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COASTAL CONSTRUCTION MANUAL

Preface

The 2011 Coastal Construction Manual, Fourth Edition (FEMA P-55), is a two-volume publication that
provides a comprehensive approach to planning, siting, designing, constructing, and maintaining homes
in the coastal environment. Volume I provides information about hazard identification, siting decisions,
regulatory requirements, economic implications, and risk management. The primary audience for Volume I
is design professionals, officials, and those involved in the decision-making process.

Volume II contains in-depth descriptions of design, construction, and maintenance practices that, when
followed, will increase the durability of residential buildings in the harsh coastal environment and reduce
economic losses associated with coastal natural disasters. The primary audience for Volume II is the design
professional who is familiar with building codes and standards and has a basic understanding of engineering
principles.

For additional information on residential coastal construction, see the FEMA Residential Coastal
Construction Web site at http://www.fema.gov/rebuild/mat/fema55.shtm.

COASTAL CONSTRUCTION MANUAL i


http://www.fema.gov/rebuild/mat/fema55.shtm




COASTAL CONSTRUCTION MANUAL

Fourth Edition Authors and Key Contributors
William Coulbourne, Applied Technology Council
Christopher P. Jones, Durham, NC
Omar Kapur, URS Group, Inc.

Vasso Koumoudis, URS Group, Inc.

Philip Line, URS Group, Inc.

Daviz K. Low, DK Lovs and Associates AC kn OWI ed g m e ntS
Glenn Overcash, URS Group, Inc.

Samantha Passman, URS Group, Inc.

Adam Reeder, Atkins

Laura Seitz, URS Group, Inc.

Thomas Smith, TLSmith Consulting
Scott Tezak, URS Group, Inc. — Consultant Project Manager

Fourth Edition Volume | Reviewers and Contributors
Marcus Barnes, FEMA Headquarters
Mark Crowell, FEMA Headquarters
Lois Forster, FEMA Headquarters
John Ingargiola, FEMA Headquarters — Technical Assistance and Research Contracts Program Manager
Tucker Mahoney, FEMA Headquarters
Alan Springett, FEMA Region II
Paul Tertell, FEMA Headquarters — Project Manager
Mark Vieira, FEMA Region IV
Jonathan Westcott, FEMA Headquarters
David Zaika, FEMA Headquarters
Dana Bres, U.S. Department of Housing and Urban Development
Stuart Davis, U.S. Army Corps of Engineers
Roy Domangue, Wooden Creations, Inc.
Brad Douglas, American Forest and Paper Association
Russell J. Coco, Jr., Engensus
Carol Friedland, Louisiana State University
Trudie Johnson, Town of Hilton Head Island
Ernie Katzwinkel, Dewberry
Vladimir Kochkin, National Association of Home Builders
Stephen Leatherman, Florida International University
Amit Mahadevia, URS Group, Inc.
Peter Mazikins, American Forest and Paper Association
Deborah Mills, Dewberry
Manuel Perotin, Atkins
Rebecca Quinn, RCQuinn Consulting, Inc.
Billy Ward, Champion Builders, LLC

Fourth Edition Technical Editing, Layout, and lllustration
Diana Burke, URS Group, Inc.
Lee-Ann Lyons, URS Group, Inc.
Susan Ide Patton, URS Group, Inc.
Billy Ruppert, URS Group, Inc.

COASTAL CONSTRUCTION MANUAL iii






COASTAL CONSTRUCTION MANUAL

Contents

Chapter 1. INTrOAUCTION...........ocueiiieeie ettt et e e e e aae e eanees 1-1
1.1 Background .......ccooiieiiiiiiiii s 1-1
1.2 PUIPOSE ettt 1-2
1.3 ODJECTIVES ..ttt b ettt b ettt a et bt 1-3
1.3.1 Planning £OL CONSTITCTION +.teeeeteeeee e e e et e e e e e e e e e eeeeeeeaaeeeeeeeeeeeeaaeeaeeeeeeseseaaseneneaees 1-3

1.3.2  Successful Buildings........couccivueiniiniiiniiiiiiiiiiciicecceeetec et 1-3

1.3.2.1  Premise and Framework for Achieving Successful Designs ..........ccccccvnunenee. 1-4

1.3.2.2  Best Practices APproachi.........ccocciviviiinieininiiiniiiiciectsceeeeeees 1-5

1.4 Organization and Use of This Manual...........cccociiiiiiiiiiiiiiiiccicceee e 1-6
LA OranizZation......ocueiiuecieuirieiinieieieeetetet ettt ettt ettt s ettt sttt saeiee 1-7
Resources and Supporting Material.........ccccoiiiiiiiiiiiiiiiiiie, 1-8

1.4.2  Using the Manual .........ccoooiiiiiiiiiiiiiceee et 1-9

143 HAZATA T0OMS ettt e e e e e e e e e e e e e eeeeeeeeeaeeaeaeaaaeeaeaaaaaaaaaaaaaaes 19

144, Contact INFOrMAatiON ..uveeeeie ettt e e e e e e eeeeeeeeeseeeeereeereeeessaansareeeas 1-10

1.5 RO CICIICES. .ttt ettt e e e e e e et e e e e e e e e e e e e e e e e e e st aeeeeeaaaaeeeeeeeeesseaasseeeeeas 1-11
Chapter 2. HiStoriCal PEFSPECTIVE. ...........ooooueiiieieeeeee ettt ettt e 2-1
2.1 T EEOUCTION «. ettt e e e e e ettt e e e e e e e e e e e eeeeeaae et eeeesesaaeaaeereesessaassaaeeeeeeaaan 2-1
2.2 Coastal Flood and Wind EVENTs ..cceeeeeeeeeeeeeeeee e e e e e e e e e e e e e 2-2
2.2 1 NOITh AtIANTIC COAST weveeiiieeeeeeeeee et e e e e e et eeeeeeeeeeeeeeeeeeeaeeseeereesessaesraeeeeesenas 2-4

2.2.2 IMIA-ATIANTIC COAST wtrttteeeeeeeeeeeeeeeeeee ettt e e e e ee e e e e e e e e e eeeeeeeeeeeeeeeeeaeeaaaaaeeaaaaaeaaaaaaaaaaas 2-7

2.2.3  SOULH AtLANTIC COASturttiiiieieeeieee ettt e e e e e et e e e e eeeeeeeeeeeeeeeaeeaeereeeessaessereeeeeenas 2-8

224 GUIE OF IMEXICO COASTutrrteeeeeeeeeee e e et ee e e e e e e e e e eeeeeaae e eeeeeeeeeaaaseeeeeeeessaaaeeeaeeeeeaan 2-9

2.2.5  TULS. Caribbean Territories. ..oee e uuueeeeeeeeeeeeeeeeee e e e e e e e e e eeeeeeeeeeeseeeeerreeeeeesseeeseaeeeeas 2-11

2.2.0  GIEAL LaKes COaSTuuuuniiiteeeeeeeeeeeeee e et e e e e e e e e eeeeeaae e eeeeeeeesaearaeereaeeeesaseereees 2-12

COASTAL CONSTRUCTION MANUAL \Y



CONTENTS Volume |
2.2.7  PacCific COBSE vuveuriiiriieriieiesiieiesie ettt ettt ettt ettt e sttt e s be et e be e st e nbe e st ebeeneenbesneentens 2-13

2.2.8  Hawaii and U.S. Pacific TerTitories. ....coueruieierrieierieeieiesiesieseeiesseeseesseeseesseeeessesssessens 2-15

2.3 Breaking the Disaster-Rebuild-Disaster Cycle..........ccoeviiiniiiiniiiiiiniiniiiiiicicciccee, 2-16
2.3.1  Hazard [dentifiCation .....cuecuieiesiieiesiieiesieecete ettt re e sre e e sse e e e sseesaesseesaensens 2-16

2.3.2 SHENE oottt 2-18

2.3.3  DESIGN.citiiiiiiiiiiic s 2-20

2.3.4  CONSIIUCTION cttttetieutertieutesteeete bt ettesteestesteeseesseesteseeseessesseensesseensesseensesseensesseensenseensenses 2-24

2.3.5  ENCLIOSULES c.vitieiiiciieiecteee ettt ettt ettt e ae et e e re e b e sse e s e ssaensesaeesaenseenseneas 2-26

2.3.0  MAINEENANCE ..euvtiniteiieeiie ettt sit ettt e st e bt e bt e bt e satesate e bt esbeesabeeabeebeenbeesasesasesnbeens 2-30

2.4 RELEIENCES. 1. v euvietietietieie ettt ettt et et e et et e e se e be et e essesseessesseessesseessesseensesseessensaeseensens 2-30
Chapter 3. Identifying HAzZards ................cooooomeioeieeeeee ettt 3-1
3.1 Coastline CRATaCErISTICS .vevverurertirierieriesieeterteetesteeetesteetestesteetesteetesaeentesaeensesseensesseensesseensenne 32
3.1.1  Coastal ENVIFONMENT ...ccuieieiiieiieiiieiieieeieie ettt st sre s e saa s e saaessesseessesseeneenes 3-2

3.1.2  United States Coastline .......cceeieriirieniirieiieieieeieieeeeie sttt st 3-4

3.2 Coastal STOrmM EVENLS.....iciiiiieiiiiciesieeese ettt sttt saa et e ese e e s seenaesseenae e 3-7
3.2.1.1  Tropical Cyclones .....cc.eoveieieiiiiieiieiieieeiceiecseses e 3-8

3.2.1.2  Other Coastal StOrMS.....ccuevvieieiieieriieiesie ettt sae e s 3-10

3.3 Coastal Hazards ......ceevuerieiiiieiiscece ettt sttt 3-12
3.3.1  High Wnds ..o 3-12

3.3.1.1  Speedup of Winds Due to Topographic Effects ........cccceeviiiniiniinininnnnee. 3-15

3.3.1.2  Wind-Borne Debris and Rainfall Penetration ............ccceveveruieienieeeenieeiennnns 3-15

3.3.1.3  TOINAAOES.c.ueevieiieiieiieieeiesteete ettt ettt ettt sttt ettt beeae et 3-16

3.3.2  Earthquakes .......ccooiiiiiiiiiiiicc 3-17

3,33 TSUNAIMS teeuteiiieiieeieesite ettt ettt et ettt e sb e sab e st e et e e beesateeabeenbeebeenaeas 3-19

3.3.4  Other Hazards and Environmental Effects.......cccciiviviiiiiiiiiciiiicieseceeeeee e 3-20

3.3.4.1  Seaand Lake Level RiSe ...cccevuieiieriiriiiiiieieeieieeeecee e 3-21

3.3.4.2  Subsidence and Uplift.........cccouvuiiiiiniiiiiiiiiiiiicccccecee, 3-24

3.3.4.3  Salt Spray and MOISTUIE.....c..cueiiiiiiieieiieicseseseseere s 3-25

3344 RAIN couiieiieieecie ettt sttt et sae e taeenaeenbeeaeens 3-26

3.3.4.5  Haileoioioecee et 3-26

3.3.4.0  TEITIITES .veevieeiesuieeiieeieesieesteeteete et esttesaaesteete e seesaeeesseenseeseessnesnseenseenseens 3-26

3.3.4.7  WLAATE .cuviiieiieiieeeeee ettt 3-27

3.3.4.8  Floating Ice ......c.cccoiiiiiiiiiiiiiiiiiiiccce 3-27

3.3.4.9  SHIOW wetieniieiieie ettt ettt ettt h et he et b et e ae et e teentenbens 3-27

vi COASTAL CONSTRUCTION MANUAL



Volume | CONTENTS

3.3.4.10  AtmoSPheric ICe.....ooiiiriiiriiieccee e 3-27

3.4 Co0astal FIoOd EFECts.....ccuiiiiiiiiiiiiiiieiecieiesieete sttt ettt st a e s aesneesaenseennens 3-28
3.4.1  Hydrostatic FOICES ..c.ceviiriiiriiiriiiinesestee ettt 3-28

3.4.2  Hydrodynamic FOrces........cooiiiiiiiiiniiiiiiiiiiiciiciccccesceee e 3-28

34,3 WAVES..eeutieuienteeiieie ettt ettt ettt ettt et b e et b et et a e e bt e at e beeh e e b e bt et e ehe e beeheenteeheentan 3-31

3.4.4  Flood-Borne DEDIis.....ccveiiiiuieiiriieiisiieiesieeie sttt ettt saeeseeae e esaesneesesseesaesneeneas 3-33

3.5 BLOSION 1ttt ettt ettt b e s h e e bttt e bt e s hb e eabe e bt e naeesateeas 3-35
3.5.1  Describing and Measuring Erosion ........c..cccocceeerieineinenieneinicnieeneeseeeeeseeeseeees 3-40

3.5.2  Causes Of ErOSION ..ouiiuiiiiieiiiieiesieeiesieete sttt sttt ettt sbe et sbe s 3-42

3.5.2.1  Erosion During Storms..........cccccevviiiiiiiiiiiiiiiiiiiiiciccceceec 3-42

3.5.2.2  Erosion Near Tidal Inlets, Harbor, Bay, and River Entrances.......c..c.cceucu..... 3-44

3.5.2.3 Erosion Due to Manmade Structures and Human Activities..........ccccerueene.. 3-47

3.5.2.4  Long-Term Erosion........ccccccciviiiiniiiiniiiiiiiniiiicieiciecsceeeeceeee e 3-49

3.5.2.5  L0Calized SCOUT ...iouiiiiriieiisiiciese ettt 3-51

3.5.3  Overwash and Sediment Burial.........cccoooiiiiiiininiiniiiei e 3-52

3.5.4 Landslides and Ground Failures..........cccevieieriieieniieieiicieie et 3-52

3.6 NFIP Flood Hazard Zones .......cc.cecueruieieniiiieniieiesieeiesieeteste ettt sttt st 3-53
3.6.1  Base FIoOd EleVations.......ccecveieriieiiiniieiesiieiesieetesteeiee e eeeae e eae e esaesseeaesseesaesseeneas 3-54

3.6.2  FloOd INSUIANCE ZONES....ccuiruieuiiiieiiesiieiiesteeie sttt ettt ettt et it besaeetesbeenaesaeeneas 3-55

3.6.3 FIRMSs, DFIRMSs, and FISs .....ccocoiiiiiiiiciicece ettt 3-56

3.6.4 Wave Heights and Wave Crest Elevations............ccccoveviiiiiininininiiiiiiiiciecnens 3-59

3.6.5 Wave RUNUP ..o 3-61

3.6.6  Primary Frontal DUune.........cccooiiiiiiininieccccceeeeee et 3-61

3.6.7 Erosion Considerations and Flood Hazard Mapping...........ccccccueiiiiniiinnciinnccnnnns 3-62

3.6.8 Dune Erosion Procedures.........coviiiiiriiiiiiiiiiiieiesieeeeeteiestee st 3-62

3.6.9 Levees and Levee ProteCtion......ccuecueruierierieeienieeienieeeesieesesiesseessesseessesseessesseessesseesnes 3-64

3.7 Flood Hazard Assessments for Design Purposes .........cccevieiviiininiiiniiiieiiiicisciecsiecieas 3-64
3.71  Determine If Updated or More Detailed Flood Hazard Assessment is Needed............. 3-65

3.71.1  Does the FIRM Accurately Depict Present Flood Hazards?..........c..ccceuennee. 3-65

3.71.2  Will Long-Term Erosion Render a FIRM Obsolete? ............ccccoeurucuiincinnns 3-66

3.7.1.3  Will Sea Level Rise Render a FIRM Obsolete? ........ccceoevieiinieninieiencnen. 3-66

3.7.2  Updating or Revising Flood Hazard Assessments............cccccoceeuriiiiininiinncinincinnns 3-67

3.8 Milestones of FEMA Coastal Flood Hazard Mapping Procedures and FIRMs..........cccccueueee. 3-67
39 RELEIENCES. .. v evvetieuietieiesteete ettt et et e ste et e s te et e ste e st e seesteseessesseeseenseeseensasseessanseessaseessansenseans 3-69

COASTAL CONSTRUCTION MANUAL vii



CONTENTS Volume |

CRAPTEE 4. SIHING ... ettt et e e e et e etae e e e eaeeeteeereeereeenns 4-1
4.1 Identitying Suitable Property for Coastal Residential Structures...........cccceciviiiiiiiiiniininnnne. 4-4
4.2 Compiling Information on Coastal Property ........cocoveerieirieinenieineiiieeneeeeeeieseeeeveeeveees 4-6
4.3 Evaluating Hazards and Potential Vulnerability...........cccccoooiiiiiiiininiiiiice, 4-9
4.3.1 Define Coastal Hazards Affecting the Property..........cccccociviiiiiiiiiiniciiiccccne 4-9

4.3.2  Evaluate Hazard Effects on the Property ........coccouvevieinieineniiiniencceeeeseeeee 4-10

4.4 General Siting Considerations ..........c.coeirerieirieinieinieeeset ettt 4-11
4.5 Raw Land Development GUIidelines..........couecueieiririiirinininesicsescscseeeeeeee e 4-13
45.1 Road Placement near ShOreline .......c.coeoveerieinieiniiniiiniciiciecceeeseee e 4-15

4.5.2 Lot Configurations along Shoreline..........cccoooivieiiiniiiiiniiiniiciccccecceee, 4-17

45.3 Lot Configurations near Tidal Inlets, Bay Entrances, and River Mouths ..........cc.c...... 4-22

4.6 Development Guidelines for Existing LOts........cccceueiriiiininiiiiniiiiiiiiiceceececceeees 4-23
4.6.1 Building on Lots Close to Shoreline...........cccccoviiiiiiiiiiiiiiiiiiiiicicccces 4-25

4.6.2  Siting near Erosion Control Structures...........cccouveiiiniiiniiiiiiniiiniciecieceeieeeees 4-26

4.6.3  Siting Adjacent to Large Trees........ccooueuiiiiiiiiiiiiiiiiiiiicceccccc e 4-27

4.6.4  Siting of Pedestrian ACCESS .......oeiriiuiriiiiiiiiiiiiiiiciciiee e 4-27

4.7 Influence of Beach Nourishment and Dune Restoration on Siting Decisions.........ccccecerveunnee. 4-28
4.8 Decision TIME c....oiiuiiiiiiiiiiiiiciiee e 4-30
49 REFEIEICES ..ttt ettt ettt 4-30
Chapter 5. Investigating Regulatory Requirements...............c..oooveeeiioeiioeeeeeceeeee e 5-1
5.1 Land Use Regulations..........cccocciiiiiiiiiiiiiiiiiiiiiiiicicccee e 5-2
5.1.1  Coastal Barrier Resource Areas and Other Protected Areas.......ocovvevieireincnnncnneennee 5-3

5.1.2  Coastal Zone Management Regulations...........cccccooeiiiniiiiiniiiniiiincicee, 5-4

5.2 National Flood Insurance Program............ccccccciriiiiiiiiiiiniiiiiciiicscccceeccee e 5-5
5.2.1  History of the NFIP......ccooiiiiiiie et 5-6

5.2.2  FEMA Flood Hazard Studies........c.coueuirieinieininiiinieinicincctceececeeeceee e 5-6

5.2.3  Minimum Regulatory Requirements............cccoeeviiiiiiiniiiiiiniiiniiiiiiecccccee 5-7

5.2.3.1 Minimum Requirements in All SFHAS.........ccccooeiiiiiiiiiiie, 5-7

5.2.3.2 Additional Minimum Requirements for Buildings in Zone A......................... 5-9

5.2.3.3 Additional Minimum Requirements for Buildings in Zone V ....................... 5-10

5.24 Community Rating SysStem........cccoiiiiiiiiiiiiiiiiiiiiiiccecee e 5-14

viii COASTAL CONSTRUCTION MANUAL



Volume | CONTENTS

5.3 Building Codes and Standards ...........cccocooiiiiiiiiiiiiiniiiiiiic e 5-15
5.4 Best Practices for Exceeding Minimum NFIP Regulatory Requirements...........ccccoociiincinnes 5-18
541 ZONE Aot 5-18
5.4.2  Coastal A Zone and Zone V ....c.ccoeirieiinieiiinieinieiecieeseeetet ettt 5-18
5:4.3  SUIMMATY c.eeitiitiiiiitieeeee ettt ettt ettt eb e bbb sne e 5-19
5.5 REFEIEIICES. ..ttt ettt ettt 5-20
Chapter 6. Fundamentals of Risk Analysis and Risk Reduction..................ccccooveeeeeeiiicieceeceeeeeenee 6-1
6.1 AsSesSING RISK....euiiiiiiiiiiiiiciicccc e 6-2
6.1.1  Identifying Hazards for Design Criteria..........coccoeoiriiuiiiiiiiiiiiiiiisiccsccceees 6-2
6.1.2  Probability of Hazard Occurrence and Potential Consequences ...........ccccecevererencnncnne. 6-3
6.2 Reducing Risk ..o 6-5
6.2.1 Reducing Risk through Design and Construction..........cccccevveirinicinenininecinesieenne. 6-6

6.2.1.1  Factors of Safety and Designing for Events that Exceed Design Minimums ... 6-7

6.2.1.2  Designing above Minimum Requirements and Preparing for Events

That Exceed Design Events..........ccoccoioiiiiiiiiiiiiiiicccccccen, 6-9

6.2.1.3  Role of Freeboard in Coastal Construction..........ccecevveuivueinerieinicinenieenene. 6-9

6.2.2  Managing Residual Risk through Insurance ...........ccocooooiiiiiiiiiiiis 6-10

6.2.2.1 Types of Hazard InSUrance.........occoevuenienienienieieiiieieiecececececsesesceees 6-11

6.2.2.2  Savings, Premium, and Penalties........c.ccvverieirieininiineiniccincrceeee 6-12

6.3 Communicating Risk to0 CHENTS ......cc.cciiiiiiiiiiiiiiiiiceee 6-13
6.3.1 Misconceptions about the 100-Year Flood Event...........cccccccccoiiiiiiiiiiiiiiinice, 6-14

6.3.2  Misconceptions about Levee ProteCtion.......couevververuerienieieiieieieeeeeceeeeeiesese e 6-14

6.4 REFEIEIICES. ¢ttt bbbttt et ettt s ettt h e bt bbb e 6-17
ACKONYIMIS ...ttt et e ettt e ettt e e e ete e e e eteeeeaaeeeabaeeeaseeeeaseeeasseeeesseeensseeesseesnseeesseeenareeas A-1
GIOSSAIY ... .ottt ettt e e e et e e e ete e et e eeaeeeaae e te e e e e e teeerte e teeeareeteeerreereeenns G-1
INAEX ... e I-1

COASTAL CONSTRUCTION MANUAL ix



CONTENTS Volume |
List of Figures
Chapter 1
Figure 1-1. Design framework to achieve successful buildings..........c.ccoeiiniiiniiiniiie, 1-4
Chapter 2
Figure 2-1. Map and timeline of significant coastal flood and wind events, and milestones

for regulations, building codes, and building practices.........ccceoevveiriiniinincncns 2-2-2-5
Figure 2-2. Schell Beach before and after the Long Island Express Hurricane in 1938...................... 2-6
Figure 2-3. Although this house seems to have lost only several decks and a porch during the

March 1989 nor’easter, the loss of supporting soil due to long-term erosion left its

structural integrity in question following successive StOrms..........ccccevueiveiiiiniiinicnnnnn. 2-7
Figure 2-4. Roof structure failure due to inadequate bracing and inadequate fastening of the

FOOE dECK 1.ttt 2-8
Figure 2-5. This elevated house atop a masonry pier foundation was lost, probably due to

waves and storm surge reaching above the top of the foundation..............ccocccniiiii 2-11
Figure 2-6. This house lost most of its metal roof covering due to high winds during

Hurricane Marilyn in 1995 ..o 2-12
Figure 2-7. Erosion along the Lake Michigan shoreline at Holland, MI resulting from high

lake levels and StOrmM aCTIVIEY ...veuveuiiiiiiriiiciieeee s 2-13
Figure 2-8. This building experienced structural damage due to a landslide in La Conchita,

CA, after a January 2005 STOIT @VENT ....veuvrureuieierieriententestestestenteseeseseeseeeseeeeeeaeeneeneas 2-14
Figure 2-9. Tsunami damage at Poloa, American Samoa..........cccoocoiviiiiiiiiiiiiiiiiccce, 2-15
Figure 2-10.  School located approximately 1.3 miles from the Gulf shoreline damaged by

storm surge and small Waves..........cooeiviiiniiiiiiniiiicc e 2-17
Figure 2-11.  Galveston Island beach house with wind damage to roof in high pressure zones

at r0of edge and rOOf COMMETS ......c.iviiuiiiiiiiiciicecec e 2-18
Figure 2-12.  Structures built close to the downdrift side of groins and jetties can experience

INCIEased ErOSION FATES ....evveuirtiuretiieiinteietet ettt ettt sttt sttt ebeee 2-20
Figure 2-13.  Extreme case of localized scour undermining a Zone A slab-on-grade house

located several hundred feet from the shoreline .........c.ccoeciniiininiiniininiic 221
Figure 2-14.  Successful example of well-elevated and embedded pile foundation tested by

Hurricane Katrina........cccoooiiiiiiiiiiiiiiiiiii e 2-22
X COASTAL CONSTRUCTION MANUAL



Volume | CONTENTS
Figure 2-15.  The pre-FIRM house experienced damage due to surge and waves while the

newer, elevated, post-FIRM house experienced minimal damage..........ccccccccveenciines 2-22
Figure 2-16.  The unprotected building sustained roof damage due to pressurization while the

other sustained only minor damage because it was protected by shutters...................... 2-23
Figure 2-17. Wind damage to roof structure and gable end wall ............cccocoiiiii. 2-24
Figure 2-18.  Failed masonry column connection..............ccoeeevuiuiininiiininiiiiinicicccceeceeeees 2-25
Figure 2-19.  Breakaway walls below the first floor of this house broke as intended under the

flood forces of Hurricane TKe......c..ccoeueiriiiiinieiniciiiiciici s 2-27
Figure 2-20.  Flood opening in an enclosure with breakaway walls...........ccccocoooiinii. 2-27
Figure 2-21.  Louvers installed beneath an elevated house are a good alternative to

breakaway Walls.......coooviiiiiiiiii e 2-28
Figure 2-22.  An enclosure formed by open lattice..........ccociiiiiiiniiiiiiiiiiiccce, 2-28
Figure 2-23.  Above-grade enclosure..........cccovuiiiiiiiiiniiiiiiiiiiiccc e 2-29
Figure 2-24.  Two-story encloSUre ...........ccoouiiiiiiiiiiiiiiiiicc e 2-30
Chapter 3
Figure 3-1. Coastal region terminology ..........cceivveinieiiiiniiiinieiiiiccecee s 3-2
Figure 3-2. Generalized depiction of erosion process along a rocky coastline..........ccccoevveiincinne, 3-4
Figure 3-3. United States coastline ..........ccooveivieiiiiiiiniiiiiiiicccece s 3-5
Figure 3-4. Storm surge flooded this home in Ascension Parish, LA ..........ccocoiiiiiiiinniiiin, 3-7
Figure 3-5. Classification (by Safhr-Simpson Hurricane scale) of landfalling tropical cyclones

along the U.S. Atlantic and Gulf of Mexico coasts, 1851-2009.........cccoeivuricirncennnns 39
Figure 3-6. Flooding, erosion, and overwash at Fenwick Island, DE, following March

1902 NOIEASTET ...ttt 3-11
Figure 3-7. ASCE 7-10 wind speed map for Risk Category II buildings ..........cccoeeveinicininincans 3-13
Figure 3-8. End-wall failure of typical first-floor masonry/second-floor wood-frame building in

Dade County, FL ...cooiiiiiiiiiiieeeeesee ettt 3-14
Figure 3-9. Loss of roof sheathing due to improper nailing design and schedule in Kauai

County, HI oottt 3-14
Figure 3-10.  Beach house with roof structure removed by Hurricane Ike .........ccccoccoiiiiiiiniinnnnee. 3-14

COASTAL CONSTRUCTION MANUAL xi



CONTENTS Volume |
Figure 3-11.  Apartment building with gable end wind damage from Hurricane Ike as a result

of poor connection between brick veneer and wall structure ..o 3-15
Figure 3-12.  Damage from the 2009 tSunami........cccceciviiiiiiiininiiiiniiiiiiiceeeeeeeeeeeeees 3-19
Figure 3-13.  Observations of rates of change in mean sea level in the United States in feet

P COIMEULY woviiiiiiiitie ittt ettt st et s bs e e sbb e e s b s e e ba e e s abe e e s b e e sabs e e sabeesabeesaasesabaeesanaeesnns 3-21
Figure 3-14.  Mean sea level rise data for a station in Atlantic City, NJ ....ccccooeiiiiiiiiiniiiiiiie, 3-22
Figure 3-15.  Monthly bulletin of lake levels for Lakes Michigan and Huron..........cc.cccccoeiiinian 3-23
Figure 3-16.  Land subsidence in the Houston-Galveston area, 1906-2000 .........cceerveeruerinueennnee 3-24
Figure 3-17. Example of corrosion, and resulting failure, of metal connectors...........ccoeeeveinicunnnne. 3-25
Figure 3-18.  Intact houses floated off their foundations and carried inland .............ccccoccoeiiiiiie, 3-29
Figure 3-19.  Storm surge at Horseshoe Beach, FL .........cccooiiiiiiiiiniiiiiiiccccccce 3-29
Figure 3-20.  Flow channeled between large buildings during Hurricane Opal in 1995 scoured

a deep channel and damaged infrastructure and houses ...........ccccoveiiiiiiniinnnin, 3-30
Figure 3-21.  Pile-supported house in the area of channeled flow shown in Figure 3-20. ................... 3-30
Figure 3-22.  'This house, located in an area of channeled flow near that shown in Figure 3-20,

was undermined, washed into the bay behind the barrier island, and became a

threat to NAVIGATION ....c.euiiiiiiiiiiiiiciice e 3-30
Figure 3-23.  Storm waves breaking against a seawall in front of a coastal residence..............ccccce.e.e. 3-31
Figure 3-24.  Wave runup beneath elevated buildings at Scituate, MA ..........ccccooviiniininiininne. 3-31
Figure 3-25.  The sand underneath this Pensacola Beach, FL, building was eroded due to wave

TUNUP AN STOIIM SUIZE c.ovoveviviiiiiiiiiieiei ettt 3-32
Figure 3-26.  Concrete slab-on-grade flipped up by wave action came to rest against two

foundation members, generating large unanticipated loads on the building

FOUNAALION ..ttt 3-32
Figure 3-27. A pile-supported house at Dauphin Island, AL, was toppled and washed into

another house, which suffered extensive damage .........cccoveoiiviniiniincniinccice. 3-33
Figure 3-28.  Pier pilings were carried over 2 miles by storm surge and waves before they came

to rest against this elevated house............ccoooiiiiiiiiiiie, 3-34
Figure 3-29.  Debris generated by destroyed buildings at Pass Christian, MS.........cccccceviniininnnne. 3-34
Figure 3-30.  Dirift logs driven into coastal houses at Sandy Point, WA ...........ccccoiiiniiinniiine, 3-35
Figure 3-31.  Dune erosion in Ocean City, NJ, caused by the remnants of Hurricane Ida and

@ PIEVIOUS MOI/CASTET ..viviiiiiieiiieieic ittt eb e 3-36
xii COASTAL CONSTRUCTION MANUAL



Volume | CONTENTS
Figure 3-32.  Erosion and seawall damage in New Smyrna Beach, FL..........cccccooiniiiiiinnnn. 3-37
Figure 3-33.  Erosion undermining a coastal residence in Oak Island, NC.........cccccccccviiinninnne, 3-37
Figure 3-34.  Overwash on Topsail Island, NC, after Hurricane Bonnie in 1998 ...........cccooeinnnnne. 3-38
Figure 3-35. A January 1987 nor’easter cut a breach across Nauset Spit on Cape Cod, MA.............. 3-38
Figure 3-36.  Undermined house at Chatham, MA, in 1988 ...........ccccoiiiniiiiniiiiiiicccee 3-39
Figure 3-37.  Bluff failure by a combination of marine, terrestrial, and seismic processes led to

progressive undercutting of blufftop apartments...........ccccccoeiviiniiniiiiniinie, 3-39
Figure 3-38.  Shoreline changes through time at a location approximately 1.5 miles south of

Indian RIVEr TN1t, DIE ... e eeeeeeeeeeeeaennnes 3-41
Figure 3-39.  Breach through barrier island at Pine Beach, AL, before Hurricane Ivan (2001)

AN AFEEr (2004) .eveiiiieeeiie ettt e e et e e e et e e e e eaaeeeeaans 3-43
Figure 3-40.  Cape San Blas, Gulf County, FL in November 1984, before and after storm-

Induced Erosion ........cocuiiiiiiiiiiiiiiiicc s 3-43
Figure 3-41.  Ocean City Inlet, MD, was opened by a hurricane in 1933 and stabilized by jetties

in 1934-35 that have resulted in extreme shoreline offset and downdrift erosion ......... 3-44
Figure 3-42.  Buildings threatened by erosion at Ocean Shores, WA, in 1998 ..........ccccooiiiiiininnnes 3-45
Figure 3-43.  July 1989 photograph of vacant lot owned by Lucas, Isle of Palms, SC and

photograph taken in December 1997 of lot with new home ..........ccccooeiiiiiiiiins 3-46
Figure 3-44.  Example of littoral sediments being trapped behind offshore breakwaters ................... 3-47
Figure 3-45.  Failure of seawall in Bay County, FL, led to undermining and collapse of the

building behind the wall ..., 3-48
Figure 3-46.  Long-term erosion of the bluff along the Lake Michigan shoreline in Ozaukee

County, W1, increases the threat to residential buildings outside the floodplain .......... 3-49
Figure 3-47.  Long-term erosion at South Bethany Beach, DE, has lowered ground elevations

beneath buildings and left them more vulnerable to storm damage............cccocceeennee. 3-50
Figure 3-48.  Determination of localized scour from changes in sand color, texture, and bedding .....3-51
Figure 3-49.  Residential foundation that suffered severe scour on Bolivar Peninsula, TX................. 3-52
Figure 3-50.  Overwash from Hurricane Opal (1995) at Pensacola Beach, FL ................ccccoeiiie, 3-53
Figure 3-51. Unstable coastal bluff at Beacon’s Beach, San Diego, CA .......ccccooeiviiiiniciniiiie. 3-53
Figure 3-52.  Portion of a paper FIRM showing coastal flood insurance rate zones ............cccccceuenee. 3-57

COASTAL CONSTRUCTION MANUAL xiii



CONTENTS Volume |
Figure 3-53.  Typical shoreline-perpendicular transect showing stillwater and wave crest

elevations and associated lood Zones.........cocevveiiiiiiiniiiniii e 3-57
Figure 3-54.  Example DFIRM for a coastal area that shows the LIMWA...........ccccooiiiiniininnnne. 3-58
Figure 3-55.  BFE determination for coastal flood hazard areas where wave crest elevations

exceed wave runuUpP elevations ......c..couevveieieieiiieieeesee s 3-60
Figure 3-56.  Where wave runup elevations exceed wave crest elevations, the BFE is equal to

the runuP €levation .........cociiiiiiiiiii s 3-61
Figure 3-57.  Portions of pre- and post-Hurricane Fran FIRMs for Surf City, NC ..........cccccciiies 3-63
Figure 3-58.  Current FEMA treatment of dune removal and dune retreat..........ccccccovviiiiiiiinnnnn, 3-63
Chapter 4
Figure 4-1. Evaluation of coastal Property ..........cccccoeciiiiiiiiiniiiiiiicinccecc e 42
Figure 4-2. Redevelopment on a previously developed lot as part of the rebuilding process

after Hurricane Katrina........ccocoiiiiiiiiiiiiiicccccce e 4-3
Figure 4-3. Long-term erosion left this well-built Kitty Hawk, NC, house standing in the ocean..... 4-4
Figure 4-4.  Although sited away from the shore, winds from Hurricane Floyd tore off

the large overhanging roof of this house in Wrightstville Beach, NC ............c..ccceeie 4-4
Figure 4-5. Groins were installed in an attempt to StOP €roSION ........c.ccvvueveuirieueuiriiieiiieiciceeeeeenes 4-6
Figure 4-6. Cumulative effects of storms occurring within a short period at one housing

development in Jacksonville, NC, July—September 1996 .........ccccoeuiiniiiinnciinccnes 4-11
Figure 4-7. When siting a foundation in two different flood zones, requirements for the most

restrictive zone apply to the whole building............occcooiiiiiiiiie, 4-12
Figure 4-8. Flood and debris damage to new construction in Zone A.........ccccevueivinieenieinenieenne. 4-12
Figure 4-9. Example of parcels well-suited to coastal development in Louisiana.........cccccccceveueuenee 4-14
Figure 4-10.  Example of parcels difficult to develop .......ccccoviiiiiiiiiniiiiniiiiiiiccccce 4-14
Figure 4-11.  Roads placed near shorelines can wash out, causing access problems for homes

such as these located at Garcon Point, FL. ... oeeeeeeeeeeeeeeee e ee e e eeees 4-16
Figure 4-12.  Recommended lot layout for road setback near the shoreline.............ccocociiiiiiiii. 4-16
Figure 4-13.  Comparison of Nags Head, NC, oceanfront lot layouts permitted before and

ATEE 1987 1ttt 4-17
Figure 4-14.  Problematic versus recommended layouts for shore-parallel roadways and

aSS0CIALEd ULILITIES . ..c.veutenteteteet e 4-18
Xiv COASTAL CONSTRUCTION MANUAL



Volume | CONTENTS
Figure 4-15.  Problematic versus recommended layouts for shoreline lots ...........cccoeeiiiniiininnnnne. 4-19
Figure 4-16.  Narrow, low-lying areas and barrier islands are routinely subjected to coastal

SEOIM EFFECTS 1.ttt 4-19
Figure 4-17.  Lots created in line with natural or manmade features can concentrate floodwaters ..... 4-20
Figure 4-18.  Coastal lot development SCenarios............ccceevieiriiiiiiiiiniiiniiicccecceee 4-21
Figure 4-19.  As buildings in this Humbolt County, CA, community are threatened by

bluff erosion along the Pacific Ocean, they are moved to other sites on the

jointly owned parcel...........ccoooiiiiiiiiiiiiiiii s 4-22
Figure 4-20.  Three 2-year-old South Carolina houses left standing on the beach as a result

of rapid erosion associated with a nearby tidal inlet...........cccccoooiiiiii 4-23
Figure 4-21.  Condominiums built along the shoreline at the mouth of the Susquehanna River

on the Chesapeake Bay were subjected to flood-borne debris after Hurricane Isabel..... 4-23
Figure 4-22.  Coastal building site in Aptos, CA, provides an example of a coastal building site

subject to multiple hazards ... 4-25
Figure 4-23.  Damage to buildings sited behind a rock revetment close to an eroding shoreline

at Garden City Beach, SC.....ccooiiiiiiiiiiiiccccc s 4-26
Figure 4-24.  Beach erosion and damage due to a destroyed bulkhead at Bonita Beach, FL,

from a subtropical StOrm .......c.ccoiiiiiiiiiiii e 4-27
Figure 4-25.  Notching the building and roofline around a tree can lead to roof and envelope

damage during a high-wind event ............cccooiiiiiiiiiiii 4-28
Chapter 5
Figure 5-1. Recommended elevation for buildings in Zone A compared to minimum

FEQUITEITIEIITS 1..oviiutiitieeiciti ettt ettt et a e b et a e b e s e e e ae et eera e e eneens 5-19
Figure 5-2. Recommended elevation for buildings in Coastal A Zone and Zone V

compared to MINIMUM FEQUITEIMENTS .....vcuviviiiiiiiiiieieiciec s 5-20
Chapter 6
Figure 6-1. Initial risk is reduced to residual risk through physical and financial risk reduction

N CIIES oo e e e e e e e e e e nnnnnnnnnntnnnennnnnnnnnnnnna 6-6

COASTAL CONSTRUCTION MANUAL XV



CONTENTS Volume |
List of Tables
Chapter 3
Table 3-1. Saffir-Simpson Hurricane Wind Scale.........ccoccoioiiiiiiiiiiniiccccecees 3-9
Table 3-2. Direct Hurricane Hits to U.S. Coastline Between 1851 and 2009 from Texas

10 MAINE L. 3-10
Table 3-3. Enhanced Fujito Scale in Use Since 2007 ........ccccooiiiiiiiiiiiiiiiiiiicccce 3-16
Table 3-4. Earthquake MMI Scale.......c.cciiiiiiiiiiiiiiccee e 3-18
Table 3-5. Areas of Observed Tsunami Events in the United States and Territories..........cccuu...... 3-20
Chapter 4
Table 4-1. General Information Needed to Evaluate Coastal Property ........ccocceveveevienieieiienennnnne 4-7
Table 4-2. Planning and Site Development Guidelines for Raw Land ...........cccocoiiiiiinnn 4-15
Table 4-3. Guidelines for Siting Buildings on Existing Lots.........cccccveeiiiniiiniiiiniiiiciiciee, 4-24
Chapter 5
Table 5-1. Minimum NFIP Requirements for Building in AIl SHFAs .........cccccoiiiiiiiiiiies 5-8
Table 5-2. Summary of NFIP Regulatory Requirements and Recommendations for

Exceeding the Requirements ............cccoooiiiiiiiiiiiiiiiiiiccccccee 5-21
Chapter 6
Table 6-1. Probability of Natural Hazard Event Occurrence for Various Periods of Time................ 6-5

XVl

COASTAL CONSTRUCTION MANUAL



	Front Cover

	Title Page

	Disclaimer


	Preface
	Acknowledgments
	Contents
	List of Figures
	List of Tables



