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PREFACE

The Federal Emergency Management Agency (FEMA), which is part of the Department of
Homeland Security, works to reduce the ever-increasing cost that disasters inflict on the nation.
Preventing losses before they occur by designing and constructing buildings and their
components to withstand anticipated forces from various hazards is one of the key components
of mitigation and is one of the most effective ways of reducing the cost of future disasters.

The National Earthquake Hazards Reduction Program (NEHRP) is the federal program
established to address the nation's earthquake threat. NEHRP seeks to resolve two basic issues:
how will earthquakes affect us and how do we best apply our resources to reduce their impact on
our nation. The program was established by Congress under the Earthquake Hazards Reduction
Act of 1977 (Public Law 95-124) and was the result of years of examination of the earthquake
hazard and possible mitigation measures. Under the NEHRP, FEMA is responsible for
supporting program implementation activities, including the development, publication, and
dissemination of technical design and construction guidance documents.

Generally, there has not been much technical guidance addressing residential buildings unless
they are located in areas of high seismicity or exceed a certain size or height. This is because
most residential buildings were thought to perform fairly well in earthquakes due to their low
mass and simple construction. While buildings may not normally experience catastrophic
collapse, they can still suffer significant amounts of damage, rendering them uninhabitable. This
is especially true when construction techniques are less than adequate. What is particularly
important from FEMA's point of view is that, given the sheer number of this type of building,
even minor damage represents a significant loss potential and temporary housing demand that
will need to be addressed after an earthquake by all levels of government.

After the San Fernando earthquake in 1971, a study of residential buildings and the damage they
suffered was conducted by a team of experts under funding from the Department of Housing and
Urban Development (HUD) and the National Science Foundation (NSF). HUD utilized these
data to develop a non-engineering document entitled Home Builder's Guide to Earthquake
Design. This manual, originally published in 1980, provided easy-to-follow information to the
average homebuilder on steps for reducing potential earthquake damage. In July 1992 it was
reprinted as a joint FEMA-HUD document, also known as FEMA 232. The manual was
subsequently updated for FEMA and the revised publication, Home Builders Guide to Seismic
Resistant Construction (FEMA 232), was published in August 1998.

Since that time, there have been several significant changes that needed to be incorporated into
this document to keep it current. The first and most important change was the completion of the
FEMA-funded Consortium of Universities for Research in Earthquake Engineering (CUREE)-
Caltech Woodframe Project. This project was funded using FEMA Hazard Mitigation Grant
Program funds available after the Northridge earthquake and was designed to address the
unexpected amount of damage suffered by wood frame residential structures. Similar to the
successful FEMA/SAC Steel Moment Frame Buildings Project, this effort combined academic
research and testing of wood frame buildings and components with the development of




engineering-based design guidance for future construction. The project yielded some interesting
findings that needed to be captured in a guidance document.

A second change was the development and publication of the 2000 International Residential
Code (IRC) by the International Code Council. This model residential building code replaced
the Council of American Building Officials (CABO) One- and Two-Family Dwelling Code,
which did not adequately address earthquake loads. The IRC reflects on the NEHRP
Recommended Provisions and is intended to adequately address the earthquake hazard.

This publication presents seismic design and construction guidance for one- and two-family
houses in a manner that can be utilized by homebuilders, knowledgeable homeowners, and other
non-engineers. It incorporates and references the prescriptive provisions of the 2003
International Residential Code as well as the results of the FEMA-funded CUREE-Caltech
Woodframe Project. The manual includes prescriptive building detail plans based on state-of-
the-art earthquake-resistant design for use by homebuilders and others in the construction of a
non-engineered residential structure. Further, the manual also uses the results of recent loss
investigations as well as current research and analysis results to identify a number of specific
above-code measures for improved earthquake performance along with their associated costs. A
typical modern house is used to illustrate the application and benefits of above-code measures.
This manual replaces the Home Builders Guide to Seismic Resistant Construction (FEMA 232)
published by FEMA in August 1998 as well as earlier FEMA and HUD versions.

Finally, FEMA wishes to express its deepest gratitude for the significant efforts of primary
authors J. Daniel Dolan, Kelly Cobeen, and James Russell; the members of the Project Team; the
many reviewers and workshop attendees; and the BSSC Board of Direction and staff. Their
dedication and hard work made this document possible.

Department of Homeland Security/Federal Emergency Management Agency

Vi



ACKNOWLEDGEMENTS

The Building Seismic Safety Council is grateful to all those involved in developing this updated
guide to earthquake-resistant home design and construction. As chairman of the BSSC Board of
Direction, it is my pleasure to express appreciation to the members of the team developing this
guide:

J. Daniel Dolan, PhD, PE, Professor, Washington State University, Wood Materials and
Engineering Laboratory, Pullman (team leader)

Kelly Cobeen, Structural Engineer, Cobeen and Associates Structural Engineering,
Lafayette, California

James E. Russell, Building Codes Consultant, Concord, California

Special thanks also go to Gerald Jones, retired building official, and Douglas Smits, the chief
building official of Charleston, South Carolina, who served with me and the writers on the
committee overseeing this project.

The BSSC also is grateful to those who participated in a workshop discussion (Appendix F) of an
early draft of this guide and willingly shared their experiences with respect to earthquake-
resistant home building. Special thanks go to those individuals who reviewed and commented
on subsequent drafts of this document; their input has made this a much more useful guide.

I also wish to thank the members of the BSSC Board of Direction who have recognized the
importance of this effort and provided sage advice throughout the project. Special thanks also
are due to the BSSC staff who worked untiringly behind the scenes to coordinate the project
resulting in this report.

Finally the BSSC is grateful to Michael Mahoney, FEMA project officer, for his insight and
ongoing support, to the International Code Council for their work in reviewing and disseminating
this guide, and to the National Association of Home Builders for their assistance in
disseminating this guide.

Jim. W. Sealy
Chairman, BSSC Board of Direction

vii



viii



TABLE OF CONTENTS

g ) 1N v
ACKNOWIEAZEIMENLS ..uueeierrriirsreicssnicssnncsssnncsssrsssssnssssssssssssssssassssssssssssssssssssssssssssssssssssssssssssssssssse vii
EXECUtiVe SUMMATY ..cciirvreririreicsssencsseicsssncssssssssssssssasssssasssssasssssssssssassssssssssssssssssssssssssssssssssssssssnss 1
Chapter 1 INTrodUCHION.....cceeierveriersricssnnicsssressssnessssnesssnessssssssssssssssssssssssssssssssssssssssssssssssssssessssses 3
IR = T Uod (o {010 o PP TS PR RPRR 3
1.2 Above-code RECOMMENUALIONS ........cviiiiiieiiiie it 4
1.3 The International Residential COUE...........ccueiiiiiiieiiie s 5
1.4 IRC SeiSmIC DeSIgN CategOrIBS.....ccuviueieerieerieeieseesteeiesee e eee s e steeseesraesteeeesseesaeeseeeneenres 5
1.5 BUIAING RESPONSE ...ttt sttt bttt bttt sbe e e b e nbe e e 10
1.6 Important Concepts Concerning HOMESITE.........ccveiviieiieiiee e 12
1.7 Model House Used for GUIde ANAIYSIS. ..ot 14
1.8 OtNEr HAZAIUS ......eeueeieeesee ettt bbbt bbbt ne e 17
Chapter 2 Earthquake-Resistance ReqUirements..........coececceecscneccssnnecssnnessssncsssncssssncssssscsanns 21
2.1 IRC General Earthquake LImMItations.........ccccieiiieiiiienieise e 21
2.2 L0 PAEN ..ottt bbb 22
2.3 House Configuration IrregUIAITTIES ..........oouiiiiiieese e 29
Chapter 3 Foundations and Foundation WallS..........iiciiiciisnnniccsssnnnncssssnnnecsssssssssssssssscsnns 49
3.1 General Foundation REQUITEIMENTS ........ccveeieiieieeiesiesieesie e se e e sre e e e neesneenneas 49
3.2 CONCIEte FOUNAALIONS .....eovieiiieiie sttt sttt sbeenbe e e sreenae s 53
3.3 MaSONIY FOUNTALIONS ......oivreieiie ettt ae e sreesneereesreenenneens 56
A FOOING WIALN ..ttt sttt sttt reenbe b 57
3.5 Special SOl CONUITIONS ......eciiiieiieeie et nreenae s 58
3.6 Foundation Resistance to Sliding from Lateral Loads ..........ccccevviiiniieiinienieneeie e 59
3.7 Special Considerations for Cut and Fill SITeS..........cccviieiiiiiiiere e 61
3.8 FOUNCALION WaALIS......c.eiiiiiieie ettt nbeene s 62
3.9 Foundation Wall Thickness, Height, and Required Reinforcing.........ccccccoecevvvevveiesinennns 63
3.10 Wood-Framed Wall Bottom Plate and Foundation Sill Plate Anchorage.............c.c....... 64
3.11 Required Location for Anchor Bolts along Exterior Walls...........c.cccevvvviiiviieiieinenns 65
3.12 Required Anchorage along Interior Braced Walls............ccccoooiiiiiiniiiinnienceee, 65
3.13 Anchoring of Interior Braced Walls in SDCs D1 and Da......cccvevuveieiieniiiie e 67
Chapter 4 FIoOr ConStruCtiON......iceeiessressssrcssssncssssncssssnsssssssssssssssssssssssssssssessssssssssssssssssssssssssnss 69
4.1 General Floor Construction REQUITEMENTS ........ccuveieiieiieieeie et 69
4.2 WO00d-Framed FIOOr SYStEMS ......c.iiieiieireie e ee sttt e e sae e enes 70
4.3 CaNtHEVEIEA FIOOIS. ... eiiiieiieie ettt sttt e e rs 71
4.4 Requirements fOr BIOCKING ........c.oiiiiiie e 73
4.5 Connection of Floor Joists to Wall Top Plate or Foundation Sill Plate Below................. 75
N o [ To S o =T 11 o o SRS 77




4.7 Lateral Capacity Issues for Wood Framed Floors Using Wood Structural Panels............ 77

4.8 Concrete S1ab-0n-Grade FIOOTS .........ccoiiiiiiiiiieee e 81
CRApLer 5 WallS.....uiiinniiiniiiinniicnsnicnsnicssnicsssnessssssssssssssssssssssssssssssssssssssssssssssssssssossssssssssssssnss 83
5.1 Wood Light-Frame CONSLIUCTION. .........ccoiiiiiieiieie ettt 83
5.2 StONE aNd MaSONIY VENEET .........ciuieieiriesieesteetesee e eeesteeste e e sseesseesesseesseesaeaneesraeneenneens 103
5.3 Cold-TOrmed StEEI HOUSES .........eoiiiiiiieiieesiee et 107
5.4 MaSONTY WAl HOUSES ......c.eeiuiiieiiieie ettt e st nte e sneeneenee e 110
5.5 Insulating Concrete Form (ICF) Wall HOUSES...........cccoiiiiiriieiiiieseec e, 115
Chapter 6 Roof-Ceiling SyStemS....cccuvereciscrrriecssssnnicssssnresssssassessssssssssssssssssssssssssssssssssssssssssssses 121
6.1 General ROOf-Ceiling REQUITEMENTS ........cccuviieiie et 121
6.2 Special Framing ConSIAratioNS ..........covieieiiriieie e e 122
6.3 Blocking and Lateral Load Paths for ROOf SyStems..........cccccevviievieeieicece e 124
6.4 Connection of Ceiling Joists and Rafters to Walls Below...........c.ccccooviiieieiieciiccnnn, 126
6.5 ROOT SNEALNING .....oviiie e e 126
6.6 Lateral Capacity Issues for Wood Framed ROOTS..........cccccriiniiiiinieniee e 128
6.7 QUANILY CONTIOL.....c.iiie et te et e re e e e 129
Chapter 7 Chimneys, Fireplaces, Balconies, and Decks........cccceevercruensecsseecsenssnenseecssneesanne 131
7.1 Chimneys and FIr@PIACES.........oouiiieiiiieeieiee et 131
7.2 BalCONIES AN DECKS........oviiiitiitisiieieeie ettt bbb 137
Chapter 8 Anchorage of HOme CONENLS......cccererveriisricssnicssnricsssnscsssnssssssesssssossssssssssssssssssses 141
8L GBNEIAL.... .t ettt b et reenee e e 141
8.2 Water Heater ANCROTAJE .....c..ecveivieieeie ettt te ettt e e te e eraenneenee e 141
8.3 SECUNNG Oher ITBMS ...ttt ra e re e raenreans 144
Chapter 9 EXiSting HOUSES ....cccoveiervrinisncsssancsssnncssssnssssscssasssssssssssasssssassssssssssssssssssssssnssssssssssss 151
9.1 Additions and AIEratIONS ..........oiiiiieieiieceere et sre e e e 151
9.2 Earthquake Upgrade IMEASUIES .........ccueirrierieiieiiesiesieeeeie ettt 154
APPENDICES
Appendix A Analysis of Model House Used in This Guide..........cccceeevercrceicscnrcssnnccssnnecsanne 167
AL MOUEI HOUSE......coiieieeie ettt sttt sb e e b e e sbeebesneesbeenbe s 167
A2 Analysis Using Standard Engineering Design Methods...........cccoceviveveiieinene e s, 171
A3 Analysis Using Nonlinear Methods............coceiiiiiiiiieiiie e 171
A4 ANAIYSIS RESUITLS.....c.iiiiiciieeie ettt re e reeste e e sreenneenee e 174
Appendix B Earthquake Provisions Checklist for Builders and Designers 179
Appendix C Earthquake Provisions Checklist for Designers and Plan Checkers............... 187
Appendix D Significant Changes for the 2006 International Residential Code .......cccceueneene 193




D1 Revised SeiSmIC DeSIGN IMAPS. .....cuiiiiiieiiiiesieeriesie sttt st sreenne s 193

D2 Addition of Seismic Design Category Do ......ccoovevverieiiriieie e see e se e 193

D3 Change in Applicability of Irregular Building Requirements ...........ccccccooevveveninnennnns 199

D4 Clarification and Addition of Requirement for Masonry VENeer..........ccccccvvvevveivesvennnns 199
Appendix E References and Additional ReSOUICES......c.ccceevvuriercrricssnresssnncsssrcssssrcssssncssssscsanns 201
Appendix F Homebuilders’ Guide Project Participants ...........ccceeeverecccercssercssercssnressnnnesnns 207

LIST OF FIGURES

Figure 1-1 SeismiC DeSIgN CatEgOIIES. .....cveieerieeieiiestieiesieesieeiesee e e ste e e steeee e sbeesaesreesaeeneens 6-9
Figure 1-2 Forces induced in a house due to earthquake ground motion ............c.cceecveveiverieennenn 10
Figure 1-3 Concept of actual vs. code SEISMIC FOICES.........cocvriuiriiiieiiie e 11
Figure 1-4 Concept OF AUCTIIITY ......ccoeiiie e 11
Figure 1-5 Definition Of drift ..o e 12
Figure 1-6 A house damaged due to fault movement...........cccccooeiiiie i 13
Figure 1-7 Houses damaged due to a landslide at the Site............cccoiiiiiiiieic s 13
Figure 1-8 Elevation of model house used as an example for this guide ..........cccccevvevviieieenenn, 14
Figure 1-9 Model house Floor Plan ..o 15
Figure 2-1 Chain illustrating load path CONCEPL..........ooriiiiiiiiie e 22
Figure 2-2 Lateral loads induced in a building due to wind or earthquakes..........c.c.cccccvvvverivennene. 23
Figure 2-3 Loading and deflection of roof, ceiling, and floor systems...........cccccvveviiiiinnennnne 24
Figure 2-4 Loading and deflection of bracing wall SyStems...........cccccvvveiiiiiinie s 25
Figure 2-5 Load transfer between components in @ building ..........ccooveviiinniinnncce 26
Figure 2-6 Horizontal load path connections and deformations.............cccoovviveieiieseeiesceese e 27
Figure 2-7 Overturning load path connections and deformations ............ccccooeevereenenieneenesenn 28
Figure 2-8 Depiction of ideal building configuration for earthquake resistance..............c.cccoc...... 30
Figure 2-9 Irregular building configuration with 0pen front...........ccccceveiininiencen e 31
Figure 2-10 Rotational response and resistance t0 tOrSION ..........cccccververierveresiiesee e ee e 31
Figure 2-11 Concentration of loads and possible damage and failure due to irregular plan ......... 32
Figure 2-12 Roof-level damage to building with a T-shaped plan...........cccccocveieiierivciiccec 33
Figure 2-13 Deformation pattern due to soft-Story Denavior ... 34
Figure 2-14 Change in deformation patterns associated with soft-story irregularity .................... 34
Figure 2-15 House experiencing soft- and weak-story behavior ... 35
Figure 2-16 Apartment building experiencing soft- and weak-story behavior..............cc.cccevenee. 35
Figure 2-17 Detailing required for stepped foundation Walls..............cooeiiiiniiniiniiiiee 36
Figure 3-1 Perimeter foundation with separately placed footing and stemwall .................c......... 49
Figure 3-2 Sliding action resisted by foundation..............ccooveii i 50
Figure 3-3 Overturning action resisted by foundation............cccovviieiiin i 51
Figure 3-4 Interior braced wall and floor framing ..........ccccovoveieeieiieii e 52
Figure 3-5 Foundation requirements for interior braced wall line on slab-on-grade construction52
Figure 3-6 Recommended minimum reinforcement for concrete footings and stem walls........... 54

Xi



Figure 3-7 Above-code horizontal reinforcing lap at corners and intersections.............c.ccccceeue.. 54
Figure 3-8 Above-code use of vertical dowels to connect a slab-on-grade to a separately poured

L{0]0] 114 PRSP 55
Figure 3-9 Inverted-T fOOtiNG AIMENSIONS........cccciiieiieieiie e 58
Figure 3-10 Lateral resistance provided by foundation ............ccocoveiiiiiiiniiniesee e 59
Figure 3-11 Above-code stepped foundation reinforcing detail .............cccoovevveieiiesr e 60
Figure 3-12 Foundation supported on rock and fill ... 61
Figure 3-13 Example of damage caused in building on cut and fill Site.........c..cccoeviveiviiiiiennnn, 62
Figure 3-14 Interior braced wall on slab-on-grade ... 66
Figure 4-1 An unblocked floor diaphragm ... 69
Figure 4-2 Slab-on-grade and perimeter footing transfer loads into SOil...........cccccceeveviiiveiecnnee 70
Figure 4-3 Cantilevered floor reStrCIONS.........cciiiiiieiiiie et 71
Figure 4-4 Cantilevered joist at braced wall aDOVE ..........c.ccovevviiiiiiiiecc e 73
Figure 4-5 Interior DEAriNG HNE.........oooiiiiiie e et 74
Figure 4-6 Blocking below interior braced wall..............ccooviiiiiiiii e 74
Figure 4-7 Blocking floor joists spaced apart for piping in floor ..., 75
Figure 4-8 Toe nail configuration reqUIrEMENTS ..........ccevveieeresiiese e 76
Figure 4-9 Blocked diaphragm configuration............ccoocueeiiineiiniin e 79
Figure 4-10 Diaphragm loads on long and Short SIdeS .........c.cccveeiieiieresiece e 79
Figure 4-11 Reinforcing straps at large diaphragm Openings.........cccooeieerierenienieeniesee e 80
Figure 5-1 Sliding, overturning, and racking action resisted by walls and foundation................. 84
Figure 5-2 Exploded view illustrating 10ad paths...........ccccooveiiiieiiei e 85
Figure 5-3 Wall action for resisting lateral [0ads............ccccoiiiiiiiiiiiii e 86
Figure 5-4 Exploded view of typical residential wall segment...........c.ccccoovvevenieiieni e, 86
Figure 5-5 Detailing differences for three options when using wood structural panel sheathed

LT 1L PSSP 87
Figure 5-6a Plan view of crawl space for model house in SDC C .........ccccoevviieiieve e, 92
Figure 5-6b Plan view of first floor for model house in SDC C..........ccooeoiiiiiininiiciineeenns 93
Figure 5-6¢ Plan view of second floor for model house in SDC C ........c.ccoevveieiievicce e, 94
Figure 5-7a Plan view of crawl space for model house in SDC Dy ......ccceoveveienencneniiisiseeins 95
Figure 5-7b Plan view of first floor for model house in SDC Dy .....cocveveviveveciciiece e, 96
Figure 5-7c Plan view of second floor for model house in SDC Dy ......ccccovevvvieiiienviic e 97
Figure 5-8 Properly and overdriven NAIIS ............cooveiieiiiic i 98
Figure 5-9 Illustration of concept of equal numbers of fasteners in line for symmetric nailing
SCNBAUIE. ... e b e bbb b ettt b e Ee b neenes 100
Figure 5-10 Sheathing detail for extending the sheathing over the band joist.............c.cccvenneen. 102
Figure 5-11 Applications of masonry and StONE VENEET ..........c.ccveieiieiieeieseesie s 103
Figure 5-12 Stone veneer damage during the earthquake in Northridge, California................... 104
Figure 5-13 Cold-formed steel house under CONSLIUCLION...........cccccveieiierisie e 107
Figure 5-14 House constructed with masonry WallS............cccocoiiiiiiiiiiiiiiicee e 111
Figure 5-15 Symmetric layout of walls to distribute loads uniformly and thereby prevent

L0] £:7 [0 o [P RRTR 114
Figure 5-16 Insulated concrete form house under CoONStrUCTION............cccvevveiieiveie e 116
Figure 5-17 Illustration of cross-grain bending of wood ledger...........ccocvieiiiinencieniiinee 118

xii



Figure 6-1 Typical light-frame roof-Ceiling SYStemM..........ceoiiiieiieii i 121

Figure 6-2 Ridge board for 12:12 pitCh ro0f.........c.ooeiiiiiieie e 123
Figure 6-3 Gable end wall or gable truss BraCing .........cccccveveiieie e 124
Figure 6-4 Blocking at rafters to exterior Wall..............ccoooooiiiiiii e 125

Figure 6-5 Typical roof diaphragm sheathing nailing when wood structural panels are used ....127

Figure 7-1 ChimNeEY GAmMAQJE.......cueirieieieierie e seese et e e e s e steeae e steeseesseesaeeeesreesteeneesneenrens 131
Figure 7-2 Chimney damage in Northridge earthquake ............cccooiiiiiiiiniei e 132
Figure 7-3 Locations for earthquake anchorage of masonry chimney at exterior house wall.....133
Figure 7-4 Chimney section showing earthquake anchorage ............cccoceevenieenininniienesie e 134
Figure 7-5 Anchorage detail for framing parallel to exterior wall.............cccccevviviiieiie i 134
Figure 7-6 Anchorage detail for framing perpendicular to exterior wall..............c.ccccoovninenns 135
Figure 7-7 Factory-built flue and light-frame encloSUre............cccoe e s 136
Figure 7-8 Collapsed factory-built chimney, light-frame enclosure, and deck ...............ccccc..... 136
Figure 7-9 Decks and balconies in residential CONtrUCTION..........c.covviveiieiiiieesr e 138
Figure 7-10 Hold-down device providing positive connection of deck framing to house framing........ 139
Figures 8-1a & 8-1b Securing a water heater with wall bracing ..........c.ccoovviiiiiiiiiiie, 142
Figures 8-2a & 8-2b Securing a water heater with corner bracing.........cccccceceviveveiieieeic s 143
Figures 8-3 a-f Reproductions of pages from FEMA 74 on securing household goods...... 145-150
Figure 9-1 Alterations t0 eXIStING NOUSE .......cceiiiiiiiiiie e 152
Figure 9-2 Horizontal addition and vertical addition...........c.cccevvrieiiiere s 153
Figure 9-3 Cape Mendocino earthquake damage to cripple wall house with slab-on-grade

16 (0|10 1 SRS TSRS 154
Figure 9-4 Common anchorage configurations ............ccocveeiiieiieie e 156
Figure 9-5a House with collapsed cripple WallS ..o, 157
Figure 9-5b A house with severe damage due to cripple wall collapse...........cccevevieviviiieiiennns 157
Figure 9-6 Cripple Wall BraCing ..o 158
Figure 9-7 Weak and Soft StOry DraCing.........ccccveieiieieeie s 159
Figure 9-8 Common open-front occurrences in one- and two-family detached houses.............. 160
Figure 9-9 Detailing of narrow bracing wall piers at open fronts.........c.ccccceeveiieieicciiece e, 161
Figure 9-10 House located on a hillside site damaged during Northridge, California,

L1 T UL SRR 162
Figure 9-11 Anchorage of floor framing to the uphill foundation..............cccccooiniiiiniiiineen, 163
Figure 9-12 Split-level ties for floor framing ...........ccocoveiviiiii i 164
Figure 9-13 Anchorage of concrete or masonry walls to floor, roof, or ceiling framing ............ 165
Figure AL SIab-0Nn-gratde DASE ........ccociiieiiiiiiiei e 168
Figure A2 Level cripple Wall DaSe............ooviiiiiiiece e 168
FIgure A3 HIlISIAE DASE .....c..oiviiiiiiieiee bbb 168
FIGUIE A BASEMENLT ......eiiiieiiecie ettt e s bt e e e s ae e steeneesteebesneesreeneaneesneenneas 168
Figure A5 ANAlYSIS MOUEL .......ocuiiiiiiiie et 172
Figure A6 Hyseteric parameters for model...........ccoov i 172

Xiii



Figure D1 Seismic Design Categories, Site Class D ........cccccvvieiiriiiiieiiniieesee e 194-198

LIST OF TABLES

Table 2-1 Load Path Connections for Horizontal SHding .........cccccvevevieiiviiiic e, 38-40
Table 2-2 Load Path Connections for OVErtUIMING.........cooiiieiieiinesie e 41-43
Table 2-3 IRC House Configuration IrregUIAIITIES .........c.ccveieeriere i 44-47
Table 3-1 Summary of 2003 IRC Continuous Foundation and Anchor

Bolt Requirements for Braced Wall Lines in One- and Two-family HOUSES ............cccccvvvriieennene. 68
Table 3-2 Summary of 2003 IRC Continuous Foundation and Anchor

Bolt Requirements for Bearing Walls in One- and Two-family HOUSES...........ccceviviiiiiicccineen, 68
Table 5-1 Braced Wall Panel Construction Methods (Materials) Recognized by the IRC ......... 88
Table 5-2 IRC Sheathing Requirements for Seismic Design Categories C, D, and D .............. 90
Table A-1 Example Wall Bracing per 2003 IRC, Slab-on-grade Base Condition...................... 170
Table A-2 Hysteretic Parameters Used for Nonlinear Dynamic Model .............ccccovevviiieieennnnn, 173
Table A-3 Selected Results for IRC Bracing Provisions, Slab-on-grade Base Condition.......... 175
Table A-4 Selected Results for Above-Code Measures, Slab-on-grade Base Condition........... 176

Xiv





