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Introduction to Retrofitting

Retrofitting is any change made to an existing structure to reduce or
eliminate the possibility of damage to that structure from flooding,
erosion, high winds, earthquakes, or other hazards. The focus of this
manual is on retrofitting buildings that are subject to flooding. The
Jollowing sections describe the purpose, audience, and organization of
the manual.

1.1  Goals and Intended Users

This manual has been prepared by the Federal Emergency @

Management Agency (FEMA) with assistance from other NOTE
groups to assist local governments, engineers, architects, and

Other flood-related technical

resources are available through
Federal agencies such as FEMA,

property owners involved in planning and implementing
residential flood retrofitting projects. Its objective is to

provide engineering design and economic guidance to the U.S. Army Corps of Engineers
engineers, architects, and local code ofhcials about what (USACE), and the Natural Resources
constitutes technically feasible and cost-effective retrofitting Conservation Service (NRCS), as well

measures for flood-prone residential structures. as State, regionabiEiEEEEEEIEES
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1 INTRODUCTION TO RETROFITTING

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 dry and wet
floodproofing measures. These include elevation of the structure
in place, relocation of the structure, construction of barriers
(Hoodwalls and levees), dry floodproofing (sealants, closures,
sump pumps, and backflow valves), and wet floodproofing
(lood damage-resistant materials and protection of utilities
and contents).

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 current standards 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.

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,
such as wind hazards. A holistic approach should be taken with
regards to hazards when possible. Flood-related hazards such
as water-borne ice and debris impact forces, erosion forces, and

WARNING

This manual will provide
valuable assistance to the
design professional. 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.

WARNING

Coastal situations subject to
wave action are not addressed
in this manual. For information
on that area, the reader is
referred to FEMA’s Coastal
Construction Manual (FEMA
P-55, 2011, fourth edition), and
the USACE Shore Protection
Manual (USACE, 1984).

mudslide impacts, as well as non-flood-related hazards such as earthquake and wind forces, should also be
considered in the retrofitting process. Retrofitting a structure to withstand only floodwater-generated forces
may impair the structure’s ability to withstand the multiple hazards mentioned above. Thus, it is important
to approach the retrofitting method selection and design process with a multi-hazard perspective.

1.2  Organization of the Manual

This manual has six main chapters and eight appendices.

Chapter 1: Introduction to Retrofitting
This chapter gives a basic overview of the different flood retrofit options. Each option is defined and the pros
and cons to each retrofit type are discussed. An overview of the general retrofitting process is also given.

Chapter 2: Regulatory Requirements

This chapter discusses the typical community floodplain management and building code environment. The
role of local officials in a retrofitting project, the various tenets of the National Flood Insurance Program
(NFIP), and the compatibility of items covered in the International Building Code (IBC) series are discussed.
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Chapter 3: Parameters of Retrofitting

This chapter presents the factors that influence retrofitting decisions and the intimate role they play in
choosing a retrofit method. The chapter provides two generic retrofitting matrices that were designed to help
the designer narrow the range of floodproofing options.

Chapter 4: Determination of Hazards
This chapter gives guidance on how to focus on the specific retrofitting solution that is most applicable for
the residential structure being evaluated.

Chapter 5: General Design Practices
This chapter provides step-by-step design processes for each retrofitting measure. (Note: Each retrofitting
measure has its own tab and is organized as a subchapter.)

Chapter 6: Case Studies

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

Appendix A: Sources of FEMA Funding
This appendix discusses Increased Cost of Compliance Coverage (ICC) and includes a summary of the
Hazard Mitigation Assistance (HMA) grant programs and references to additional information.

Appendix B: Understanding the FEMA Benefit-Cost Process
The appendix emphasizes the importance of benefit-cost analysis (BCA) for FEMA grant funding, clarifies
the input data required to run a BCA module, and includes references to additional information.

Appendix C: Sample Design Calculations
Thisappendix includes detailed sample design calculations for elevation, dry floodproofing, wet floodproofing,
and floodwall and levee retrofit problems.

Appendix D: Alluvial Fan Flooding
This appendix includes a description of alluvial fan flooding and its associated hazards, along with regulatory
and design considerations in alluvial fan flooding areas.

Appendix E: References
This appendix includes a list of references cited throughout this publication.

Appendix F: Other Resources

This appendix includes a list of other resources that may be of interest.

Appendix G: Summary of NFIP Requirements and Best Practices

This appendix includes a table that is a summary of selected key NFIP provisions, and recommended best
practices for exceeding the requirements. It cross-references citations from the I-Codes and other publications,
including the American Society of Civil Engineers (ASCE) engineering standards.

Appendix H: Acronyms

This appendix includes acronyms used in this publication.
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Icons

Throughout this manual, the following icons are used, indicating:

@ Special Note: Significant or interesting information
@ Terminology: Definition or explanation of pertinent terms

Cross Reference: Reference to another relevant part of the text or another source of information

@ Equation: Use of a mathematical equation

Warning: Special cautions need to be exercised

1.3  Methods of Retrofitting

Retrofitting measures for flood hazards include the following:

Elevation: The

' - ‘ . : ! elevation of the
< - \ea
-wr ww

existing structure
on fill or foundation

CROSS REFERENCE

See page 1-18 for general cautions to

elements such as solid consider in the implementation of a
. - ‘ - perimeter walls, piers, retrofitting measure.
SR R posts, columns, or

- ‘v pilings.

- Relocation: Relocating the existing COST
(.-.j structure outside the identified floodplain. colriimy .
ost is an important factor to consider
- in elevating structures. As an example,
lighter wood-frame structures are
Dry Floodproofing: Strengthening of easier and often cheaper to raise
r - ‘ existing foundations, floors, and walls to than masonry structures. Masonry _
- = withstand flood forces while making the structures are not only more expensive
' structure watertioht to raise, but are also susceptible to
ght. cracks.
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Floodwalls/Levees: The placement of

.
3

floodwalls or levees around the structure.

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

1.3.1 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 the Design Flood Elevation (DFE)
to avoid damage from a base flood. Heavy-duty jacks
are used to lift the existing structure. Cribbing supports
the structure while a new or extended foundation is
constructed below. In lieu of constructing new support
walls, open foundations such as piers, posts, columns,
and piles are often used. Elevating a structure on fill may
also be an option in some situations. Closed foundations
are not permitted in Zone V or Coastal A Zones.

While elevation may provide increased protection of
a structure from floodwaters, other hazards must be
considered 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, posts, columns, and piles) are also
subject to undermining, movement, and impact failures
caused by seismic activity, erosion, scour, ice or debris
flows, mudslides, and alluvial fan forces, among others.

" Wet Floodproofing: Making utilities, structural components, and contents flood- and water-
= ] ) > . .
~rrrp resistant during periods of flooding within the structure.

NOTE

FEMA strongly encourages that flood
retrofits provide protection to the DFE
(or BFE plus 1 foot, whichever is higher).
However, there may be situations where
it is appropriate for the flood protection
level to be lower. Homeowners and
design professionals should meet

with a local building official to discuss
the selected retrofit measure and

the elevation to which it will protect

the home. The text and examples in
this manual assume flood protection
measures will be implemented to

the DFE.

TERMINOLOGY: BASE FLOOD

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

base flood.

TERMINOLOGY: DFE

DFE is the regulatory flood elevation
adopted by a local community. Typically,
the DFE is the BFE plus any freeboard
adopted by the community. The Flood
Protection Elevation (FPE) or Flood
Protection Level (FPL) is equal to the
DFE (or BFE + 1 foot, whichever is
higher). This manual uses the DFE.
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1.3.1.1 Elevation on Solid Perimeter Foundation Walls

Elevation on solid perimeter foundation walls is normally used
in areas of low to moderate water depth and velocity. After the NOTE
structure is raised from its current foundation, the support

walls can often be extended vertically using materials such as Refer to FEM A

Flood: Elevating Your Floodprone

concrete masonry units (CMU) or cast-in-place concrete. Figure House (FEMA, 2000), for details
1-1 shows an elevation on solid perimeter foundation walls and on the elevation of residential
Figure 1-2 shows a home elevated on extended foundation structures.

walls. The structure is then set down on the extended walls.
While this may seem to be the easiest solution to the problem
of flooding, there are several important considerations.

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

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

Figure 1-1.
Elevation on solid
perimeter foundation

walls /

Service equipment
(such as utilities and
electrical circuits)
moved above

Lightweight or mobile

flood level .
items (such as a car)
Ooen o l can be stored under
penings on eac — i the home and moved
wall ensure entry of = l A prior to flooding
water to equalize L

hydrostatic pressure

i
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Figure 1-2.

Elevation of existing
residence on extended
foundation walls

1.3.1.2 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 conventional
use, piers are designed primarily for vertical loading. However, when exposed to flooding, piers 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 forces. 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
enough to resist a range 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 CMU or castin-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 (uplift) forces. Overturning can occur from the combination of vertical
and horizontal forces on a shallow depth pier foundation. Figure 1-3 shows a schematic of a residential
structure on piers.
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Figure 1-3.
Elevation on piers

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.

Figure 1-4.
Elevation on posts or
columns

Post or
column

NOTE

Columns differ
from posts in

the size of their
application. Posts
are small columns.

=)
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While piers are designed to act as individual support units, posts normally must be braced. There are a
variety of bracing techniques such as wood knee and cross bracing, steel rods, and guy wires. Cost, local flood
conditions, loads, the availability of building materials, and local construction practices frequently influence
which technique is used. Figure 1-4 shows an example of a post and column foundation.

Elevation on Piles

Piles differ from posts in that they are generally driven, jetted, or set (augured) 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 the anticipated loads to the surrounding soil. Piles are often made of wood, although steel and
reinforced precast or prestressed concrete are also common in some areas. Similar to posts, they may also
require bracing,.

Because driving piles generally requires bulky, heavy construction machinery, the effort to replace the
foundation often requires that an existing home be moved off the foundation, set on cribbing until the
operation is complete, and then replaced. The additional 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 feet above its final elevation to allow room for workers to install the piles. Jetting and
auguring piles reduces the uplift capacity compared to driven piles. Figures 1-5 and 1-6 show homes elevated
on piles.

Figure 1-5.
Elevation on piles
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Figure 1-6.
Structure elevated on
piles

Table 1-1 provides advantages and disadvantages associated with elevating a home.

Table 1-1. Advantages and Disadvantages of Elevation

Advantages Disadvantages

Brings a substantially damaged or improved
building into compliance with the NFIP if the lowest
horizontal structural member of the lowest floor is
elevated to the BFE

Reduces flood risk to the structure and its contents

Eliminates the need to relocate vulnerable items
above the flood level during flooding

Often reduces flood insurance premiums
Uses established techniques

Can be initiated quickly because qualified
contractors are often readily available

Reduces the physical, financial, and emotional
strains that accompany flood events

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

May be cost-prohibitive

May adversely affect the structure’s appearance
Does not eliminate the need to evacuate during floods

May adversely affect access to the structure

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

May require additional costs to bring the structure up
to current building codes for plumbing, electrical, and
energy systems

Requires consideration of forces from wind and
seismic hazards and possible changes to building
design

NFIP = National Flood Insurance Program  BFE = Base Flood Elevation
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1.3.2 Relocation

Relocation involves moving a structure to a location that is less prone to flooding or flood-related hazards
such as erosion. The structure may be relocated to another portion of the current site or to a different site. The
surest way to eliminate the risk of flood damage is to relocate the structure out of the floodplain. Relocation
normally involves placing the structure on a wheeled vehicle, as shown in Figure 1-7. The structure is then
transported to a new location and set on a new foundation.

Figure 1-7.

Structure placed on

a wheeled vehicle for
relocation to a new site

Relocation is an appropriate measure in high hazard areas where continued occupancy is unsafe or owners
want to be free from flood worries. It is also a viable option in communities that are considering using the
resulting open space for more appropriate floodplain activities. Relocation may offer an alternative to elevation
for substantially damaged structures that are required under local regulations to meet NFIP requirements.

Relocation of a structure requires steps that typically increase the cost of implementing this retrofitting
method compared to elevation. These additional costs include moving the structure to its new location,
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 crawlspace 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.
Homes constructed of brick, concrete, or masonry are also movable, but usually with more difficulty and
increased costs. A schematic of a home prepared to be relocated is shown in Figure 1-8.

Structural relocation professionals should help owners to consider many factors in the decision to relocate.
The structural soundness should be thoroughly checked and arrangements should be made for temporary
housing and storage of belongings. Many States and communities have requirements governing the movement
of structures in public rights-of-way.
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Figure 1-8.
Structure to be relocated

- \
Brick fireplaces are ‘°-°,
braced or taken down '

" 1 Main structure
° i disconnected

= O N from foundation
Larger additions or wings may Old foundation demolished
have to be moved separately and backfilled

Some contractors remove brick facing for the move

Table 1-2 provides advantages and disadvantages associated with relocating a home.

Table 1-2. Advantages and Disadvantages of Relocation

Advantages Disadvantages

Allows substantially damaged or improved structure May be cost-prohibitive
to be brought into compliance with the NFIP

Significantly reduces flood risk to the structure and A new site must be located
its contents

Uses established techniques Requires addressing disposition of the flood-prone site
Can be initiated quickly because qualified May require additional costs to bring the structure up
contractors are often readily available to current building codes for plumbing, electrical, and

energy systems

Can eliminate the need to purchase flood insurance
or reduce the premium because the home is no
longer in the floodplain

Reduces the physical, financial, and emotional
strains that accompany flood events

NFIP = National Flood Insurance Program

1.3.3  Dry Floodproofing

In dry floodproofing, the portion of a structure that is below the DFE (walls and other exterior components)
is sealed to make it watertight and substantially impermeable to floodwaters. Such watertight impervious
membrane sealant systems can include wall coatings, waterproofing compounds, impermeable sheeting and,
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. Figure 1-9 is a schematic of a dry

floodproofed home.

The expected duration of flooding is critical when deciding which sealant systems to use because seepage
can increase over time, rendering the floodproofing ineffective. Waterproofing compounds, sheeting, or

1-12 ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures



INTRODUCTION TO RETROFITTING 1

Maximum protection level is 3 feet (including freeboard)

Figure 1-9.
Dry floodproofed
structure

and drain backup

R J \‘\ Shields for opening
\ Backflow valve prevents sewer External coating or covering

impervious to floodwater

sheathing may fail or deteriorate if exposed to floodwaters
for extended periods. Sealant systems are also subject to
damage (puncture) in areas that experience water flow
of significant velocity, or ice or debris flow. The USACE
National Flood Proofing Committee has investigated
the effect of various depths of water on masonry walls.
The results of their work show that, as a general rule, no
more than 3 feet of water should be allowed on a non-
reinforced concrete block wall that has not previously
been designed and constructed to withstand flood loads.
Therefore, application of sealants and shields should
involve a determination of the structural soundness of
a building and its corresponding ability to resist flood
and flood-related loads. An engineer should be involved
in any design of dry floodproofing mitigation systems so
that they can evaluate the building and run calculations

WARNING

Dry floodproofing is not allowed
under the NFIP for new and
substantially damaged or improved
residential structures located in a
SFHA. Additional information on
dry floodproofing can be obtained
from FEMA Technical Bulletin 3-93,
Non-Residential Floodproofing
Requirements and Certification for
Buildings Located in Special Flood
Hazard Areas in Accordance with the
NFIP (FEMA, 1993). Non-residential
techniques are also applicable in
residential situations.

to determine the appropriate height of dry floodproofing. Research in this subject area is available in Flood
Proofing Tests — Tests of Materials and Systems for Flood Proofing Structures (USACE, 1988).

Table 2 of FEMA’s NFIP Technical Bulletin 2-08, Flood Damage-Resistant Materials Requirements for
Buildings Located in Special Flood Hazard Areas in accordance with the National Flood Insurance Program

(FEMA, 2008a), provides class ratings with regards
to flood damage-resistance for standard construction
materials. It needs to be noted, however, that the materials
are deemed “acceptable” and “unacceptable” for use below
the BFE in a Special Flood Hazard Area (SFHA) within
the confines of the NFIP. The NFIP does not allow for
dry floodproofing for new and substantially damaged or
improved residential structures located in a SFHA. Table
1-3 provides advantages and disadvantages associated

with dry floodproofing a home.

WARNING

Even brick or concrete block walls
should not be floodproofed above

a height of 3 feet (without an
extensive engineering analysis) due

to the danger of structural failure from
excessive hydrostatic and other flood-
related forces.
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Table 1-3. Advantages and Disadvantages of Dry Floodproofing

Advantages Disadvantages

Reduces the flood risk to the structure and contents Does not satisfy the NFIP requirement for bringing
if the design flood level is not exceeded substantially damaged or improved residential
structures into compliance

May be less costly than other retrofitting measures  Requires ongoing maintenance

Does not require the extra land that may be needed Does not reduce flood insurance premiums for

for floodwalls or reduced levees residential structures
Reduces the physical, financial, and emotional Usually requires human intervention and adequate
strains that accompany flood events warning time for installation of protective measures

Retains the structure in its present environment and May not provide protection if measures fail or the flood
may avoid significant changes in appearance event exceeds the design parameters of the measure

May result in more damage than flooding if design
loads are exceeded, walls collapse, floors buckle, or
the building floats

Does not eliminate the need to evacuate during floods

May adversely affect the appearance of the building if
shields are not aesthetically pleasing

May not reduce damage to the exterior of the building
and other property

May lead to damage of the building and its contents if
the sealant system leaks

NFIP = National Flood Insurance Program

Dry floodproofing is also not recommended for
structures with a basement. These types of structures
can be susceptible to significant lateral and uplift
(buoyancy) forces. Dry floodproofing may not be
appropriate for a wood-frame superstructure; however,
in some instances, buildings constructed of concrete
block or faced with brick veneer may be considered
for dry floodproofing retrofits. Weaker construction
materials, such as wood-frame superstructure with
siding, will often fail at much lower water depths from
hydrostatic forces.

1.3.4  Wet Floodproofing

Another approach to retrofitting involves modifying
a structure to allow floodwaters to enter it in such
a way that damage to the structure and its contents
is minimized. This type of protection is classified as
wet floodproofing. A schematic of a home that is wet
floodproofed is shown in Figure 1-10.

NOTE

The designer should consider
incorporating freeboard into the

3-foot height constraint as a factor of
safety against structural failure (limiting
flood height to a maximum of 2 feet).
Other factors of safety might include
additional pumping capacity and stiffened
walls.

WARNING

Wet floodproofing is not allowed under the
NFIP for new and substantially damaged
or improved structures located in a

SFHA. Refer to FEMA'’s Technical Bulletin
7-93, Wet Floodproofing Requirements
for Structures Located in Special Flood
Hazard Areas in Accordance with the
NFIP (FEMA, 1993).
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Figure 1-10.
Wet floodproofed
:)
First floor
door Living area
k—» i
Ground BFE
= s i
.—'-'_H | —
i W
4.1 Furnace and other
{ Subgrade basement ) 4—:— utilities relocated to
. ; =i i living area or utility
Openings : -l room addition
providedtolet | _ ___ _____________'"__ ao LMl
floodwaters enter
Wet floodproofing is often used when all other
mitigation techniques are technically infeasible or are
too costly. Wet floodproofing is generally appropriate if NOTE

a structure has available space where damageable items

can be stored temporarily. Utilities and furnaces may For additional information, refer to FEMA

348, Protecting Building Utilities From

need to be relocated or protected along with other non- Flood Damage: Princlplesaltl R

movable items with flood damage-resistant building for the Design and Construction of Flood
materials. Wet floodproofing may also be appropriate Resistant Building Utility Systems (FEMA,
for structures with basements and crawlspaces that 1999).

cannot be protected technically 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 rearrangement of utility systems,
installation of flood damage-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.

Table 2 in FEMA’s NFIP Technical Bulletin 2-08, Flood Damage-Resistant Materials Requirements for
Buildings Located in Special Flood Hazard Areas in accordance with the National Flood Insurance Program
(FEMA, 2008a), provides class ratings with regards to flood damage-resistance for standard construction
materials. It needs to be noted, however, that the materials are deemed “acceptable” and “unacceptable”
for use below the BFE in a SFHA within the confines of the NFIP. The NFIP does not allow for wet

floodproofing for new and substantially damaged or improved residential structures located in a SFHA.

Table 1-4 provides advantages and disadvantages associated with wet floodproofing a home.
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Table 1-4. Advantages and Disadvantages of Wet Floodproofing

Advantages Disadvantages

Reduces the risk of flood damage to a building and  Does not satisfy the NFIP requirement for bringing

its contents, even with minor mitigation substantially damaged or improved structures into
compliance

Greatly reduces loads on walls and floors due to Usually requires a flood warning to prepare the building

equalized hydrostatic pressure and contents for flooding

May be eligible for flood insurance coverage of cost Requires human intervention to evacuate contents
of relocating or storing contents, except basement  from the flood-prone area
contents, after a flood warning is issued

Costs less than other measures Results in a structure that is wet on the inside and
possibly contaminated by sewage, chemicals, and
other materials borne by floodwaters and may require
extensive cleanup

Does not require extra land Does not eliminate the need to evacuate during floods
Reduces the physical, financial, and emotional May make the structure uninhabitable for some period
strains that accompany flood events after flooding

Limits the use of the floodable area
May require ongoing maintenance

May require additional costs to bring the structure up
to current building codes for plumbing, electrical, and
energy systems

Requires care when pumping out basements to avoid
foundation wall collapse

NFIP = National Flood Insurance Program

1.3.5 Floodwalls and Levees

Another retrofitting approach is to construct a barrier

NOTE

between the structure and source of flooding. There are

two basic types of barriers: floodwalls and levees. They Generally, residential floodwalls are

can be built to any height, but are usually limited to 4 feet only cost-beneficial at providing
for floodwalls and 6 feet for levees due to cost, aesthetics, protection up to 4 feet and levees
access, water pressure, and space. Local zoning and building up to 6 feet, including 1 foot of

freeboard.

codes may also restrict use, size, and location.

Floodwalls are engineered barriers designed to keep
floodwaters 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.

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

Figure 1-11 shows a schematic of a home protected by a floodwall and a levee.
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Figure 1-11.
Structure protected by
floodwall and levee

Floodwall is reinforced and anchored
to withstand flood load

Loveo i compacted -b

fill with 2:1 or 3:1
slope (for stability) | a 1 n

Sump pump removes seepage Backflow valve prevents J
and internal drainage sewer and drain backup

Because their cost is usually greater than that of levees, floodwalls

would normally be considered only on sites that are too small to WARNING
have room for levees or where flood velocities may erode earthen ,

1 S beli hat foodwall While floodwalls and levees
evees. Some owners may believe that floodwalls are more are allowed under NFIP
aesthetically pleasing and allow preservation of site features, regulations, they do not make

such as trees. Figure 1-12 shows a home protected by a levee. a non-compliant structure
compliant with the NFIP.

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.

Figure 1-12.
Home protected by a
levee
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Levees are generally limited to homes where floodwaters are less

than 5 feet deep. Otherwise, the cost and the land area required

NOTE

for such barriers usually make them impractical for the average

owner.

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

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

hydrostatic and saturated soil pressure on foundation elements.

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.

Table 1-5 provides advantages and disadvantages associated with protecting a home with a floodwall

or a levee.

Table 1-5. Advantages and Disadvantages of Floodways and Levees

Advantages Disadvantages

Protects the area around the structure from
inundation without significant changes to the
structure

Eliminates pressure from floodwaters that would
cause structural damage to the home or other
structures in the protected area

Costs less to build than elevating or relocating the
structure

Allows the structure to be occupied during
construction

Reduces flood risk to the structure and its contents

Reduces the physical, financial, and emotional
strains that accompany flood events

Does not satisfy the NFIP requirements for bringing
substantially damaged or improved structures into
compliance

May fail or be overtopped by large floods or floods of
long duration

May be expensive
Requires periodic maintenance

Requires interior drainage

May affect local drainage, possibly resulting in water
problems for others

Does not reduce flood insurance premiums

May restrict access to structure

Requires considerable land (levees only)

Does not eliminate the need to evacuate during floods

May require warning and human intervention for
closures

May violate applicable codes or regulations

NFIP = National Flood Insurance Program
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1.4  Considerations When Retrofitting

Appropriately applied retrofitting measures have several advantages over other damage reduction methods.
Individual owners can undertake retrofitting projects without waiting for government action to construct
flood control projects. 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
considerations when implementing a retrofitting strategy 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 constructed by experienced professionals (engineers,
architects, or contractors) to ensure proper consideration of all factors influencing effectiveness.

Most retrofitting 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.

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

1.5 Retrofitting Process

A good retrofitting project should follow a careful path of exploration, fact finding, analysis, detailed
design, and construction steps as depicted in Figure 1-13. 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 incorporate the homeowner’s

concerns and preferences into the final product. The NOTE

primary steps in the overall process are shown in Figure

1-13 and discussed in the following steps. Within each of these steps, homeowners
are involved in providing input into the

Step 1. Homeowner Motivation: The decision to evaluations, analyses, decisions, and

design concepts to ensure that the
final product meets their requirements.

Finally, maintenance of the constructed
structure in question; having experienced substantial retrofitting measure is the responsibility

damage from a flood or an event other than a flood; or of the homeowner.
embarking on a substantial improvement, which requires

consider retrofitting options usually stems from having
experienced or witnessed a flooding event in or near the
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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.

Step 2. Parameters of Retrofitting: The goal of this step is to conduct the necessary field investigations,
regulatory reviews, and preliminary technical evaluations to select applicable and technically feasible
retrofitting techniques that warrant further analysis.

Step 3. 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.

Step 4. 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 NONE
retrofitting measure considered with any subjective decision You can download the newest
factors introduced by the homeowner or others. version (Version 4.5.5) of the BCA
software free of charge from the
Step 5. Design: During this phase, specific retrofitting Web site: http://www.fema.gov/

measures are designed, construction details developed, cost government/grant/bca.shtm#1.

estimates prepared, and construction permits obtained.

Step 6. Construction: Upon final design approvals, a contractor is selected and the retrofitting measure is
constructed.

Step 7. Operation and Maintenance: The development of a well-conceived operation and maintenance
plan is critical to the overall success of the project.

Figure 1-13.
Primary steps in
retrofitting process

Homeowner motivation

Homeowner coordination

Parameters of retrofitting

v

Determination of hazards

\4

Benefit-cost analysis

\4

Design

v

Construction

Homeowner maintenance
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1.51  Other Retrofitting Guides

When considering retrofitting a structure, it is important to approach the retrofitting method selection
and design process with a multi-hazard perspective. Improvements to a building that are made to increase
resistance to the effects of natural hazards should focus on those items that will potentially return the largest
benefit to the building owner. If the existing building is considered inadequate to resist natural hazard loads,
retrofit improvements should be considered for the following building elements:

Decks and porches
Exterior metal (handrails, connectors, etc.)
Windows and doors
Foundation
Exterior equipment
Roof
Siding
All relevant hazards to the home need be considered. FEMA has several other retrofit publications available:

NFIP Technical Bulletins 1 through 11 (available at http://www.fema.gov/plan/prevent/floodplain/
techbul.shtm)

FEMA P-312, Homeowner’s Guide to Retrofitting (FEMA, 2009a)
FEMA 232, Homebuilder’s Guide to Earthquake-Resistant Design and Construction (FEMA, 2006a)
FEMA 347, Above the Flood: Elevating Your Floodprone House (FEMA, 2000a)

FEMA P-348, Protecting Building Utilities from Flood Damage: Principles and Practices for the Design and
Construction of Flood Resistant Building Utility Systems (FEMA, 1999a)

FEMA 356, Prestandard and Commentary for the Seismic Rehabilitation of Buildings (FEMA, 2000b)
later replaced by ASCE 41-006, Seismic Rehabilitation of Existing Buildings (ASCE, 2006)

FEMA P-499, Home Builder’s Guide to Coastal Construction (FEMA, 2010a)
Technical Fact Sheet Number 9.1: “Repairs, Remodeling, Additions, and Retrofitting — Flood”
Technical Fact Sheet Number 9.2: “Repairs, Remodeling, Additions, and Retrofitting — Wind”

FEMA P-804, Wind Retrofit Guide for Residential Buildings (FEMA, 2010b)

Chapter 15 of FEMA P-55, Coastal Construction Manual (FEMA, 2011) also discusses retrofit options and
solutions for different hazards, as well as the importance of retrofitting with a multi-hazard perspective.

An engineer or design professional should be consulted to ensure that a retrofit project for one hazard type
will not impede the structure’s resistance to other types of natural hazards.
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Regulatory Requirements

Most flood retrofitting projects are regulated by local floodplain, zoning, and building codes, regulations, and
ordinances. In addition to governing the extent and type of activities allowable in the regulatory floodplain,
these codes and ordinances set construction standards and regulations. These construction standards and
regulations must be followed in new construction as well as in substantial improvement and repair of
substantially damaged buildings. The portions of these ordinances dealing with retrofitting are generally

derived from guidance issued by FEMA under the NFIP, and USACE.

This chapter discusses the typical community floodplain
management and building code environment, including:

NOTE
the various tenets of the NFIP;
In individual communities, local
the role of local officials in a retrofitting project; and regulations are the mechanism by
which NFIP requirements are enforced.
the compatibility of items covered in international The reader is encouraged to contact
building codes with the NFIP. local floodplain management and
building code officials to determine if
Each jurisdiction may adopt standards that are more more restrictive requirements are in
restrictive than the minimum NFIP requirements, but place.

this section will examine only the minimum Federal
regulations governing construction in a SFHA. Adoption
of national model building codes establishes a certain level of consistency between State and local jurisdictions.
However, State and local governments often amend or adopt only portions of the national model building
codes, so the extent to which local building codes are more, or less, stringent than minimum model code
requirements can vary widely.
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2.1  National Flood Insurance Program

The NFIP is a voluntary program that operates through a partnership between the Federal Government
and individual communities such as State, Tribal governments, counties, parishes, and incorporated cities,
towns, townships, boroughs, and villages. The NFIP provides federally backed flood insurance to property
owners and renters in participating communities. In return, each community adopts and enforces floodplain
management regulations that meet or exceed the minimum NFIP requirements. The creation of the NFIP
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 relief is inadequate and expensive;

the private insurance industry cannot sell affordable flood insurance because only those at significant
risk will buy it; and

Federal flood control programs are funded by all

taxpayers, but they primarily help only those who live CROSS REFERENCE

in the floodplains.
The floodplain management

In 1968, Congress passed the National Flood Insurance requirements of the NFIP Gl listed in
the Code of Federal Regulations (CFR)

Act to correct some of the sbortcommgs of the traditional Title 44, Chapter 1, Section 60.3 (44
flood control and flood relief programs. The Act created CFR 60.3).
the 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 taxpayers to floodplain property owners through
flood insurance premiums.

Congress originally charged the Department of Housing and Urban Development’s (HUD’s) Federal
Insurance Administration (FIA) with responsibility for the program. In 1979, the FIA and the NFIP were
transferred to the newly created Federal Emergency
Management Agency. Currently, the NFIP is administered
by the Federal Insurance and Mitigation Administration

(FIMA) within FEMA. NOTE

To obtain information on repetitive loss
structures in your community, contact
buildings and facilities subject to repetitive losses. A your State Community Rating System

building is considered to be a repetitive loss structure when (CRS) program coordinator or your
FEMA Regional office.

FEMA has focused particular attention on mitigating

it has had at least two losses of $1,000 or more within any
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10-year period. There is an even more concerted effort to mitigate severe repetitive loss (SRL) properties.
Severe repetitive loss is defined as either:

(@) at least four NFIP claim payments (including building and contents) over $5,000 each, and the cumulative
amount of such claims payments exceeds $20,000; or

(b) at least two separate claims payments (building payments only) have been made with the cumulative
amount of the building portion of such claims exceeding the market value of the building.

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

Increased Cost of Compliance (ICC) coverage

Hazard Mitigation Assistance (HMA) grant programs
Hazard Mitigation Grant Program (HMGP)
Pre-Disaster Mitigation (PDM)
Flood Mitigation Assistance (FMA)
Repetitive Flood Claims (RFC)
Severe Repetitive Loss (SRL)
See Appendix A for additional information on these sources of funding. For more information on FEMA and

non-FEMA sources of funding, readers are encouraged to contact their State NFIP and HMGP Coordinators
or State Hazard Mitigation Officers.

211  Flood Hazard Information

The requirements of the NFIP are based on the BFE, A
which is the flood level that has a 1-percent chance of WARNING
being equaled or exceeded in any given year. The associated

flood is called the base flood event. Communities that
participate in the NFIP’s Regular Program typically have

FIRMs use the North American Vertical
Datum (NAVD) of 1988. Older FIRMs
may use National Geodetic Vertical

a detailed Flood Insurance Study (FIS), which presents Datum (NGVD) of 1929 Communities
flood elevations of varying frequency, including the normally use NAVD 88 for surveying
base flood, areas inundated by the various magnitudes purposes; if the community’s FIRM

. . ‘o . uses NGVD 29, then NGVD 29 must
of flooding, and floodway boundaries. This information be used for all elevations on FEMA

is presented on a Flood Insurance Rate Map (FIRM). Elevation Cerlificatesiancioi it Ix
Retrofitting designers may use data from FIRMs and FIS applications.

reports to determine floodplain limits, flood depth, flood
elevation, and flood frequency.

2111  Flood Insurance Rate Maps

A FIRM is the official map of an NFIP community that delineates the SFHAs and the risk premium zones
applicable to the community. FIRMs are developed based on detailed study and analysis, including historic,
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meteorological, hydrologic, and hydraulic data. Communities and homeowners can use the FIRM to locate
properties and buildings in flood insurance risk areas. FIRMs can be obtained through a community’s
floodplain manager, or online at the FEMA Map Service Center (MSC) (http://www.msc.fema.gov/). For
more instruction on reading a FIRM, view the FIRM tutorial course (http://www.fema.gov/plan/prevent/
fthm/ot_firmr.shtm). Digitized FIRM:s are also known as digital FIRMs (DFIRMs). Beginning on or after
October 1, 2009, FEMA will provide a single paper flood map and FIS to each mapped community. FEMA
will convert all other distribution of maps and FIS reports for digital delivery.

A FIRM generally shows areas inundated during the base flood as either Zone A or Zone V. An example of a
DFIRM for riverine flooding is shown in Figure 2-1; a DFIRM for coastal flooding is shown in Figure 2-2.

Figure 2-1. Typical DFIRM for riverine flooding

The insurance zone designations shown on FIRMs indicate the severity or type of flooding in the area. Areas
of moderate to low risk include:

Zone X (shaded) and Zone B: Areas of moderate flood hazard, usually depicted on FIRMs as between
the limits of the base and 0.2-percent-annual-chance floods (also called the 500-year flood). These zones
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Figure 2-2. Typical DFIRM for coastal flooding showing the Limit of Moderate Wave Action (LIMWA)

are also used to designate base floodplains with low risk of hazards, such as those with average depths
of less than 1 foot or drainage areas less than 1 square mile, and areas protected by levees from the base
flood. Zone B is used on older FIRMs;

Zone X (unshaded) and Zone C: Areas of minimal flood hazard, usually depicted on FIRM:s as
above the 0.2-percent-annual-chance flood level. These zones may have flooding that does not meet

the criteria to be mapped as a SFHA, such as ponding and local drainage problems. Zone C is used on
older FIRMs; and

Zone D: Areas of undetermined, but possible flood hazards.
Zone A: The SFHA subject to inundation by the 1-percent-annual-chance flood event (except Zone V)
mapped on a community’s FIRM. The six types of Zone A are:

A: Determined using approximate methodologies where no BFE or flood depths are shown;

AE and A1-A30: Determined using detailed methodologies where the FIRM shows a BFE. Zone
AE delineations are used on newer FIRMs instead of numbered zones;

AH: Shallow flooding (usually areas of ponding) where average depths are between 1 and 3 feet.
BFEs derived from detailed analysis are shown;
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AO: Shallow flooding (usually sheet flow on sloping terrain) where average depths are between 1 and
3 feet. Average flood depths derived from detailed analysis are shown. Some Zone AOs have been
designated in areas with high flood velocities, such as alluvial fans and washes;

AR: Areas that result from the decertification of a previously accredited flood protection system that
is determined to be in the process of being restored to provide base flood protection; and

A99: Areas subject to the 1-percent-annual-chance flood event, but which will ultimately be
protected upon completion of an under-construction Federal flood protection system. No BFEs
or depths are shown. Zone A99 may only be used when the flood protection system has reached
specified statutory progress toward completion.

Starting in 2008, FEMA began mapping the LIMWA in
coastal areas. The LIMWA represents the landward limit
of the 1.5-foot wave (see Figure 2-2). The area between the NOTE
LiMWA and the Zone V limit is known as the Moderate
Wave Action (MoWA) area in flood maps, and the Coastal
A Zone for building code and standard purposes (such

There presently are no NFIP floodplain
management requirements or special
insurance ratings associated with the

as in ASCE 24, Flood Resistant Design and Construction).
This area is subject to wave heights between 1.5 and 3 feet
during the base flood. The area between the LIMWA and
the landward limit of Zone A due to coastal flooding is
known as the Minimal Wave Action (MiWA) area, and is
subject to wave heights less than 1.5 feet during the base

flood.

designation of the LIMWA. However,
in areas designated with a LIMWA,
communities are encouraged to adopt
Zone V requirements rather than the
minimum NFIP requirements in MoWA
areas to address the increased risks
associated with waves and velocity
action.

Zone V: The Coastal High Hazard Area subject to

inundation by the 1-percent-annual-chance flood event and high-velocity wave action. There are two
types of Zone V, which correspond to the Zone A designations based on the level of detailed analysis
used:

V: No BFEs or flood depths are shown; and
VE and V1-30: The FIRM shows a BFE. Zone VE delineations are used on newer FIRMs instead of

numbered zones.

ASCE 24 warns that even the latest FIRMs and FISs may be based on limited or incomplete information and
suggests that the community should always be contacted to obtain the latest information. Designers should
not determine a zone designation from a FIRM with a higher degree of precision than intended. Several
aspects of flood hazards and mapping should be considered: (1) the determination of flood hazard areas and
maps involves detailed analysis, but also assumptions and judgment made by modelers; (2) the base flood
is a statement of probability; (3) changes in land use over time contribute to increases in flood elevations
in riverine areas; (4) coastal flood mapping is sensitive to topography, which may change over time due to
erosion and development; (5) base maps do not include sufficient scale to capture all ground elevations;
and (6) the scale of most FIRM:s is such that the width of the lines delineating zones can be a factor in
determining whether a structure is in or out of a certain flood zone.
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211.2 Flood Insurance Studies

FIRMs are based on the information provided in an FIS. An FIS is based on detailed engineering studies.
In addition to providing detailed information on the hydrology and hydraulics of the community, the FIS
provides a narrative of the community’s flood history and sources of flooding. FISs show discharges and flood
profiles for riverine floodplains, and stillwater elevations and wave height transects for coastal floodplains.
FISs can be obtained through a community’s floodplain manager, or online at the FEMA Map Service
Center (http://www.msc.fema.gov/). For more instruction on reading an FIS, view the FIS tutorial course
(http://www.fema.gov/plan/prevent/thm/ot_fisr.shtm).

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

The area of the 100-year riverine floodplain is often divided into a floodway and a floodway fringe.
The floodway is the channel of a watercourse plus any adjacent floodplain areas that must be kept free
of encroachment so that the cumulative effect of the proposed encroachment, when combined with all
other existing or proposed encroachments, will not increase the BFE more than 1 foot at any point within
the community.

The area between the floodway and 100-year floodplain boundaries is termed the floodway fringe. The
floodway fringe encompasses the portion of the floodplain that could be completely obstructed without
increasing the water-surface elevation of the base flood by more than 1 foot at any point. Many States and
communities limit the allowable increase to less than 1 foot. Figure 2-3 shows a typical riverine floodplain
cross section, including the floodway and floodway fringe.

> Limit of floodplain for unencroached base flood -
Floodway Floodway
fringe L Floodway | fringe _
Stream
Flood _ Channel
elevation [T g
when
Y/ Ground confined
surface within Encroachment
Encroachment\ floodway f
) C ¢ + D
___________________________ Surcharge” | | ...
A X 1\ B
Area of allowable encroachment; raising/ Flood elevation before
ground surface will not cause a surcharge encroachment on
that exceeds the indicated standard floodplain
Line A - B is the flood elevation before encroachment
Line C - D is the flood elevation after encroachment
*Surcharge not to exceed 1.0 foot (NFIP requirement) or lesser height if specified by local regulations.

Figure 2-3. Typical riverine floodplain cross section
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Discharges are determined for various locations and
flood frequencies along the stream and are presented
in a summary table in the FIS report. Flood profiles
depict various flood frequency and channel bottom
elevations along each studied stream. 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 exceedance probabilities of
10, 2, 1, and 0.2 percent, respectively.

Coastal Floodplains: In coastal communities that
contain both riverine and coastal floodplains, the FIS
may contain information on both coastal and riverine
hazards. The coastal analysis includes the determination
of the storm surge stillwater elevations for the 10-, 2-, 1-,
and 0.2-perecent-chance floods (commonly referred to as
the 10-, 50-, 100-, and 500- year floods, respectively) as
shown in Table 4-2.

These stillwater elevations represent the potential
flood elevations from tropical storms (hurricanes and
typhoons), extra-tropical storms (nor’easters), 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 base flood and the increased flood
hazards from wave heights and wave runup.

CROSS REFERENCE

The example in Chapter 4 includes an
example of a Summary of Discharges
Table and Riverine Flood Profile.

NOTE

This manual does not cover design
issues in Coastal High Hazard Areas
(Zone V). For information on coastal
design and construction, refer to
FEMA’s Coastal Construction Manual
(FEMA P-55, Fourth Edition, 2011).

CROSS REFERENCE

The example in Chapter 4 includes
an example of a Summary of Coastal
Stillwater Elevations Table.

The increases from wave heights and runup are added to the stillwater elevations to yield the regulatory BFE.
Figure 2-4 illustrates the wave height transect showing the effects of physical features on the wave heights

and corresponding BFE.
Zone V Zone A Zone X
> € e
Wave height greater than 3 feet Wave height less than 3 feet
MoWA MiWA
" . < - > < >
\?vzse”;%:ggg Wave height Wave height less than 1.5 feet
i 1.5 to 3.0 feet
| 100-year stilwater elevation __ Il T === - i
Mean sea
level Sand — Overland Wooded Limit of
, dune el wind fetch region base flooding
Shoreline T

Figure 2-4. Wave height transect showing LIMWA, MoWA, and MiWA
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2.1.2  Floodplain Management Regulations

The floodplain management aspects of the NFIP are
implemented by communities. A “community” is a
governmental body with the statutory authority to enact
and enforce development regulations. The authority
of each unit of government varies by State. Eligible
communities can include cities, villages, towns, townships,
counties, parishes, States, and Indian Tribes. Over 21,000
communities participate 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 in the regulatory floodplain proceeds. Before
the permit is issued, the community must ensure that two
basic criteria are met:

all new construction, substantial improvements, and
repairs of substantial damage will be protected from
damage by the base flood; and

CROSS REFERENCE

FEMA has developed two resources
to assist State and local officials

with NFIP requirements for
substantially improved/substantially
damaged buildings. The Substantial
Improvement/ Substantial Damage
Desk Reference (FEMA P-758, 2010c)
provides practical guidance and
suggested procedures to implement
the NFIP requirements for substantially
improved or substantially damaged
buildings.

The Substantial Damage Estimator
(FEMA P-784, 2010d) software
assists State and local officials in
determining substantial damage using
data collected during the evaluation
process.

new floodplain development will not aggravate existing flood problems or increase damage to other

properties.

Several definitions are needed to guide the designer through floodplain management regulations. The NFIP

definitions of key terms are provided below.

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

Enclosure: That portion of an elevated building below the lowest elevated floor that is either partially or
fully shut in by rigid walls.

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

Post-FIRM: A post-FIRM building (for floodplain

management purposes) is a building for which the

start of construction post-dates the effective date NOTE
of the community’s NFIP-compliant floodplain

The definitions of pre-FIRM and post-
FIRM are different for insurance and
floodplain management purposes.

See Section 2.1.3 for the insurance
definitions.

management ordinance.

ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures 2-9



2 REGULATORY REQUIREMENTS

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

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.

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

Substantial Improvement: Any reconstruction, rehabilitation, addition, or other improvement of a
structure, the cost of which equals or exceeds 50 percent of the market value of the structure before the
« . » . . . . . <« .
start of construction” of the improvement. This term includes structures which have incurred “substantial
damage,” regardless of the actual repair work performed. The term does not, however, include either:

1. any project for improvement of a structure to correct existing violations of State or local health, sanitary,
or safety code specifications which have been identified by the local code enforcement official and which
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.”

Under NFIP criteria, all new (post-FIRM) construction related to substantially improved or substantially
damaged residential structures located within Zones A1-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 a substantially improved or substantially damaged 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.

21.3 Insurance Program

Federally-backed flood insurance is made available in communities that agree to implement NFIP-compliant
floodplain management programs that regulate future floodplain development. Communities apply to
participate in the program in order to make flood insurance and certain forms of Federal disaster assistance
available in their 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 development will be resistant to flood damage, the Federal Government is willing to support
insurance and help make it affordable.

The Flood Disaster Protection Act of 1973 expanded the program to require flood insurance coverage as a
condition of Federal aid or loans from federally-insured banks and savings and loans institutions for buildings
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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.

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, whichever 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 receiving the financial benefits of lower insurance rates.
Subsequent to substantial improvements, a pre-FIRM building will become a post-FIRM building for flood
insurance rating purposes. Only elevation or relocation techniques may result in reduced flood insurance
premiums or in eliminating the need for flood insurance.

To provide incentives for communities to adopt more stringent requirements, FEMA established the NFIP
Community Rating System. For more information about the CRS, contact the NFIP Coordinating Agency
for your State or the appropriate FEMA Regional Office. See also FEMA’s CRS Web site (http://www.fema.
gov/business/nfip/crs.shtm), which includes basic information and links to other CRS resources, including

the CRS Resource Center (http://training.fema.gov/EMIWeb/CRS/).

2.1.4  NFIP Flood-Prone Building Performance Requirements

The NFIP has established minimum criteria and design ==

performance requirements that communities participating ;§

in the NFIP must enforce for structures located in SFHAs. CROSS REFERENCE
These criteria specify how a structure should be constructed

in order to minimize or eliminate the potential for flood For more information on NFIP

requirements and recommendations
to exceed those requirements, see
Appendix G of this Manual. Appendix
and substantially damaged buildings in Zone A. G includes information for Zone A,

Coastal A Zone, and Zone V.

damage. Table 2-1 summarizes some of the key requirements
of the NFIP for new construction, substantially improved,

FEMA, the USACE, the NRCS, and several State 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, developers, and the general public). These resources (listed in Appendix F)
contain guidelines for the use of certain techniques and materials for design and construction that meet the
intent of the NFIP’s general design criteria. These publications also contain information on the generally
accepted practices for flood-resistant design and construction.
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Table 2-1. Summary of Key NFIP Requirements for Zone A

Provision Requirement

Design and Construction Building and foundation must be designed, constructed, and

44 CFR 60.3(a)(3)(i) adequately anchored to prevent flotation, collapse, and lateral
movement resulting from hydrodynamic and hydrostatic loads,
including the effects of buoyancy.

Lowest Floor Elevation Top of lowest floor must be at or above BFE.

44 CFR 60.3(c)(2)

Flood Damage-Resistant Materials  Structural and nonstructural building materials below the BFE must

44 CFR 60.3(a)(3)(ii) be flood damage-resistant.

Enclosures Use of enclosures is restricted to parking of vehicles, building

44 CFR 60.3(c)(5) access, and storage. Walls of enclosures must have a minimum of
two flood openings to allow passage of flood waters.

Utilities Utilities and equipment must be located (elevated) at or above

44 CFR 60.3(a)(3)(iv) the BFE or designed to prevent flood waters from entering and

accumulating in components during flooding.

FEMA has also been involved in 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 resulted in the inclusion of the standards in the International Building Code
Series (I-Codes) published by the International Code Council and in ASCE 7, Minimum Design Loads
for Buildings and Other Structures (ASCE, 2010) and ASCE 24, Flood Resistant Design and Construction
(ASCE, 2005).

2.2  Community Regulations and the Permitting Process

Regulation of the use of floodplain lands is a responsibility
of Stateandlocal governmentsand, inlimited applications,

the Federal Government (wetlands, navigable waterways, TERMINOLOGY: FLOODWAY
Federal lands, etc.). It can be accomplished by a variety
of procedures, such as establishment of designated The floodway is the channel of a river

or other watercourse and the adjacent

floodways and encroachment lines, zoning ordinances, )
land areas that must be reserved in

subdivision regulations, special use permits, floodplain order to discharge the base flood
ordinances, and building codes. These land-use controls without cumulatively increasing the
are intended to reduce or eliminate flood damage by water surface elevation more than a

guiding and regulating floodplain development. designatediiieigng

As was explained in Chapter 1, flood-prone communities

that participate in the NFIP are required to adopt and enforce, at a minimum, NFIP-compliant
floodplain regulations to qualify for many forms of Federal disaster assistance and for the availability
of flood insurance. State and local floodplain ordinances are essentially the NFIP requirements with
additional requirements set by the State or community. Many States and communities have more
restrictive requirements than those established by the NFIP. In fact, State and community officials, using
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knowledge of local conditions and in the interest of safety, may set higher standards, the most common

of which are listed below.

Freeboard means a factor of safety usually expressed in feet above a flood level for purposes of flood

plain management. Freeboard tends to compensate for the many unknown factors that could contribute
to flood heights greater than the height calculated for a selected size flood and floodway conditions,

such as wave action, bridge openings, and the hydrological effect of urbanization of the watershed.

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

the floodway.

The use of building materials and practices that have previously proven ineffective during flooding may

be prohibited.

The use and type of construction fill material may be further restricted by the higher standards adopted

by some States and communities.

Before committing a significant investment of time and money in retrofitting, the design professional

should contact the local building official for building code and floodplain management requirements and
information on obtaining necessary permits. The ultimate decision on the application of building codes

and floodplain requirements lies with the local building code official. When obtaining a permit and doing
construction, the local building official or floodplain manager may add to the scope of work proposed

by the homeowner in order to bring the retrofit project into compliance with applicable codes, standards,

and regulations.

2.3 National Model Building
Codes

The National Model Building Codes currently include
the I-Codes and the National Fire Protection Association
(NFPA) Building Construction Safety Code (NFPA
5000, 2009). The I-Codes have been widely adopted
and used by local communities (in whole or in part with
amendments). The [-Codes include a comprehensive
set of requirements for building systems that meet or
exceed the minimum NFIP requirements for flood-
resistant design and construction requirements of the

building types and systems for which they are written.
The I-Codes include:

IBC Appendix G addresses other NFIP

requirements such as floodplain management issues;

The International Residential Code (IRC) for One-
and Two-Family Dwellings;

The International Existing Building Code (IEBC);

ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures

WARNING

The adoption and enforcement of
building codes and standards is not
consistent across the United States.
Codes and standards in some States
and communities may be more restrictive
than those in others. In addition, some
communities have not adopted a building
code. In communities where building
codes have not been adopted or where
the existing codes are not applied to
one- and two-family residential buildings,
design professionals, contractors,

and others engaged in the design and
construction of residential buildings are
encouraged to follow the requirements of
a model building code.

Some States, local governments, and
communities, however, make their own
amendments to the national model
building codes. In these cases, it

may be unclear if the adopted code

is still consistent with NFIP floodplain
management regulations.
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The International Plumbing Code (IPC);

The International Mechanical Code (IMC);

The International Fuel Gas Code (IFGC);

The International Private Sewage Disposal Code (IPSDC); and
The International Fire Code (IFC)

The NFPA 5000 addresses construction, protection, and occupancy, and is consistent with the flood-resistant
design requirements of the NFIP.

At the time of this revision, 47 percent of floodprone communities have adopted a flood-resistant building
code that meets or exceeds NFIP requirements (ISO 2011). Prior to the availability of the 2000 I-Codes,
most communities adopted stand-alone floodplain management regulations. With the I-Codes, it is possible
to integrate building codes and floodplain management into a single administrative process. In order to
participate in the NFIP using this approach, all of the IBC, including Appendix G, must be adopted.
Otherwise, not all “development,” as defined by the NFIP, is regulated adequately. If Appendix G is not
adopted, then provisions regulating “development” would need to be included in a stand-alone ordinance.
The IRC includes flood-resistant construction requirements as part of the code and thus are adopted when
the IRC is adopted. For more information about the IBC adoption process, contact the State or local building
and permitting officials.

2.4 Consensus Standards

Numerous standards related to design and construction practices and construction materials are incorporated
into a building code by reference rather than by inclusion of all of the text of the standard in the code.
ASCE, with FEMA’s assistance, worked to develop flood loads for inclusion in ASCE 7 and ASCE 24. These
standards were developed by a committee of nationally recognized experts following the consensus standards
process. Relevant consensus standards include:

American Concrete Institute (ACI) 530, Building Code Requirements for Masonry Structures. ACI 530 is
a referenced standard in the IBC and IRC;

ASCE 7, Minimum Design Loads for Buildings and Other Structures. ASCE 7 is a referenced standard in
the IBC, IRC, and NFPA 5000; and

ASCE 24, Flood-Resistant Design and Construction. ASCE 24 is a referenced standard in the IBC and
NFPA. The IRC allows, but does not require, the design provisions of ASCE 24.

ASCE 24 specifies minimum requirements for flood-resistant design and construction of structures located
in flood hazard areas. The basic design requirements that are addressed in ASCE 24 include flood loads, load
combinations, elevation of the lowest floor, foundation requirements, materials, wet and dry floodproofing,
utility installations, and building access. In addition, ASCE 24 includes specifications for the design of pile,
post, pier, column, and shear wall foundations.
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The requirements of codes and standards meet or exceed the minimum NFIP requirements. Appendix G of
this publication provides a summary of selected key NFIP provisions and recommended best practices for
exceeding the requirements. It cross-references the I-Codes and the ASCE consensus standards.
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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:

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 3-1), which focuses on factors
that influence homeowner preference and those measures allowable under local regulations.

Retrofitting Screening Matrix (Figure 3-3), which focuses on the objective physical factors that
influence the selection of appropriate retrofitting techniques.
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3.1 Determination of Homeowner Preferences

The proper evaluation of retrofitting parameters will require a series of homeowner coordination and design
input meetings. Ultimately, the homeowner will have to deal with the flood protection environment on a
daily basis. 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 similar to 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; NOTE
economic considerations; In order to avoid any future
misunderstandings, designers
risk considerations; should use their skills and
knowledge of retrofitting projects
accessibility; to address technical implications
while working with homeowners.
local code requirements; Many owners have little or
no technical knowledge of
building mechanical/electrical/plumbing system upgrades; retrofitting and naturally look to

the designer or local official for

and guidance and expert advice.

off-site flooding impacts.

The Preliminary Floodproofing/Retrofitting Preference Matrix (Figure 3-1) assists the designer in
documenting the initial consultation with the homeowner. The first consideration, Measure Allowed [by
community] or Owner Requirement, enables the designer to screen alternatives that are not permissible and
must be eliminated from further consideration. Discussion of the considerations for the remaining measures
should lead to a “no” or “yes” for each of the boxes (see the instructions under Figure 3-1 for instructions to
fill out the matrix). 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. If a “no” or “yes” cannot
be determined, then more research may be required. In some cases, conservative assumptions should be made
and later revisited to keep the process moving forward.

3.11  The Initial Homeowner Meeting

The first step in the homeowner coordination effort is the
educational process for both the designer and the property NOTE

owner. This step is a very important one.
The evaluation of information

The homeowner learns: obtained during the initial
meeting with the homeowner
how it was determined that the home is in the floodplain; will help the designer and

owner address the flood threat
to the entire structure and the
vulnerability of specific openings
to floodwater intrusion.

possible impacts of an actual flood;

benefits of flood insurance;
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Preliminary Floodproofing/Retrofitting Preference Matrix

Owner Name: Prepared By:

Address: Date:

Property Location:

Floodproofing Measures

Elevation Elevation
on on Posts Dry Wet Floodwalls

Foundation | Elevation | Elevation and Elevation Flood- Flood- and

Considerations Walls on Fill onPiers | Columns | onPiles | Relocation | proofing A proofing Levees

Note the
measures NOT
allowed

Homeowner Concerns

Aesthetic
Concerns

High Cost
Concerns

Risk Concerns
Accessibility
Concerns

Code Required
Upgrade
Concerns
Off-Site Flooding

Concerns

Total “x’s”

Instructions: Determine whether or not floodproofing 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 determine if the homeowner has concerns that would affect its
implementation. A concern is defined as a homeowner issue that, if unresolved, would make the retrofitting method(s)
infeasible. If the homeowner has a concern, place an “x” in the box under the appropriate measure/consideration. Total
the number of “x’s”. The floodproofing measure with the least number of “x’s” is the most preferred.

Figure 3-1. Preliminary Floodproofing/Retrofitting Preference Matrix
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physical, economic, and risk considerations; and
what to expect during each step in the retrofitting process.
The deigner learns:
flood history of the structure;
homeowner preferences;
financial considerations;
special issues, such as accessibility requirements for the disabled; and

information about the subject property such as:
topographic surveys;
site utility information; and
critical home dimensions.
During this initial meeting, the homeowner and designer should jointly conduct a preliminary assessment of
the property to determine which portions of the structure require flood protection and the general condition

of the structure. This initial evaluation will identify the elevation of the lowest floor and the elevation of
potential openings throughout the structure through which floodwater may enter the residence.

3.1.2 Initial Site Visit

NOTE
A low point of entry determination, illustrated in Figure 3-2, -
identifies the elevation of the lowest floor and each of the SometimesitiSiIEEEES g
, . j a field survey to be conducted
structure’s openings. and may include: by a professional land surveyor
before design documents are
lowest floor or basement slab; developed. However, frequently
the homeowner and designer
windows, doors, and vents; may be able to develop a rough
elevation relationship between
mechanical/electrical equipment and vents; the expected flood elevation,
the elevation of the lowest floor,
drains and other floor penetrations; and and the low points of entry to the
structure sufficient for an initial
water spigots, sump pump discharges, and other wall evaluation.
penetrations.

In addition to the lowest floor and structure openings, the following points should also be identified or
established during the initial site visit:

finished floor elevation of the structure (unless already identified as lowest floor);

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

an elevation reference mark on or near the house.
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Low point of entry Low point of entry Utility hazards
Hose bib, sump pump, Window sill A/C unit, electric/
discharge gas meter

T 4/ A/C unit
d _$_4 1 |

Ground

T ey PPy -, Window or door sill
: N ' dryer vent
& 4, ,— Backflow hazards
e N fb Floor drains and
sanitary sewers
Lowest floor elevation Structural opening
Top of basement slab Window or door sill
or top of first floor
Low point of entry
Top of window wells or
top of areaway stairwell $Survey point

Figure 3-2. Survey to identify the low point of floodwater entry into a typical residential structure

Once the low point of entry determination has been completed, the homeowner and designer can determine
the DFE and/or identify openings that need to be protected (as in the case of dry floodproofing in non-
residential buildings).

The approximate height of the retrofitting measure can be used by the homeowner 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 condition of the structure.

3.1.3 Aesthetic Concerns

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

The homeowner may reject a measure that scores high for all considerations except aesthetics. On the other
hand, what may be aesthetically pleasing to the homeowner may not be technically appropriate for a project.
Here, a designer must use skill and experience to achieve a common ground. In doing so, the homeowner’s
preference should be considered, while not jeopardizing the structural, functional, and overall success of the
proposed project.
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An aesthetically pleasing solution that also performs well as a retrofitting alternative can be achieved through
an understanding of the relationship between the existing and proposed modifications, creative treatment
and modification of surrounding landforms, proper landscaping techniques, and preservation of essential
and scenic views.

3.1.4 Economic Considerations

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

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

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

homeowner.

As discussed in Chapter 1, the cost of retrofitting will depend

on a variety of factors, including the building’s condition, the
retrofitting measure to be employed, the DFE, 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.

The costs in Tables 3-1 through 3-4 are provided to assist in economic analysis and preliminary planning
purposes. Table 3-5 provides a comparison of relative costs and risks across all floodproofing methods.

Additional costs that may be incurred:

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

professional or architectural design (10 percent of the costs of selected retrofitting measures);
contractors’ profit (10 percent of the estimated costs); and

contingency to account for unknown or unusual conditions.

Table 3-1. Relative Costs of Elevating a Home

Construction Type Existing Foundation Retrofit Relative Cost

Elevate on continuous foundation walls

Fram . Lowest
ame or open foundation
Frame with Basement, crawlspace, or Elevate on continuous foundation walls
masonry veneer open foundation or open foundation
Loadbearing Extend existing walls and create new
masonry elevated living area
Elevate on continuous foundation walls
Frame .
or open foundation
Frame with Elevate on continuous foundation walls
Slab-on-grade .
masonry veneer or open foundation v
Loadbearing Elevate on continuous foundation walls Highest
masonry or open foundation Ighes

3-6 ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures



PARAMETERS OF RETROFITTING 3

Table 3-2. Relative Costs of Relocation

Construction Type Existing Foundation Retrofit Relative Cost
Frame WARNING
Frame with ;
Crawlspace or open The relative

masonry veneer foundation Lowest relocation costs
Loadbearing shown here are
masonry Relocate existing based on a small
Frame home and install holme.t.Becauste

: the home on a relocation costs
rlfr::::)?l:wt/r:eneer Basement LY TRUTC do not Ingreass

y at the new site, proportionally

Loadbearing hook up utilities, with the size of a
masonry and restore the home, the cost
Frame old site per square foot of

.  / moving a larger
Frame with . home may be less
masonry veneer Slab-on-grade Highest than that shown
Loadbearing here.
masonry

Table 3-3. Relative Costs of Floodwalls and Levees
Construction Type Existing Foundation Retrofit Relative Cost
Wet floodproof crawlspace to a height of 2 ft to 4 Lowest

Frame, frame Crawlspace ft above LAG
z‘g;heg:_acs’?my Basement Wet floodproof unfinished basement to a height
loadbearing of 2 ft to 4 ft above the basement floor
masonry Wet floodproof unfinished basement to a height

Basement of 8 ft above the basement floor Highest

LAG = Lowest Adjacent Grade

Table 3-4. Relative Costs of Wet Floodproofing

Construction Type Existing Foundation Retrofit Relative Cost
Wet floodproof crawlspace to a height of 2 ft to 4 Lowest

Frame, frame Crawlspace ft above LAG

LA (E AT Wet floodproof unfinished basement to a height

veneer, or Basement of 2 ft to 4 ft above the basement floor

loadbearing

masonry Basement Wet floodproof unfinished basement to a height

of 8 ft above the basement floor Highest

LAG = Lowest Adjacent Grade
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Table 3-5. Relative Costs and Risks of Floodproofing Methods

aaa s

Floodproofing Dry Wet Floodwalls
Retrofit Method Elevation Relocation Floodproofing Floodproofing and Levees
Cost $$89% $5889% $ $$ $$%
Risk Level n ! ny n m
$ = cost ! = risk

Figure 3-3 can serve as a guide for developing the initial planning level estimate for each retrofitting alternative
being considered.

Preliminary Cost Estimating Worksheet

Owner Name: Prepared By:

Address: Date:

Property Location:

Cost Component Unit Cost Quantity

Subtotal Retrofitting Measures
Contractor’s Profit (10%)

Design Fee (10%)

Loss of Income (optional)
Displacement Expenses (optional)
Contingency

Subtotal Other Costs

Total Costs

Figure 3-3. Preliminary Cost Estimating Worksheet

3-8 ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures



PARAMETERS OF RETROFITTING 3

3.1.5 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 exceedance
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 against a
10-percent-chance-annual exceedance probability (10-year) flood would have an 88-percent chance of being
overtopped during a 20-year period. Such information will assist the homeowner in evaluating the pros and
cons of each measure. Table 3-6 provides the probabilities associated with one or more occurrences of a given
flood magnitude occurring within a specific number of years.

Table 3-6. Flood Risk

Recurrence Interval (Years)

10 25 50 100 500

1 10% 4% 2% 1% 0.2%

Length 10 65% 34% 18% 10% 2%
of Period 20 88% 56% 33% 18% 2%
(Years) 25 93% 64% 40% 20% 5%
30 96% 71% 45% 26% 6%

50 99+% 87% 64% 39% 10%

100 99.99+% 98% 87% 63% 18%

The table values represent the probabilities, expressed in percentages, of one or more occurrences of a flood of given magnitude or
larger within a specified number of years. Probability (?) may be calculated for any given Length of Period (») and Recurrence Interval
(R1) using the following equation: P {1 [1 1 j <100%’ where R/ and » are in years.

=|1-]1-— ()

Flood probabilities are also useful in evaluating the inconvenience aspects of retrofitting. Reducing cleanup
and repairs, lost time from work, and average non-use of a building from once in 2 years to once in 10 years
could be a powerful incentive for retrofitting even though other aspects may be less convincing.

3.1.6  Accessibility for Individuals with Special Needs

Accessibility for individuals with special needs 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 NOTE

contain concepts that may be of assistance to a designer representing

a property owner with special needs. A designer should become
familiar with the prevailing

It is important for the designer to remember that the term “special conditions, codes, and

legal restrictions particular

needs” does not refer only to someone who uses a wheelchair. Other . .
to a building’s location.

special needs may include:
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limited mobility requiring the use of a walker or cane, which can inhibit safe evacuation;

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

partial or total loss of hearing or sight.

Special considerations such as small elevators may be needed.

Discussion of the above factors with the homeowner and utilization of the Preliminary Floodproofing/

Retrofitting Preference Matrix in Figure 3-1 will allow the designer to rank the retrofitting methods by

homeowner preference.

3.2 Community Regulations and Permitting

3.21 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 2. The designer should be aware
that modifications may be undertaken to make the model
codes more responsive to the local conditions and concerns in

CROSS REFERENCE

Chapter 4 of FEMA P-762,
Local Officials Guide to Coastal
Construction (FEMA, 2009b)
provides in-depth coverage of
permits and inspections.

the area, such as seismic and hurricane activity, extreme cold, or humidity.

Determination of which retrofitting measures are allowed under local regulations is an important step in

compiling the Preliminary Floodproofing/Retrofitting Preference Matrix (Figure 3-1). Retrofitting measures

not allowed under local regulations will be screened and eliminated from further consideration.

3.2.2 Building Systems/Code Upgrades

Other local code requirements must be met by homeowners’
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.

WARNING

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
management requirements,
these requirements could include
items such as the addition of fire
alarms, removal of lead water
pipes, upgrades in electrical
wiring, etc.
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3.2.3 Off-Site Flooding Impacts

Where a chosen retrofitting measure requires the modification
of site elements, a designer shall consider how adjacent properties NOTE

will be affected.
Addressing off-site impacts
Will construction of levees and floodwalls create diversions and issues is as much a matter
of responsible practice and
conscience as it is a requirement
of most building codes and

b . floodplain management
nearby properties: ordinances.

in the natural drainage patterns?

Will new runoffs be created that may be detrimental to

If floodproofing disturbs the existing landscape, will re-
grading and re-landscaping undermine adjacent streets and
structures?

Will the measure be unsightly or increase the possibility of WARNING

- . R
sliding and subsidence at a later date? NFIP, state, andliosalleal e

do not allow construction within

If a building is to be relocated to another portion of the a floodway or, in some cases,

current site, or if it is to be elevated, will it encroach on within a floodplain that would
established easements or rights-of-way? back up and increase flood
levels.

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

These and other questions must be addressed and satisfactorily answered by the homeowner and designer
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 ensure
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.

3.3 Technical Parameters

Once the designer has resolved preliminary retrofitting preference issues with the owner, a more intensive
evaluation of the technical parameters is normally conducted, including flooding, site, and building
characteristics. Figure 3-4 provides a worksheet that can be used to evaluate which measures are appropriate
for individual structures. Instructions for using this matrix are presented in Figure 3-5. The remainder of this
chapter provides background information on each of the technical parameters, which will be useful to the
designer in completing the worksheet.
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Owner Name: Prepared By:
Address: Date:
Property Location:
Measures
QLW
Elevation on
Elevation on Piers, Posts, Dry
Foundation | Elevation Columns, Flood- | WetFlood- | Floodwalls
Parameters Walls on Fill and Piles Relocation | proofing proofing | and Levees
Measures Permitted by Community or Preferred by Homeowner
Flood Depth
Shallow (<3 ft)
Moderate (3 to 6 ft) N/A
P Deep (>6 ft) N/A N/A N/A
% Flood Velocity
::,-" Slow/Moderate (<5 ft/sec)
E Fast (>5 ft/sec) 1 1 1 N/A 1
E' Flash Flooding
§ Yes (<1 hour) 2 2 2
= No
Ice and Debris Flow
Yes 6 4 N/A 4
No
2 Site Location
3 Floodway 5 5 5 5 5 5 5
g Other Zone A
S Soil Type
(&)
2 Permeable 3 3
@ Impermeable
Building Foundation
Slab-on-Grade
fé Crawlspace N/A
g Basement 6 6 6
E Building Construction (Framing)
g Concrete or Masonry
g Wood and Others
E’ Building Condition
Excellent to Good
Fair to Poor 6 6 6 6 6

Figure 3-4. Retrofitting Screening Matrix
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The Retrofitting Screening Matrix (Figure 3-4) is designed to screen and eliminate retrofitting techniques that should not be considered for
a specific situation.

Steps to Complete Matrix

Step 1:  Screen alternatives that are neither 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 or Preferred by
Homeowner row. If an N/P is placed in a column representing a retrofitting measure, that alternative is eliminated from
consideration.

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

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

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

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

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

Matrix Keys

N/A Not advisable in this situation.
N/P  Not permitted in this situation.
1 Fast flood velocity is conducive to erosion and special features to resist anticipated erosion may be required.

2 Flash flooding usually does not allow time for human intervention; thus, these measures must perform without human
intervention. Openings in foundation walls must be large enough to equalize water forces and should not have removable
covers. Closures and shields must be permanently in place, and wet floodproofing cannot include last-minute modifications.

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

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

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

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

Figure 3-5. Instructions for Retrofitting Screening Matrix

3.3.1 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 important flood characteristics that must be examined to determine which retrofitting
measure will be best suited for a specific location: depth and elevation, flow velocity, frequency, rates of rise
and fall, duration, and debris impact. These characteristics not only indicate the precise nature of flooding
for a given area, but can also be used to anticipate the performance of different retrofitting measures based
on the potential hazards associated with each. These factors are outlined below.
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3.3.1.1  Flood Depth and Elevation

The depth and elevation of flooding are directly related. Flood depth is measured from the floodwater surface
to the adjacent ground level, while flood elevation is measured against an established standard datum.
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 FISs 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. Figure 3-6 illustrates historic
flood depths documented by measuring mud lines or high water marks on a building.

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
guidance on computing flood depth in areas outside existing study limits.

Floodwater 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
structural members such as walls, piers, and foundations. Hydrostatic forces increase linearly as the depth of
water increases. Figure 3-7 illustrates the hydrostatic and buoyancy forces generated by water depth.

Figure 3-6.

Measuring mud lines
or high water marks to
establish flood depth
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Figure 3-7. Hydrostatic

and buoyancy forces
Flood level

: Hydrostatic
force
e

TAAAAAAL

= Buoyancy force —

If a well-constructed building is subject to flooding depths of less than 3 feet, it is possible that unequalized
hydrostatic forces may not cause significant damage. Therefore, consideration can be given to using barriers,
sealants, and closures as retrofitting measures. If shallow flooding (less than 3 feet) causes a basement to fill
with water, then wet floodproofing methods can be used to reduce flood damage to basements.

If a residential building is subject to flooding depths greater than 3 feet, either elevation or relocation is
often the most effective method of retrofitting. Water depths greater than 3 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 floodwalls and levees designed to
withstand flooding depths greater than 3 feet.

3.3.1.2  Flood Flow Velocity

The speed at which floodwater moves (flood flow velocity)

is normally expressed in terms of feet per second (ft/sec). NOTE
Riverine floodwater velocity depends primarily on the slope

and roughness of the ground surface. In coastal areas, wind The use of existing and

speed also frequently influences flow velocity. Beyond the historical data can be very

useful in analyzing the flood
threat. Through interviews with
residents, approximate dates

potential structural damage from hydrodynamic forces and
potential debris impact described below, flowing water often

causes erosion and scour. Both erosion and scour can weaken of flooding may be established,
structures by undermining the building foundation. Erosion as well as remembered depths
and scour are discussed further in Section 3.3.2. of flooding, types of velocity

(moving or standing water),
duration of flooding, etc. Once
the dates have been established,
the designer can check other

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 pOSSlblllty Of sources such as newspapers and
structural failure. Hydrodynamic forces are caused by water the National Weather Service for
moving around an object and consist of positive frontal pressure additional information.

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 surrounding buildings. Thus, the frontal pressure,
drag, and suction from these fast-moving waters may move a building from its foundation 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
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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.

3.3.1.3  Flood Frequency

As discussed in Section 3.1.5, flood frequency analyses define the probability that a flood of a specific size
will be equaled or exceeded in any given year. Therefore, a flood elevation with a 1-percent-annual-chance
of being equaled or exceeded in any given year is referred to as the “100-year flood.” Table 3-6 illustrates
the relationship between flood RIs and the probability of that event occurring within a given period. While
the 100-year flood serves as the basis for NFIP insurance rates and regulatory floodplain management
requirements, the relative frequency of any given flood (2-year vs. 10-year) can also be helpful when choosing
between retrofitting options.

3.3.1.4 Rates of Rise and Fall

In areas of steep topography or those areas with a small drainage area, floodwater can rise very quickly with
little or no warning. This condition is known as flash flooding. High velocities usually accompany these
floods and may preclude certain types of retrofitting, especially those requiring human intervention. In a
flash flooding situation, damage usually begins to occur within
1 hour after significant rainfall. If a building is susceptible
Fo ﬂash' floods, {nsuﬂiaent' warning time can preclude the WARNING
installation of shields on windows, doors, and floodwalls, as
well as the activation of pump systems and backup energy Flash flooding will usually
preclude the use of any
retrofitting measure that requires
human intervention.

sources. Temporarily relocating movable contents to a higher
level may also be impractical. However, such measures may be
effective if a building is not subject to flash flooding and the
area has adequate flood warning systems, such as television and

radio alerts.

High rates of floodwater rise and fall may also lead to increased hydrostatic pressures. This is due primarily
to the fact that the water level inside the structure rises and falls more slowly than the level outside.

3.3.1.5 Flood Duration

In many floodplains, duration is related to rates of rise and
fall. With long-duration flooding, certain measures such as NOTE

dry floodproofing may be inappropriate due to the increased
chance of seepage and failure caused by prolonged exposure to
floodwater. Long periods of inundation are also more likely to
cause greater damage to structural members, interior finishes,
and service equipment than short periods.

3.3.1.6  Debris Impact

While not intrinsic to flooding itself, debris impact is a
flood hazard directly related to flood characteristics—depth,

A detailed hydrograph can
provide information on duration
of flooding. However, such
information is usually not
available, and the cost of
creating a new study is usually
prohibitive. One potential source
of information is to check
similarly sized drainage basins
in neighboring areas to see if
historical data exists.
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velocity, rate of rise and fall—with respect to upstream site
characteristics. Rising floodwater can dislodge objects of all NOTE

types and sizes such as cars, sheds, boulders, rocks, and trees.
Another flood-related hazard

Once unrestrained, high-velocity and flash floodwater may besides debrislimr AT

transport the debris downstream and endanger any object fans. Because of the potential for
that intersects its path. In colder climates and spring thaws, high flood velocities, significant
floodwater may carry chunks of ice that can act as a battering debris flow, and varying channel

locations, alluvial fans present
many unique challenges. The
hazards associated with alluvial
structure itself. fan flooding are discussed in detail
in Appendix D of this manual.

ram on structural and non-structural elements alike. Debris
impact can destroy most retrofitting measures as well as the

Retrofitting measures suitable for debris impact may include

relocation, levees, and armored floodwalls.

3.3.2 Site Characteristics

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

3.3.2.1 Site Location

The floodplain is usually defined as the area inundated by a flood having a 100-year flood frequency. The

riverine floodplain is often further divided into a floodway and a floodway fringe.

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

3.3.2.2 Vulnerability to Erosion

Erosion refers to the wearing or washing away of land masses and occurs in both coastal and riverine
environments. Difficult to predict, erosion is capable of threatening existing coastal structures by destroying
dunes, lowering ground elevations, transporting sediments landward (overwash), breaching low-lying barrier
islands, and undermining coastal bluffs. Erosion may be caused by natural or manmade actions including,
but not limited to flood inducing storms, construction, and human activities such as dredging channels,
damming rivers and altering surface vegetation. Section 3.3 of FEMA P-55, Coastal Construction Manual,
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(FEMA, 2011) includes an extensive discussion on the phenomenon of coastal erosion. Similarly, riverine
erosion impacts the stability of stream banks and adjacent structures through the interaction of multiple
geophysical and geotechnical factors that are listed in Section 4.2 of this publication. Consideration of
siting and the erodibility of in situ land masses is critical when retrofitting in the floodplain as fast-moving
floodwater can undermine buildings and cause building, floodwall, and levee failure.

Shallow foundation systems generally do not provide sufficient protection against soil erosion without
some type of protection or armoring measure of below-
grade elements. Shallow foundation systems are prohibited
altogether in Zone V new construction for reasons evidenced

CROSS REFERENCE

in Figure 3-8. Significant scour in coastal areas can potentially

undermine deep foundation piles, individually and in groups, The Riverine Erosion Hazard

as described in Section 4.2.2 of this publication. The local office Areas Mapping Feasibility Study,

of the NRCS will generally have information concerning the (FEMA, 19990) i5 ]l
dibility of the soil ) ficsi ducted FEMA'’s electronic library at

erodibility of the soils native to a specific site. FEMA conducte http://www.fema.gov/library/

an erosion mapping feasibility study that concluded that viewRecord.do?id=2209.

mapping of erosion-prone areas was feasible (FEMA, 1999b).

Figure 3-8.

Large, fast-moving waves
combined with erosion
and scour to destroy

this Gulf of Mexico home
during Hurricane Opal

3.3.2.3 Soil Type

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

3-18 ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures



PARAMETERS OF RETROFITTING 3

Saturated soils subject horizontal surfaces, such as floors,
to uplift forces, called buoyancy. Like lateral hydrostatic NOTE

forces, buoyancy forces increase in proportion to the depth .
Contact the local office of the NRCS or

of water/saturated soil above the horizontal surface. Figure X ; e
a local geotechnical engineering firm

3-9 illustrates the combined lateral and buoyancy forces to obtain guidance on the permeability

resulting from saturated soil. or consolidation features of soils native
to the area. Because the site may

For example, a typical wood-frame home without a have been backfilled with non-native

basement or proper anchoring to the foundation may materials during original construction,

float if floodwater reaches 3 feet above the first floor. A NRGCS data should beiCate Rl

basement without floodwater in it could fail when the
ground is saturated up to 4 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 floodwater need to be considered. If a building is located on
unconsolidated soil, wetting of the soil may cause uneven (differential) settlement. The building may then be
damaged by inadequate support and subject to rotational, pulling, or bending forces. Some soils, such as clay
or silt, may expand when exposed to floodwater, causing massive forces against basement walls and floors. As
a result, buildings may sustain serious damage even though floodwater does not enter or even make contact
with the structure itself.

Figure 3-9.
Lateral and buoyancy
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3.3.3 Building Characteristics

Ideally, a building consists of three different components: substructure, superstructure, and support services.
The substructure consists of the foundation system. The superstructure consists of the structural elements
and the building envelope (cladding, roofing, windows and doors, etc.) above the foundation system. The
support services are those elements that are introduced into a building to make it habitable.
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These components are integrally linked together to help a 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 upon an appropriate retrofitting measure.

3.3.3.1 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, piers, and piles, 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. NOTE

The ability of a foundation system to successfully withstand these A cracked foundation is one
indication of a weak foundation.

The use of floodwalls and
levees may be the easiest and

and other loads or forces, directly or indirectly, is dependent
to a large extent on its structural integrity. A designer should

determine the type and condition of a building’s foundation most practical approach to
system early in the retrofitting evaluation. retrofitting a structure with a poor

foundation. Another solution may
All foundations are classified as either shallow or deep. Shallow be an entire relocation of the

building’s super-structure onto a

foundation systems consist of column/piers and wall footings, ,
new foundation.

slab-on-grade, crawlspace, and basement substructures. Deep

foundation systems primarily 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 has its own advantages and limitations when retrofitting
measures are being evaluated. Whichever is used in a building, a designer should carefully check for the
structural soundness of the foundation system.

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

3.3.3.2 Superstructure

The superstructure is the portion of the building that includes the load bearing members and the exterior
envelope systems above the foundation system (e.g., walls, floors, roofs, ceilings, doors, and other openings).
A designer should carefully and thoroughly analyze the existing conditions and component parts of the
superstructure to determine the best retrofitting options available. Flood- and non-flood-related hazard
effects should also be considered; the uplift, suction, shear, and other pressures exerted on building and roof
surfaces by wind and other environmental hazards may be the only reasons needed to rule out elevation as a
retrofitting measure.
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3.3.3.3 Support Services

These are elements that help maintain a human comfort zone and provide needed energy, communications,
and disposal of water and waste. For a typical residential building, the combination of the mechanical,
electrical, telephone, cable TV, water supply, sanitary, and drainage systems provides these services. An
understanding of the nature and type of services used in a building is necessary for a designer to be able to
correctly predict how they may be affected by retrofitting measures.

For example, the introduction of new materials or the alteration of a building’s existing features may require
resizing existing services to allow for the change in requirements. Retrofitting may also require some form of
relocated ductwork and electrical rewiring. Water supply and waste disposal systems may have to be modified
to prevent future damage. This is particularly true when septic tanks and groundwater wells are involved. If
relocation is being considered, the designer must consider all these parameters and weigh the cost of repairs
and renovation against the cost of total replacement.

3.3.3.4 Building Construction

Modern buildings are constructed with a limitless palette of
materials integrated into various structural systems. A building NOTE

may be constructed with a combination of various materials. . _
For general consideration

Thus, the suitability of applying a specific retrofitting measure of retrofitiing e SRl

may be difficult to assess. construction should be classified

. . as wood material unless all walls
Concrete and masonry construction may be considered for all and foundations are concrete
types of retrofitting measures, whereas other materials may not and masonry.

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. Otherwise, there may be a weak link in the retrofitting measure, raising the potential for failure
when floods exert hydrostatic or hydrodynamic forces on the structure.

Masonry-veneer-over-wood-frame construction must be identified since wood-frame construction is less
resistant to lateral loading than a brick-and-block wall section.

3.3.3.5 Building Condition

A building’s condition may be difficult to evaluate, as many NOTE
structural defects are not readily apparent. However, careful

inspection of the property should provide for a classification Typically, a designer will begin

a retrofitting project with an

initial analysis of the present

] ] . . conditions. Decisions based on
retrofitting measures. More in-depth planning and design may early findings may be revised

alter the initial judgment regarding building condition, thereby after a more detailed analysis.

of “excellent to good” or “fair to poor.” This classification is
only for the reconnaissance phase of selecting appropriate

eliminating some retrofitting measures from consideration at a

later time.
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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 Section 5.2) that 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 dampness 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 should be checked
for deterioration due to galvanic action or oxidation from contact with floodwater. Steel windows may be
damage-free if they are well protected 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 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.

An initial analysis of the conditions of the roof and ceiling of a building can be done by observation during
the early decision-making stage. An understanding of the materials and construction methods will be
necessary at a later date to fully evaluate the extent of possible damage and need to retrofit. The roofs over
most residential buildings consist of simple to fairly complex 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 compositions, 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 roof tiles, 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 to easily undergo the process of elevation, relocation, or dry or wet floodproofing. If not, floodwalls
or levees around the structure may be the best alternative if allowable.

Figure 3-10 presents a two-page worksheet that a designer can use to document findings during the initial
building condition survey.
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Preliminary Building Condition Worksheet — Superstructure

Owner Name: Prepared By:

Address: Date:

Property Location:

Exterior Finish: [] Siding []Brick [] Stucco [ ] Other

Structure Level Composition Cracks/Water Damage
Floor/Wall Material/Spacing Covering/Subfloor Condition Description/Location

First: Floor

First: Walls

Exterior
Interior
Second: Floors
Second: Walls

Exterior

Interior
Attic: Floors
Attic: Walls

Exterior

Interior
Roof

Decks/Porches

Structure Level Cracks/Water Damage
Component Total # Composition Condition Description/Location

First: Windows

First: Exterior Doors
Second: Windows
Second: Exterior Doors
Attic Windows
Skylights

Figure 3-10. Preliminary Building Condition Worksheet (page 1 of 2)

ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures 3-23



3 PARAMETERS OF RETROFITTING

Preliminary Building Condition Worksheet — Substructure and Service

Owner Name: Prepared By:

Address: Date:

Property Location:

Exterior Finish: [] Siding []Brick [] Stucco [] Other

Foundation
Foundation Wall Thickness Cracks/Water Damage

Type Wall Composition or Pile Size Condition Description/Location
1 Monolithic slab ] Masonry; CMU only

[] Stem wall slab [] Masonry; CMU and brick

[] Basement []ICF*
[] Crawlspace [] Poured concrete
[] Timber piles []Pre-cast
[JOther ________ 1Other ___
Support Services

Water Supply [] Municipal

] Well
Wastewater Removal | [] Municipal

[] Septic
Electrical [] Above-ground supply

[] Below-ground supply

[] Other

Gas 1 Municipal
[] Other

Heat [] Gas furnace
[] Other

Air Conditioning []Central
[] Other

Ventilation

Cable/Fiber Optic

Telephone

*ICF = insulated concrete forms

Figure 3-10. Preliminary Building Condition Worksheet (page 2 of 2)
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3.4 Balancing Historic Preservation With Flood Protection

Many historic building features were developed, either deliberately 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 have a negative or even significant impact upon the historic character
of asite 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 supervised by a professional knowledgeable
in historic preservation. State and local historic preservation offices may require plan review and approval for
flood retrofit projects on historic buildings.

There may well be instances, however, when a measure that best protects the site also may result in some loss
of historic character. In such a case, the owner and the designer 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 dry or wet floodproofing
techniques, or leave it in its existing state to face the risks of damage or loss. It is difficult to prescribe
an equation for such a decision, since each situation will be unique, considering location, structural 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 is the risk that the historic feature or the entire site could be totally destroyed or substantially
damaged if the preventive measure is not taken? If the measure is taken, to what degree will this reduce
the risk of damage or total destruction?

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

Is there a design treatment that could be applied to the preventive measure to lessen detraction of
historic character?

3.5 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. Detailed information concerning the analysis and design for these multiple hazards is contained in

Chapters 4 and 5.

Significant flood-related hazards to consider include ice and debris flow, impact forces, erosion forces.
These hazards were discussed in Sections 3.3.1 and 3.3.2. Mudslide or alluvial fan impacts are addressed
in Appendix D. The major non-flood-related hazards to consider include earthquake and wind forces. Less
significant hazards addressed in Chapter 4 include land subsidence, fire hazards, snow loads, movable bed
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streams, and closed basin lakes. Multiple hazards may affect a structure independently, as with flood and
earthquakes, or concurrently, as with flood and wind in a coastal area.

Older buildings and structures were typically constructed to resist gravity loads only. Gravity loads consisted
of vertical downward loads (its own weight or dead load) plus loads that considered building contents and
people (live loads) on the floors. The roofs of the structures were constructed to resist rain and snow. However,
the designer of the structures may not have considered lateral and uplift loads from earthquakes and winds.

3.5.1 Earthquake Forces

Earthquakes generate dynamic seismic ground motion
acceleration forces that may be simplified into static lateral forces
using methods like the Equivalent Lateral Force Procedure in
ASCE 7-10. Subsequently, the designer divides and distributes
the resultant lateral force vertically across the different levels
of the modeled structure. The structural configuration of the
overall building, height above base, and the vertical combination
of individual structural systems affect the load distribution
and therefore demand critical consideration in the retrofitting
process. Shear walls, lateral connections between each level,
foundation reinforcement, and anchorage must be analyzed
and, in some cases, retrofitted to withstand earthquake forces
as part of the complete retrofit project.

3.5.2 Wind Forces

High winds impose 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.
In addition, when a structure or home is elevated to minimize
the effects of flood forces, the wind loads on the elevated
structure may be increased. FEMA P-762, Local Officials Guide
for Coastal Construction (FEMA, 2009b) provides a detailed
discussion of this topic. 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 structural components such as walls,
roofs, connections, and anchorage. 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.

NOTE

FEMA 530, Earthquake Safety
Guide for Homeowners (FEMA,
2005b) introduces the basics
of strengthening homes
against earthquake damage
and illustrates the relative cost
of prevention versus repair or
replacement.

For guidance on seismic retrofits
of existing homes, see FEMA
232, Homebuilders’ Guide to
Earthquake Resistant Design and
Construction (FEMA, 2006a).

NOTE

FEMA P-804, Wind Retrofit Guide
for Residential Buildings (FEMA,
2010b) provides guidance to
improve the performance of
homes in hurricane-prone
regions throughout the U.S. Wind
damage is mitigated through

the implementation of groups of
mitigation actions or packages
that strengthen the building
structure and its components.
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Determination of Hazards

Chapters 1 through 3 introduced retrofitting and guided the designer through the technical 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 determining which retrofitting
alternatives are technically feasible, and in preparing BCAs for those alternatives. The analysis of hazards
contributes to the design criteria for retrofitting measures, which are described in Chapter 5.

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

flood-related hazards, such as hydrostatic and hydrodynamic forces, flood-borne debris impact forces,

and site drainage considerations;
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

site-specific soil or geotechnical considerations, such as soil pressure, bearing capacity, land subsidence,
erosion, scour, and shrink-swell potential.

41  Analysis of Flood-Related Hazards

The success of any retrofitting measure depends on an accurate assessment of the flood-related forces acting
upon a structure. Floodwater surrounding a building exerts a number of forces on the structure, including
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lateral and vertical hydrostatic forces, hydrodynamic forces, and debris impact forces. In addition, certain
flood-related conditions may pose a danger and require evaluation (e.g., site drainage, lake flooding, erosion
debris flows) (see Figure 4-1).

Standing water or slow moving water can induce horizontal hydrostatic forces (pressures) against a structure,
especially when floodwater levels on different sides of the structure are not equal. Saturated soils beneath the
ground surface also impose hydrostatic loads on foundation components.

b,

" -
-

T
i

.3

Figure 4-1. Flood-related hazards (top left: alluvial fan; top right: moveable bed stream; bottom left: closed basin
lake; bottom right: interior drainage)
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Hydrodynamic forces result from the velocity flow of water
againstoraround astructure. These velocity flows, if fast enough,
are capable of destroying solid walls and dislodging buildings
with inadequate foundations. Impact loads are imposed on the
structure by water-borne objects and their effects become greater
as the velocity of flow and the weight of the objects increase.
The basic equations for analyzing and considering these flood-

@ NOTE

Additional information
concerning the determination of
flood-related forces is available
in Section 5 of ASCE 7, Minimum
Design Loads for Buildings and

Other Structures (2010).

Minimum standards for flood-
resistant design are available in
ASCE 24, Flood Resistant Design
and Construction Standard
(2005).

related forces are provided in this chapter.

Minimum standards for flood-resistant design may be found
in Minimum Design Loads for Buildings and Other Structures
(ASCE 7) and Flood Resistant Design and Construction (ASCE
24). Equations for calculating the aforementioned forces for
flood-related hazards can be found in technical publications
from FEMA, such as FEMA P-55, Coastal Construction Manual
(FEMA, 2011). FEMA P-55 provides guidance for designing and constructing residential buildings in
coastal areas that will be more resistant to the damaging effects of natural hazards. The focus of this manual,
FEMA 259, is on new residential construction and substantial improvement to existing residential buildings,

principally detached single-family homes, attached single-family homes (townhouses), and low-rise (three-
story or less) multi-family buildings.

411  Determining Flood Elevations

Determining the expected flood depth at a site is critical for the overall determination of flood-related
hazards. The method for making this determination can vary depending on whether the site is subject to
riverine or coastal flooding.

4111 Riverine Areas

One method of determining the 100-year water-surface elevation involves using a DFIRM panel or a FIRM
panel. The DFIRM or FIRM panel identifies the specific flood zone(s) and BFEs of the project area in
question. For simplicity purposes, this manual, FEMA 259, determines flood depths using the DFIRM.
On most DFIRMs, floodplain limits are delineated for the 1- and 0.2-percent-annual-chance flood. As an
example, Figure 4-2 shows the portion of a community’s DFIRM where a subject house is located.

In this example, the location of the house was determined by
measuring the distance from the intersection of Anderson Drive

and Shaftsberry Court. The house is located approximately 325 NOTE

feet southeast of the intersection. Converting this distance to the
map’s scale (1 inch equals 500 feet), the house is 0.65 inch along

Shaftsberry Court from its intersection with Anderson Drive.

The blue-dotted shading on the map represents the 100-year
floodplain. The black-dotted shading denotes the 500-year
floodplain. The house is located within the 100-year floodplain,
in between the two wavy lines labeled 214. These lines denote

Note that for maps with small
scales (greater than 1"=400’),
converting feet to inches can
introduce inaccuracies in locating
the home and in specifying

the flood elevations impacting
the site.

ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures 4-3



4 DETERMINATION OF HAZARDS

(Basin ﬁkm

¥ I\
y el O
‘o
e -
-

Figure 4-2. House and stream location on the DFIRM

the 100-year flood elevation at that location of Big Branch (Stream 21). Therefore, the 100-year flood elevation
affecting the house in this example is 214 feet, based on the NAVD.

Flood elevations for the other frequencies are shown on the stream’s water-surface profile in the FIS. For
the above example, the position of the house on Big Branch (Stream 21) was determined by using the cross
section line perpendicular to the stream labeled 023 as a reference point and measuring approximately 25 feet
or 0.05 inch south on the DFIRM. The location of the stream is shown in Figure 4-2.

The house can be located on the Big Branch (Stream 21) flood profile (Figure 4-3) and measured 0.125 inch
downstream of cross section 023 (25 divided by 200 feet per inch, which is the horizontal scale of the profile).
This location is marked as the point on Big Branch (Stream 21) with water-surface elevations equivalent to
the house. The elevations on the profile at this point are 207.0, 213.9, and 219.0 feet for the 10-, 100-, and
500-year floods, respectively. The bottom of the Big Branch (Stream 21) channel shown on the profile is at
191.7 feet.
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Since Big Branch (Basin 18, Stream 21) is mapped as a Zone AE and has a floodway, a floodway data
summary table can be obtained from the FIS. Table 4-1 depicts the floodway data table for this example. The
regulatory BFE is listed as 213.9 feet below.

Table 4-1. Floodway Data Summary Table for Big Branch (Stream 21)

Flooding Source Floodway Base Flood Water-Surface Elevation
(ft NAVD 88)
Section Mean
Width  Area Velocity Without With
Cross Section  Distance2 | (ft) (ft2) (ft/sec) | Regulatory Floodway Floodway Increase
Big Branch (Basin 10, Stream 8)
013 1,255 110 419 3.3 254.0 253.6° 254.6 1.0
054 5,360 70 156 6.5 276.3 276.3 276.3 0.0
Big Branch (Basin 18, Stream 21)
023 2,308 140 1,193 3.0 213.9 209.0¢ 209.4 0.4
028 2,765 110 1,024 3.5 213.9 209.5¢ 209.8 0.3
034 3,358 120 773 4.6 213.9 210.1¢c 210.6 0.5
043 4,297 70 439 7.6 213.9 214.0¢ 214.9 0.9
048 4,813 40 430 7.8 220.1 220.1 220.2 0.1
058 5,774 100 1,918 2.1 232.8 232.8 233.5 0.7

SOURCE: FEMA FIS REPORT FOR WAKE COUNTY, NC

a. Feet above mouth

b. Elevation computed without consideration of backwater effects from Little River (Basin 10, Stream 1)

c. Elevation computed without consideration of backwater effects from Crabtree Creek (Basin 18, Stream 9)

411.2 Coastal Areas

In coastal areas, the determination of the expected water surface

CROSS REFERENCE

elevation for the various RI floods is made by locating the
structure and its flooding source on the DFIRM, identifying the

. . . A detailed discussion of the
corresponding flooding source/location row on the summary of

methodologies involved in

stillwater elevation table, and selecting the appropriate elevation
for the RI in question.

As an example, consider a building located on Marsh Bay
Drive (as depicted on Figure 4-4). From the DFIRM, we can
identify the flooding source as the Atlantic Ocean. The marked
structure is located in a Zone AE, and has a BFE of 14 feet. In
coastal areas, the BFE is equal to the stillwater elevation plus
the associated wave height.

A review of the entire area map for the FIS would indicate the
structure on Marsh Bay Drive is located between transect lines

46 and 47.

computing wave heights and
runup is beyond the scope of this
manual. For more information,
refer to:

m Guidance for Wave Elevation
Determination and V Zone
Mapping (FEMA, 2003)

m Guidance for Pacific Coast
of the United States (FEMA,
2005a)

m Guidance for Atlantic and Gulf
Coasts of the United States
(FEMA, 2007)

m FEMA P-55, Coastal
Construction Manual, Fourth
Edition, (FEMA, 2011)
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Figure 4-4. Coastal DFIRM showing house location and flood elevation

This flooding source/location is on the summary of stillwater elevations table (Table 4-2). From this table, the
identified transect numbers are used to determine the stillwater flood elevations. Stillwater flood elevations
of 5.7,8.7,12.2, and 12.4 feet in NAVD are identified for the 10-, 50-, 100-, and 500-year frequency floods
(10-percent, 2-percent, 1-percent, and 0.2-percent-annual-exceedance probabilities), respectively.
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Table 4-2. Summary of Coastal Analysis for the Atlantic Ocean Flooding Source

Wave Runup | Wave Height
Analysis Analysis

Transect Stillwater Elevation in ft NAVD 88 i Zone Primary

10% 2% 1% 0.2% | Designation | Designation | Frontal
Annual Annual Annual Annual | and BFEin | and BFE in Dune
Location Chance Chance Chance Chance | ft NAVD 88 | ft NAVD 88 | Identified

Approximately 1.87
miles southeast of the
45 intersection of Orchard 57 8.7 12.2 12.4 N/A
Trc and Masonboro
Sound Rd

VE 14-19

AE 1214 YeS

Approximately 690
ft southeast of
46 intersection of Jack 5.7 8.7 12.2 12.4 N/A
Parker Blvd and S
Lumina Ave

VE 14-19

AE12-14 '8

Approximately 580
ft southeast of the
47  intersection of S 5.7 8.7 12.2 12.4 N/A
Lumina Ave and Sunset
Ave

VE 14-19

AE12-14 Y88

Approximately 550 ft

east of the intersection VE 14-19
of S Lumina Ave and el sy leE e b AE 12-14
Bridgers St

48 Yes

SOURCE: FEMA FIS REPORT FOR NEW HANOVER COUNTY, NC

41.2 Flood Forces and Loads

Floodwater can exert a variety of forces on a building. This section describes these forces, which include
hydrostatic, saturated soil, hydrodynamic, debris impact, and erosive forces and illustrates how they are
computed.

41.21 Flood Depth and Floodproofing Design Depth

After gathering flood data from the riverine or coastal DFIRM and FIS, it is possible to compute the depth
of flooding at a structure for any of the RlIs defined along the flooding source. 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 Equation 4-1. Sample calculations using these equations are presented
in Appendix C.

Many communities have chosen to exceed minimum NFIP building elevation requirements, usually by
requiring freeboard above the BFE, but sometimes by regulating to a more severe flood than the base
flood. In this manual, “design flood elevation” refers to the locally adopted regulatory flood elevation. If a
community regulates to minimum NFIP requirements, the DFE is identical to the BFE. If a community
has chosen to exceed minimum NFIP elevation requirements, the DFE exceeds the BFE. The DFE is always
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é EQUATION 4-1: FLOOD DEPTH

d=FE-GS (Eq. 4-1)
where:
d = depth of flooding (ft) NOTE
FE = flood elevation for a specific flood frequency (ft) When computing flood
GS = lowest ground surface elevation (grade) adjacent depth, be sure to use
to a structure (ft) the lowest ground

surface adjacent to the
structure in question as
shown in Figure 4-5.

equal to or greater than the BFE and includes wave effects. One common way of specifying the DFE, using
freeboard above BFE, is illustrated in Equation 4-2. Communities incorporate freeboard with the intent that
structures be elevated above this level, but they may or may not intend that all design loads be based on this
elevation (many communities require freeboard to achieve flood insurance premium savings or Community
Rating System [CRS] discount points). The rationale for freeboard adoption should be investigated before
flood loads are calculated.

é EQUATION 4-2: COMMON DEFINITION OF DESIGN FLOOD ELEVATION
DFE=FE+ f (Eq. 4-2)
where:
DFE = design flood elevation (ft)
FE = flood elevation for a specific flood frequency (ft)

f

factor of safety (freeboard), typically a minimum of 1.0 ft

Determining the floodproofing design depth at the structure is very important for the flood load calculation
process. Nearly every other flood load parameter or calculation (e.g., hydrostatic load, hydrodynamic load,
vertical hydrostatic load, debris impact load, and local scour depth) depends directly or indirectly on the
floodproofing design depth. The floodproofing design depth (H) is the difference between the DFE and the
lowest grade adjacent to the structure (Figure 4-5). This computation is shown in Equation 4-3.
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é EQUATION 4-3: FLOODPROOFING DESIGN DEPTH
H=DFE-GS (Eq. 4-3)
where:
H = floodproofing design depth over which flood forces are considered (ft)
DFE = design flood elevation (ft)
GS = lowest ground surface elevation (grade) adjacent to the structure (or other reference
feature such as a slab or footing) (ft)
Figure 4-5.
Flood depth and design

depth

H = floodproofing design depth (ft)
d = depth of flooding (ft)
= factor of safety (freeboard) (ft)

41.2.2 Hydrostatic Forces

The pressure exerted by still and slow moving water is called “hydrostatic pressure.” During any point
of floodwater contact with a structure, hydrostatic pressures are equal in all directions and always act
perpendicular to the surface on which they are applied. Pressures increase linearly with depth or “head” of
water above the point under consideration. 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 4-6
and 4-7, are defined to act:

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

Hydrostatic Forces

Lateral water pressure

H A = area of
horizontal surface

A
H/3

Combined water and
saturated soil pressure

) : > Y Y J X
BRI et

Vertical (buoyancy) .
water pressure F,myvertlcal upward (buoyancy) forces

Figure 4-6. Hydrostatic forces Figure 4-7. Diagram of hydrostatic forces

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

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 distribution.)

Hydrostatic forces include lateral water pressures, combined water and soil pressures, equivalent hydrostatic
pressures due to velocity flows, and vertical (buoyancy) water 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 10 ft/sec.

Hydrostatic loads generated by velocities up to 10 ft/sec may be converted to an equivalent hydrostatic load
using the conversion equation, Equation 4-8, presented later in this chapter.
41.2.3 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 Equation 4-4.
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EQUATION 4-4: LATERAL HYDROSTATIC FORCES

foa=3DH =3 (Eq. 4-4)
where:
fua = hydrostatic force from standing water (Ib/If) acting at a distance H/3 above ground
P, = hydrostatic pressure due to standing water at a depth of H (Ib/ft?), (P, = y,, H)
Y. = specific weight of water (62.4 Ib/ft? for fresh water and 64.0 Ib/ft3 for saltwater)
H = floodproofing design depth (ft)

41.2.4 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 force. The equivalent fluid pressures for various soil types are presented in
Tables 4-3 and 4-4. 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.

Table 4-3. Effective Equivalent Fluid Weight of Submerged Soil and Water

Equivalent Fluid Weight
of Submerged Soil
Soil Type* and Water (Ib/ft3)
Clean sand and gravel (GW, GP, SW, SP) 75
Dirty sand and gravel of restricted permeability (GM, 77
GM-GP, SM, SM-SP)
Stiff residual silts and clays, silty fine sands, clayey 82
sands and gravels (CL, ML, CH, MH, SM, SC, GC)
Very soft to soft clay, silty clay, organic silt and clay 106
(CL, ML, OL, CH, MH, OH)
Medium to stiff clay deposited in chunks and protected 142

from infiltration (CL, CH)

*Soil types are based on USDA Unified Soil Classification System; see Table 4-4 for soil type definitions.
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Table 4-4. Soil Type Definitions Based on USDA Unified Soil Classification System

Group
Soil Type Symbol

GW
GP
GM
GC

Gravels

Description
Well-graded gravels and gravel mixtures
Poorly graded gravel-sand-silt mixtures
Silty gravels, gravel-sand-silt mixtures
Clayey gravels, gravel-sand-clay mixtures

SW
SP
SM
SC

Sands

Well-graded sands and gravelly sands
Poorly graded sands and gravelly sands
Silty sands, poorly graded sand-silt-mixtures

Clayey sands, poorly graded sand-clay mixtures

ML

CL

Fine Grain oL
Silt and
Clays MH

CH
OH

Inorganic silts and clayey silts

Inorganic clays of low to medium plasticity

Organic silts and organic silty clays of low plasticity
Inorganic silts, micaceous or fine sands or silts, elastic silts
Inorganic clays of high plasticity, fine clays

Organic clays of medium to high plasticity

41.2.5 Combined Saturated Soil and Water Forces

When a structure is subject to hydrostatic forces from both saturated soil and standing water (illustrated in
Figure 4-8), the resultant combined lateral force, f, is the sum of the lateral water hydrostatic force, f,,,,

and the differential between the water and soil pressures, ﬁﬁf. The basic equation for computing ﬁ{l-fis shown

in Equation 4-5.

omb>

Figure 4-8.

A ld
H
A = area of
D3 Sota >/ > horizontal
N Ty }/ > surface
A
DI3 » >
Y Y ) $ - FQ ] X
(SESS ¥ | A
Fbuoy

Combination soil/water
hydrostatic and buoyancy

. > i
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é EQUATION 4-5: SUBMERGED SOIL AND WATER FORCES
Fup=3(S-7,)D? (Eq. 4-5)

where:

fa = differential soil/water force acting at a distance D/3 from the point under

consideration (Ib/If)
S = equivalent fluid weight of submerged soil and water (Ib/ft3) as shown in Table 4-3
= depth of saturated soil from adjacent grade to the top of the footer (ft)

Y. = specific weight of water (62.4 Ib/ft? for fresh water and 64.0 Ib/ft3 for saltwater)

NOTE

fur acts at a point D/3 where
D is the distance from the DFE

adjacent grade to the top of =~ | == === Y-
the foundation footer.

Saturated soil

SIS
SISV

41.2.6 \Vertical Hydrostatic Forces

The basic equation for analyzing the vertical hydrostatic force (buoyancy) due to standing water (illustrated

by Figure 4-7) is shown in Equation 4-6.

The computation of hydrostatic forces is vital to the successful design of floodwalls, sealants, closures,
shields, foundation walls, and a variety of other retrofitting measures. The Hydrostatic Force Computation
Worksheet (Figure 4-9) can be used to conduct hydrostatic calculations.
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EQUATION 4-6: BUOYANCY FORCES

L y,(Vol) (Eq. 4-6)
where:
Fy,,, = vertical hydrostatic force resulting from the displacement of a given volume of
floodwater (Ib)
Yw = specific weight of water (62.4 Ib/ft3 for fresh water and 64.0 Ib/fe3 for saltwater)
Vol = volume of floodwater displaced by a submerged object (ft3)
Hydrostatic Force Computation Worksheet

Owner Name: Prepared By:
Address: Date:

Property Location:

Constants Summary of Loads
Y. = specific weight of water = 62.4 Ib/ft3 for fresh water and 64.0 Ib/ Joa =
ft3 for salewater Frr=
dif =
Variables for =
H = floodproofing design depth (ft) =

F bouy =

D = depth of saturated soil (ft) =
S = equivalent fluid weight of saturated soil (Ib/ft3) =
Vol = volume of floodwater displaced by a submerged object (ft3) =

Lateral Hydrostatic Force (see Equation 4-4)
FuuABH -7,

Submerged Soil and Water Forces (see Equation 4-5)
Fup=2S=y,)D?

Buoyancy Force (see Equation 4-6)

F'buny - 7/w (VOZ)

Note: Equations 4-4 and 4-5 do not account for equivalent hydrostatic loads due to the low velocity of floodwaters (less than 10 ft/sec).
If velocity floodwater exists, use Equations 4-7 and 4-8. Refer to Chapter 8 of FEMA P-55, Coastal Construction Manual (FEMA, 2011)
for discussion of hydrostatic loads.

Figure 4-9. Hydrostatic Force Computation Worksheet
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41.2.7 Hydrodynamic Forces

When floodwater flows around a structure, it imposes additional
loads on the structure, as shown in Figure 4-10. These loads are a NOTE

function of flow velocity and structural geometry.
Hydrodynamic forces have

Low velocity hydrodynamic forces are defined as situations where been shown to act on slab-on-
floodwater velocities do not exceed 10 ft/sec, while high velocity grade houses to maximize their
. . S effects.
hydrodynamic forces involve floodwater velocities in excess of 10
ft/sec.
Negative pressure/suction on downstream side
Floodproofing

design depth

Frontal impact or
upstream side

Drag effect on sides

%

Figure 4-10. Hydrodynamic and impact forces

Low Velocity Hydrodynamic Forces

NOTE

In cases where velocities do not exceed 10 ft/sec, the hydrodynamic
Sources of data for determining
flood flow velocity include

hydraulic calculations,

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 &5, which is shown in Equation 4-7. historical measurements, and
rules of thumb. Floodwater that

The drag coeflicient used in Equation 4-7 is taken from the Shore is 1 foot deep moving in excess

Protection Manual, Volume 2 (USACE, 1984) and additional of 5 ft/sec can knock an

adult over and cause erosion
of stream banks. Overbank
velocities are usually less than

guidance is provided in ASCE 7. The drag coeflicient is a function
of the shape of the object around which flow is directed. The

value of C,, unless otherwise evaluated, shall not be less than stream channel velocities. If
1.25 and can be determined from the width-to-height ratio, 6/H, no data for flood flow velocity
of the structure in question. The width (%) is the length of the side exists for a site, the reader

should contact an experienced
hydrologist or hydraulic
engineer for estimates.

perpendicular to the flow, and the height (A) is the distance from
the floodproofing design depth to the LAG level. Table 4-5 gives
C, values for different width-to-height ratios.
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é EQUATION 4-7: CONVERSION OF LOW VELOCITY FLOW TO EQUIVALENT HEAD

2
db - 4 (Eq. 4-7)
28
where:
dh = equivalent head due to low velocity flood flows (ft)

C, = drag coeflicient (from Table 4-5)
V' = velocity of floodwater (ft/sec)

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

Table 4-5. Drag Coefficients for Ratios of Width to Height (w/h)

Width to Height Ratio (4/H) Drag Coefficient (C,)

1-12 1.25
13-20 1.3
21-32 1.4
33-40 1.5
41-80 1.75

81-120 1.8

>120 2.0

The value 4 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 in Equation 4-8.

é EQUATION 4-8:

CONVERSION OF EQUIVALENT HEAD TO EQUIVALENT HYDROSTATIC FORCE
fy=v,@dnH=-P,H (Eq. 4-8)

where:
fs, = equivalent hydrostatic force due to low velocity flood flows (1b/1f)
Yw = specific weight of water (62.4 Ib/ft3 for fresh water and 64.0 Ib/fe3 for saltwater)
dh = equivalent head due to low velocity flood flows (ft)
H = floodproofing design depth (ft)
P, = hydrostatic pressure due to low velocity flood flows (Ib/ft?) (P, = v,.(dh))
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EQUATION 4-8:

CONVERSION OF EQUIVALENT HEAD TO EQUIVALENT HYDROSTATIC FORCE

(concluded)

NOTE

Although f;, is considered a hydrostatic force for
velocities under 10 ft/sec, it acts at a point H/2,
similarly to lateral hydrodynamic forces.

DFE
—_——_y
fd/a } A
» vy
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Equivalent Hydrostatic Force Computation Worksheet

Owner Name: Prepared By:

Address: Date:

Property Location:

Constants

Y., = specific weight of water = 62.4 Ib/ft3 for fresh water and 64.0 Ib/ft3 for saltwater

g = acceleration of gravity = 32.2 ft/sec?
Variables
H = design floodproof depth (ft) =
V' = velocity of floodwater (10 ft/sec or less) =
P, = hydrostatic pressure due to low velocity flood flows (Ib/ft?) =
b = width of structure perpendicular to flow (ft) =

Summary of Loads

Jan =
Joa =
Jay =
Jeomb =

Conversion of Low Velocity Flood Flow to Equivalent Head (see Equation 4-7)

fy=v dhH-P, H

Develop C:
b/H =
From Table 4-5; C, =

Conversion of Equivalent Head to Equivalent Hydrostatic Force (see Equation 4-8)

e
P=C p—
4 dp2

Figure 4-11. Equivalent Hydrostatic Force Computation Worksheet
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41.2.8 High Velocity Hydrodynamic Forces

For special structures and conditions, and for velocities greater than 10 ft/sec, a more detailed analysis and
evaluation should be made utilizing basic concepts of fluid mechanics and/or hydraulic models. The basic
equation for hydrodynamic pressure is shown in Equation 4-9.

é EQUATION 4-9: HIGH VELOCITY HYDRODYNAMIC PRESSURE
e
Pd =Cdp7 (Eq 4—9)
where:

P; = hydrodynamic pressure (Ib/ft?)
C, = drag coefficient (taken from Table 4-5)
p = mass density of fluid (1.94 slugs/ft3 for fresh water and 1.99 slugs/ft3 for saltwater)

V' = velocity of floodwater (ft/sec)

After determination of the hydrodynamic pressure (P,), the total force (F,) against the structure
(see Figure 4-10) can be computed as the pressure times the area over which the water is affecting (see
Equation 4-10).

é EQUATION 4-10: TOTAL HYDRODYNAMIC FORCE
7, =P A (Eq. 4-10)
where:
F, = total force against the structure (Ib)
P; = hydrodynamic pressure (Ib/ft?)
A = submerged area of the upstream face of the structure (ft?)

Figure 4-12 can be used in the computation of high velocity hydrodynamic forces.
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Hydrodynamic Force (High Velocity) Computation Worksheet

Owner Name: Prepared By:

Address: Date:

Property Location:

Constants Summary of Loads

p = mass density of fluid (1.94 slugs/ft3 for fresh water and 1.99 P, =
slugs/ft3 for saltwater) F,

Variables
|74

C, = drag coeflicient =

velocity of floodwater, >10 ft/sec =

A = submerged area of upstream face of structure (ft?) =

High Velocity Hydrodynamic Pressure (see Equation 4-9)
V2
fa=Capy

Develop C;:
b/H =
From Table 4-5; C, =

Total Hydrodynamic Force (see Equation 4-10)

F,-P,A

Figure 4-12. Hydrodynamic Force (High Velocity) Computation Worksheet

41.2.9 Impact Loads

Impact loads are imposed on the structure by objects carried by
the moving water. The magnitude of these loads is very difficult
to predict, but some reasonable allowance must be made for

CROSS REFERENCE

Section 5.4.5 of ASCE 7-10 and

them in the design of retrofitting measures for potentially the corresponding commentary
affected buildings. To arrive at a realistic allowance, considerable contain an extensive discussion
judgment must be used, along with the designer’s knowledge of on computing riverine and

debris problems at the site and consideration of the degree of coastaliMBEE A

exposure of the structure. Impact loads are classified as:
no impact (for areas of little or no velocity or potential source of debris);
normal impact;
special impact; and

extreme impact.
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Normal Impact Forces

Normal impact forces relate to isolated occurrences of typically sized debris or floating objects striking
the structure (see Figure 4-10 for location of frontal impact from debris). 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 typical object traveling at the velocity of the floodwater
acting on a l-square-foot surface of the submerged structure
area perpendicular to the flow. Typical object size and mass will
vary by location, but ASCE 7-10 Commentary, section C5.4.5
(Debris Weight), provides some guidance. The calculation of
normal impact forces (loads) is shown in Equation 4-11.

The equation for calculating debris loads is given in the ASCE 7,
Commentary. The equation has been converted into Equation
4-11, based on assumptions appropriate for the typical structures
that are covered in this document.

NOTE

The assumption that debris
velocity is equal to the flood
velocity may overstate the
velocities of large debris objects;
therefore, engineering judgment
may be required in some
instances. Designers may wish to
reduce debris velocity for larger
objects.

EQUATION 4-11: NORMAL IMPACT LOADS

FE-WVC,C.C,. (Eq. 4-11)
where:
F, = impact force acting at the BFE (Ib)
W = weight of the object (Ib)
V' = velocity of water (ft/sec)
Cp = depth coefficient (see Table 4-6)
Cz = blockage coeflicient (taken as 1.0 for no upstream screening, flow path greater than

30 ft; see Table 4-7 for more information)

Cs,, = building structure coefhicient

= 0.2 for timber pile and masonry column supported structures 3 stories or less in

height above grade

= 0.4 for concrete pile or concrete or steel moment resisting frames 3 stories or less in

height above grade

= 0.8 for reinforced concrete (including insulated concrete) and reinforced masonry

foundation walls
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Table 4-6. Depth Coefficient (C,,) by Flood Hazard Zone and Water Depth

Flood Hazard Zone and Water Depth

Floodway' or Zone V 1.0
Zone A, stillwater flood depth > 5 ft 1.0
Zone A, stillwater flood depth = 4 ft 0.75
Zone A, stillwater flood depth = 3 ft 0.5
Zone A, stillwater flood depth = 2 ft 0.25
Zone A, stillwater flood depth < 1 ft 0.0

1 Per ASCE 24, a “floodway” is a “channel and that portion of the floodplain reserved to convey the
base flood without cumulatively increasing the water surface elevation more than a designated
height.”

Table 4-7. Values of Blockage Coefficient (C;)

Degree of Screening or Sheltering within 100 ft Upstream

No upstream screening, flow path wider than 30 ft 1.0
Limited upstream screening, flow path 20 ft wide 0.6
Moderate upstream screening, flow path 10 ft wide 0.2
Dense upstream screening, flow path less than 5 ft wide 0.0

Often, there are regional differences between the size, shape, and weight of water-borne debris, and the
debris velocity. Designers should consider locally adopted guidance because it may be based on more recent
information or information specific to the local hazards than the information in ASCE 7.

The parameters in Equation 4-11 are also discussed in detail in Chapter 8 of FEMA P-55, Coastal Construction
Manual (FEMA, 2011, Fourth Edition).

Special and Extreme Impact Forces

Special impact forces occur when large objects or conglomerates
of floating objects, such as ice floes or accumulations of floating

. : . NOTE
debris, strike a structure. Where stable natural or artificial
barriers exist that would effectively prevent these special Where extreme impact loads are
impact forces from occurring, these forces may not need to be a threat, the preferred retrofitting

considered in the design. Details for calculating special impact altemativeiiSEE S

loads are outlined in the ASCE 7 commentary section C5.4.5.

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

Impact forces are critical design considerations that must be thoroughly evaluated. The following Impact
Force Computation Worksheet, Figure 4-13, can be used to conduct normal impact force calculations.
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Impact Force Computation Worksheet

Owner Name: Prepared By:

Address: Date:

Property Location:

Variables

W = weight of the object (Ib)
velocity of water (ft/sec)
Cp = depth coefficient (see Table 4-6)

Cz = blockage coefhicient (taken as 1.0 for no upstream screening, flow path greater than 30
ft; see Table 4-7 for more information)

<~
I

Cs, = building structure coefhicient
= 0.2 for timber pile and masonry column supported structures 3 stories or less in height
above grade
= 0.4 for concrete pile or concrete or steel moment resisting frames 3 stories or less in

height above grade

= 0.8 for reinforced concrete foundation walls (including insulated concrete forms)

Summary of Loads
F. =

z

Normal Impact Loads (see Equation 4-11)

Fz' =WV CDCBCSﬂ

Figure 4-13. Impact Force Computation Worksheet

41.210 Riverine Erosion

The analysis of erosion that impacts stream banks

CROSS REFERENCE

and nearby overbank structures is a detailed effort

that is usually accompanied by detailed geotechnical 1- to 24-hour rainfall intensities for each
State are available from the National Weather

investigations. Some of the variables that impact the Service (NWS) Technical Memorandum NWS

stability (or erodibility) of the stream banks include HYDRO-35, “Technical Paper 40, NOAA
the following: Atlas 2” or “NOAA Atlas 14” available for
download at: http://www.nws.noaa.gov/oh/
critical height of the slope; hdsc/currentpf.htm.

Rainfall intensities are available for a range of
storm frequencies, including the 2-, 10-, 25-,
50-, and 100-year events. The 2- or 10-year

inclination of the slope;

cohesive strength of the soil in the slope; intensity rainfall is considered a minimum
design value for pumping rates when
distance of the structure in question from the floodwater prevents gravity discharge from
shoulder of the stream bank; floodwalls and levees. The 100-year intensity
rainfall should be the maximum design value
degree of stabilization of the surface of the for sizing gravity flow pipes and/or closures.
slope;
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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 stream banks susceptible to erosion, the
designer contact a qualified geotechnical engineer or a hydraulic engineer experienced in channel stability.

41.3 Site Drainage

The drainage system for the area enclosed by a floodwall or
levee must accommodate the precipitation runoff from this NOTE
interior area (and any contributing areas such as roofs and

The rational equation Q =cer

is used to compute the amount
of precipitation runoff from

small areas. It is generally not
applicable to drainage areas

The first is a gravity flow system, which provides a means greater than 10 acres in size.

for interior drainage of the protected area when there is no

floodwater against the floodwall or levee. This is accomplished

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 drainage.

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 floodwater rises above the elevation of the pipe.

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 incorporated into the collection system. The anticipated seepage from
under and through floodwalls and levees must also be taken into consideration by combining it with flow
from precipitation (see Figure 4-14). It is important to verify

that the pump system has a reliable power source that can

handle the flooding in the area enclosed by the floodwall or NOTE

levee. This is essential to the performance of the floodwall or

levee system. The residential terrain runoff
coefficient, ¢, is used to model

To determine the amount of precipitation that can collect in the runoff characteristics of

various land uses. Use the value
for the predominant land use
within a specific area or develop

the contained area, the rainfall intensity, given in inches per
hour, must be determined for a particular location. This value is

multiplied by the enclosed area, A, in square feet, a residential a weighted average for areas
terrain runoff coefficient (¢) of 0.7, and a conversion factor of with multiple land uses. The most
0.01. The answer is given in gallons per minute (gpm). See common coefficients are 0.70

for residential areas, 0.90, for
commercial areas, and 0.40 for
undeveloped land.

Equation 4-12.
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Figure 4-14. Rectangular
area enclosed by a

Enclosed area
floodwall or levee A-()6)

/ Floodwall or levee

¥

A
Y

EQUATION 4-12: RUNOFF QUANTITY IN AN ENCLOSED AREA

Q.-0.01ci A (Eq. 4-12)
where:
Q, = runoff from the enclosed NOTE
area (gpm) When determining the minimum discharge
0.0l = factor converting the size for pumps within enclosed areas, the

designer should consider the impacts of lag
time between storms that control the gravity
¢ = residential terrain runoff flow mechanism (i.e., inside and outside the
enclosed area) and the storage capacity
within the enclosed area after the gravity

i, = intensity of rainfall (in./hr) discharge system closes. If the designer

is not familiar with storm lag time and the
computation of storage within an enclosed
floodwall or levee (ft?) area, an experienced hydrologist or hydraulic
engineer should be consulted.

answer to gpm

coefficient of 0.7

A, = is the area enclosed by the

In some cases, a levee or floodwall may extend only partially around the property and tie into higher ground
(see Figure 4-15). 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, 4,, that can
discharge water into the enclosure should be estimated. This value is then multiplied by the previously
determined rainfall intensity, 7,, by the most suitable terrain coefficient, and by 0.01. See Equation 4-13.
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Additional area discharging
into the enclosed area

Ay= @)(b)

Floodwall or levee

A

>

Figure 4-15.

Rectangular area partially
enclosed by a floodwall
or levee

EQUATION 4-13:

RUNOFF QUANTITY FROM HIGHER GROUND INTO A PARTIALLY ENCLOSED AREA

Q,-0.01ci 4, (Eq. 4-13)
where:
Q, = runoff from additional contributing area (gpm)
0.01 = factor converting the answer to gpm
¢ = most suitable terrain runoff coefhicient
i, = is the intensity of rainfall (in./hr)
A, = areadischarging to the area partially enclosed by the floodwall or levee (ft?)

Seepage flow rates from the levee or floodwall, Q,, must also be estimated. In general, unless the seepage rate

is calculated by a qualified soils engineer, a value of 2 gpm for every 300 feet of levee or 1 gpm for every 300
feet of floodwall should be assumed during base 100-year-flood conditions. See Equation 4-14.
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é EQUATION 4-14: SEEPAGE FLOW RATE THROUGH A FLOODWALL OR LEVEE
Q. =sr() (Eq. 4-14)
where:
Q. = scepage rate through the floodwall/levee (gpm)
sr = seepage rate (gpm) per foot of floodwall/levee
[ = length of the floodwall/levee (ft)

The values for inflow within the enclosed area, runoff from uphill areas draining into the enclosure, and
seepage through the floodwall/levee should be added together to obtain the minimum discharge size, Q,, in
gpm for the pump. See Equation 4-15.

é EQUATION 4-15: MINIMUM DISCHARGE FOR PUMP INSTALLATION

Q,=0Q,+Q,+Q, (Eq. 4-15)

where:

minimum discharge for pump installation (gpm)

= discharge from an enclosed area (from Equation 4-14) (gpm)

discharge from higher ground to partially enclosed area (from Equation 4-15) (gpm)

ISYSISNS

discharge from seepage through a floodwall or levee (from Equation 4-16) (gpm)

Important considerations in determining the minimum discharge size of a 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. 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 solutions incorporate a
freeboard of several inches or more to safely control the 10-year flood event.

Figure 4-16 can be used to calculate the minimum discharge for pump installations.
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Interior Drainage Computation Worksheet

Owner Name: Prepared By:

Address: Date:

Property Location:

Constants
0.01 = factor converting the answer to gpm
Variables
A, = isthe area enclosed by the floodwall or levee (ft?)
A, = areadischarging to the area partially enclosed by the floodwall or levee (ft?)
¢ = residential terrain runoff coefficient of 0.7
i, = intensity of rainfall (in./hr)
sr = seepage rate (gpm) per foot of floodwall/levee

[ = length of the floodwall/levee (ft)

Summary of Loads
Q, =
Qﬂ =
@ =
Q =

Q,=0.01c4,A4,

Runoff Quantity From Higher Ground into a Partially Enclosed Area (see Equation 4-13)
Q, = 0.01ci, A,
Q.= ()

Minimum Discharge for Pump Installation (see Equation 4-15)
Qy= Q+Qy+Q

Figure 4-16. Interior Drainage Computation Worksheet

41.3.1 Closed Basin Lakes

Two types of lakes pose special hazards to adjacent development: 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.
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Closed basin lakes occur in almost every part of the United

CROSS REFERENCE

States for a variety of reasons: lakes in the northern tier of
States and Alaska were scoured out by glaciers; lakes with _ . _
More information on closed basin
lakes, alluvial fan, and movable bed
stream hazards can be obtained

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 from the National Flood Insurance

form in areas with large limestone deposits at or near the Program Community Rating System,

surface where there is adequate surface water and rainfall to Special Hazards Supplement to the
CRS Coordinator’s Manual (FEMA,

dissolve the limestone (Karst topography). 2006b)

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. The flood-prone area around a closed
basin lake is referred to in affected DFIRM panels as an Area of Special Consideration (ASC). The ASC may
include the 1- and 0.2-percent-annual-chance floodplains and additional areas to account for the continuous
and often uncertain fluctuations in the water-surface elevation due to the closed-basin lake phenomenon. The
ASC is an area subject to flooding, but the percent chance of being flooded in any given year is not defined.

41.4 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, rainfall and
streamflow are infrequent, and recent and rapid development has disturbed the natural processes of sediment
production and transport.

Movable bed streams include streams where erosion (degradation 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.

41.5 Analysis of Non-Flood-Related Hazards

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 thunderstorms, hurricanes, tornadoes, and frontal passages. In addition, many regions are
threatened by earthquake fault areas, land subsidence, and fire and snow hazards (Figure 4-17).

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.
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Non-Flood- Figure 4-17.
Related Hazards Non-flood-related

natural hazards

Wind forces

Seismic forces

Land subsidence

416 Wind Forces

High winds impose significant forces on a home and the

'structural elements of. its foundation. Damage ‘ pot.entlaI. is NOTE
increased when the wind forces occur in combination with
flood forces, often in coastal areas. In addition, as a structure is The designer must be aware that

retrofitting actions may trigger
a threat from multiple natural

hazards and be prepared to
amount of elevation and the structure’s exposure to wind forces. address these issues.

elevated to minimize the effects of flood forces, the wind loads
on the elevated structure may be increased, depending on the

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 CROSS REFERENCE
earthquakes. Refer to FEMA P-55, Coastal

) i i . . . Construction Manual (FEMA,
A detailed discussion for computation of wind forces is beyond 2011), and ASCE 7 for a detailed
the scope of this publication. However, FEMA P-55, Coastal discussion of wind forces.

Construction Manual, (FEMA, 2011) provides details on the
basic parameters for determining wind loads:

basic wind speed (see ASCE 7 or IRC wind speed map, V);

wind directionality factor, K, (see ASCE 7);

building exposure category, B, C, or D (see ASCE 7);

topographic factor, K, (see ASCE 7);

gust effect factor, typically 0.85 (see ASCE 7);

enclosure classification, open, partially enclosed, or enclosed (see ASCE 7); and
internal pressure coefficient, GC,; (see ASCE 7).

When wind interacts with a building, both positive and negative pressures simultaneously occur (see Figure
4-18). To prevent wind induced building failure, buildings must have sufficient strength to resist the applied
loads from these pressures. As previously mentioned, the magnitude of pressure is a function of several
primary factors: exposure, basic wind speed, topography, building height, building shape, and internal
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Figure 4-18.
Wind-induced
pressures on a
building

Positive pressure
on front wall

Uplift on roof

Suction on rear wall

Suction on
side walls

pressure classification. Once these parameters are defined, the
engineer can determine the design pressures, and apply these
pressures to the appropriate tributary area for the element or
connection to be analyzed.

The concept of wind producing significant forces on a
structure is based on the velocity difference of a medium (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. ASCE 7 and the IRC
provide basic wind speed maps showing these wind velocities
and frequencies. The design velocity for a particular site can
be determined from these maps. If the local code enforced
is the IRC, the designer should refer to the IRC wind speed
maps (Figures 4-19 A and B). If no local code is in force, the
designer should refer to ASCE 7, Minimum Design Loads for
Buildings and Other Structures.

FEMA has completed several building performance
assessments  following Hurricanes, including Andrew
(1992), Iniki (1992), Opal (1995), Fran (1996), Georges
(1998), Ivan (2004), Charley (2004), Katrina (2005), and
Ike (2008). FEMA assessed the structural performance of
residential building systems damaged by hurricane winds;
provided findings and recommendations 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.

CROSS REFERENCE

Copies of the building performance
assessment reports can be
obtained from the FEMA library:
http://www.fema.gov/library

FEMA 488, Hurricane Charley

in Florida — Observations,
Recommendations, and Technical
Guidance, 2005

FEMA 489, Hurricane Ivan

in Alabama and Florida -
Observations, Recommendations,
and Technical Guidance, 2005

FEMA 549, Hurricane Katrina in the
Gulf Coast — Building Performance
Observations, Recommendations,
and Technical Guidance, 2006

FEMA P-757, Hurricane lke in
Texas and Louisiana — Building
Performance Observations,
Recommendations, and Technical
Guidance, 2009

FEMA P-765, Midwest Floods

of 2008 in lowa and Wisconsin

— Building Performance
Observations, Recommendations,
and Technical Guidance, 2009
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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.

417 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 liquefaction, which can increase the damage
potential on a home. These 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. Requirements for seismic design are normally available in locally adopted building
codes. Requirements in ASCE 7 and model building codes such as the IBC are often the basis of seismic
requirements contained in locally adopted building codes.

Figures 4-20 and 4-21 illustrate steps of a seismic design process that includes estimating seismic loads and
determining the ability of existing structural components to withstand these loads.

e . Figure 4-20.
Seismic Design Process . ;
Seismic design process

Determine mapped seismic hazard
and applicable seismic force-resisting
system for the building structure

2

Determine loads in accordance
with building code requirements

v

Develop load path for transfer of all
loads to the foundation, including
uplift, shear, and overturning

v

Check strength of all load path elements,
including walls, frames, beams, columns and
foundation elements, and their connections

4

Check anchorage for non-structural
components of the building or structure

A4

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

v

Design secondary framing members
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7

—

Design assumptions

based on building

code. Lateral forces

transferred to and
Ground movement resisted by designed
due to earthquake walls or primary

resisting frame

Tension M Compression

Effect on foundation
due to moment
created by
overturning

Figure 4-21. Seismic design causes and effects

When making repairs to a flood-damaged home or
considering 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 structure
itself, and steps that can be taken with other non-
structural parts of the building and its contents.

41.8 Combining Forces

Flood-related and non-flood-related forces need to
be evaluated using applicable load combinations.
Analysis of load combinations is covered in detail in

Chapter 5 and ASCE 7.

41.9 Protection of the Structure

For protection of the building structure, the most
important step is making sure the home is properly
designed and constructed for seismic events. This
includes proper design of the foundation and
anchoring to the foundation. An engineered design
will generally be required when the foundation of the
house is raised above the BFE and the foundation is
being considered to ensure the entire structure can
withstand seismic forces.

CROSS REFERENCE

If provisions of the local code do not
address seismic loads or if a local code
is not adopted for use, the designer
should refer to the ASCE 7, Minimum
Design Loads for Buildings and Other
Structures or requirements of the
International Building Code.

CROSS REFERENCE

Refer to Section 5.2 for a detailed
discussion of load combination
scenarios and design methods.

CROSS REFERENCE

Additional information concerning the
determination of flood-related forces is
available in the flood design load criteria
incorporated in Section 5 of ASCE 7,
Minimum Design Loads for Buildings and
Other Structures, and ASCE 24, Flood
Resistant Design and Construction.

4-36 ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures



DETERMINATION OF HAZARDS 4

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

CROSS REFERENCE

The additional cost for seismic
strengthening was estimated by FEMA

masonry block foundation wall. This type of work can (during the Midwest Floods of 1993) to
be complicated and normally requires the expertise of a range from 17-23 percent of the base
design professional such as an engineer or architect. repair cost for elevating a 1,000-square
foot wood-frame structure on masonry
FEMA’s Technical Information on Elevating Substantially foundation walls. FEMA prepared a

methodology to estimate the costs of

Damaged Residential Buildings in the Midwest (1993d) "y . : ey

. o o seismic retrofit projects described in
provides procedures for determining seismic forces and FEMA 156, Typical Costs for Seismic
recommendations for seismic retrofitting of a wood- Rehabilitation of Existing Buildings
frame structure. For more information on protecting a (FEMA, 1994).

structure from seismic hazards, contact the appropriate
FEMA Regional Office’s Mitigation Division.

4110 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 (e.g., hot water heaters and furnaces), chimneys, tanks, cabinets, shelves, and other items that
may tip over or become damaged when subjected to earthquake ground shaking.

4111 Land Subsidence

Subsidence of the land surface affects flooding and flood
damages. It occurs in more than 17,000 square miles in 45
States and an area roughly the size of New Hampshire and

CROSS REFERENCE

Vermont combined. In 1991, the National Research Council More information on land
estimated that annual costs in the United States from flooding subsidence hazards can be
and structural damage caused by land subsidence exceeded obtained from the Special
11 . Hazards Supplement to the CRS
$125 million. Because the causes of subsidence vary, selected . y
T ; ) o . : Coordinator’s Manual, dated
mitigation techniques are required in different situations. 2006. This declimerBicE I ICE
) ) . through Flood Publications,
Subsidence may result in sudden, catastrophic collapses of NFIP/CRS, P.O. Box 501016,
the land surface or in a slow lowering of the land surface. In Indianapolis, Indiana 46250-1016.
either case, it can cause increased hazards to structures and Telephone 317-845-2898.

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 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 CRS. The designer
should determine if a local community has mapped or enacted an ordinance covering this special hazard.
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4.2 Geotechnical Considerations

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

saturated soil forces (see Section 4.1.1.5);

allowable bearing capacity; CROSS REFERENCE'
potential for scour; Specific information on
landslides and other geotechnical-
frost zone location; related natural hazards can be
found at http://landslides.usgs.
permeability; and gov/.

shrink-swell potential.

The computation of lateral soil forces and determination of soil bearing capacity are critical in the design
of foundations. These forces plus the frost zone location and potential 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.

Site investigations for soils include surface and subsurface investigations. Surface investigations can identify
evidence of landslides, areas affected by erosion or scour, and accessibility for equipment needed for subsurface
testing and construction. Surface investigations can also help identify the suitability or unsuitability of
particular foundation styles based on the past performance of existing structures. Subsurface exploration
provides invaluable data on soils at and below grade. The data are both qualitative (e.g., soil classification)
and quantitative (e.g., bearing capacity). Although some aspects of subsurface exploration are discussed
here, subsurface exploration is too complicated and site-dependent to be covered fully in one document.
Consulting with geotechnical engineers familiar with the site is strongly recommended.

If unsure of local soil conditions, obtain a copy of the U.S. Department of Agriculture, NRCS Soi/ Survey
of the general area. This survey provides valuable information needed to conduct a preliminary evaluation of
the soil properties, including:

type, location, and description of soil types;
yp p yp NOTE
use and management of the soil types; and _ _
The physical properties of
soil are critical to the design,
suitability, and overall stability
of floodproofing measures.

engineering and physical properties, including plasticity
indexes, permeability, shrink/swell potential, erosion

factors, potential for frost action, and other information. Therefore, the designer should
consult a geotechnical engineer
This information can be compiled using Figure 4-22 to enable if the soil properties at a site do
the designer to determine the suitability of the specific soil type not support the use of the chosen

retrofitting method. A geotechnical
engineer should also be consulted
. ) o . for any information that cannot be
specific retrofitting methods, facilities can often be designed obtained from the Soil Survey or

to overcome soil deficiencies. the local office of the NRCS.

to support the various retrofitting methods. It is important to
note that, while the soil properties may not be optimum for
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Geotechnical Considerations Decision Matrix

Owner Name: Prepared By:

Address: Date:

Property Location:

Floodproofing Measures

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

Lateral Soil Pressure
High

Moderate

Low
Bearing Capacity
High
Moderate
Low
Potential for Scour
High
Moderate
Low
Shrink/ Swell Potential
High
Moderate
Low
Potential Frost Action
High
Moderate
Low
Permeability
High
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 Soil Survey, information from this and other reference books, and engineering judgment to determine
which methods are Suitable (S) / Not Suitable (NS) for each soil 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 4-22. Geotechnical Considerations Decision Matrix
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The following sections begin a discussion of the various soil properties, providing the information necessary
to fill out the Geotechnical Considerations Decision Matrix (Figure 4-22) and to understand the relationship
between these soil properties and retrofitting measures.

4.21 Allowable Bearing Capacity

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
consolidation of the underlying soil.

Bearing capacity has a direct effect on the design of shallow (W=

foundations. Soils with lower bearing capacities require > CROSS REFERENCE
proportionately larger foundations to effectively distribute

gravity loads to the supporting soils. For deep foundations, An approach developed by

FEMA during the elevation of
substantially damaged homes
in Florida and the Midwest is

like piles, bearing capacity has less effect on the ability of
the foundation to support gravity loads because most of the

resistance to gravity loads is developed by shear forces along to reuse the existing footings, if
the pile. allowed by code. Refer to FEMA
347, Above the Flood: Elevating
Bearing capacity is generally measured in pounds per square Your Floodprone House (FEMA,
foot (Ib/ft?>) and occasionally in tons per square foot. Soil 2000a) fordatailSiCHiSIE NN,

bearing capacity typically ranges from 1,000 Ib/ft? (relatively structuiesy

weak soils) to more than 10,000 Ib/ft2 (bedrock). The allowable
bearing capacity is the ultimate bearing capacity divided by an

appropriate factor of safety. The factor of safety depends on whether the soils have been tested. Soil-bearing-
capacity testing will result in detailed soil characteristics producing a reasonable and accurate factor of safety.
An appropriate factor of safety between 2 and 3 should be used if soil testing has not been completed. See
Equation 4-16.

Table 4-8 presents estimated allowable bearing capacities for various soil types to be used for preliminary
sizing of footings only. The actual allowable soil bearing capacity should be determined 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.

é EQUATION 4-16: ALLOWABLE BEARING CAPACITY
Qe :% (Eq. 4-16)
where:
Qpc = allowable bearing capacity (Ib/ft?)
Q, = ultimate bearing capacity (Ib/ft?)
FS = factor of safety (as prescribed by code)
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Table 4-8. Typical Allowable Bearing Capacity by Soil Type Shown in Table 4-4

Soil Type (Symbol) Allowable Bearing Capacity (Ib/ft2)
Clay, Soft (CL, CH) 600 to 1,200
Clay, Firm (CL, CH) 1,500 to 2,500
Clay, Stiff (CL, CH) 3,000 to 4,500
Loose Sand, Wet (SP, SW, SM) 800 to 1,600
Firm Sand, Wet (SP, SW, SM, SC) 1,600 to 3,500
Gravel (GW, GP, GM, GC) 2,700 to 3,000

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. Depending 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 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

NOTE

resistance, is a function of many complex factors, including

some that are site-specific. A very significant factor affecting Certain types of soil - loose

shearing resistance is the presence and movement of water sands and soft clays (SP, SW,
within the soil. Under conditions of submergence, some SM, SC, CL, CH) exhibit very
shearing resistance may decrease due to the buoyancy effect of poor bearing capacities when

saturated; therefore, foundation,
floodwall, and levee applications
in those conditions would not

be feasible without special
While there are many possible site-specific effects of saturation treatment.

the interstitial water or, in the case of cohesive soils, to physical
or chemical changes brought about in clay minerals.

on soil types, some classes of soil can be identified that have

generally low shearing resistances under most conditions of
saturation. These include:

fine, silty sands of low density that in some localities may WARNING
suddenly compact when loaded or shaken, resulting in a

Attempts to construct water- or
saturated soil-retaining/resisting
structures without a thorough
understanding of soil mechanics

phenomenon known as liquefaction;

sand or fine gravel, in which the hydraulic pressure of

upward-moving water within the soil equals the weight and analysis of on-site soils can
of the soil, causing the soil to lose its shear strength and result in expensive mistakes and
become “quicksand,” which will not support loads at the project failure.

surface; and

soils below the water table that 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 are known to be present, a soils engineer should be consulted for site-specific
solutions.
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4.2.2 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 structures or other obstructions, flow
conditions estimated for the calculation of depths of scour should be evaluated by a qualified engineer.

The effects of flood loads on buildings can be exacerbated by flood-induced erosion and localized scour
and by long-term erosion, all of which can lower the ground surface around foundation elements and cause
the loss of load-bearing capacity and loss of resistance to lateral and uplift loads. This can render structural
retrofitting and resistive designs ineffective, possibly resulting in failure. Figures 4-23 and 4-24 illustrate
scour at open foundation systems and ground level buildings.

Figure 4-23. Localized a
scour at piers, posts, and =

) Flood elevation N\ pi|
piles N — Pile
Direction Eroded ground
of flow . d (surface
> N
terminating stratumy

3
S without > .
I
I
I

é
7

max

I
>~
|
terminating stratum :
|

=
Terminating stratum of non-erodible soil or bedrock

NOTE
d, design stillwater flood depth
a diameter of pile
S, localized maximum scour depth

Maximum potential scour is critical in designing an elevated 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
piers, posts, or piles. If a pier, post, or pile was not designed to withstand a maximum potential scour, and
was exposed to scour from a flood event, the column will be subjected to loading in a condition it was not
designed for, which may result in a failure of the foundation. If a pier, post, or pile were to have 4 feet of scour
around its base, and the structural element was designed to have a depth of 5 feet, the point of fixity (depth
into the ground where foundation is assumed fixed against rotation) would decrease significantly, and the
flood depth at the column would increase significantly.
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Flood
elevation

Depth of flooding

Area of greatest scour depth
at both upstream corners

Figure 4-24. Scour action on a ground level building

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

NOTE

Resistance to scouring increases

the velocity or turbulence of the moving water, the greater the with clay content and/or the
scour potential. Soils that contain sufficient proportions of clay introduction of bonding agents,
to be described as compact are more resistant to scour than which help bond the internal

the same grain sizes without clay as an intergranular bond. particles of a soil fogether.

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 or other foundations
that present less of an obstruction to floodwater.

The calculation for estimating maximum potential scour depth at an elevated or ground-level foundation
member (Equation 4-19) is based upon the foundation (or foundation 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 erosion
and scour. Scour at the embankment toe may be calculated as shown in Equation 4-17.
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EQUATION 4-17: MAXIMUM POTENTIAL SCOUR AT EMBANKMENT TOE

S =d[1.1[§) [(gd%] 1 (Eq. 4-17)
where:
S,ax = maximum potential depth of scour hole (ft)
d = depth of flow upstream of structure (ft) NOTE
a = diameter of pier, post, or pile or half the The factor “2” in Equation 4-17
frontal length of the blockage (ft) is the diameter of an open

foundation member or half of
the width of the solid foundation
(ft/sec) perpendicular to flood flow.

V' = velocity of flow approaching the structure

g = acceleration of gravity (equal to 32.2 ft/sec)

The maximum potential scour depth predicted by the following
equation represents a maximum depth that could be achieved if WARNING
the soil material were of a nature that could be displaced by the

water’s action. However, in many cases, a stronger underlying The scour information presented

is the best available; however,

there is not a general consensus

within the scientific community

scour depth affecting a foundation system. that these scour equations are
valid. Research continues into
this area.

stratum will terminate the scour at a more shallow elevation.
Figure 4-25 illustrates the process of determining the potential

Figure 4-25. Process Estimatoimact
for estimating potential allowable scour
scour depth +

Investigate presence of
underlying strata that would
terminate scour action

v

Estimate anticipated scour depth

2

Estimate required depth
of foundation members

v

Interpret results

Step 1: Estimate maximum allowable scour. The scour depth at square and circular pier, post, and pile
foundation members can be calculated as shown in Equation 4-18.
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>

EQUATION 4-18: LOCALIZED SCOUR AROUND VERTICAL PILE

S -22a

where:

S

max

Localized scour around vertical walls and enclosed areas
(e.g., typical Zone A construction) can be greater than that
around vertical piles and should be calculated as shown in

Equation 4-19.

>

where:

oq

maximum potential depth of scour

hole (ft)

diameter of a round foundation
element, or the maximum diagonal
cross section dimension for a
rectangular element (ft)

(Eq. 4-18)

NOTE

Equation 4-18 can also be used
to approximate local scour
beneath grade beams — set

«” equal to the depth (vertical
thickness) of the grade beam.

@ NOTE

Scour depths estimated

with Equation 4-19 can be
unrealistically high for coastal
areas and should be capped at
10 feet of localized scour.

EQUATION 4-19: LOCALIZED SCOUR AROUND VERTICAL ENCLOSURE

S = {2.2(2}0'65 [#JW]K

maximum potential depth of scour hole (ft)

(Eq. 4-19)

design stillwater flood depth upstream of the structure (ft)

diameter of a round foundation element, or the maximum diagonal cross section

dimension for a rectangular element (ft)
velocity of flow approaching the structure (ft/sec)

acceleration of gravity (equal to 32.2 ft/sec?)

factor applied for flow angle of attack (see Figure 4-26)
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Figure 4-26.
Flow Angle of Attack

The above scour equation applies to average soil conditions (2,000—3,000 Ib/ft? bearing capacity). Average
soil conditions would include gravels (GW, GP, GM, and GC), sands (SW, SP, SM, and SC), and silts and
clays (ML, CL, MH, and 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, X, can be

applied to the scour depth to account for the resulting increase in scour as presented in Table 4-9.

Table 4-9. Scour Factor for Flow Angle of Attack, K

Angle of Attack 4 8 12
0 1 1 1
15 115 2 2.5
30 2 2.5 &8
45 2.5 3.5 4.5
60 25 3.5 4.5

Length to Width Ratio of Structural Member in Flow

Step 2: Investigate underlying soil strata. Once the maximum
potential scour depth has been established, the designer should
investigate the underlying soil strata at the site to determine if
the underlying soil is of sufficient strength to terminate scour
activities. Information from the NRCS Soi/ Survey may be used
to make this assessment (http://websoilsurvey.nres.usda.gov/app/
HomePage.htm).

NOTE

The U.S. Department of
Transportation recommends
a factor of safety of 1.5 for

predicting building scour depth. Il
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Figure 4-27 illustrates a scour-terminating stratum. If an underlying terminating stratum does not exist at
the site, the maximum potential scour estimate will become the anticipated scour depth. However, if an
underlying terminating stratum exists, the maximum potential scour depth will be modified to reflect this
condition, as shown in Step 3.

M ) Figure 4-27.
s el Terminating stratum
member
T A |
Dlroefc]:clgox Erosion avoided by

d — terminating strata

Scour Sd‘
depth °y §,.

Erodible soil

Terminating strata

Non-erodible soil or bedrock

Step 3: Estimate anticipated scour depth. Based on the results of Step 2, the designer will determine the
anticipated scour depth to be used in determining the depth to which the foundation element must be
placed to resist scour effects. If a terminating stratum exists, the expected scour would stop at the depth at
which this stratum starts, and the distance from this point to the surface is considered to be the potential
scour depth, (§,). If no terminating stratum exists, the maximum potential scour (§

nax) computed earlier
becomes the §,.

Step 4: Estimate required depth of foundation members. Scour will increase the height above grade of the
vertical member, since the grade level would be lowered due to erosion and scour (see Figure 4-28). 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

B Figure 4-28.
- | _ Additional embedment for
/099” foundation foundation member
member
D, N
Scour ||
depth Sdf

A
D,
4

A ¢ Additional depth of
Y *“ embedment required

<
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under which the elevated foundation system was designed. To account for this, the vertical foundation
member depth used for the purpose of determining an acceptable design must be increased by the
amount of ;.

Step 5: 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 anticipated scour
depth, the member should be protected 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

CROSS REFERENCE

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
NWS or the NRCS Soil Survey.

(loodwall or levee). For 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 engineer should be consulted.

4.2.21 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 (foundations, 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.

4.2.2.2 Permeability

A principal concern for the construction of retrofitting measures

such as floodwalls and levees are the properties of the proposed NOTE
fill material and/or underlying soils. These properties will have

While impervious cutoffs such

as compacted impervious core,
sheet pile metal curtains, or
cementitious grout curtains

an impact on stability and will determine the need for seepage
and other drainage control measures.

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 4-10.

can be designed to reduce or
eliminate seepage, their costs are
beyond the financial capabilities
of most homeowners. However,
several lower-cost measures

to control seepage include
pervious trenches, pressure relief
wells, drainage blankets, and
drainage toes.
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Table 4-10. Typical Values of Coefficient of Permeability X for Soils

Typical Coefficient of

Soil Type and Description Permeability (ft/day)

Well-graded clean gravels, gravel-sand mixtures GW 75
Poorly graded clean gravels, gravel-sand-silt GP 180

Silty gravels, poorly graded gravel-sand-silt GM 1.5x10-3
Clayey gravels, poorly graded gravel-sand-clay GC 1.5x10-4
Well-graded clean sands, gravelly sands SwW 4.0
Poorly graded clean sands, sand-gravel mix SP 4.0

Silty sands, poorly graded sand-silt mix SM 2.0x10-2
Sand-silt clay mix with slightly plastic fines SM-SC 3.0x 10-3
Clayey sands, poorly graded sand-clay mix SC 7.5 x10-4
Inorganic silts and clayey silts ML 1.5x10-3
Mixture of inorganic silt and clay ML-CL 3.0x 10-4
Inorganic clays of low to medium plasticity CL 1.5 x10-4
Organic silt and silt-clays, low plasticity oL Quite Variable
Inorganic clayey silts, elastic silts MH 1.5 x10-4
Inorganic clays of high plasticity CH 1.5 x10-2
Organic clays and silty clays OH Quite Variable

1cm/sec =24,680 ft/day =2 ft/min 1 ft/year =1 x 10-6 cm/sec

The coefficient of permeability provides an estimate of ability of a specific soil to transmit seepage. It can
be used (Equation 4-20) to make a rough approximation of the amount of foundation underseepage.
Equation 4-20 may be used in lieu of Equation 4-14 for large levee/floodwall applications when the coefficient
of permeability for the specific site soil is known.

EQUATION 4-20: VOLUME OF SEEPAGE

Q = kij, A (Eq. 4-20)
where:
Q = the discharge in a given unit of time WARNING

(ft3/unit of time)
It is very important that the

k = coeflicient of permeability for the soil designer keep the units in this
foundation (ft/unit of time) equation consistent. The results
: _ hvdrauli di )i s 2 of Equation 4-20 depend on the
the = y rautic gra lent which 1s t . € homogeneity of the foundation
dlﬂ‘erence 1n head between two polnts and the accuracy of the coefficient
divided by the length of path between of permeability. The results should
two points be considered as an indication
) only of the order of magnitude of
A = gross area of the foundation through seepage through a foundation.

which flow takes place (ft?)
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4.2.2.3 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 engineering/
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 applications,
including engineering, construction, and water retention activities. Table 4-10 provides typical values for the
coefhicient of permeability (K) for soils. 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

NOTE

Soils that exhibit severe
shrinking-swell characteristics
include clays and clay mixtures
such as Soil Types CH, CL,
ML-CL, SC, and MH.

when planning retrofitting measures that are not ideal for the physical soil parameters at a given site.

Chapter 5 provides guidance on how to apply the anticipated loads and calculate load combinations developed
in this chapter to the existing site/structure. Examples for calculating flood loads, other anticipated loads,

and load combinations can be found in Appendix C.

4-50 ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures




ENGINEERING PRINCIPLES AND PRACTICES
.;‘ ! = 4 % E. “L‘_ j

g ey

o A

General Design Practices

Chapter 4 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 this chapter is to apply the anticipated loads

developed in Chapter 4 to the existing site/structure and design an appropriate retrofitting measure.

The design process begins with general practices that are basic
to all retrofitting projects—field investigation and analysis of
the existing structure—and then presents separate sections for
each retrofit measure—elevation, relocation, dry floodproofing,
wet floodproofing, and floodwalls and levees. These sections
guide the designer through the process of developing
construction details and specifications, and provide the tools
to tailor each retrofitting measure to local requirements and
homeowner preferences.

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 building permits and
mitigate potential flood and other natural hazards. This design
process is illustrated in Figure 5-1.

As previously noted, the following section describes elements of
the design process that are common to many or all retrofitting
measures. The two main common design elements are field
investigation  (which includes surveys, documentation,
and homeowner coordination) and the analysis of the
existing structure.

NOTE

FEMA strongly encourages
that flood retrofits provide
protection to the elevation of
the DFE (or BFE plus 1 foot,
whichever is higher). However,
in some situations a lower
flood-protection level may be
appropriate. Homeowners
and design professionals
should meet with a local
building official to discuss the
selected retrofit measure and
the elevation to which it will
protect the home. The text
and examples in this manual
assume flood protection
measures will be implemented
to the DFE.
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Figure 5-1.
Design process
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5.1  Field Investigation

Detailed information must be obtained about the site and existing structure to make decisions and calculations
concerning 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

Surveys

Final hazard determinations

Documentation of existing structural, mechanical, electrical, and plumbing systems

Homeowner preferences

511 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 construction of the retrofitting measure
may conflict with local building regulations.

51.2  Surveys

A detailed survey of the site should be completed to supplement the information gathered during the low
point of entry determination (discussed in Chapter 3) and to identify and locate structure, site, and utility
features that will be needed for the design of the retrofitting measure.

51.3  Structure Survey

The structure survey is a vertical elevation assessment at potential openings throughout the structure, whereby
floodwater may enter the residence. It may include:

basement slab elevation;

windows, doors, and vents below the BFE;
mechanical/electrical equipment and meters;
finished floor elevation;

drains and other floor penetrations;

water spigots, sump pump discharges, and other wall penetrations;
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other site provisions that potentially may require flood protection, such as storage tanks and
outbuildings; and

the establishment of a stable vertical datum or elevation benchmark near the house.

5.1.4 Topographic Survey

A detailed retrofitting design should not be developed without
a site plan or map of the area. A State-registered Professional NOTE
Land Surveyor can prepare a site plan of the area, incorporating

the low point of entry determination information, as well as

Field surveys for design
purposes should be performed

general topographic and physical features. The entire site and/ by a State-registered
or building lot should be mapped for design purposes. General Professional Land Surveyor.

surveying practices should be observed but, as a minimum, the

site plan should include:

spot elevations within potential work areas;

1-foot or 2-foot contours, depending on degree of topographic relief;
boundary markers, property lines, easements, and/or lines of division;
perimeter of house and ancillary structures (sheds, storage tanks);
driveways, sidewalks, patios, mailbox, fences, light poles, etc.;

exposed utility service (meters, valves, manholes, service

boxes, hydrants, etc.);
WARNING

exposed storm drain features (yard inlets, junction boxes,

curb inlets); The location and elevation of all

drainage features is critical.

ditches and culverts;

road or streets (centerline, edge or curb and gutter, curb inlets);
downspout locations;

trees of significant diameter (size varies per jurisdiction);

large 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.
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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 ensure 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.

5.1.5 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

NOTE

Contact local utility companies
regarding the location of

. ‘ ; ) ; underground utilities before
wells and septic tanks, and electric or gas service, will require an construction begins.

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 underground utilities. In many cases, field personnel will
be dispatched to mark the ground surface above buried 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:

located both horizontally and vertically on the topographic map.
Underground utilities, such as sanitary and storm drain lines,

water main and sanitary sewer pipes;
cable television (CATV) and fiber optics;
gas lines;

storm drain fixtures and pipes;

water wells;

electric service;

telephone cables; and

any other local utility services.

In some instances, exact horizontal and vertical locations of the utility services 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.

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, anchoring, and, in some instances, new service, can be prepared.
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5.1.6 Hazard Determinations

The designer (with the homeowners) should review the risk
determinations previously conducted in Chapter 3 and
confirm the flood protection design level and required height
of the retrofitting measure selected. Not merely a function of
expected flood elevation, freeboard, and low point of entry,
this analysis should consider the protection of all components
below the design elevation (i.e., below-grade basement walls and
associated appurtenances).

The analysis of flood- and non-flood-related hazards was presented
in detail in Chapter 4. The designer should utilize the calculation
templates presented there to finalize expected design forces.

51.7 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 3 as reconnaissance designed to provide preliminary
information on the condition of an existing structure and its
suitability for the various retrofitting methods.

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
the existing mechanical, electrical, and plumbing systems. The
enclosed Mechanical, Electrical, Plumbing, and Related Building
Systems Data Sheet (Figure 5-2) can be used to document the
results of this examination.

NOTE

If the DFE is less than the
100-year flood elevation, the
retrofitting measure may violate
FEMA standards. Check with
the local building official or

the FEMA Regional Office for
clarification.

NOTE

Since the data sheets provided
in this book are generalized for
residential housing applications
and ask for information that
may not be applicable to a
specific retrofitting measure,
the designer should exercise
judgment in collecting the
information cited on the
checklists.
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5

Mechanical, Electrical, Plumbing, and Related Building Systems Data Sheet

Owner Name:

(Note: Collect only the data necessary for your project)

Prepared By:

Address:

Date:

Property Location:

A. Exterior Utilities and Appurtenances
Water
[J On-site well or spring

Water purveyor’s name:

(] Public water system

Sanitary

[ On-site septic and drain field
Storm

[ On-site

Incoming Electrical Service
[1Overhead (1 Underground

[ Direct burial size:

[1Voltage

] Public sewerage

(] Public sewerage

[1120/240 volt 10 [1120/208 volt 10

[ Service entrance cable amps:

[JPVC (Polyvinylchloride) conduit
Transformer #:

[ Power company:

Power meter #:

Contact:

[JRGS (Rigid Galvanized Steel) conduit

Estimated transformer rating:

Fault current rating:

Telephone service:

] Company: ] Overhead

CATV

[ Underground

1 Company:

[] Cable pair (] Pedestal [] Grounded [1 Direct burial

1 Overhead
[ Direct Burial

[J Underground # of channels:
CJRGS

Contact:

[JPVC CATV #:

Page 1 of 3

Figure 5-2. Mechanical, Electrical, Plumbing, and Related Building Systems Data Sheet
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Other Utilities
(1 Natural gas

Utility company name:

Location of service entrance:

Meter location:

[J LPG (Liquefied Petroleum Gas)

Utility company name:

Location of gas bottle:

How is tank secured? 1 ail
0il Supplier:

] Aboveground tank ] Underground tank
Size (in gallons [GAL]): Location:

Vent terminal:

Elevation: feet or elevation above grade? feet  Fill cap type:

B. Domestic Plumbing
Water

[ Location of service entrance

Main service valve? [JYes [INo

Backflow preventer? [JYes [INo

Type of water pipe (1 Copper [(Ilron (1 Plastic

(] Domestic water heater [] Gas BTU/HR (] 0il GAL/HR (] Other Specify units
Size (GAL): Location:

(] Sanitary Drainage

Floor served?

Fixtures below base flood elevation(BFE) CYes [No

Backwater valve installed in fixtures below BFE? [1Yes  []No
Backwater valves needed (if none exist) ClYes [No
(] Storm Drainage

Basement floor drains connected? [(JYes [INo

Is storm combined w/sanitary? [JYes [INo
C. Heating System
Type: [] Central System [] Space heaters
Central System
] Warm air (] Hot water [] Steam
Warm Air Furnace
Location: (] Basement (] 1st floor J___floor [ Attic

Page 2 of 3

Figure 5-2. Mechanical, Electrical, Plumbing, and Related Building Systems Data Sheet (continued)
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Type: (] Upflow (] Downflow (] Horizontal (] Low Boy
Fuel: ] Natural Gas [CJLPG (] Electric ] Coal ] Wood
Burner: (] Atmospheric [] Fan assisted
Condensing: [1Yes [INo
Venting: (] Natural draft [] Forced draft ] Direct vent
Air Distribution: (] Gravity (] Ducted

[]Sheet metal ductwork [] Flexible, non-metallic runouts []Fiberglass ductboard  [] Location
Air Qutlets: ] Floor ] Low sidewall ] High sidewall [ Ceiling [ 2nd floor
Hot Water/Steam:
Boiler: [] Hot Water [] Steam
Location: [J Basement (] 1st Floor O ___floor [ Attic
Fuel: [ Natural Gas CJLPG (] Electric [ Coal ] Wood
Terminal Units: (] Baseboard [] Radiators (] Other

In-Space Heating Equipment
Gas: (] Room heater []Vented (] Unvented
(1 Wall furnace [1 Conventional (1 Direct vent

1 Floor furnace

0Oil/Kerosene: [ Vaporizing oil pot heater ] Powered atomizing heater 1 Portable kerosene heater
Electric Heaters: ] wall (1 Floor (] Toe space (] Baseboard

Radiant Heat: []Panels [ 1 Embedded fireplace [ Portable cord and plug
Stoves: 1 Conventional [ Advanced design [ Fireplace insert  [] Pellet stove

D. Cooling System

Type: ] Central ] In-space air conditioners (ACs)

Central Systems: [ Split system A/C [] Unitary A/C ] A-Coil add-on
(] Split system heat pump

Split Systems:

Indoor unit location: [] Basement (] 1st Floor [J___Floor [ Attic

Type: ] Upflow ] Downflow [ Horizontal

Air distribution: ] Sheet metal ductwork [] Fiberglass ductboard ] Flexible non-metallic runouts
Air outlets: 1 Floor 1 Low sidewall 1 High sidewall (] Ceiling

Outdoor unit location:

In-space air conditioners: ] Window air conditioners [] Ductless split systems

Page 3 of 3

Figure 5-2. Mechanical, Electrical, Plumbing, and Related Building Systems Data Sheet (concluded)
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5.1.8 Homeowner Preferences

A detailed discussion of homeowner preferences was presented in Chapter 3. 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 information, 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.

5.1.9 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, maintenance requirements,
construction documents, and other information with the homeowner and regulatory officials to present the
alternatives, resolve critical issues, and obtain necessary approvals.

5.1.10 Maintenance Programs and Emergency Action Plans

Development of appropriate maintenance programs for retrofitting measures is critical to the continued
success of retrofitting efforts. Refer to FEMA’s NFIP Technical Bulletin 3-93, Non-Residential
Floodproofing — Requirements and Certification for Buildings Located in Special Flood Hazard Areas in
Accordance with the NFIP (FEMA, 1993) 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 emergency operations, inspection,
and maintenance 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.
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5.2  Analysis of Existing Structure

The ability of an existing structure to withstand the additional loads created as a result of retrofitting is an
important design consideration. Accurate estimates of the capacity of the foundation and other structural
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 modified or redesigned to accommodate a retrofitting measure
such as elevation, relocation, dry and wet floodproofing, and floodwalls or levees. The steps involved in this
analysis include:

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.

5.21 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, relocation, and dry floodproofing most
directly affect a home’s structure. Floodwalls and levees are designed to prevent water from reaching the
home’s and thus should not have an impact on 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 resource for determining the structural systems and the size of the members. The retrofit
designer of record should verify by inspection wherever possible that materials were installed as specified
on the referenced drawings;

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 home, such as plumbing, mechanical, electrical,
etc.; and

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 home and point out major deficiencies.

If the aforementioned information is not available, the designer (with the permission of the owner) should
determine the type and size of the critical structural elements. The Structural Reconnaissance Worksheet
provided as Figure 5-3 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,

Material Good, Fair, Unacceptable)
Flooring Concrete
Concrete
Foundation
Wall Concrete Masonry
Brick Masonry
Wood Frame
Walls Masonry
Metal Frame
Wood Joist
Floor System Post and Beam
Wood Truss
Truss
Roof System
Rafter
Wood Siding
Exterior .
Finishes Brick Veneer
Stucco
Drywall
Interior
Finishes Plaster
Wood

Figure 5-3. Structural Reconnaissance Worksheet

NOTE
5.2.2 Footings and Foundation Systems

Elevating a house exposes
The foundation system of a house (footings and foundation walls) it to greater vertical loads

serves several purposes. It supports the house by transmitting the from increased wind loads
and additional weight, and

lif d . f db ind. seismic. floodi horizontal and shear loads from
Llp 1It an agamst orces causce y winda, seismic, 1r1oo mg, and increased wind forces. Figure

other loads. Foundation walls (below grade) restrain horizontal 5-4 illustrates the various loads
pressures from adjacent soil pressures. The foundation system that affect a foundation system.
anchors the house against horizontal, vertical, and shear loads

building loads to the ground, and it serves as an anchor against
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from water, soil, debris, seismic, snow, and wind hazards. Retrofitting measures such as elevation change

the dynamics of the forces acting on a house. More details regarding foundations and the loads experienced
by them can be found in the Fourth Edition of FEMA P-55, Coastal Construction Manual (FEMA, 2011)
in Chapters 8 through 10. FEMA P-550, Recommended Residential Construction for Coastal Areas (FEMA,
2009) also provides design plans for coastal foundations and guidance for design and construction.

¢ Wind forces
e Seismic forces

° Dead loads +
* Live loads * Soil forces
¢ ¢ Flood forces

e Impact forces ——)-

Snow loads

v

o

Ll

v

L Ll L
FOOTING REACTIONS |

Figure 5-4. Foundation system loading

5.2.3 Bearing Capacity of 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
Equation 5-1.

In conducting this computation, it is important
to confirm the size and depth of the footing
and bearing capacity of the soil to ensure 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.

NOTE

The load carrying capacities of residential
footings, particularly strip footings, are usually
limited by the bearing capacity of the soil. For
spread footings (i.e., isolated footings that may
be spread over a relatively large area), the footing
may be controlled by the structural capacity

of the footing itself. Thus, spread footings
typically require reinforcing bars near the bottom
of the footing. In general, when x exceeds

1.5 times #in the figure below, an analysis of
shear and bending forces is required. Refer to
ACI 318-08, Building Code Requirements for
Structural Concrete and Commentary (2008), for
investigations of such concrete footings.

P
Y

Pier

<
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é EQUATION 5-1: DETERMINING FOOTING SIZE

s
Sbf

(Eq. 5-1)

bearing area of the footing (ft?)
load (Ib)

allowable soil bearing capacity (Ib/ft2);
see Table 5-2

EQUATION 5-2:

MAXIMUM LOADING OF EXISTING FOOTING

Lo =AfSse (Eq. 5-2)
where:
Af = bearing area of the footing (ft?)
P, = maxload (Ib)
S, = allowable soil bearing capacity (Ib/ft?);
see Table 5-2
é EQUATION 5-3: BEARING CAPACITY OF
EXISTING STRIP FOOTING
W; =55, (Eq. 5-3)
where:
Wy = total weight footing wall support (Ib/ft)
bf = width of footing (ft)
S, = allowable soil bearing capacity (Ib/ft?);

see Table 5-2

<

NOTE

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.

CROSS REFERENCE

American Concrete Institute
530, 2008, (ACI 530-08)
provides maximum height
or length to thickness
ratios. Height or length is
based on the location of the
lateral support elements
that brace the masonry and
permit the transfer of loads
to the resisting elements.
Nominal wall thickness

may be used for z,,,.

Table 5-2. “Wall Lateral
Support Requirements”
(ACI 530-08) provides
maximum slenderness ratio
values for bearing and non-
bearing walls.

<9

NOTE

Wf acts downward.

CROSS REFERENCE

Use of Equation 5-4 is
limited and should be
verified using ACI 530-08
and local building codes for
design applications.
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5.2.4 Bearing Capacity of Foundation Walls

The bearing capacity of an existing concrete masonry foundation wall can be estimated if the designer knows

the size and grade of the block, using the following equation.

EQUATION 5-4: BEARING CAPACITY OF EXISTING STRIP FOOTING

(Eq. 5-4)

W,=S8.4
where:
W, = total weight per linear foot (If) wall will support (Ib/ft)

(9%
Il

A = cross-sectional area per If of wall = z,, (12 in.)

where: 7,, thickness of wall in inches

bearing capacity of the masonry from Table 5-1(Ib/in.?)

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. If the 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, reinforcement, condition, or
drainage. Technology exists for investigation of walls using x-ray,
ultrasound, and other methods; however, these methods may be
too costly for residential retrofitting projects.

5.2.5 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 overturning, bending,
and shear (horizontal, vertical, and diagonal). If the stress caused
by the expected loading is less than the code-allowable stress
for the expected failure mode, the wall design is acceptable.
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 reinforcing is required.

NOTE

The approximate bearing
capacity of concrete and
reinforced concrete materials
may be quite variable due

to regional differences in
concrete mix, aggregate,
reinforcing practices, and
other factors. In general, the
approximate bearing capacity
of concrete/reinforced concrete
is substantially greater than
masonry block: a conservative
estimate ranges from 500

to 1,000 pounds per square
inch. Additional information

on the capacity and strength
of concrete mixtures can be
obtained from ACI 318-08.
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Table 5-1. Approximate Bearing Capacity for Masonry Wall Types
Approximate Compressive Bearing

Capacity for Masonry Walls, S, Based
on Gross Cross-Section (Ib/in2)*

Masonry Units

Solid masonry of brick
and other solid units of

NOTE

Values shown in Table 5-1
are guidelines. Additional
information on the capacity
and strength of masonry
construction can be
obtained from ACI 530-08.

clay or shale; sand-lime 10010 115

or concrete brick **

Grouted masonry of clay

or shale; sand-lime or 100 to 115

concrete**

Hollow units of concrete

masonry 55t0 75
Stone

Cut granite 640 to 720

Cut limestone, marble 400 to 450

Cut sandstone, cast

stone 320 to 360

Rubble; rough, random, 100 to 120

or coursed

SOURCE: DERIVED FROM ACI 530-08 TABLE 5.4.2

* Minimum thickness: Masonry bearing walls — one story, 6 inches; more than one
story, 8 inches

** Compressive strength of masonry unit, gross area, equal to 1,500 psi
Note: See ACI 530-08 if dimensions stated above are not met.

Table 5-2. Presumptive Vertical Load-Bearing Capacities for
Different Materials

Material Class Sper ID/f12*

1. Rock 4,000+
2. Sandy gravel, gravel 3,000
3. Sand, silty sand, clayey sand,
; 2,000
silty gravel, clayey gravel
4. Clay, sandy clay, silty clay, 1,500

clayey silt

NOTE

For masonry walls, use

ACI 530-08 to determine
allowable stress infor-
mation. For plywood shear
walls, the Engineered

Wood Association offers
allowable load information.
For reinforced concrete
walls, consult ACI 318-08.
For non-reinforced concrete
walls, consult Chapter 22 of
ACI 318-08.

NOTE

Values shown in Table 5-2
are guidelines.

SOURCE: DERIVED FROM 2012 IBC TABLE 1806.2

* Minimum thickness: Masonry bearing walls — one story, 6 inches; more than one
story, 8 inches

** Compressive strength of masonry unit, gross area, equal to 1,500 psi
Note: See ACI 530-08 if dimensions stated above are not met.
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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
outlined below:

Step 1: Determine the type, size, material, and location of the
walls to be analyzed.

Step 2: Determine the code-allowable overturning, bending,
and shear stresses for the wall in question.

Step 3: Compare the stresses caused by the expected loadings
versus code-allowable stresses (capacities) for each wall being
analyzed. If the 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.

5.2.6 \Vertical Loads

In addition to the loads imposed by floodwater, other types of
loads must be considered in the design of a structural system,

NOTE

Lateral loads are distributed
to the shear walls via the
diaphragms of the floor or
roof. Distribution is 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 lateral loads.

CROSS REFERENCE

For additional information on
loading conditions for exterior
and shear walls, refer to
ASCE 7.

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 3 and 4. This section deals with the computation of dead

loads, live loads, and roof snow loads.

5.2.7 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
quantifying the wall and surface areas and multiplying by the
weights of the materials or assemblies. A list of the weights of

NOTE

Values provided in Table 5-3
are typical guideline values.
See ASCE 7 for additional
information.

some construction components and assemblies is provided in Table 5-3. In addition to the weight of the
structure, any permanent service equipment located in the house must be added to the total. The worksheet
provided at Figure 5-5 can be used to make a preliminary estimate of the weight of a structure. To use Figure

5-5, the designer should:

Step 1: Determine the construction of the various components of the building, quantify them, and enter
this information in the second column.

Step 2: Look up the weight of these assemblies and enter that figure into the third column.
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Table 5-3. Weights of Construction Types

Weight, I/t surface area

Wood stud wall, 2x4, interior, V2-in. drywall 2S 8
Interior, wood or metal 2x4s, plaster 2S 19
Exterior, drywall; 4-in. batt insulation; wood siding 11
Exterior, drywall; 4-in. batt insulation; 4-in. brick (MW) 47
Exterior, drywall; 4-in. batt insulation; 8-in. concrete block 60-65
Metal stud wall, 2x4, interior, ¥2-in. drywall 2S 7
Exterior, drywall; 4-in. batt insulation; 1-in. stucco 23
Metal stud wall, exterior, drywall; 4-in. batt insulation; 2-in. drywall 18
Exterior, drywall; 4-in. batt insulation; 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
MW, 4—_in_. bric;k, MW, per wythe (continuous vertical section of masonry, 39
one unit in thickness)

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 ceiling 8-10
Concrete flat slab, unfinished floor; suspended ceiling 80-90
Concrete pan joist (25 in. o.c., 12-in. pan depth, 3-in. slab), unfinished floor; 90-100
suspended ceiling

Concrete on metal deck on steel frame, unfinished floor; suspended ceiling 65-70
Finished floors, add to above:

Hardwood 3
Floor tile 1%2-in. terrazzo 10
Wall-to-wall carpet 25
Roofing, add to above:

Roof, sloping rafters or timbers, sheathing; 10-in. batt insulation; ¥z-in.

drywall 1215
Built-up 5-ply roofing, add to above 6
Metal roofing, add to above 3-4
Asphalt shingle roofing, add to above 4
Slate or tile roofing, ¥4-in. thick, add to above 12
Wood shingle roofing, add to above 3-5
Insulation, add to above:

Insulation, batt, per 4-in. thickness 1
Insulation, rigid foam boards or fill, per inch thickness 047
Stairways:

Concrete 80-95
Steel 40-50
Wood 15-25

2S =2 sides MW = Masonry walls o.c. = on centers
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Building Weight Estimating Worksheet

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

Construction Weight (Ib/ft2) of
Type (1) Surface Area (2) Surface Area (3) Weight Component(4)

Walls Exterior

Interior

First Floor

Second Floor

Attic

Roof Special ltems

Fireplace*

Chimney*

Structure Weight

Total Weight

*Do not include if chimney/fireplace has a separate foundation

Figure 5-5. Building Weight Estimating Worksheet

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.

5.2.8 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-

CROSS REFERENCE

Check local codes for guidance

and two-family dwellings, a typical floor live load is a uniformly on acceptable live loads. In the
distributed load of 40 pounds per square foot. absence of code information
use ASCE 7.
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é EQUATION 5-5: CALCULATION OF LIVE LOADS
LL=AL, (Eq. 5-5)
where:
LL = live load (Ib)
A = area of each floor of the residence (ft2)

L, = minimum uniformly distributed live load (Ib/ft2)

0

5.2.9 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. If no local code is available, the designer
should refer to ASCE 7 for this information. In areas of little snowfall, codes may require a minimum roof
snow load.

5.2.10 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 foundation system. The load-bearing walls support any vertical load in addition to their own weight.
The amount of the dead load 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 5-6 and 5-7 and determined using Equation 5-6, Equation 5-7,
or Equation 5-8.

For the load-bearing walls, the tributary area is the area bounded by the length of the wall perpendicular to
the floor joists or roof trusses multiplied by half the span length of the joist or truss.

é EQUATION 5-6: CALCULATION OF TRIBUTARY AREA FOR LOAD-BEARING WALLS

Ll
A= 2 (Eq. 5-6)
where:
A, = wall tributary area (ft?)
[ = length of the wall (ft)

g
I

span length between walls or the wall and center girder (ft)
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é EQUATION 5-7: CALCULATION OF TRIBUTARY AREA FOR CENTER GIRDER
_l(a+b)
Ag= ) (Eq. 5-7)
where:
Ag = center girder tributary area (ft?)
[ = length of the girder (ft)

(a+b) = length between adjacent parallel supports — wall or girder — per Figure 5-7 (ft)

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.

é EQUATION 5-8: CALCULATION OF TRIBUTARY AREA FOR COLUMNS
4,=®) (Eq. 5-8)
4
where:
A, = column tributary area (ft2)
[ = length of the wall surrounding the column (ft)

3
[

span length between walls surrounding the column (ft)

To calculate the loads, follow the steps below:

Step 1: Inspect the roof and 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: For each load-bearing wall and column, multiply the tributary areas by the dead, live, and snow
loads to find the total loads.
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é EQUATION 5-9: CALCULATION OF WALL/COLUMN LOADS
TL 4;=(DL+LL+SL)A, (Eq. 5-9)
where:
TL, = total dead, live, and snow loads acting on a specific wall or column (Ib)

DL = dead load (Ib/ft?); see Figure 5-5
LL = live load (Ib/ft?); see Equation 5-5
SL = snow load (Ib/ft?); taken from building code

A, = tributary area of the wall or column (ft?) taken from Equations 5-6 and 5-8
(when analyzing walls, use A4,, instead of A,

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 calculation worksheet shown in Figure 5-5.

@ EQUATION 5-10: CALCULATION OF WALL/COLUMN LOADS
W, =(SAXW,)+OSW + FW (Eq. 5-10)

where:
W = self weight of the component (Ib)
SA = section area of the component (ft?)
W, = unit weight of the component (Ib/ft? of surface)

OSW = overbearing soil weight (Ib)
FW = foundation weight (Ib)
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é EQUATION 5-11: CALCULATION OF TOTAL LOAD CARRIED BY THE WALL OR
COLUMN TO THE FOOTING OR FOUNDATION
L= %[f +TLa’z’: (Eq 5-1 1)
where:
TL = total load carried by the wall or column to the footing or foundation (Ib)
W, = self weight of the component (Ib)
TL, = total dead, live, and snow loads acting on a specific wall or column (Ib)

Step 5: Add all the above calculated loads to find the load carried by the wall or column to the foundation
or footing.

5.2.11 Capacity versus Loading

The next step is to examine the capacity of the existing foundation 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.

The IBC and IRC 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.

5.2.12 Load Combination Scenarios =

ASCE 7—19 prescrib‘ef; how to.analyze ﬂoc).d loads in concert with CROSS REFERENCE
other loading conditions. This guidance involves the use of two

methods: allowable stress design and strength design. In the case Designers should refer to

of allowable stress design, design specifications define allowable ASCE 7 when conducting load

mbination analysis.
stresses that may not be exceeded by load effects due to unfactored combinationiZiElE

loads (i.e., 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 proportioning elements of that construction material.
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The designer should consult ASCE 7-10 for guidance in analyzing the multi-hazard loading conditions.
The following symbols are used in defining the various load combinations.

D = Dead Load

E = Earthquake Load

F = Load due to fluids with well-defined pressures and maximum heights

F, = Flood Load

H = Load due to lateral earth pressure, ground water pressure, or pressure of bulk materials

L = Live Load

L, = Roof Live Load

R = Rain Load

S = Snow Load

T = Self-Straining Force

W= Wind Load

These symbols are based upon information from ASCE 7-10 but do not match exactly as several symbols had
to be revised to accommodate symbols already used in this manual. Refer to ASCE 7-10 for clarification and
additional information.

5.2.13 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

2.1.2D + 1.6L + 0.5(L,or S or R)
3.1.2D + 1.6(L,or Sor R) + (L or 0.5W)
412D+ 1.0W+ L + 0.5(Z,0r S or R)
5.1.2D + 1.0E+ L +0.28

6.09D + 1.0W

7.09D + 1.0E
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Exceptions:

1. The load factor on L in combinations (3), (4), and (5) is permitted to equal 0.5 for all occupancies in
which L, in Table 4-1 of ASCE 7-10 is less than or equal to 100 Ib/ft?, with the exception of garages or

areas occupied as places of public assembly.

2. In combinations (2), (4), and (5), the companion load S shall be taken as either the flat roof snow load
(pf) or the sloped roof snow load (p)).

Where fluid loads Fare present, they shall be included with the same load factor as dead load D in combinations

(1 through 5 and 7).
Where loads H are present, they shall be included as follows:
1. Where the effect of H adds to the primary variable load effect, include A with a load factor of 1.6.

2. Where the effect of H resists the primary variable load effect, include A with a load factor of 0.9
where the load is permanent or a load factor of 0 for all other conditions.

Effects of one or more loads not acting should be investigated. The most unfavorable effects from both wind
and earthquake loads should be investigated, where appropriate, but they need not be considered to act
simultaneously. Refer to Section 12.4 of ASCE 7-10 for specific definition of the earthquake load effect E.
Each relevant strength limit state shall be investigated.

When a structure is located in a flood zone, the following load combinations should be considered in addition
to the basic combinations in Section 2.3.1 of ASCE 7-10:

in Zone V or Coastal A Zones, 1.0W in combinations (4) and (6) shall be replaced by 1.0W + 1.0F,.
in Zone A in noncoastal areas, 1.0W in combinations (4) and (6) shall be replaced by 0.5W + 1.0F,.
This material is taken directly from ASCE 7-10.

The guidance in ASCE 7-10 Section 2.3 for Strength Design indicates which load combinations the flood
load should be applied to. In the portion of Zone A landward of the LIMWA, the flood load F, could be
either hydrostatic or hydrodynamic loads. Both of these loads could be lateral loads; only hydrostatic will be
a vertical load (buoyancy). When designing for global forces that will create overturning, sliding or uplift
reactions, F, should be the flood load that creates the most restrictive condition. In the case of sliding and
overturning, £, should be determined by the type of flooding expected. Hydrostatic forces will govern if the
flooding is primarily standing water possibly saturating the ground surrounding a foundation; hydrodynamic
forces will govern if the flooding is primarily from moving water.

When designing a building element such as a foundation, F, should be the greatest of the flood forces
that affect that element (£, or ) + F; (impact loads on that element acting at the stillwater level). The
combination of these loads must be used to develop the required resistance that must be provided by the

building element.

See Section 8.5.12 of FEMA P-55, Coastal Construction Manual (FEMA, 2011) for more guidance regarding
incorporating flood loads into load combination equations.
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5.214 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. This material is taken directly from ASCE 7-10.

1. D
2. D+ 1L

3. D+(LorSorR)

4. D+075L+0.75(L,or Sor R)

5. D+ (0.6W+ 0.7E)

Ga. D +0.75L + 0.75(0.6W) + 0.75(L,or S or R)

6b. D+ 0.75L + 0.75(0.7E)+ 0.758

7. 0.6D + 0.6W
8. 0.6D+0.7E
Exceptions:

1. In combinations (4) and (6), the companion load § shall be taken as either the flat roof snow load (pf) or
the sloped roof snow load (p).

2. For non-building structures, in which the wind load is determined from force coefhicients, Cﬁn
identified in Figures 29.5-1, 29.5-2, and 29.5-3 of ASCE 7-10, and the projected area contributing
wind force to a foundation element exceeds 1,000 square feet on either a vertical or horizontal plane, it
shall be permitted to replace Wwith 0.9W in combination (7) for design of the foundation, excluding
anchorage of the structure to foundation.

3. It shall be permitted to replace 0.6D with 0.9D in combination (8) for the design of Special Reinforced
Masonry Shear Walls, where the walls satisfy the requirement of Section 14.4.2 of ASCE 7-10.

Where fluid loads F are present, they shall be included in combinations (1) through (6) and (8) with the same
factor as that used for dead load D.

Where load H is present, it shall be included as follows:
1. Where the effect of / adds to the primary variable load effect, include A with a load factor of 1.0.

2. Where the effect of H resists the primary variable load effect, include A with a load factor of 0.6
where the load is permanent or a load factor of 0 for all other conditions.

The most unfavorable effects from both wind and earthquake loads should be considered, where appropriate,
but they need not be assumed to act simultaneously. Refer to Sections 1.4 and 12.4 of ASCE 7-10 for specific
definition of the earthquake load effect £. Increases in allowable stress shall not be used with the loads or
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load combinations given in ASCE 7-10 unless it can be demonstrated that such an increase is justified by
structural behavior caused by rate or duration of load.

Buildings and other structures should be designed so that the overturning moment due to lateral forces (wind
or flood) acting singly or in combination 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 another in a structural member or joint.

When a structure is located in a flood zone, the following load combinations should be considered in addition
to the basic combinations in Section 2.4.1 of ASCE 7-10:

in Zone V or Coastal A Zone, 1.5F, should be added to load combinations (5), (6), and (7) and E
should be set equal to zero in (5) and (6); and

in Zone A in noncoastal areas, 0.75F, should be added to load combinations (5), (6), and (7) and E
should be set equal to zero in (5) and (6).

ASCE 7-10 Section 2.4 for Allowable Stress Design indicates which load combinations the flood load should
be applied to, as discussed above in Section 5.2.13. Additional details are also provided in Section 8.5.12 of
FEMA P-55 (FEMA, 2011).

Analyzing the existing structure’s capacity to resist the expected loads 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 analysis is to verify that:

the existing structure is able to withstand the anticipated loadings due to the retrofitting measure being
considered; or

the existing structure is unable to withstand the anticipated loadings due to the retrofitting measure
being considered and requires reinforcement or other structural modification.

If these conditions are not met, then the retrofitting measure should be eliminated from consideration.

Using the information presented in this chapter, 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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Dry Floodproofing

Dry floodproofing measures can be described as a combination of operations plans, adjustments, alterations,
and/or additions to buildings that lower the potential for flood damage by reducing the frequency of
floodwaters that enter the structure. Please note that dry floodproofing is not allowed by FEMA for new or
substantially improved or damaged residential structures located in the SFHA. Dry floodproofing should
be only considered in limited instances and only for short duration
flooding of a few hours. A structural engineer should always evaluate
the structure to determine whether the wall system and floor system
can resist the hydrostatic and other loads. These loads may cause WARNING

the failure of a wall system during a flooding event, resulting in Dry floodproofing is not

significant structural damage. Regardless of the outcome of load allowed by FEMA for new
calculations, owners should consider the loads associated with short or substantially improved
duration flooding prior to beginning a retrofit project. Examples of or damaged residential

structures located in the

dry floodproofing modifications include: floodplain.

installation of watertight shields for doors and windows;

reinforcement of walls to withstand floodwater pressures and impact forces generated by floating debris;

use of membranes and other sealants to reduce seepage of floodwaters through walls and wall
penetrations;

installation of drainage collection systems and sump pumps to control interior water levels, collect
seepage, and manage hydrostatic pressures on the slab and walls;

installation of check valves to prevent the backflow of floodwaters or sewage flows through drains; and

anchoring of the building to resist flotation, and lateral movement.
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Buildings that are dry floodproofed may be
subject to enormous hydrostatic and imbalanced
forces against the foundation and exterior walls
and floor surfaces. As was illustrated in Chapter
4, hydrostatic and saturated soil pressures
increase with the depth of flooding. For that
reason, typical residential foundation walls have
severe limitations with regard to the use of dry
floodproofing measures. Therefore a primary
design consideration for dry floodproofing is
the determination of the ability of the existing

NOTE

FEMA strongly encourages that flood retrofits
provide protection to the DFE (or BFE plus 1
foot, whichever is higher). However, in some
situations a lower flood-protection level may
be appropriate. Homeowners and design
professionals should meet with a local building
official to discuss the selected retrofit measure
and the elevation to which it will protect the
home. The text and examples in this manual
assume flood protection measures will be
implemented to the DFE.

structure (foundation walls, floor system, and

exterior walls) to withstand the forces from the
design flood event. If the structure’s strength is
found to be inadequate, decisions must be made about how to
achieve the design level of performance. There are typically several
ways to improve the structural performance of a structure, each
with varying effectiveness and cost.

This section discusses the approach to dry floodproofing (see Figure
5D-1). The process of dry floodproofing involves: determining
design flood protection level, evaluation of the structural systems
for strength and suitability for dry floodproofing, evaluation,
selection of sealants, shields, drainage collection systems, sump
pumps, and backflow valves and the provision of emergency
power to operate necessary drainage systems. The designer must
understand that some form of dry floodproofing measures may be
needed as part of most retrofitting measures. Each component of
the system will need to work with the other parts to provide the
desired level of flood protection.

An initial, basic and instrumental part of a successful dry
floodproofing measure is the development and use of Emergency
Operations and Maintenance Plan. Since these dry floodproofing
measures require an active role of systems and owner operators
and are not passive, there are many more components that must be
tested, serviced, maintained, and retired when appropriate. These
systems will need to be evaluated annually for suitability, and
function, some items with limited shelf life (caulks and sealants)
will need to be replaced regularly. Some of the important elements
of these plans are presented below.

Figure 5D-1.
Process of selection and

design for dry floodproofing

Field investigation

\4

Selection and design

\4

Confirm ability of structure to
accomodate dry
floodproofing measure(s)

v

Select and design sealants
and shields

A4

Select and design drainage
collection systems

v

Select and design sump pumps

v

Select and design backflow valves

A4

Provide for emergency power
for drainage system operation

v

Prepare emergency operations plan

4

Prepare operations and
maintenance plan

A4

Construction of dry
floodproofing measures
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5D.1 Emergency Operations Plan

Two critical aspects of an effective emergency operations plan are a plan for notifying homeowners (community
flood warning system) of the need to install dry floodproofing components and the chain of command/
resources (human intervention) to carry out the installation of reactive parts of the dry floodproofing
measures. To ensure a more favorable outcome from a flood event, a suitable evacuation plan is also needed
as well as periodic training in the installation of dry floodproofing measures.

5D.2 Inspection and Maintenance Plan

Since much of the dry floodproofing system is active, these pieces require some degree of periodic annual
maintenance and inspection to ensure that all components will operate properly under flood conditions.
Components that should be inspected as part of an annual maintenance, inspection, and replacement
program include:

all mechanical equipment such as sump pumps, switches, piping, valves and generators;

flood shields, to ensure that they fit properly and that the gaskets and seals are in good working order,
properly labeled, and stored in an accessible area; and

sealed walls and wall penetrations, for cracks and potential leaks.

5D.3 Sealants and Shields

Sealants and shields are methods that can be used to protect a structure from low-level flooding. Mini-
floodwalls (low level) can be used as an alternative to shields for protection of windows, window wells, or
basement doors. These systems are easily installed and can be inexpensive in relation to other measures such
as elevation or relocation. However, by sealing (closing) a structure against flood inundation, the owner must
realize that, in most cases, the typical building will not be capable of resisting the loads generated by more
than a few feet of water. The level of flooding the building can resist should be determined by a competent
design professional. There will be a point beyond which the sealants and shields will do more harm than
good and the owner must allow the building to flood to prevent
structural failure from unequalized forces.

The USACE National Flood Proofing Committee has CROSS REFERENCE

investigated the effect of various depths of water on masonry

. . . . For additional inf ti d
walls, discussed in their report titled Floodproofing Test pelapaial L 1o

floodproofing, refer to FEMA’s

(USACE, 1988). The results of their work show that, as a NFIP Technical Bulletin 3-93,
general rule, a maximum of 3 feet of water should be allowed Non-Residential Floodproofing—
on a non-reinforced concrete block wall that has not previously Requirements and Certification

. . for Buildings Located in
been designed and constructed to withstand flood loads. Special Flood Hazard Areas in

Therefore, application of sealants and shields should involve a Accordance with the National
determination of the structural soundness of a building, the Flood Insurance Program (FEMA,
walls, and the floor slab, as well as their corresponding ability 1993).

to resist flood and flood-related loads.

ENGINEERING PRINCIPLES AND PRACTICES for Retrofitting Flood-Prone Residential Structures 5D-3



5D DRY FLOODPROOFING

Existing masonry veneer
Brick veneer
fully grouted
Grout to CMU wall
New masonry rocklock
New masonry
veneer
Flood level Brick ties

Existing floor

New foundation
extension tied
to existing
foundation with
steel dowels

Figure 5D-2. A way to seal an existing brick-faced wall is to add an additional layer of brick with a seal in
between. Please note that weep holes and wick drains work both ways to allow for moisture passage from high
to low pressure. Weepholes and flashing should be located above the DFE, and the veneer below the DFE should
be fully grouted.

Sealants include compounds that are applied directly to the surface of the structure to seal exterior walls and
floors (see Figure 5D-2), or a wrap that is anchored to the exterior wall or foundation at or below the ground
and attached to the wall above grade during flooding (see Figure 5D-3). The owner may need to strengthen
the existing building to aid in resisting the very large flood-induced loads. Because of the large hydrostatic
loads that can be exerted on the wall system and floor slab, it is imperative that an analysis of the wall
system be conducted by a design professional and a maximum allowable flood height be determined. Slabs
and concrete walls may be analyzed using ACI 318-08, Building Code Requirements for Structural Concrete
and Commentary (ACI, 2008a), or ACI 530-08, Building Code Requirements for Masonry Structures and
Specifications for Masonry Structures (ACI, 2008b), while wood framed structures may be evaluated using the
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Design flood
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>

~ 810 10"

Figure 5D-3. A wrapped house sealing system can be used to protect against fast transient
low-level flooding. This is recommended primarily for concrete or masonry substructures.

latest edition of the American Approved National Standard (ANSI)/American Forest & Paper Association
(AF&PA) National Design Standard for Wood Construction (ANSI/AF&PA NDS, 2005). The costs and
obstacles associated with retrofitting an existing building to resist the hydrostatic loads may indicate that
other floodproofing measures may be more appropriate.

Any dry floodproofing system will have some water infiltration,

and the owner will need a dewatering system capable of removing CROSS REFERENCE
the water. Due to this infiltration through exterior walls and Floodwalls and flootinc R
floors and percolation of the water around ground anchored are discussed in Chapter 5F.

wraps, these systems are not recommended for situations where

floodwater is in contact with the building for more than 12-

24 hours. Underlying soils often dictate the allowable period of inundation before water starts to percolate
through the house perimeter and envelope sealant system. In very permeable soils, this can be a matter of a
few hours. Determining if it is possible to pump the water away from the house by conventional means or if
seepage rates will overwhelm standard sump pumps is also important.
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Shields are watertight structural systems that bridge the openings in a structure’s exterior walls. They work in
tandem with the sealants to resist water penetration. Steel, aluminum, and, in limited applications, marine-
grade plywood are some of the materials that can be used to fabricate shields. These features are temporary
in most cases, but may be permanent when in the form of a hinged plate or a mini-floodwall at a subgrade
opening. Shields transfer flood-induced forces into the adjacent structure components and, like sealants, can
overstress the structural capabilities of the building (see Figures 5D-4 through 5D-7).

The use of sealants and shields requires that the house have a well-developed interior drain system to collect
the inevitable leaks and seepage that will develop. In some instances, such a system may require establishing
drains around footings and slabs to direct seepage to a central collection point where it can be removed by
a sump pump.

Additionally, a building employing sealants and shields will usually need backflow devices and other measures
designed to eliminate flooding through utility system components. Additional information on this topic is
presented later in this section (see Figure 5D-8).

Figure 5D-4.

A shield hinged at its
bottom could prevent
low-level flooding from
entering a garage or
driveway.
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5D

® M

lood protection
levation Y 4 toot
Freeboard

— Design flood
elevation

Maximum height = 3 inches

Figure 5D-5. A door opening may be closed using a variety of materials for shields.

Sealant
L T T 7 Gasket along
0 g edge of shield
! ‘ Flood level

Figure 5D-6. A shield can help prevent low-level flooding from entering through a
doorway.
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Design flood
elevation

A

Maximum
height = 3 feet

Figure 5D-7. Where a window is exposed to a flood, bricking up the opening could eliminate the
hazard.

| ————1 !
Footing
drain
U = Floor drain
- Footing drain
Footing Sump with—]
sump pump
(il T T =1 )
Sanitary sewer service line Backflow valve —7

Figure 5D-8. Dry floodproofed homes should have an effective drainage system around footings and
slabs to reduce water pressure on foundation walls and basements. The drainage systems can be
extremely vulnerable to hydrostatic forces under high flooding conditions.
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5D.4 Field Investigation

In addition to, or during consideration of, the field investigation information compiled on the existing
building/building systems data sheet (Figures 5-2 and 5-3), the designer should concentrate on collecting or

verifying the following items:

condition of existing superstructure, foundation, and footing;

determination of existing materials used in the house to calculate dead weight;

determination of type of soil, lateral earth pressures, permeability, and seepage potential;

building’s lateral stability system and adequacy of structural load transfer connections;

foundation wall, footing, and slab information (thicknesses, reinforcement, condition spans, etc.);

number, size, and location of openings or penetrations below the DFE;

expected flood warning time;

evidence of previous, and potential for continued, settlement, which could cause cracking after sealant

is applied;

estimates of leakage through the exterior walls and floor;

manufacturer’s data to determine applicability of sealant materials in terms of above- and below-grade

applications, and duration of water resistance;

potential anchorage to secure wrapped systems;

preliminary selection of shield material to be used based upon the length and height of the openings

and duration of flooding; and

preliminary selection of type of shield anchorage (hinged, slotted track, bolted, etc.) to be utilized by

considering accessibility, ease of installation, and amount of time available for installation.

Using this information, a designer should be able to determine
if a system of sealants and shields is an option. Of course,
further calculations or conditions may dictate otherwise, or that
modifications should be made to accommodate the system. The
designer can take the information gathered in the field and begin
to develop type, size, and location alternatives.

Sealant alternatives include:

cement- and asphalt-based coatings, epoxies and polyurethane-
based caulks/sealants;

membrane wraps such as polyurethane sheeting; and

CROSS REFERENCE

For additional information
concerning the performance
of various sealant systems,
refer to the USACE research
study, Flood Proofing Tests
— Tests of Materials and
Systems for Flood Proofing
Structures (USACE,1988),
and product evaluation
reports prepared by model
code groups or National
Engineering Standards.
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brick veneers over a waterproof coating on the existing concrete or CMU block foundation; brick
veneers below the DFE must be fully grouted.

Shield alternatives include:
a permanent low wall to protect doors and window wells against low-level flooding;
bricking in a nonessential opening with an impermeable membrane; and

drop-in, bolted, and hinged shields that cover an opening in the existing structure.

5D.5 Confirm Structure is Designed to Accommodate Dry
Floodproofing Measures

A critical step in the development of initial type, size, and location of the sealant and shield systems is to
determine the ability of the existing superstructure and foundation to resist the expected flood- and non-

flood-related forces. The flood forces are illustrated in Figure 5D-9 and the design process is illustrated in
Figure 5D-10.

Step 1: Calculate flood and flood-related forces.

The calculation of flood and flood-related forces (hydrostatic, hydrodynamic, buoyancy, soil, and debris
impact forces) as well as determination of seepage and interior drainage rates was presented in Chapter 4.
The designer should account for any non-flood-related forces (i.e., wind, seismic, etc.) by incorporating those
forces into Steps 2-6. The determination of non-flood related forces was presented in Chapter 4.

Step 2: Check flotation of the superstructure.

Residential structures that are determined to be watertight should be checked to ensure that the entire sub-
and super-structure will not float. However, it is reasonable to assume that most residential construction will
fail prior to flotation of the structure. This failure will most likely occur through the slab-on-grade breaking
(heaving/cracking), a window or door failing inward, or extensive leakage through wall penetrations. Should

Figure 5D-9.
Illustration of SN SN
hydrostatic force Flood level
Ground
> < > <«
2 i = 3
0 i = I b ==
= Buoyancy force ~ > floor «— <
Force --» <« <--
- > < <--
Additional pressure/ ¢¢¢¢¢¢¢
from saturated soil Buoyancy force
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the designer wish to check the failure assumption, guidance is provided in Step 5. If floodwaters come into
contact with a wood floor diaphragm (elevated floor or crawlspace home), the floor system/building super-
structure should be checked for flotation (Figures 5D-11 and 5D-12).

Check the sum of the vertical hydrostatic (buoyancy) forces acting upward against the gravity forces (dead
load) acting downward on the structure. The gravity forces acting downward should be greater than the
buoyancy forces acting upward (Figure 5D-9). If this is not the case, the designer should consider choosing
another floodproofing method or designing an anti-flotation system. The homeowner should make this
decision based upon technical and cost information supplied by the designer.

Calculate flood and
flood-related forces

\ 4

Check flotation of structure

>

( Lol
A

Not OK * Not OK
N Design anti-flotation system ( ) Select another measure

Vor
Check walls vs. force
A

Not OK * Not OK
< >

\ £

Check footing vs.

veneer applications
A
Not OK

Y

Select another measure

N Design strengthening

N Design strengthening ( Not OK ) Select another measure
3 ox
Check slabs and
connections vs. uplift
A *
- Design strengthening ( Mot OK Not OK ) Select another measure

;OK

Check stability of top of

foundation wall connections
A

N Design strengthening ( Not OK * Not OK )

\ £

Proceed with selection of and design
of a dry floodproofing system

Select another measure

Figure 5D-10. Existing building structural evaluations
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Figures 5D-11 and 5D-12. This house located in the SFHA was displaced from its foundation into the roadway
adjacent to it. The photo on the right shows the house’s original location.

Step 3: Check ability of walls to withstand expected forces.

Wall systems may benefit from the addition of products such as fiber reinforced polymers, grouting, or other
retrofit measures, which may improve the ability of the wall to resist flood loads and reduce the susceptibility
to leaking and seepage. Frames and connections for closures
transfer the retained forces into the adjacent walls. Typically a

vertical strip on each side of the opening must transfer the load NOTE
up to a floor diaphragm and down to the floor or foundation.

This “design strip,” shown in Figure 5D-13, must be capable The typical failure mode for a

of sustaining loads imposed on it and from the openings. The shield installation is the “kick-
designer should consider all forces acting on the design strip, as in” of the bottom connection

well as the following additional considerations: \évrfézt;ee:tydrostatlc forcesianEE

a. Check design strip based on simple span, propped
cantilever, cantilever, and other end conditions. Consider
the moment forces into the foundation.

b. Check design strip for bending and shear based on con-

crete, masonry, or other wall construction (Figure 5D-14).

CROSS REFERENCE

Refer to ACI 530, Building Code
c. Consider the path of forces from shield into the design Requirements for Masonry
strip through the various connection alternatives including Structures (ACI, 2008b), for
design of reinforced masonry.
Typically, the effective design
strip width, 4, equals the
minimum of:

hinges, drop-in slots, frames, and others.

d. The designer may want to refer to the American Institute of
Steel Construction (AISC) Steel Manual, ACI documents

for concrete and masonry construction, and other 1. center-to-center spacing,

. . . S (inches
applicable codes and standards for more information on ( )

2. six times wall thickness, z,,
(inches)

3. 72 inches

the ability of these materials to withstand expected flood
and flood-related forces.
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Figure 5D-13. Typical design strip for reinforced masonry

Figure 5D-14. This house’s foundation walls were not able to withstand the forces applied during or after the
flood. Rebar would need to be added to help with reinforcement of the CMU foundation.
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Step 4: Check ability of footing to support veneer applications.

The application of veneer to the exterior of an existing wall must be supported at the footing level. The designer
should consider all forces acting on the existing footing, as well as the following additional considerations:

a. Supporting the masonry veneer on an existing footing can add an eccentric load onto the footing and
can create soil pressure problems. The designer should analyze the footing with the additional load

considering all load combinations, including the flooded condition.

b. The actual pressure on the footing should not overload the bearing capacity of the existing soils.

Consult a geotechnical engineer, if necessary.

c. 'The designer may want to refer to ACE 318-08, Building Code Requirements for Structural Concrete and
Commentary (ACI, 2008a), various soils manuals/textbooks for detailed footing design, and applicable

codes and standards.

Step 5: Check slab and connections against uplift forces.

As floodwaters rise around a structure, a vertical hydrostatic (buoyancy) force builds up beneath floor slabs.
For floating slabs, this buoyancy force is resisted by the structure dead load and saturated soil above the
footing; for keyed-in slabs, this buoyancy force is resisted by the structure dead load, and the flexural strength
of the slab. These slabs must be capable of spanning from support to support with the load being applied
beneath the slab (see Figure 5D-15). The designer should consider all forces acting on the existing slab and

connections, as well as the following additional considerations:

Figure 5D-15.
Typical slab uplift failure
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a. Verify the existing slab conditions, including thickness, reinforcement (size and location), joint
locations, existence of continuous slab beneath interior walls, existence of ductwork in slab, and
edge conditions. If reinforcement and thickness are not easily determinable, make an assumption
(conservative) based on consultation with the local building official or contractors.

b. Confirm the slab design by checking reinforcement for bending and edge connection for shear load.
Step 6: Check stability of top of foundation wall connections.

Foundation walls may retain water in some situations. These walls must transfer the additional hydrostatic
load down to the footing or slab and up to the floor diaphragm. The designer should consider all forces acting
on the top of the existing foundation wall connections, as well as the following additional considerations:

a. Verify existing wall conditions, including construction material, reinforcement, design conditions
(simple span, propped cantilever, cantilever, and other end conditions), and connections.

b. Connections between the wall and floor are of major importance in consideration of the wall stability.

The designer should check the following:
1. Masonry/concrete for shear from bolg;
2. Anchor bolt for shear;

3. Sill for bending from bolt loads; and

4. Loads have a pathway out of the structure. Additional bracing and/or connectors may be required to
support a load pathway out of the structure. Analyze superstructure and be cognizant that all sides
may be loaded.

c. 'The designer may want to refer to ACI 318-08, Building Code Requirements for Structural Concrete and
Commentary (ACI, 2008a), for anchor bolts, and applicable codes and standards.

Step 7: Design foundation supplementation system, as required.

If the checks in Steps 2-6 determined that any structural members were unable to withstand expected flood
and flood-related loads (wind, seismic, and other forces can be evaluated as presented in Chapter 4), the
designer can either select another retrofitting measure or design foundation supplementation measures (see
Figure 5D-16). These foundation supplementation measures could range from increasing the size of the
footing to adding shoring to the foundation walls, or simply modifying the type, size, number, and location
of connections. The homeowner should make this decision based upon technical and cost information

supplied by the designer.

Footing Reinforcing: In some cases, the footings for walls must be modified to accommodate expected
increased loadings. The following considerations should be taken into account during the design of this
modification:

a. 'The wall footing must be checked for the increased soil pressure and sliding. Moment and vertical loads

from the wall above should be added.

b. The footing may need more width and reinforcement to distribute these forces to the soil.
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Figure 5D-16. This house’s foundation was rebuilt after collapse from saturated soil forces after a flood. The blue
lines on the wall indicate locations of internal wall joint reinforcing, the yellow lines indicate location of vertical
reinforcing bars, and the exterior reinforcement can be seen in the pictures (red arrows).

c. For some extreme cases (poor soils, high flood depths, flood-related wind, and/or earthquake loads), a
geotechnical engineer may be required to accurately determine specific soil loads and response.

d. The designer should consider multiple loading situations
taking into account building dead and live loads that
are transferred into the footing, utilizing whatever load NOTE

combinations are necessary to design the footing safely Dry floodproofing measures are

and meet local building code requirements. Consider the only as good as their weakest

materials used in the construction of the structure and how link (i.e., the connection to the
the entire house load is transferred into the foundation. existing structure). The designer
should ensure that all appropriate
e. 'The designer may want to refer to the ACI 318-08, details for making the connection

watertight as well as allowing
for the transfer of loads are
developed.

Building Code Requirements for Structural Concrete and
Commentary (ACI, 2008a) for footing design, recent texts
for wall and footing design, and applicable codes and
standards.

Step 8: Repeat process in Steps 1-7 incorporating exterior wall foundation supplementation system.

Once the designer has determined that the existing structure and foundation are suitable for the application
of sealants or shields, or that reinforcement can be added to make the existing superstructure and foundation
suitable for the application of sealants or closures, the selection/design of a specific system can begin.

5D.6 Selection and Design of Sealant Systems

Once the determination is made that a foundation system can withstand the expected flood and flood-
related forces, the selection of a sealant system is relatively straightforward and centers on the ability of
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the manufacturer’s product to be compatible with the length
and depth of flooding expected and the type of construction NOTE

materials used in the structure.
Actual test results of sealant

product performance, if available,
5D.6.1 Coatings should be used to supplement

the manufacturer’s literature.
Sources of test results include

The selection of a coating follows the flow chart presented in model buildingledsl TEE

Figure 5D-17. If additional structural reinforcing is required, it evaluation reports, USACE Flood
should be performed in accordance with the guidance presented Proofing Test - Tests of Materials
in Section 5D.5.1. and Systems for Flood Proofing

Structures (USACE,1988), and
local building code officials.

Check manufacturer’s literature vs.
- duration and depth of flooding

Y

A

N Choose another product ( Not OK * Not OK

\ £

Check manufacturer’s literature for
applicability with existing construction materials

) Select another measure

A

( Not OK * Not OK

9o

Check installation instructions for applicability

N Choose another product ) Select another measure

A

< Not OK * Not OK

9o

Design interior drainage collection system

N Choose another product ) Select another measure

Figure 5D-17. Selection of sealants/coatings

5D.6.2 Wrapped Systems

The selection and design of a wrapped system follows Figure 5D-18. If additional structural reinforcing is
required, it should be performed in accordance with the guidance presented in Section 5D.5.

Step 1: Select type and grade of material.
Step 2: Check manufacturer’s literature against duration and depth of flooding.

If flooding application is satisfactory, proceed with design; if not satisfactory, select another product or
another method.
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s —> Select type and grade of material

4

Check manufacturer’s literature vs.
duration and depth of flooding

( Not OK * Not OK

iOK

Check manufacturer’s literature for
applicability with existing construction materials

N Choose another product ) Select another measure

( Not OK * Not OK

\ £

Check installation instructions for applicability

N Choose another product ) Select another measure

Not OK * Not OK

\ £

Design connection to top of wall

4

Design wall reinforcing, as required

4

Design interior drainage collection system

4

Design connection of wrap material to existing grade

4

Prepare plans and specifications

N Choose another product ( ) Select another measure

Figure 5D-18. Selection and design of wrapped sealant systems

Step 3: Check manufacturer’s literature for applicability to
building materials. Rely on actual test results, if available.

NOTE

If building materials application is satisfactory, proceed with For additionallinis S iCuleE
cerning the performance of

design; if not satisfactory, select another product or another various sealant systems, refer
method. Manufacturer performance claims can be misleading. to the USACE Flood Proofing

The designer should utilize actual test results rather than rely Tests — Tests of Materials and
Systems for Flood Proofing
Structures (USACE, 1988),

and product evaluation reports
prepared by model code groups.

entirely on a manufacturer’s performance claim.

Step 4: Check installation instructions for applicability.
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If installation procedure is satisfactory, proceed with design; if not satisfactory, select another product or
another method.

Step 5: Design connection to top of wall.

Adding a wrap system onto an existing structure will require secure connections at both the top and bottom
of the wrap. It is difficult to determine the actual loads imposed vertically on the wrap as this can vary, based
upon the quality of the installation. Voids left from poor construction may force the wrap to carry the weight
of the water and should be avoided (Figure 5D-19). The following considerations should be followed during

selection and design of a top-of-wall connection system:

a. Use a clamping system that uniformly supports the wrap. A small spacing on the connections and a
member with some rigidity on the outside of the wrap can provide this needed support.

b. The existing wall construction is an important consideration for these connections and can vary widely.
Part of the connection may need to be a permanent part of the wall.

Wall Wall

Deflection of wrap

Figure 5D-19. Plan view of wall section

Step 6: Design foundation reinforcing.
Refer to Section 5D.5.1.

Step 7: Design drainage collection system.

Refer to Section 5D.9. CROSS REFERENCE
Step 8: Specify connection of wrapping to existing structure See Figure 5D-3 for details on
and existing grade. wrapped system configuration.

Anchoring a wrap into the grade at the base of a wall will be
the most important link in the wrap system. The following
considerations should be followed during selection and design

NOTE

of a wrap to the existing grade connection system:

Wrap systems may be affected

by freeze-thaw cycles. Careful
remove any water that leaks through the wrap or that seeps installation in accordance with

through the soil beneath the anchor. manufacturer instructions and

evaluation of performance in
frozen climates is advisable.

a. A drain line between the wrap and the house is required to
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b. As with the top-of-wall connection, wrap forces are difficult to determine. It is best to follow details
that have worked in the past and are compatible to the specific structure.

c. Itis recommended that the end of the wrap be buried at least below the layer of topsoil. Additional
ballast may be needed (sandbags, stone, etc.) to prevent wrap movement in a saturated and/or frozen soil
condition.

d. The designer may want to refer to the product literature for wrap material and applicable codes and
standards.

5D.6.3 Brick Veneer Systems

The selection and design of a brick veneer sealant system follows §§
Figure 5D-20 and has many components that are similar to a CROSS REFERENCE

the design of other sealant systems. A typical brick veneer

See Figure 5D-2 for details
on brick veneer system
configuration.

sealant system is shown in Figure 5D-2. If additional structural
reinforcing is required, it should be performed in accordance
with the guidance presented in Section 5D-5.

Step 1: Check the capacity of the existing footing.

Calculate the weight of the structure and proposed brick veneer system on a square foot basis and compare
it to the allowable bearing capacity for the specific site soils. If the bearing pressure from gravity loads is less
than the allowable bearing pressure, the existing footing can withstand the increased loading. If the bearing
pressure from gravity loads is greater than the allowable soil bearing pressure, the existing footing is unable
to withstand the increased loading and the footing must be modified, or the designer should select another
floodproofing measure.

Step 1A: Supplement the footing, as required.

If it is found that the existing footing cannot support the loads expected from a veneer system or that the
configuration of the footing is unacceptable, the footing can be widened to accommodate this load. This
can be a costly and detailed modification. The homeowner should be informed of the complexity and cost
of such a measure. The following considerations should be followed during design of a footing supplement:

a. If additional width is added to the footing, the designer must analyze how the footing will work as
a unit. Reinforcing must be attached to both the old and new footing. This may involve drilling and
epoxy grouting reinforcement into the existing footing. The quality and condition of the existing
concrete and reinforcement should be considered in the design.

b. Exercise care when making excavations beside existing footings. Take care not to undermine the
footings, which could create major structural problems or failure.

c. Design the footing for the eccentric load from the brick weight. Add any flood-related loads and
consider all possible load combinations.

d. For extreme soil conditions, consult a geotechnical engineer to determine soil type and potential
response.
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> Check existing footing capacity vs.
4 additional loading

A

N Design footing modification ( Not OK * Not OK

\ 9

Check manufacturer’s literature vs. duration
and depth of flooding

) Select another measure

< Not OK * Not OK

) Select another measure
Vox

N Choose another product

Check manufacturer’s literature for
applicability with existing construction materials

Not OK * Not OK

9o

Check installation instructions for applicability

- Choose another product ( ) Select another measure

< Not OK * Not OK

N Choose another product ; ) Select another measure
OK

Design connection to top of wall

\ 4

Design wall reinforcing, as required

4

Design interior drainage collection system

\ 4

Design connection of wrap material to existing grade

\ 4

Prepare plans and specifications
Figure 5D-20. Selection/design of a brick veneer sealant system
e. 'The designer may want to refer to ACI 318, Building Code Requirements for Structural Concrete and

Commentary (ACI, 2008ba), a soils manual/textbook for detailed footing design, and to applicable
codes and standards.
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Step 1B: Design foundation reinforcing (as required).

Concrete footings can come in a wide variety of configurations. Design of footings, especially those involved
with retaining of materials, can become quite complex. There are many books that deal with the design
of special foundations and, once the stresses are determined, the ACI 318, Building Code Requirements
Jfor Structural Concrete and Commentary (ACI, 2008ba), can provide guidelines for concrete reinforcement
design.

Steps 2-9 are similar to the design of wrapped sealant systems. Refer to the previous section for details on
these steps.

Appendix C contains a design example that illustrates the process of analysis of a wood-framed wall system to
resist flood and wind loads. Please note that ACI 530-08, Building Code Requirements for Masonry Structures
(ACE, 2008b), does not allow veneers to be considered a structural load resisting system. The wall structural
wall system must be capable of resisting the entire lateral loads applied. This same process should be used
for any dry floodproofing measure.

5D.7 Selection and Design of Shield Systems

Once the determination is made that a foundation system can withstand the expected flood and flood-
related forces, the selection of a shield system is relatively straightforward and centers on the ability of the
selected material to structurally secure the opening, be compatible with the existing construction materials,
and be responsive to the duration and depth of flooding expected.

5D.71  Plate Shields

The selection and design of a plate shield follows Figure 5D-21. @

If additional existing structural reinforcing is required, it should NOTE
be performed in accordance with the guidance presented in the

Industry has developed
manufactured closure systems
that may be applicable to
specific situations. For additional
information on the companies
that manufacture these products,

preceding section.
Step 1: Select the plate shield material.

Plate shield material selection may be driven by the size of the

opening or the duration of flooding. For example, plywood contact your local floodplain
shields would not hold up during long-term flooding. management or engineering
office.

a. Consider flood duration and select steel or aluminum

materials for long duration flooding and consider marine
grade plywood materials for short duration flooding,.

b. Consider opening size and select steel and aluminum materials with stiffeners for larger openings and
shored plywood with appropriate bracing for small openings.

c. Installation of all shields should be quick and easy. Lighter materials such as plywood and aluminum
are suitable for most homeowner installation.
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Determine flood and flood-related loads

4

Select plate material

\ 4

Determine panel stresses

4

Calculate deflections

Y

Design stiffening

9o

Design plate connections

\ 4

Design connection to top of wall

v

Check adjacent walls, lintels, sill, and
top/bottom connections

\ 4

Design interior drainage collection system

Figure 5D-21. Selection/design of plate shields

Step 2: Determine panel stresses.

The designer should check the shield panel either as a plate or a

horizontal/vertical span across the opening,.

a. Using end conditions and attachments to determine how
the panel will work, calculate stresses based on bending of
the plate. In larger plate applications, also compute the end
shear.

< Not OK * Not OK > Select a new material or

select another measure

NOTE

The use of plywood shields in
long-term exposure situations
may induce possible swelling and
deterioration of the laminating
glue.

b. Compare these stresses to the allowable stresses from the appropriate source.

c. Some shields may have a free end at the top or other unusual configuration. These will need to be

addressed on a case-by-case basis.

d. Adjust the plate thickness to select the most economical section. If the plate does not work for larger

thicknesses, add stiffeners.

e. 'The designer may want to refer to the AISC 325, Steel Construction Manual (AISC, 2005) for steel plate

design, an aluminum design manual, Aluminum Association (AA), Aluminum Construction Manual
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(AA, 1959), ANSI/AF&PA National Design Specification for Wood Construction (ANSI/AF&PA, 2005)
for plywood design, and applicable codes and standards.

Step 3A: Check deflections.

A plate shield that is acceptable for stresses may not be acceptable for deflection.

a. Calculate deflections for the panel and evaluate on the basis of connections and sealants.
b. If the deflection is unacceptable, add stiffeners.

c. Deflection may be controlled by alternative plate materials.

d. The designer may want to refer to the AISC 325, Steel Construction Manual (AISC, 2005), the
Aluminum Construction Manual (Aluminum Association [AA], 1959), the ANSI/AF&PA National
Design Specification for Wood Construction (ANSI/AF&PA, 2005) for plywood design, and applicable
codes and standards.

Step 3B: Stiffen as required.
Plate overstress or deflection may be solved through the use of stiffeners.

a. Select the section to be used as a stiffener. Angles may be used for steel or aluminum and wood stock

for plywood.
b. Calculate the stresses and deflection based on the composite section of stiffener and plate.
c. Calculate the horizontal shear between the two sections and design the connections to carry this load.
d. Keep plate connections and frame in mind when detailing stiffeners.

e. 'The designer may want to refer to the AISC 325, Steel Construction Manual (AISC, 2005), the
Aluminum Construction Manual (Aluminum Association [AA], 1959), the ANSI/AF&PA National
Design Specification for Wood Construction (ANSI/AF&PA, 2005) for plywood design, mechanics of
materials tests, and applicable codes and standards.

Step 4A: Design the connections.

Plate connections must be easy to install and able to handle the loads from the plate into the frame and
surrounding wall.

a. Determine the type of connection (hinged, free top, bolted, latching dogs, etc.).

b. Consider ease of installation and aesthetics.

c. Connection must operate in conjunction with gasket or sealant to prevent leakage.

d. Connection must be capable of resisting some forces in the direction opposite of surges.

e. 'The designer may want to refer to the AISC 325, Steel Construction Manual (AISC, 2005), for bolted
connections; ACI 530, Building Code Requirements for Masonry Structures (ACI, 2008b), for connections
into concrete and masonry, and applicable codes and standards.
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Step 4B: Select the gasket or waterproofing.

Gaskets or waterproofing materials, which form the interface between shields and the existing structure, are
vital elements of the dry floodproofing system. They should be flexible, durable, and applicable to the specific

situation.

a. Determine the type of gasket or waterproofing required.

b. Consider ease of installation and ability to work with plate/connections as a single unit.
c. Gasket/waterproofing must be able to withstand expected forces.

d. Gasket/waterproofing must be able to function during climatic extremes.

e. 'The designer should refer to manufacturer’s literature and check against duration/depth of flooding and
applicability to selected building materials.

Step 6: Check adjacent walls, lintels, sills, and top/bottom connections.

Structural components adjacent to the shield panel, such as adjacent walls, lintels, sills, and top/bottom
connections, should be checked against maximum loading conditions. Different methods of attachment may
load the adjacent wall differently.

Walls adjacent to the shield should be anchored into the footing to resist base shear. Lintels/sills should be
checked for biaxial bending resulting from lateral loading. Top connections should be evaluated for shear
resistance and ability to transfer loads to the joists.

5D.8 Construction Considerations for Sealants and Shields

The use of sealants and shields may require careful attention to critical installation activities. When using
shields and sealants, it is vital that:

the sealant be applied in accordance with the manufacturer’s instructions;
wrapped systems are anchored properly and the surrounding soil recompacted;

shields are tightly installed with associated caulking or gaskets, utilizing the proper grade of materials
and paying close attention to the anchoring details; and

multiple closures are accurately labeled and stored in an easily accessible space.

5D.9 Drainage Collection Systems

The expected reductions in hydrostatic loading imposed on the building from floodwaters depend on many
factors. Drainage systems are typically designed to eliminate excess hydrostatic loads from storm runoft or
high water tables and not high floodwaters. For short duration flooding at low levels, underdrain systems
may reduce flood loads for dry floodproofing designs. These systems may also be utilized in concert with
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elevation, floodwall, and levee measures. These systems collect
drainage and seepage from areas along, adjacent to, or inside

the retrofitting measure and the sump pump installation, which

transmits the collected drainage and seepage away from the

building’s foundation. Determination of the amount of surface
water inflow and infiltration was presented in Chapter 4. This

section presents the parameters that govern the design of these

systems.

NOTE

Check building codes to see

if any maximum height of
unbalanced fill requirements
apply for the given construction.

Typical homes with basements are constructed on concrete footings upon which concrete or CMU block

foundation walls are constructed. In some instances, the foundation walls are parged, and covered with a

waterproof coating and/or perforated pipe underdrains are installed to carry water away from the exterior
foundation walls (see Figure 5D-22). The excavations are then backfilled and compacted.

Check building codes to see if any maximum heights of unbalanced fill requirements apply for the given

construction. However, in practice, this fill material is not and often cannot be compacted to a density

equal to that of the undisturbed soils around the house. Because of the density difference, the fill material is

capable of conducting and holding more water than the soil around it and frequently provides a storage area
for the soil water. As flood levels rise around the structure, the combined water and soil pressure in the areas

Figure 5D-22. First fl
Typical residential irst floor
masonry block wall - Framing
construction
use
SV
Basement area
Cement mortar parging Concrete or
with asphalt base \ CMU block
waterproofing below grade
Cove area
Concrete basement slab
(may be reinforced with
wire mesh)
Y
Perforated pipe
footing drain 25
Gravel base
(sometimes)
Concrete footing
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adjacent to the foundation increases to the point of cracking foundation walls and/or entering the basement
through existing cracks to relieve the pressure (see Figure 5D-23).

Figure 5D-23.
First floor Common faults

Settlement of backfill creating contributing to

water collecting depression < Framing .
(may occur even with seepage into
good compaction) basements

draing toljfor Irading
\ardS hoyse Basement area
X
\
Parging does not A\
\
?;(;fizd ’E)orar;cri \;\;]rap \ ——— Surface and subsurface water
g or parging \ - collects in less compact fill
nonexistent : /

Area excavated and —! i
backfiled during | -j J:/ Crack in wall
house construction — —

|_— Hollow core block Basement
may fill with water floor slab

/ Joint\ Floor drain\
Drain at or above

-' I a2 i
basement floor X T T ¢ ¢ T f“K T

elevation or Concrete footing ;
nonexistent Hydrostatic pressure forces

water through wall, floor joints
and floor openings (floor drain)

Depending upon site-specific soil conditions, high water tables, and local drainage characteristics, slab-
on-grade houses may experience similar seepage problems. In addition, elevating and/or dry floodproofing
a slab-on-grade house may also necessitate the installation of drainage collection systems to counteract
buoyancy and lateral hydrostatic forces. Drainage collection systems consisting of perforated pipe drains
are designed to collect this water and discharge it away from the structure, thereby relieving the pressure
buildup against the foundation walls. Several types of drainage collection systems exist, including French
drains, exterior underdrains, and interior drains. Poorly conceived drainage collection systems can result in
water being drained into sumps at a rate that will exceed the capacity practical methods for removing the
water (e.g., sump pumps). Although these systems typically drain storm runoff, excessive flood loads can
overwhelm sump pumps and flood basements. Drainage systems may provide the most benefit to properties
that are adjacent to floodplains where floodwaters may quickly elevate the water table a few feet above
normal. In these situations, drainage systems may limit water seepage into basements or the lowest floors.
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5D.9.1 French Drains

French drains are used to help dewater saturated soil adjacent
to a foundation. They are simply trenches filled with gravel,
filter fabric, and sometimes plastic pipe. A typical French drain
section is shown in Figure 5D-24. The effectiveness of French
drains is closely tied to the existence of a suitable discharge
point and the slope/depth of the trench. A suitable discharge for
the drain usually means an open stream, swale, ditch, or slope
to which the drain can be run. If such a discharge point is not
available, a French drain is generally not feasible.

If feasible, the French drain should be dug to a sufficient depth
to ensure the capture of soil water that might infiltrate the
fill material in the footing area of the basement. The slope of
the trench should be such that good flow can be maintained

NOTE

French drains are generally

not suitable for areas subject
to frequent inundation due to
the lack of a gravity discharge
point during a flood. However,
they can be effective in keeping
localized drainage away from
the foundation (providing a
significant flood doesn’t occur).
In some flood conditions, French
drains can provide an easy way
for floodwaters to inundate a
foundation.

between the gravel stones. This typically means a minimum slope of 1.0 percent or more.

Figure 5D-24.
Typical French drain

system Topsoil \

Perforated pipe in
3/4-inch to 1-inch
diameter gravel

2-inch
typical

Roofing felt or filter fabric to
prevent infiltration of fine soil
particles in drain gravel

~__ 9-inch minimum

1.6-inch typical

5D.9.2 Exterior Underdrain Systems

Exterior underdrain systems are generally the most reliable
drainage collection system when combined with some type of
foundation parging and waterproofing. Their chief advantage is
that they will remove water that would otherwise exert pressure
against the foundation walls and floors.

Underdrains are normally constructed of continuous perforated
plastic pipe laid on a gravel filter bed, with drain holes facing
up. The underdrains are placed along the building foundation
just below the footing and carry water that collects to a gravity
discharge or sump pump for disposal into a public drainage

NOTE

Similar to the French drain,

an exterior underdrain system
with gravity discharge will not
work during a flood. Sump
pump discharge with a backup
energy source may provide
some dewatering benefits in
more frequent low-level flooding
conditions, but may not be
sufficient in high floodwaters.

system, natural drainage course, or ground surface as permitted by local agencies (see Figures 5D-25 and
5D-26). These systems may not be sufficient when water tables or floodwaters exceed a few feet above the

lowest floor (or basement).
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Exterior footing drain (perforated
pipe in gravel bed) around perimeter

Foundation walls

3 Sump pump in pit
(one or more
‘ may be used)

Basement
floor slab

@ Floor drain
Discharge | i
] Perforated pipe (in gravel bed) below

line [
\ 1E —Ig floor slab along one or more walls
(
3 L

Discharge line (through wall at
or above ground elevation and
flood protection level)

— Perforated
sump pit

Sump pit Basement (no pipe
ﬂ floor slab used)

— Sump
pump

Foundation
system connected
through footing

Perforated pipe below floor slab

Figure 5D-25. Typical exterior underdrain system with sump pump showing two alternative configurations in the
side view

5D.9.3 Interior Drain System

Interior drain systems are designed to relieve hydrostatic pressure from the exterior basement walls and
floors and do not require that the soil be excavated from around the exterior basement walls for installation.
Sump pumps are perhaps the most familiar of all methods used to dewater basements. The sump is generally
constructed so that its bottom is well below the base of the basement floor slab. Water in the areas adjacent
to the basement walls and floor migrate toward the area of least pressure along the lines of least resistance,
in this case toward and into the sump. It may be necessary to provide a more readily accessible path of least
resistance for water that has collected in the fill material and around the house to follow. To achieve this,
pipe segments are inserted and sometimes drilled through the basement wall and into the fill behind. These
pipe segments are then connected to larger diameter pipes running along a gravel-filled trench or cove area
into the basement floor and into one or more sumps (see Figure 5D-27). These systems may be overwhelmed
by quickly rising water tables.
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Asphalt base (or better)
waterproofing application
followed by layer of
polyethylene sheeting

L — Hollow block wall

3/4-inch parging
applied in two layers
3/8-inch-thick each —

Completely filled
exterior cove

/‘ Expansion joint

3/4-inch
to 1 1/2-inch-
diameter gravel Beraient
— — — floor slab
Drain below Mortar
top of footing
2
Concrete footing
. )
4-inch
minimum

7

4-inch-diameter
perforated pipe

Figure 5D-26. Details of a combination underdrain and foundation waterproofing system

Underdrain system below basement floor slab

4-inch perforated pipe

Hydraulic
cement in cove

Replacement slab

around perimeter 1/2-inch
of basement solid plastic or
Existing copper pipes
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Figure 5D-27. Typical interior drain systems
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5D.9.4 Types of Sump Pumps

Two types of sump pumps commonly used are the submersible and the pedestal. The submersible type has a
watertight motor that is directly connected to the pump casing and installed at the bottom of the sump. The
pedestal sump pump uses an open motor supported on a pipe column with the pump at its base. A long shaft
inside the column connects the motor to the pump impeller. Figure 5D-28 depicts both of these pumps.
Submersible pumps are preferred because they will continue to operate if the flood level exceeds the height
of the pump.

In selecting a sump pump for use in residential floodproofing,
the designer should consider the advantages of each pump type
and make a selection based on requirements determined from
investigation of the residence. Considerations include pump

NOTE

capacity (gpm or gallons per hour [gph]), pump head (vertical Battery powered marine-type

height that the water is lifted), and electrical power required bilge pumps are an alternative to
(residential electrical power is usually 120/240 volts AC, single sump pumps/electrical generator
phase). Sump pump motors generally range in size from 1/4 installations.
horsepower to 1/2 horsepower designed to operate on either 120
or 240 volts.
Three wire grounded
power cord
Control —
( Coupling
Three wire grounded -
power cord Shaft
Control switch &
chamber
Float —=
D rod ] Check
Hd valve
Discharge  Tune >
pipe float
Float
Column >
Bearing — Tl
Impeller Impeller ——ﬂ ]
Screen ; ___Screen @ -
Typical submersible pump Typical pedestal pump

Figure 5D-28. Types of sump pumps
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The type of float switch system to turn on the pump is also an important component. Many pumps use one
of four types of switches. The diaphragm switch is activated by water pressure and is the most expensive type,
but not necessarily the most reliable. A vertical action float switch has a float attached to a vertical rod, which
activates the switch as it rises from the water level. This is inexpensive and relatively reliable. The tethered
float switch works similar to the vertical action, but is only tethered by a line instead of a vertical rod. This
method is inexpensive, but can experience many problems. The final common option is an electronic float
free switch, which uses a wire that senses contact with water. This switch system may also include an audible
alarm and some more expensive units also include options for connecting a backup pump. While all of these
are viable options for residential application, it is important to evaluate the benefits and understand the
reliability of each system.

If a pump system is depended on for dry floodproofing, it is important to verify that the pump(s) are working
properly. One of the most common failure modes with sump pumps is the malfunction of the switch from
internal or external causes. It is important to be familiar with pump switches and the proper procedure for
replacing the switch. Although this can be an inexpensive part, the malfunction of a switch can negate the
effectiveness of other floodproofing measures. Other common issues are an improperly working float (tells
the sump pump when to operate), this may be caused by an obstruction that needs to be cleared or debris
attached to the float, which make it less buoyant. A blocked intake or impeller is another issue associated
with the failure of sump pumps to operate properly. Prior to doing any maintenance on a sump pump, it is
important to make sure it is unplugged or disconnected from its power source.

5D.9.5 Infiltration versus Inundation

The capacities of sump pumps used in residential applications are limited. In floodproofing, sump pumps
are used to prevent accumulations of water within the residence. In conjunction with other floodproofing
methods, sump pumps may be used to protect areas around heating equipment, water heaters, or other
appliances from floodwaters. Sump pumps are useful to protect against infiltration of floodwaters through
cracks and small openings in frequent low floodwater situations. In the event that there are large openings
or that the structure is totally inundated, the pumping capacity of sump pumps will likely be exceeded, but
they are useful for controlled dewatering after floodwaters slowly recede (if submersible pumps are used).

Owners should be warned that, even if an area is intended to be dry if floodwaters exceed the wall and floor
slab design elevation, attempting to pump out an area prior to floodwaters receding is unwise. It is common
in these situations for basement walls to collapse and cause major structural issues (Figure 5D-29).
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Figure 5D-29.
Foundation wall failure
due to pumping out
basement while ground
was still saturated with
water

5D.9.6 Coordination with Other Floodproofing Methods

Design and installation of a sump pump should be coordinated with other floodproofing methods such as
sealants and shields, protection of utility systems (furnaces, water heaters, etc.), and emergency power.

5D.9.7 Field Investigation

Detailed information about the existing structure must be obtained to make decisions and calculations
concerning the feasibility of using a sump pump. Use Figures 5-2 and 5-3 as a guide to record information
about the residence. Items that the designer may require are covered in the sump pump field investigation

worksheet (see Figure 5D-30).
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Owner Name: Prepared By:

Address: Date:

Property Location:

Sump Pump Field Investigation Worksheet
Document physical location and characteristics of electrical system on a sketch or plan of the structure.
Determine base flood elevation:

Check with local building official's office for version of National Electrical Code (NEC) National Fire Protection Association (NFPA) 70
and, local electrical code requirements:

Check with local building official's office for established regulations concerning flooded electrical equipment:

Check with the regulatory agencies to determine which State and local codes and regulations regarding the design and installation of
plumbing systems may apply to the installation of a sump pump:

Determine location and condition of any existing drainage collection systems, including sump pits and pumps.
Does residence have subterranean areas such as a basement? ____Yes _ No

Is there a sump pump installed presently? ____Yes ____ No: If so:

Record nameplate data from pump: capacity (
manufacturer’s name and model number.

FT HEAD), motor horsepower, voltage, and

Sketch plan of basement indicating location of sump, heating and cooling equipment, water heaters, and floor drains.
How high above floor is receptacle outlet serving cord and plug connected to sump pumps?

Once this data is collected, the designer should answer the questions below to develop a preliminary concept for the installation of a
sump pump.

If there is no sump pump and one is needed, note potential location for a sump and tentative location for pump discharge piping on
above sketch plan.

Is there an electrical outlet nearby? ____Yes____No

Does electrical panel have capacity to accommodate additional Ground Fault Interrupter (GFI) circuit if necessary? ____Yes ____ No
If other floodproofing measures are to be considered, such as placing a flood barrier around heating equipment or other appliances, is
the existing sump pump in an appropriate location? ____Yes ____ No

Does another sump and sump pump need to be provided?____Yes____ No

Select emergency branch circuit routing from sump pump to emergency panel. Note on sketch or plan.

Is sump pump branch circuit located above flood protection elevation and is it a GFl circuit? ____Yes____ No

Locate sump pump disconnect or outlet location near sump pump location above Flood Protection Elevation (FPE).
Once these questions have been answered, the designer can confirm sump pump installation applicability through:
Verify constraints because of applicable codes and regulation.

Sump pump needed? ____Yes ____No

Is sump pump required by code? ____Yes____ No

Code constraints known? ____Yes ____No

Proceed to design? ____Yes____No

Confirm that wiring can be routed exposed in unfinished areas and concealed in finished areas. ____Yes ____ No
Confirm that panel has enough power to support sump pump addition. ____Yes ____ No

Figure 5D-30. Sump Pump Field Investigation Worksheet
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5D.9.8 Design

The design of sump pump applications follows the procedure outlined in the flow chart in Figure 5D-31.

Determine rate of drainage Figure 5D-31.
Sump pump design
+ process

Determine location for sump

\ 2

Determine location for discharge

v

Select pump size

2

Select discharge piping route

v

Size electrical components

v

Prepare details and specifications

Step 1: Determine rate of drainage.

This issue is covered previously in Chapter 4.

Step 2: Determine location for sump.

Refer to Figure 5D-32 for typical sump pump installation. Consider the following in locating the sump.
Is there adequate room for the sump?
Are there sub-floor conditions (i.e., structural footings) that would interfere with sump installation?

If penetration of floor is not recommended, consider using a submersible pump design for use on any
flat surface.

Are other floodproofing measures being considered, such as placing a flood barrier around heating
equipment or plumbing appliances? If so, locate sump or provide piping to sump to keep protected area
dewatered. Make preliminary sketch showing location of sump pump, discharge piping, and location of
electrical receptacle for pump.

Coordinate sump location with design of drainage collection system.
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Figure 5D-32.
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Step 3: Determine location for discharge.

Check with local authorities having jurisdiction about the discharge of clear water wastes. In most jurisdictions,
it is not acceptable to connect to a sanitary drainage system, nor may it be desirable since, in a flood situation,
it may back up. If allowable, the desirable location for the discharge is a point above the BFE at some distance
away from the residence. The discharge point should be far enough away from the building that water does
not infiltrate back into the building. From the information obtained during the field investigation, tentatively
lay out the route of the discharge piping and locate the point of discharge.

Step 4: Select pump size.

Sump pumps for residential use generally have motors in the range of 1/6 to 3/4 horsepower and pumping
capacities from 8 to 60 gpm. In selecting a pump, the designer needs the following information:

Estimate of the quantity of floodwater that will infiltrate into the space per unit of time (gpm or gph).

The total dynamic head for the sump discharge. This equals the vertical distance from the pump

to the point of discharge plus the frictional resistance to flow through the piping, the fittings, and
the transitions. Use the preliminary sketch and field investigation information developed eatlier to
determine these parameters. The total discharge head (7H) is computed as shown in Equation 5D-1.

The head loss due to pipe friction can be obtained from
hydraulic engineering data books and is dependent on

the pipe material and pipe length. The head losses due to NONE
pipe fittings and transitions are calculated as shown in Equation 5D-2 assumes steady
Equation 5D-2. pipe flow with no change in

pipe size to maintain constant

The Sample Calculation for the size of a sump pump is available velocity.
in Appendix C. This example illustrates the use of these

equations to determine the total head requirements for a sump
pump installation.
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é EQUATION 5D-1: TOTAL DISCHARGE HEAD
TH =7 + lﬂflpzpe + /?fﬁttings + lof:tmns (Eq SD—I)
where:
TH = is the total head (ft)
Z = elevation difference between the bottom of the sump and the point of
discharge (ft)

hgpipe = head loss due to pipe friction (ft)
Ppfiring: = head loss through the fittings (ft)

Ptirans = head loss through the transitions (ft)

é EQUATION 5D-2: HEAD LOSSES DUE TO PIPE FITTINGS AND TRANSITIONS

bf:ﬁttings * bf—tmm = (](b * ](e + KO)(W/Zg) (Eq SD'Z)

where:
htfuing = head loss through pipe fittings (ft)
Ptans = head loss through the transitions (ft)
K, = loss coeflicient of the pipe fitting(s), taken from hydraulic engineering data books
K, = loss coeflicient of the pipe entrance, assumed to be 0.5

K, = loss coefficient of the pipe exit/outlet, assumed to be 1.0
v

= velocity of flow through the pipe , taken from hydraulic engineering data books

(ft/sec)

¢ = acceleration of gravity, 32.2 (ft/sec?)

Step 5: Select pump size.
The capacity and size of the sump depends on two factors:
physical size of the sump pump; and
recommendations of the sump pump manufacturer regarding pump cycling or other constraints.

The designer should take these considerations into account in locating the sump and configuring the sump

pump discharge.
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Step 6: Select discharge piping route:
measure minimize length of pipe between sump and discharge point;
avoid utility and structural components along route;
attach discharge pipe to structure as required by code; and
protect discharge point against erosion.
Step 7: Size electrical components:
obtain horsepower and full load amperage rating for sump pumps;
select GFI circuit, as required by code;
size minimum circuit ampacity and maximum fuse size;
size maximum circuit breaker size; and

obtain recommended fuse size or circuit breaker size from manufacturer and compare to above
maximum and minimum NEC sizes.

At this point, the designer should prepare a floor plan sketch showing the location of the sump pump,
routing of discharge line, location of discharge point, and preliminary specifications for the sump pump,
sump, piping, and appurtenances, and confirm the preliminary design with the homeowner, covering the
following items:

verify that proposed location of sump pump is feasible;
verify electrical availability for sump pump;

verify existing conditions along proposed routing of discharge piping and at location of discharge pipe
termination;

confirm selection and size of sump pump;
confirm size and location of sump; and

confirm special considerations regarding existing conditions affecting design and installation of sump
pump and sump.

Step 8: Create details and specifications and prepare final plans showing:
floor plan with location of sump and backwater valves;
routing of discharge pipe and location of termination;
details, notes, and schedules;

sump pump detail;
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wall, floor, and wall penetration details:
sump construction details;
installation notes;
equipment notes (or schedule); and

discharge pipe termination;

prepare specifications (on drawing or as a specifications booklet):
pipe and fittings;
insulation;
hangers and supports;
valves (including backwater valves); and

sump pumps.

Coordinate plans with work of others on additional floodproofing measures that may be proposed at the
same residence.

5D.10 Backflow Valves

Backflow valves can help prevent backflow through the sanitary sewer and/or drainage systems into the
house. They should be considered for sanitary sewer drainage systems that have fixtures below the FPE. In
some instances, combined sewers (sanitary and storm) present the greatest need for backflow valves because
they can prevent both a health and flooding hazard. Backflow valves are not foolproof: their effectiveness can
be reduced because of fouling of the internal mechanism by soil or debris. Periodic maintenance is required.

The backflow valve is similar to a check valve used in domestic water systems (see Figure 5D-33). It has an
internal hinged plate that opens in the normal direction of flow. If flow is reversed (“backflow”), the hinged
plate closes over the inlet to the valve. The valve generally has a cast-iron body with a removable cover for
access and corrosion-resistant internal parts. The valves are available in nominal sizes from 2 to 8 inches in
diameter.

As an added feature, some manufacturers include a shear gate
mechanism that can be manually operated to close the drain NOTE

line when backflow conditions exist. The valve would remain . g
Depending upon the hydrostatic

ressure in the sewer system, a
ball float check valve (see Figure 5D-34) that can be installed on zimple wood plug can ge sl

open during normal use. A second type of backflow valve is a

the bottom of outlet floor drains to prevent water from flowing close floor drains.

up through the drain. This type of valve is often built into floor

drains or traps in newer construction.

Advanced backflow valve systems have ejector pump attachments that are used to pump sewage around the
backflow valve, forcing it into the sewer system during times of flooding. This system is useful in maintaining
normal operation of sanitary and drainage system components during a flood. Figure 5D-33 presents the
backflow valve design process.
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Figure 5D-33. I RSTS - : ]
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5D.10.1 Field Investigation

Detailed information must be obtained about the existing
structure to make decisions and calculations concerning the
feasibility of using a backflow valve. Figure 5D-34 shows the
backflow valve selection process. Use Figure 5D-35 as a guide
to record information about the residence. Once this data is

NOTE

Alternatives to backflow valves
include overhead sewers and
standpipes. Their use should be
collected, the designer should answer the questions below to carefully evaluated.

develop a preliminary concept for the installation of a backflow

valve.
Figure 5D-34. . Determine relationship of drains to flood protection elevation
Backflow valve selection +

Confirm regulations concerning backwater valves

v

Determine layout of drains that serve affected fixtures

v

Determine pipe sizes on affected drains

4

Develop type, size, and location for valves

v

Prepare details and specifications
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5D.10.2 Design

The designer should follow the process illustrated in Figure 5D-34.

Owner Name: Prepared By:

Address: Date:

Property Location:

Backflow Valve Field Investigation Worksheet

Does residence have plumbing fixtures or floor drains below flood protection elevation (FPE) Yes _ No

Is building drainage system equipped with backflow valves, or do floor drains have backflow device? ____ Yes ____ No:

If 50, locate on a floor plan sketch of the residence.

If there are no backflow valves and they are needed, consider the following in selecting a location for their installation.

Can adequate clearance be maintained to remove access cover and service valve? ____Yes____ No
Are there any codes that regulate or restrict installation of such valves? ____Yes____ No
If yes, explain:

Tentatively locate on sketch box where backflow valves might be installed.

Proceed To Design? Yes No

Figure 5D-35. Backflow Valve Field Investigation Worksheet

The elements of this process include:
Step 1: Determine relationship of drains to FPE.

If any drain or pipe fixtures are located below the FPE, backflow valves should be installed. If all drains and
fixtures are located above the FPE, backflow valves are not necessary.

Step 2: Confirm regulations concerning backflow valves.

Based upon information collected during the field investigation, confirm the regulations governin