enter the result in the box at the bottom of column
four.
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Table VI-3 Weights of Construction Types
Weight, Ib/ft2
Construction surface area
Wood stud wall, 2x4, interior, %-in drywall 28 8
Interior, wood or metal 2x4s, plaster 2S 19
Exterior, drywall; 4-in batt insul.; wood siding 11
Exterior, drywall; 4-in batt insul.; 4-in brick (MW} 47
Exterior, drywall; 4-in batt insul.; 8-in concrete block 60-65
Metal stud wall, 2x4, interior, %-in drywall 28 7
Exterior, drywall; 4-in batt insul.; 1-in stucco 23
Metal stud wall, exterior, drywali; 4-in batt insul.; 2-in drywall 18
Exterior, drywall; 4-in batt insul.; 3-in granite or 4-in brick 55
Plaster, per face, wall, or ceiling, on masonry or framing 8
Ceramic tile veneer, per face 10
Masonry wall, 4-in brick, MW, per wythe 39
4-in conc. block, heavy aggregate, per wythe 30
8-in conc. block, heavy aggregate, per wythe 55
Glass block wall, 4-in thick 18
Glass curtain wall 10-15
Floor or ceiling, 2x10 wood deck, outdoors 8-10
Wood frame, 2x10, interior, unfinished floor; drywall 8-10
ceiling
Concrete flat slab, unfinished floor; susp. ceiling 80-90
Concrete pan joist (25 in 0.c., 12-in pan dépth, 3-in 90-100
slab), unfinished floor; susp. ceiling
Concrete on metal deck on steel frame, unfinished floor; 65-70
susp. ceiling
Finished floors, add to above:
Hardwood 3
Floor tile 10
1Y%2-in terrazzo 25
Wall-to-wall campet 2
Roof, sloping rafters or timbers, sheathing; 10-in battinsul.; 12-15
Ye-in drywall
Built-up 5-ply roofing, add to above 6
Metal roofing, add to above 34
Asphalt shingle roofing, add to above 4
Slate or tile roofing, %-in thick, add to above 12
Wood shingle roofing, add to above 35
Insulation, batt, per 4-in thickness 1
Insulation, rigid foam boards or fill, per inch thickness 0.17
Stairways:
Concrete 80-95
Steel 40-50
Wood 15-26
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Owner Name: Prepared By:
| Address: Date:
Property Location:
Building Weight Estimating Worksheet
Construction Type Surface Weight (Ibs/sf) of Weight
{1) Area (2) Surface Area (3) Component (4)
Walls
Exterior
Interior
Floors
First
Second
Attic
Roof
. Special
ltems
Fireplace™
Chimney*
Structure Weight
Fumishings
Total Weight

Figure VI-6: Building Weight Estimating Worksheet
*Do not include if chimney/fireplace has a separate foundation.
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Check local codes for guidance on
acceptable live loads. In the
absence of code information use
ASCE 7. ‘

Live Loads

Live loads are produced by the occupancy of the building, not
including environmental loads such as wind loads, flood loads,
snow loads, earthquake loads, or dead loads. For residential
one- and two-family dwellings, a typical floorliveloadisa
uniformly distributed load of 40 pounds per square foot.

kit

LL=AL=___Ibs

where: LI, isthe live load in pounds;
A is the area of each floor of the
residence in square feet; and
L is the minimum uniformly distri-
buted live load in pounds per
square foot.

Formula VI-5: Calculation of Live Load

Roof Snow Loads

The roof snow load varies according to the geography, roof
slope, and thermal, exposure, and importance factors. Local
building codes should be consulted to find the snow load and
how to apply it to the structure. Take particular care to account
for drift and unbalanced snow loads. Ifno local code is avail-
able, the designer should refer to ASCE 7 for this information.
In areas of little snowfall, codes may require a minimum roof
snow load.

Calculation of Vertical Dead, Live, and
Snow Loads

Dead, live, and snow loads act vertically downward and are
carried by the load-bearing walls or the columns to the founda-
tion system. The load-bearing walls support any vertical load in
addition to their own weight. The amount of the dead load
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carried by a wall or column is calculated based on the partial
area of the roof and floor system (tributary areas) that are
supported by that wall or column plus its own weight (self
weight). The tributary areas are illustrated in Figures VI-7 and
VI-8 and determined as follows:

For the load-bearing walls, a one-foot-wide strip of floor or
roof perpendicular to the floor joists or roof trusses multi-
plied by half the span length of the joist or truss. Strip width
is the same dimension as the joist or truss spacing.

is the wall tributary area in square

feet;

I is the length of the wall in feet;
and

w is the span length between walls

or the wall and center girder in

feet.

Formula VI-6: Calculation of Tributary Area for
Load-bearing Walls
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Canter Column Tributary Area

Center Girder
Tributary Area

Figure VI-8: Wall/Girder Tributary Area

where: Ag
1

atb

A =1@th)2=___ ¢

is the center girder tributary area
in square feet;

is the length of the wall in feet;
and

is the span length between the
center girder and walls in feet.

Formula VI-7: Calculation of Tributary Area for Center

Girder

« For columns the tributary area is the area bounded by
imaginary lines drawn halfway between the column and the
adjacent load-bearing wall or column in each direction.

. ox
8225
g5°8
where: A,
1
w

A =wWi)2)=___ft

is the column tributary area in
square feet;

is the length of the wall sur-
rounding the column in feet; and
is the span length between walls
surrounding the column in feet.

Formula VI-8: Calculation of Tributary Area for Columns
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To calculate the loads, follow the steps below:

Step 1: Inspect the roofand the floor construction to identify
load-bearing walls. Mark the direction, the span
length, and the supporting walls or columns for the roof
trusses and floor joists.

Step 2: Calculate the roof and the floor tributary areas for
each load-bearing wall and column.

Step 3: Foreach load-bearing wall and column, multiply the
tributary areas by the dead, live, and snow loads to
find the total loads.

TL,, =(L+LL+SL)A=__ Ibs

where: TL,, isthe total dead, live, and snow
' loads acting on a specific wall or
column in pounds;
DL  isthedead load in pounds per
square foot (from Figure VI-6);
LL.  istheliveloadin pounds per
square foot (from Formula VI-5);
SL  isthe snow load in pounds per
square foot (from code); and
A is the tributary area of the wall or
column in square feet (from
Formulas VI-6 and VI-8). (When
analyzing wallsuse A_instead of
A)

Formula VI-9: Calculation of Wall/Column Loads
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Step 4: Calculate the self weight of the wall or column. Add
any overbearing soil and foundation weight to the
 total. This information can be taken from the calcula-
tion template shown in Figure VI-6.

B((RRRR
oooo
[a]o}s]s]

8l SW=SAW=__ Ibs

f;._F:QRI\/l‘{JFA

where: SW  is the self weight of the compo-
nent in pounds;

SA  isthe section area of the compo-
nent in square feet; and

W is the unit weight of the compo-
nent in pounds per square foot of
surface.

. : , Formula Vi-10: Calculation of the Self Weight of the WalV/
Column

Step 5: Add all the above calculated loads to find the load
carried by the wall or column to the foundation or
footing.

LEal TL=SW+TL, =__ Ibs
. FORMULA::
where: TL  is the total load carried by the
wall or column to the footing or
foundation in pounds;
SW isthe self weight of the compo-
nent in pounds; and
TL,, isthetotal dead, live, and snow
loads acting on a specific wall or
column in pounds.

Formula VI-11: Calculation of Total Load Carried by the
Wall or Column to the Footing or Foundation
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b o

Designers should refer to ASCE 7-
95 when conducting load combina-
| tion analysis.

CAPACITY VERSUS LOADING

The next step is to examine the capacity of the existing founda-
tion component or system versus the expected loading from a
combination of dead, live, flood, wind, snow, and seismic loads.
This analysis will provide an initial estimate of the magnitude of
foundation modifications necessary to accomplish an elevation
or relocation project.

Model building codes (BOCA, ICBO, SBCCI, CABO)
require the analysis of a variety of loading conditions and then
base the capacity determination on the loading condition that
presents the most unfavorable effects on the foundation or
structural member concerned.

It is the purpose of the load combinations to identify critical
stresses in structural members (or nonstructural members) and
critical conditions used to design the support system. Since
every conceivable situation cannot be covered by standard load
cases, sound engineering judgment must be used.

Load Combination Scenarios

ASCE 7-95 prescribes how to analyze flood loads in concert
with other loading conditions. This guidance involves the use of
two methods—allowable stress design and strength design. In
the case of allowable stress design, design specifications define
allowable stresses that may not be exceeded by load effects
due to unfactored loads, that is, allowable stresses contain a
factor of safety.

In strength design, design specifications provide load factors,
and, in some instances, resistant factors.

The analysis of loading conditions may be checked using either
method provided that method is used exclusively for propor-
tioning elements of that construction material. The designer
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should consult ASCE 7-95 for guidance in analyzing the multi-
hazard loading conditions described below:

The following symbols are used in defining the various load
combinations.

D DeadLoad
E  Earthquake Load

F  Load due to fluids with well defined pressures and
maximum heights

F  Flood Load

. . H Load dueto weight and lateral"pressure of soil and
' - water in soil
L LiveLoad
L, Roof LiveLoad
R RainLoad
S  SnowLoad

T  Self-Straining Force
W WindLoad

These symbols are based upon information from ASCE 7-95
but do not match exactly as several symbols had to be revised
to accommodate symbols already used in this manual. Referto
ASCE 7-95 for clarification and additional information.
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STRENGTH DESIGN METHOD

When combining loads using the strength design methodology,
structures, components, and foundations should be designed so
that their strength equals or exceeds the effects of the factored
loads in the following combinations:

1. 14D

2. 1.2(D+F+T)+ L6(L+H) +0.5(L_or S or R)
3. 12D+ 1.6(L, or S or R) + (0.5L or 0.8W)
4. 12D+13W+0.5L+0.5(L_orSorR)

5. 1.2D+1.0E+0.5L+0.28

6. 0.9D+(1.3W or 1.0E)

Exception: The load factor on L in combinations (3), (4), and
(5) shall equal 1.0 for garages, areas occupied as places of
public assembly, and all areas where the live load is greater than
100 Ib/fi? (pounds force per square foot).

Each relevant strength limit state shall be investigated. Effects of
one or more loads not acting should be investigated. The most
unfavorable affects from both wind and earthquake loads
should be investigated, where appropriate, but they need not be
considered to act simultaneously. The structural effects of
Flood (F,) should be investigated in design using the same load
factors as used for L (live load) in the basic combinations of 2
and 4. The structural effects of F, should also be included
when investigating the overturning and sliding in the basic

“combination 6 using a load factor of 0.5 when wind also occurs
and 1.6 when acting alone.
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ALLOWABLE STRESS METHOD

When combining loads using the allowable stress method, the
loads should be considered to act in the following combinations,
whichever produces the most unfavorable effect on the building,
foundation; or structural member being considered.

1. D

2. D+L+F+T+(L orSorR)

W

. D+(WorE)
4, D+L+(L orSorR)+(WorE)

The most unfavorable effects from both wind and earthquake
loads should be considered, where appropriate, but they need
not be assumed to act simultaneously. Buildings and other
structures should be designed so that the overturning moment
due to lateral forces (wind or flood) acting singly or in combina-
tion does not exceed two-thirds of the dead load stabilizing
moment unless the building or structure is anchored to resist the
excess moment. The base shear due to lateral forces should not
exceed two-thirds of the total resisting force due to friction and
adhesion unless the building or structure is anchored to resist
the excess sliding force. Stress reversals should be accounted
for where the effects of design loads counteract one anotherina
structural member or joint. : )

Analyzing the existing structure’s capacity to resist the expected
Joads is sometimes a long and tedious process, but it must be
done to ensure that the structure will be able to withstand the
additional loadings associated with various retrofitting measures.
The objective of this analysisis to verify that:

« the existing structure is able to withstand the anticipated
loadings due to the retrofitting measure being considered;
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* the existing structure is unable to withstand the anticipated
loadings due to the retrofitting measure being considered
and requires reinforcement or other structural modification;
and/or

* theretrofitting measure should be eliminated from consider-
ation. ' '

Using the information presented here, the designer should be
able to conduct the analyses to implement the stated objective
and identify the measures/modifications that must be designed.
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ELEVATION

One of the most common of all retrofitting techniques is to raise an entire existing super-
structure above the desired flood protection elevation. When properly done, the elevation
of a house places the living area above all but the most severe floods.

In general, the steps required for elevating a building are essentially the same in all cases.
A cradle of steel beams is inserted under (or through) the structure; jacks are used to raise
both the beams and structure to the desired height; a new, elevated foundation for the
house is constructed; utility systems are extended and modified; and the structure is
lowered back onto the new foundation and reconnected..

While the same basic elevation techniques are used in all situations, the final siting and
appearance of the house will depend on the final elevation and type of foundation used.
However, the actual elevation process is only a small part of the whole operation in terms
of planning, time, and expense. The most critical steps involve the preparation of the
house for elevation and the construction of a new, adequately elevated foundation. The
elevation process becomes even more complex with added weight, height, or complex
design or shape of the house. Brick or stucco veneers may require removal prior to
elevation. Building additions may need to be elevated independently from the main struc-
ture.

TYPES OF RESIDENTIAL STRUCTURES THAT CAN BE
ELEVATED

LT The elevation of houses over a crawlspace; houses with
w basements; houses on piles, piers, or columns; and houses
P on a slab-on-grade are examined here. In each of these
situations, the designer must account for multiple (non-
flood-related) hazards, such as wind and seismic forces. The
various methods utilized to elevate different home types are

® Figures VI-EI through VI-ES
Bl illustrate the elevation of a home
L on extended solid foundation \ ' - h .
B walls. Subsequent figures for illustrated in the pages that follow, providing the designer with
8 various elevation techniques will - an introduction to the design of these measures.
@ include only those illustrations
unique to that technique.
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Elevation

Information on the design of
foundation wall openings and
el adjustment of existing utility
! systems can be found in the Wet
i Floodproofing section of Chapter
g VI

HOUSES OVER A CRAWLSPACE

These are generally the easiest and least expensive houses to
elevate. They are usually one- or two-story houses built on
a masonry crawlspace wall. This allows for access in
placing the steel beams under the house for lifting. The
added benefit is that since most crawlspaces have low
clearance, most utilities (heat pumps, water heaters, air
conditioners, etc.) are not placed under the home; thus the
need to relocate utilities may be hmlted Houses over a
crawlspace can be:

* elevated on extended solid foundation walls (see Figures
VI-El through VI-E5); or

* elevated on an open foundation such as masonry
plers (see Figures VI-EG through VI-EB).

Vi-E2 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

January 1995




Types of Residential Structures That Can Be Elevated

Figure VI-E1: Existing Wood-Frame Residence with Crawlspace
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Elevation

1. Lifting Beam

2. Existing Masonry Foundation
3. Hydraulic Jack
4. Lateral Support Beams

Figure VI-E2: Install Network of Steel "I" Beams

VI-E.4

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
January 1995



Types of Residential Structures That Can Be Elevated

| o SR RO S AT

1. Excavated Area
2. Existing Crawlspace

3. Existing Concrete Footing

4. Extending Masonry Foundation Wall
5. Openings for Floodwater

Do,

Figure VI-E3: Lift Residence and Extend Foundation Walls; Relocate Utility and
Mechanical Equipment Above Flood Level ‘
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VI-E.6

Existing
floor system

New 8" masonry block wall—————————3»

l

Existing 8" masonry block Walll s

! . Required
- . . openin
Eggﬁt':n : ' € forﬂoogwategr

Use existing continuous concrete footing,
if code Is satisfied. E————

100-year flood
level

First floor

Sole plate

Figure VI-E4: Raising a Wood-Frame-Over-Crawlspace Structure
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1. Existing Wood Floor System
2. Heightened Crawispace

3. Openings for Floodwater

Figure VI-ES: Set Residence on Extended Foundation and Remove "I" Beams
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M| Note: Piers should meet local building code and/or be designed by a professional
engineer or architect.

1. Existing Foundation to Remain
2. New Reinforced Masonry Piers

3. New House Support Beams

Figure VI-E6: Install Network of Steel "I" Beams
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Existing
floor system 100-year flood
level

First floor

Sole plate

New support
beam pre

2‘&'@‘ plate
New support
beam i

New isolated
reinforced

i _-:/'\\4,__- and ootrig."

Existin,
grounoSJ

New reinforced
masonry pier

<€— Existing 8"
masonry
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