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Introduction

11  Background

The Federal Emergency Management Agency (FEMA) first published the Coastal Construction Manual
(FEMA 55) in 1981. The Manual was updated in 1986 and provided guidance to public officials, designers,
architects, engineers, and contractors for over a decade. In that time, however, construction practices and
materials changed, and more information on hazards and building performance was developed and used to
update the Manual again in 2000.

Over the past several decades, the coastal population in the United States has increased significantly. The
increased coastal population led to increased coastal development, which led in turn to greater numbers of
structures at risk from coastal hazards. Additionally, many of the residential buildings constructed today are
larger and more valuable than those of the past, resulting in the potential for larger economic losses when
disasters strike. A FEMA study estimates that the combination

of population growth and sea level rise may increase the portion 1= =
of the U.S. population residing in a coastal floodplain from &=
3 percent in 2010 to as much as 4 percent in 2100 (FEMA CROSS REFERENCE

2010a [draft)). Regulatory requirements,

including the I-Codes, CZMA,

In response to increased hazards and lessons learned from and the NFIP, are addressed in
past storms, regulatory requirements for construction in Chapter 5.

coastal areas have increased over the past decade. In 2000, the The Coastal Highlt e T
International Code Council (ICC) created the International Area (or Zone V) is explained in
Code Series (I-Codes) based on the three regional model Section 3.6.2 of this Manual.

building codes: the Building Officials Code Administrators

COASTAL CONSTRUCTION MANUAL 1-1



1 INTRODUCTION

International (BOCA) National Building Code (NBC), the Southern Building Code Congtress International
(SBCCI) Southern Building Code (SBC), and the International Conference of Building Officials (ICBO)
Uniform Building Code (UBC). Based on data included in the Insurance Services Office (ISO) Building
Code Effectiveness Grading Schedule (BCEGS) database, 86.5 percent of jurisdictions in the hurricane-
prone region have adopted wind-resistant building codes, and 47.25 percent of flood-prone jurisdictions have
adopted flood-resistant building codes (ISO 2011). As of the publication of this Manual, 33 of the 35 coastal
States and U.S. territories, in implementing the Coastal Zone Management Act (CZMA) of 1972, have
instituted construction setbacks and coastal resource protection programs. Many jurisdictions now require
geotechnical studies and certifications from design professionals for construction along the coastline. Finally,
as of May 2011, over 21,450 communities participate in the National Flood Insurance Program (NFIP),
which requires, among other things, that plans for new buildings constructed in Coastal High Hazard Areas
be certified by a design professional.

Investigations conducted by FEMA and other organizations after major coastal disasters have consistently
shown that properly sited, well-designed, and well-constructed coastal residential buildings generally perform
well (refer to Chapter 2 for a discussion of the FEMA investigations). This updated Coastal Construction
Manual—prepared by FEMA with assistance from other agencies, organizations, and professionals involved
in coastal construction and regulation—is intended to help designers and contractors identify and evaluate
practices that will improve the quality of construction in coastal areas and reduce the economic losses
associated with coastal disasters.

The design and construction techniques included in this Manual are based on a comprehensive evaluation of:
Coastal residential buildings, both existing and under construction
Siting, design, and construction practices employed along the U.S. coastlines
Building codes, floodplain management ordinances, and standards applicable to coastal construction

Performance of coastal buildings based on post-disaster field investigations

1.2  Purpose

This Manual 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 is on new residential construction
and substantial improvement or repairs of substantial damage to existing residential buildings—principally
detached single-family homes, attached single-family homes (townhouses), and low-rise (three-story or less)
multi-family buildings. Some of the recommendations of the Manual may also apply to non-substantial
improvements or repairs. Discussions, examples, and example problems are provided for buildings in or
near coastal flood hazard areas in a variety of coastal environments subject to high winds, flooding, seismic
activity, erosion, and other hazards.

This Manual is intended to be used by contractors, designers, architects, and engineers who are familiar with
the design and construction of one- to three-story residential buildings in coastal areas of the United States
and its territories. Readers less familiar with design and construction practices, as well as State and community

officials, should also refer to FEMA P-762, Local Officials Guide for Coastal Construction (FEMA 2009),
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for guidance on planning and design considerations for improving the performance of coastal residential
buildings before using this Manual.

1.3  Objectives

The goal of this Manual is to provide professionals guidance to assist them in pre-design, planning tasks and
decisions as well as design and construction practices that will lead to building successful, disaster-resistant
homes. For any project, it is critical that the project be well planned in order to minimize potential issues later
on during the design and construction process and when the building is impacted by an event. These items
are summarized in the following sections and elaborated on in detail throughout this Manual.

1.3.1  Planning for Construction

One objective of this Manual is to highlight the many tasks and decisions that must be made before actual
construction begins. These tasks include, but may not be limited to:

Evaluating the suitability of coastal lands for residential construction

Planning for development of raw land and for infill or redevelopment of previously developed land
Identifying regulatory, environmental, and other constraints on construction or development
Evaluating site-specific hazards and loads at a building site

Evaluating techniques to mitigate hazards and reduce loads

Identifying risk, insurance, and financial implications of siting, design, and construction decisions

1.3.2  Successful Buildings

A second objective of this Manual is to identify the best design
and construction practices for building successful disaster-

resistant structures. NOTE
In coastal areas, a building can be considered successful only if it The designer should be familiar
is capable of resisting damage from coastal hazards and processes with the recommendations in

over a period of decades. This does not mean that a coastal this Manual, along with the
building codes and engineering

residential building will remain undamaged over its intende .

) d uilding w . und féd ded standards cited, as these may
lifetime, but that undermining from erosion and the effects of establish an expected level of
a design-level flood or wind event (or series of lesser events with professional care.

combined impacts equivalent to a design event) will be limited.

A successful building is considered a building for which the following are true after a design-level event:
The building foundation is intact and functional

The envelope (lowest floor, walls, openings, and roof) is structurally sound and capable of minimizing
penetration of wind, rain, and debris

COASTAL CONSTRUCTION MANUAL 1-3
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TERMINOLOGY:
DESIGN EVENT

For the purposes of this Manual,
a design event is the minimum
code-required event (for natural
hazards, such as flood, wind,
and earthquake) and associated
loads that the structure must be
designed to resist.

NOTE

Design of a successful coastal
building must consider the
effects of coastal hazards and
coastal processes over a period
of decades.

CROSS REFERENCE

For more information about
enclosures and the use of
space below elevated buildings,
see Section 2.3.5 of Chapter 2.

The lowest floor elevation is high enough to prevent loodwaters
from entering the building envelope

The utility connections (e.g., electricity, water, sewer, natural
gas) remain intact or can be easily restored

The building is accessible and habitable

Any damage to enclosures below the lowest floor does not
result in damage to the foundation, utility connections, or
elevated portions of the building or nearby structures

For buildings affected by a design level seismic event, the
building protects life and provides safety, even if the structure
itself sustains significant damage

1.3.2.1 Premise and Framework for Achieving Successful

Designs

The underlying goal of a successful design is expressed through its
basic premise: Anticipated loads must be transferred through
the building in a continuous path to the supporting soils. Any
weakness in that continuous path is a potential point of failure.
To fulfill this design premise, designers must address a variety
of issues and constraints. These are illustrated in Figure 1-1 and
summarized as follows:

Funding. Any project is constrained by available funding, and
designers must balance building size and expense against the

Risk Tolerance

Figure 1-1.

Design framework to
achieve successful
buildings

Design Premise

Anticipated loads
must be transferred
through the building
in continuous paths
to the supporting
soils. Any
weaknesses in

the continuous
paths are potential
points of failure

Building Use
e L ayout
Design e Function
¢ Continous load paths .
Location
® Resist or avoid e Hazards

hazards

e Conditions greater
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desire for building success. Initial and long-term costs should be factored into the design. Higher initial
construction costs may result in increased closing costs or higher mortgage rates, but may minimize potential
building damage, reduce insurance rates, and reduce future maintenance costs.

Risk tolerance. Some owners are willing and able to assume a high degree of financial and other risks, while
other owners are more conservative and seek to minimize potential building damage and future costs.

Building use. The intended use of the building will affect its layout, form, and function.

Location. The location of the building will determine the nature and intensity of hazards to which the
building will be exposed; loads and conditions that the building must withstand; and building codes,
standards, and regulations that must be satisfied.

Materials. A variety of building materials are available, and some are better suited to coastal environments
than others. Owners and designers must select appropriate materials that address both aesthetic and durability
issues. If an owner is prepared for frequent maintenance and replacement, the range of available materials will
be wider; however, most owners are not prepared to do so, and the most durable materials should be used.

Continuous load paths. Continuous load paths must be constructed and maintained over the intended life

of the building.

Resist or avoid hazards. The magnitudes of design forces acting on structures, coupled with project
funding, building location, and other factors, will determine which forces can be resisted and which must
be avoided. Structures are typically designed to resist wind loads and avoid flood loads (through elevation on
strong foundations).

Conditions greater than design conditions. Design loads and conditions are based on some probability
of exceedance, and it is always possible that design loads and conditions can be exceeded. Designers can
anticipate this and modify their initial design to better accommodate higher forces and more extreme
conditions. The benefits of doing so often exceed the costs of building higher and stronger.

Constructability. Ultimately, designs will only be successful if they can be implemented by contractors.
Complex designs with many custom details may be difficult to construct and could lead to a variety of
problems, both during construction and once the building is occupied.

1.3.2.2 Best Practices Approach

To promote best practices, portions of the Manual recommend and advocate techniques that exceed the
minimum requirements of model building codes; design and construction standards; or Federal, State, and
local regulations. The authors of the Manual are aware of the implications of such recommendations on the
design, construction, and cost of coastal buildings, and make them only after careful review of building
practices and subsequent building performance during design level events.

Some of the recommended best practices and technical solutions presented in the previous version of

FEMA 55 (2000, third edition) have been incorporated into the model building codes. For example:

The 2009 and 2012 editions of the International Residential Code (IRC)—see sections R322.2.1(2) and
R322.3.2(1)—require 1 foot of freeboard in the Coastal A Zone and in certain Zone V situations. Past
minimum code provisions did not require any freeboard. Note that more than 1 foot of freeboard may
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be indicated once the design framework steps
outlined in Figure 1-1 are accomplished. TERMINOLOGY:

FREEBOARD
The 2006, 2009, and 2012 editions of the
International Building Code (IBC) require Freeboard is an additional height that

conformance with American Society of Civil buildings are elevated above the base flood

Engineers (ASCE) Standard 24-05, Flood elevation (BFE). Freeboard acts as a fgctor
> ) ) of safety to compensate for uncertainties
Resistant Design and Construction. ASCE 24-05 in the determination of flood elevations,
requires new buildings situated in the Coastal and provides an increased level of flood

A Zone to be designed and constructed protection. Freeboard will result in reduced

flood insurance premiums.

to Zone V requirements. Thus, the 2000
version of the Coastal Construction Manual

recommendation to treat Coastal A Zone
buildings like Zone V buildings is now being implemented for IBC-governed buildings through the
building code.

Sustainable building design concepts are increasingly being incorporated into residential building design
and construction through green building rating systems. While the environmental benefits associated with
adopting green building practices can be significant, these practices must be implemented in a manner
that does not compromise the building’s resistance to natural hazards. FEMA P-798, Natural Hazards and
Sustainability for Residential Buildings (FEMA 2010b), examines current green building rating systems
in a broader context. It identifies green building practices—the tools of today’s green building rating
systems—that are different from historical residential building practices and that, unless implemented with
an understanding of their interactions with the rest of the structure, have the potential to compromise a
building’s resistance to natural hazards. FEMA P-798 discusses how to retain or improve natural hazard
resistance while incorporating green building practices.

1.4  Organization and Use of This Manual

This Manual first provides a history of coastal disasters in the United States, an overview of the U.S. coastal
environment, and fundamental considerations for constructing a building in a coastal region. The Manual
covers every step in the process of constructing a home in a coastal area: evaluating potential sites; selecting
a site; locating, designing, and constructing the building; and insuring and maintaining the building.
Flowcharts, checklists, maps, equations, and details are provided throughout the Manual to help the
reader understand the entire process. In addition, example problems are presented to demonstrate decisions
and calculations designers must make to reduce the potential for damage to the building from natural
hazard events.

The Manual also includes numerous examples of siting, design, and construction practices—both good and
bad—to illustrate the results and ramifications of those practices. The intent is twofold: (1) to highlight the
benefits of practices that have been employed successfully by communities, designers, and contractors, and
(2) to warn against practices that have resulted in otherwise avoidable damage or loss of coastal residential

buildings.
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1.41  Organization

Because of its size, the Manual is divided into two volumes, with a total of 15 chapters. Additional supporting
materials and resources are available at the FEMA Residential Coastal Construction Web site.

Volume |

Chapter 1 — Introduction. This chapter describes the purpose of the Manual, outlines the content and
organization, and explains how icons are used throughout the Manual to guide and advise the reader.

Chapter 2 — Historical Perspective. This chapter summarizes selected past coastal flood and wind events
and post-event evaluations, and other major milestones. It documents the causes and types of damage
associated with storms and tsunamis ranging from the 1900 hurricane that struck Galveston, TX, to the
Samoan tsunami that struck American Samoa following an earthquake in September 2009.

Chapter 3 — Identifying Hazards. This chapter describes coastal processes, coastal geomorphology, and
coastal hazards. Regional variations for the Great Lakes, North Atlantic, Middle Atlantic, South Atlantic,
Gulf of Mexico, Pacific, Alaska, Hawaii, and U.S. territories are discussed. This chapter also discusses
hazards that influence the design and construction of a coastal building (coastal storms, erosion, tsunamis,
and earthquakes) and their effects.

Chapter 4 — Siting. This chapter describes the factors that should be considered when selecting building
sites, including small parcels in areas already developed, large parcels of undeveloped land, and redevelopment
sites. Guidance is also provided to help designers and contractors determine how a building should be placed
on a site. Detailed discussions of the coastal construction process begin in this chapter.

Chapter 5 — Investigating Regulatory Requirements. This chapter presents an overview of building codes
and Federal, State, and local regulations that may affect construction on a coastal building site. Additionally,
the NFIP, Coastal Barrier Resources Act (CBRA), and Coastal Zone Management (CZM) programs are
described.

Chapter 6 — Fundamentals of Risk Analysis and Risk Reduction. This chapter summarizes acceptable
levels of risk; tradeoffs in decisions concerning siting, design, construction, and maintenance; and cost and
insurance implications that should be considered in coastal construction.

Volume Il

Chapter 7 — Pre-Design Considerations. This chapter introduces the design process, minimum design
requirements, inspections, and sustainable design considerations. It discusses the cost and insurance
implications of decisions made during design and construction. It also outlines the contents of Volume II.

Chapter 8 — Determining Site-Specific Loads. This chapter explains how to calculate site-specific loads,
including loads from high winds, flooding, seismic events, and tsunamis, as well as combinations of more
than one load. Example problems are provided to illustrate the application of design load provisions of ASCE
7-10, Minimum Design Loads for Buildings and Other Structures (ASCE 2010).

Chapter 9 — Designing the Building. This chapter contains information on designing each part of a
building to withstand expected loads. Topics covered include structural failure modes, load paths, building
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1.4.2

Using the Manual

This Manual uses icons as visual guides to help readers quickly find information. These icons call out notes,

warnings, definitions, cross references, cost considerations, equations, example problems, and specific hazards.

>
A

1.4.3

Notes. Notes contain supplemental information that readers may find helpful, including things
to consider when undertaking a coastal construction project, suggestions that can expedite the
project, and the titles and sources of other publications related to coastal construction. Full
references for publications are presented at the end of each chapter of the Manual.

Warnings. Warnings present critical information that will help readers avoid mistakes that could
result in dangerous conditions, violations of ordinances or laws, and possibly delays and higher
costs in a coastal construction project. Any questions about the meanings of warnings in this
Manual should be directed to the appropriate State or local officials.

Terminology. The meanings of selected technical and other special terms are presented where
appropriate.

Cross references. Cross references point the reader to information that supplements or further
explains issues of interest in this Manual, such as technical discussions, regulatory information,
equations, tables, and figures.

Cost Considerations. Cost consideration notes discuss issues that can affect short-term and
lifecycle and insurance costs associated with a coastal residential construction project.

Equations. Volume II includes equations for calculating loads imposed by forces associated with
natural hazard events. It also presents equations used in the design of building components
intended to withstand the loads imposed by design events. Equations are numbered for ease of
reference.

Examples. In Volume II, example problems demonstrate the calculation of flood, wind, and
seismic loads on a coastal residential building. Example problems are numbered for ease of
reference.

Hazard Icons

Hazard icons will help readers find information specific to their needs (see below). To use the icons effectively,

readers must determine in which flood zone the property or building site in question is located. Chapter 3
of this Manual explains how to make such a determination and includes detailed definitions of the flood
hazard zones.
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2.1 Introduction

Through the years, FEMA, other Federal agencies, State and
local agencies, and other private groups have documented and
evaluated the effects of coastal flood and wind events and the
performance of buildings located in coastal areas during those
events. These evaluations provide a historical perspective on the
siting, design, and construction of buildings along the Atlantic,
Pacific, Gulf of Mexico, and Great Lakes coasts. These studies
provide a baseline against which the effects of later coastal flood
events can be measured.

Within this context, certain hurricanes, coastal storms, and other
coastal flood events stand out as being especially important, either
because of the nature and extent of the damage they caused or
because of particular flaws they exposed in hazard identification,
siting, design, construction, or maintenance practices. Many of
these events—particularly those occurring since 1979—have been
documented by FEMA in Flood Damage Assessment Reports,
Building Performance Assessment Team (BPAT) reports, and
Mitigation Assessment Team (MAT) reports. These reports
summarize investigations that FEMA conducts shortly after
major disasters. Drawing on the combined resources of a Federal,
State, local, and private sector partnership, a team of investigators

CROSS REFERENCE

For resources that augment
the guidance and other
information in this Manual,
see the Residential Coastal
Construction Web site (http://
www.fema.gov/rebuild/mat/
femab5.shtm).

NOTE

Hurricane categories reported
in this Manual should be
interpreted cautiously. Storm
categorization based on wind
speed may differ from that
based on barometric pressure
or storm surge. Also, storm
effects vary geographically—
only the area near the point of
landfall will experience effects
associated with the reported
storm category.
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2 HISTORICAL PERSPECTIVE

is tasked with evaluating the performance of buildings and related infrastructure in response to the effects
of natural and man-made hazards. The teams conduct field investigations at disaster sites; work closely with
local and State officials to develop recommendations for improvements in building design and construction;
and prepare recommendations concerning code development, code enforcement, and mitigation activities
that will lead to greater resistance to hazard events.

This chapter summarizes coastal flood and wind events that have affected the United States and its territories
since the beginning of the twentieth century. The lessons learned regarding factors that contribute to flood
and wind damage are discussed.

2.2 (Coastal Flood and Wind Events

This section summarizes major coastal flood and wind events in the United States from 1900 to 2010. Many
of these events have led to changes in building codes, regulations, mapping, and mitigation practices. The
map and timeline in Figure 2-1 provide a chronological list of the major coastal flood and wind events in
combination with the major milestones resulting from the events. They show the evolution of coastal hazard

4
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Figure 2-1.
Map and timeline of significant coastal flood and wind events, and milestones for regulations, building codes,
and building practices
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1900 GALVESTON HURRICANE September, Galveston, TX ™==—

* City of Galveston initiates a large-scale project to raise
ground elevations and buildings.

1938 NEW ENGLAND HURRICANE September, Long
Island, NY/New England

1960 TSUNAMI April, Hilo, HI

1964 GOOD FRIDAY EARTHQUAKE & TSUNAMI March,
AK/CA

1968 Congress establishes the NFIP

1969 HURRICANE CAMILLE August, MS/AL
® In 1971, National Bureau of Standards post-storm
report concludes, “...damage directly attributable to
wave action and flooding far exceeded that due to
wind... Greater consideration should be given to storm
surge...”

1972 TROPICAL STORM AGNES June, Mid-Atlantic.
® Flood Disaster Protection Act of 1973 includes
Mandatory Flood Insurance Purchase Requirement

1975 GREAT LAKES STORM November, Western Great
Lakes

1981 NFIP establishes methodology to assess
contribution of wave runup to BFEs; the methodology is
applied in ME.

1982/83 WINTER COASTAL STORMS CA/OR/WA

* In 1985, conference concludes that siting standards
are needed for building in areas subject to erosion.

1983 HURRICANE ALICIA September, Galveston, and
Houston, TX
® TDI is formed to develop formal inspection process
for wind damage.
® One of the first post-hurricane buyout programs
begins in Baytown, TX.

1985 HURRICANE GLORIA September, NY/NJ
* NJ implements new coastal development practices.

1986 FEMA publishes second edition of FEMA 55
1986 GREAT LAKES STORM WI
1988 WINTER COASTAL STORM January, Southern CA

1988 First edition of ASCE 7 published

1989 NOR’EASTER March, Nags Head and Kill Devil
Hills, NC/Sandbridge Beach, VA

Figure 2-1 (continued).

/

(continued on
page 2-5)
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1926 MIAMI HURRICANE September, Miami, FL
® In 1927, Local engineer’s post-storm inspection report
stresses the importance of proper design, construction

quality, and implementation of building codes.

1940 ARMISTICE DAY STORM November, Lake Michigan
1951 STORM November, Lake Michigan
1962 NOR’EASTER March, Mid-Atlantic

1965 HURRICANE BETSY September, FL/LA
® Flooding from storm leads to a major redesign of the
levee system by the USACE.
® Congress passes Southeast Hurricane Disaster Relief
Act mandating a study of disaster insurance options.
® In 1968, Congress passes the National Flood Insurance
Act, which creates the NFIP.

1970 HURRICANE CELIA August, Corpus Christi, TX
® In 1971, Texas Catastrophe Property Insurance
Association (TCPIA) and Texas Wind Insurance
Association (TWIA) are formed [precursor to Texas
Department of Insurance (TDI)].

1973 NOR’EASTER April, Lake Michigan
© NFIP requires elevation to the 100-year flood.

1979 HURRICANE FREDERIC September, AL

® FEMA performs first post-disaster investigation after
Hurricane Frederic.

® |n 1980, FEMA begins to include wave heights in
determination of coastal BFEs.

® In 1980, Mobile County, AL, adopts specific
requirements for glazing, roof overhangs, roof
reinforcements, and anchoring. In 1985, these
measures performed well during Hurricane Elena.

® In 1981, FEMA publishes the first edition of FEMA 55,
Coastal Construction Manual.

® In 1983, FEMA recommends breakaway walls on grade
level enclosures below BFE.

1984 NOR’EASTER March, NJ
1985 GREAT LAKES STORMS March, Great Lakes
1987 GREAT LAKES STORM February, Chicago, IL

1988 NOR’EASTER April, Sandbridge Beach, VA/Nags
Head, NC

1989 HURRICANE HUGO September, SC/PR

® FEMA’s first building performance assessment team
(BPAT) documents poor performance of roof systems,
which later, after Hurricane Andrew, leads to changed
roof and wall sheathing attachment practices and
awareness of continuous load paths. These observa-
tions also lead to roof test methods and standards.

® FEMA BPAT recommends Coastal A Zone, sufficient pile
embedment, and enforcement of building code wind
design requirements.

Map and timeline of significant coastal flood and wind events, and milestones for regulations, building codes,

and building practices
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1990 NFIP Community Rating System (CRS) begins
implementation.

1992 NOR’EASTER January, DE/MD

1992 HURRICANE INIKI September, Kauai County, HI
® BFEs for Hawaii are recalculated to include hurricane
flood effects in addition to tsunami effects.

1995 HURRICANE MARILYN September, USVI
® USVI adopts a current model code, replacing the
outdated code.

1995 HURRICANE OPAL October, FL Panhandle

1995 FEMA publishes first edition of FEMA 259
Engineering Principles & Practices for Retrofitting Flood
Prone Residential Buildings.

1996 HURRICANE FRAN September, Southeastern NC
* FEMA BPAT reiterates need for Coastal A Zone.

1997 TYPHOON PAKA December, Guam
® Guam adopts ASCE 7, which includes the influence of
topography in wind speed.

1999 HURRICANE FLOYD September, Mid-Atlantic
* North Carolina takes State ownership of its mapping
program.
© Along with other hurricanes, reveals issues with flood
insurance in CBRA zones.

2001 TROPICAL STORM ALLISON June, Houston,TX
2003 HURRICANE ISABEL September, Mid-Atlantic

2004 HURRICANE CHARLEY August, FL
® |BHS begins developing FORTIFIED program to build and
retrofit safer residential buildings.

2004/05 SEVERE WINTER STORMS CA

2005 FEMA publishes first edition of FEMA 499,
Homebuilder’s Guide to Coastal Construction Fact Sheet
Series.

2008 FEMA Procedure Memorandum 50 establishes
guidelines for mapping the Limit of Moderate Wave Action
(LIMWA).

2008 HURRICANE IKE September, Galveston, TX

2009 SAMOAN TSUNAMI September, American Samoa

2009 Hawaii State Building Code adopts special wind
region maps.

2009 IRC mandates freeboard in Zone V and Coastal A
Zone.

2010 FEMA publishes FEMA P-804, Wind Retrofit Guide
for Residential Buildings.

Figure 2-1 (concluded).

(continued from page 2-3)

Ll e 1991 HURRICANE BOB August, Buzzards Bay Area, MA

—= 1991 NOR’EASTER October, Long Island, NY/Eastern MA

st 1992 HURRICANE ANDREW August, FL
® Existing State wind pools gain momentum.
© Designers recognize the vulnerability and importance of
the building envelope.
* APA produces guidance for roof sheathing attachment.
¢ Dade and Broward County governments are the first to
enact provisions for windborne debris (1993 SFBC and
1995 ASCE 7)
® In 1994, HUD adopts more stringent wind design
criteria for manufactured homes. These measures
performed well during Hurricane Georges in 1998 and
Hurricane Charley in 2004.
1996/97 GREAT LAKES WINTER STORMS WI

g

\\ [/~ /] ]

1997/98 WINTER COASTAL STORM Pacific Coast
1998 First edition of ASCE 24 published

1998 HURRICANE GEORGES September, PR/MS/AL/FL
® Puerto Rico adopts a current model code.

2000 FEMA publishes third edition of FEMA 55.
2000 ICC publishes the first International Code Series.
2004 HURRICANE FRANCES September, FL

2004 HURRICANE IVAN September, AL
® In response to extensive storm surge and flooding,
FEMA begins mapping production to identify the flood
damage extent. If adopted by communities, the maps
will allow claims to be paid in non-SFHAs. This is the
forerunner to the post-Katrina ABFE mapping.

2004 HURRICANE JEANNE September, FL

2005 HURRICANE KATRINA September, LA/MS

® Mississippi and Louisiana adopt current model codes.
Previous codes were outdated or non-existent.

® FEMA begins release of advisory BFEs and recovery
maps for the post-Katrina Gulf Coast. Communities are
encouraged to adopt the ABFE maps to guide
redevelopment until complete restudy of the flood risk
is complete.

® In 2006, FEMA develops pre-engineered coastal
foundations and publishes FEMA 550, Recommended
Residential Construction for Coastal Areas.

® In 2007, FEMA publishes FEMA 543, Design Guide for
Improving Critical Facility Safety from Flooding and
High Winds.

o S )

2009 FEMA publishes FEMA P-762, Local Officials
Guide to Coastal Construction.

Map and timeline of significant coastal flood and wind events, and milestones for regulations, building codes,

and building practices
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In 1938, the “Long Island Express” hurricane moved rapidly up the east coast from New York through
New England. The storm caused widespread surge and wind damage to buildings, and is still used as a
benchmark for predicting worst-case scenario damage in the region (Figure 2-2). Although not shown in the
photograph, this hurricane also destroyed many elevated homes along this stretch of coastline.

In September 1985, Hurricane Gloria hit Long Island, NY, and New Jersey, causing minor storm surge
and erosion damage and significant wind damage. In 1991, New England was hit by two major storms—
Hurricane Bob in August and a nor'easter in October. A FEMA Flood Damage Assessment Report
noted that flood damage to buildings constructed before the local adoption of the Flood Insurance Rate
Map (FIRM), known as pre-FIRM construction, that had not been elevated or that had not been elevated
sufficiently suffered major damage, while properly elevated buildings constructed after the adoption of the
FIRM (post-FIRM) performed well (URS 1991c¢). These storms provided insight into successful foundation
design practices.

Figure 2-2. .
Schell Beach before and | BEFORE

after the Long Island
Express Hurricane in
1938; houses near the
shoreline were destroyed ; N
and more distant houses e T e
were damaged A
(Guilford, CT)

SOURCE: WORKS
PROGRESS ADMINISTRATION
PHOTOGRAPH FROM
MINSINGER 1988

fo AFTER
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2.2.2 Mid-Atlantic Coast

The Mid-Atlantic Coast is generally considered the coastal area from New Jersey to Virginia. This coastal
. . b . . . . .

area is susceptible to both noreasters and hurricanes with flood and wind damage similar to the damage that

occur in New England.

In March 1962, a significant nor’easter, known as the Great Atlantic Storm of 1962 or the Ash Wednesday
Storm, affected almost the entire eastern seaboard and caused extreme damage in the Mid-Atlantic region.
The combination of sustained high winds with spring tides resulted in severe beachfront erosion and flooding,
sweeping many buildings out to sea.

In June 1972, Tropical Storm Agnes produced rains up to 19 inches, resulting in severe riverine flooding
from New York to Virginia and billions of dollars in flood damage. The catastrophic damage from this storm
led to the “Mandatory Flood Insurance Purchase Requirement” in the Flood Disaster Protection Act of 1973
(see Section 5.2 for more on the history of the NFIP).

A March 1984 nor’easter caused significant
erosion problems. Asaresult of damage observed
after this storm and Hurricane Gloria (see
Section 2.2.1), New Jersey implemented several
changes to its coastal development practices in
1985.

An April 1988 nor’easter caused foundation
damage to elevated homes in Virginia and
North Carolina. Long-term shoreline erosion,
coupled with the effects of three previous
coastal storms, had left the area vulnerable.
Inspections following the 1988 nor’easter
revealed that repairs to previous foundation
damage were only partially effective. In some
cases, ineffective repairs implemented after
storms resulted in subsequent storm damage
that may not have occurred if the original repair
had been properly made (URS 1989). A March
1989 nor’easter in the same area caused even

further foundation damage. The damage from
the 1988 and 1989 storms showed that long-
term erosion makes buildings increasingly
vulnerable (Figure 2-3) to the effects of even
minor storms (URS 1990).

A few years later, an intense January 1992 |
nor'easter hit Delaware and Maryland.  Figyre 2-3.
Observations made by the FEMA BPAT after  Although this house seems to have lost only several decks
this storm noted damage due to storm surge,  and a porch during the March 1989 nor’easter, the loss of
wave action, and erosion, as well as many load ~ supporting soil due to long-term erosion left its structural
path failures in coastal buildings (FEMA 1992).  integrity in question following successive storms
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In September 2003, Hurricane Isabel made landfall near Cape Lookout, NC, as a Category 2 hurricane,
breaching the barrier island. Storm surge and heavy rainfall caused extensive flooding across the Mid-Atlantic

region, especially in areas adjacent to the Chesapeake Bay. Maximum observed water levels at stations along
the Chesapeake Bay exceeded historical observations (NOAA 2004).

2.2.3 South Atlantic Coast

The South Atlantic Coast is generally considered the coastal area from North Carolina up to and including
the Florida Keys. This region, especially the North Carolina Outer Banks and south Florida, is often subjected
to hurricanes. States in the northern part of this region, such as North Carolina, are also susceptible to
nor’easters. Damage is typically caused by flooding, waves, erosion, water-borne debris, wind, and wind-
borne debris. The degree of damage ranges from slight to severe, depending on the characteristics of the
storm.

After a September 1926 hurricane hit Miami, FL, a south Florida engineer, Theodore Eefting, wrote an
article on the damage pointing out many weaknesses in buildings and construction that continue to be
discussed today. Most notably, he stressed the consequences of poor quality construction, and the importance
of strengthening building codes (Eefting 1927).

In late September 1989, Hurricane Hugo struck South Carolina. Observations following this hurricane
revealed notable differences between the performance of pre- and post-FIRM buildings. Additionally, the
BPAT deployed after Hurricane Hugo noted that some of the most severely damaged buildings were several
rows back from the shoreline, and as a result recommended that design standards for Coastal A Zones
(defined in Chapter 1) be more stringent. The wind damage from Hurricane Hugo also exposed deficiencies
in residential roofing practices (URS 1991a, URS 1991b, and Texas Tech 1990).

In August 1992, Hurricane Andrew struck the southeast Atlantic coast. This hurricane remains one of
the most memorable hurricanes to hit this region and one of the costliest to date. The majority of the
damage from this hurricane was due to wind; many of the failures were traced to inadequate connections
between building elements (Figure 2-4). As such, buildings could not resist wind forces because of the lack

Figure 2-4.

Roof structure failure due
to inadequate bracing and
inadequate fastening of
the roof deck, Hurricane
Andrew (Dade County, FL,
1992)

2-8 COASTAL CONSTRUCTION MANUAL



