Vi

Table of Contents

I ES 0 B T [0 =P RR IX
LISt Of TADIES ...ttt aeene e Xii
(@4 gF=To (= i IR g 1 oo 18 [ox 1 o) ISR 1
Chapter 20 LiteratUr @ REVIEW .......coouiiiiiiie ettt 8
2.1 Historic Timber Frame SITUCLUMES. ........cocueiiiieiie e 8
2.2 Contemporary Timber Frame SIIUCIUIES........cooueieiieieeiiee et 9
2.3 TIMber Frame RESBAICH .........eiiieei e 11
2.3.1 Timber Frame JOiNt ENGINEENING .....cooveiiiiiieiiiee et 11
2.3.2 Timber Frame AnalySiS TECNNIQUES........ccueiiiiiieiieie et 13
P S 2 C S = o o PR RR 14
2.4.1 Physical Properties and Marketing Of SIPS.........coooiiiiiiiiiie e 14
2.4.2 Building Code ProviSIONS fOr SIPS........ooiiiiiiiecie e 16
2.4.3 Quality Control Procedures for SIP manufacturing...........cccceeeererieeenienesieeesieenns 16
2.5 DiIapNragm ACHION ....ccoeeie ettt et e st e e e e e enne e e nneeeenes 18
2.6 Post-Frame Structural Design Utilizing Diaphragm ACHON...........cooveeeiieeenieeenieene 18
2.6.1 Post-Frame Panel Assembly TeSING......coociiiiiiiiiiecee e 19
2.6.2 Full-Scale POSt-Frame TESHING .......coiiuiriiiieesiie ettt 20
2.6.3 Anaysis of Post-Frame Buildings............ccueiiiiiiiiieiiie e 23
2.6.4 Design Procedures for Post-Frame BUlldingS ...........oocveeiiiiiiiie e 26
2.7 Timber Frame Structural Design Utilizing Diaphragm ACLON..........ccceeiieeeiiieeenieenne 28
2.8 CONCIUSIONS. ...ttt ettt s bt et e s e e e s se e e be e s aneeaneeeneesnne e e 29
Chapter 3: Experimental Methods...........oooiiiiiiiiii e 30
3.1 Research ODjectives and OVEIVIEW .........cooiuieeiiieeiiiee ettt seee e seee e 30
3.2 Roof Panel Test Assembly FabriCation ...........oooueieiiieiiiiecieeeee e 30

3.2.1 Timber Frame FabriCatiON ........ooeeeeeeeeeee et e e e e e 30



Vi

322 SIPINSAIGHON ... 31
3.2.3 LiSt Of MEETAIS ..ottt nnee s 36
3.3 ROOf Panel ASsembBDIlY TESHNG......coiiiiiiiiieiiie e 36
3.3.1 Strength and Stiffness Test ProtOCOIS.........cooiviiiiieieiiee e 36
3.3.2 Quasi-Static CycliC TSt PrOtOCOIS. ......cciiiiieiiiie et 56
3.3.3 TESL APPAIBLUS ......ceeiiiiiieeeeiieeeeeeiteee e e ettt e e e e ite e e e e e see e e e s ssneeeesanseeeeeannneeeeeannnneaeans 57
3.4 TeStNG PrOCEAUIES........eiiiiiie ettt et ettt e st e e snne e e s nneeeenes 60
3.4.1 Instrumentation CalibratioN. ..........cocieiiieiii e 60
3.4.2 Assembly Displacement Level Determination...........c.ceeeeeeeiiieeeniee e esieee e 60
3.4.3 SChedUIE Of TESLING ....eeiiiiieiiiie ettt e e snee e e s nnee e 63
3.4 AnalySiSOf TeSHNG RESUITS........coiiiiiiiiie e 63
34 SUIMIMIBIY ...ttt ettt e e e ettt e e e e te e e e e e see e e e e asbee e e e ansseeeeeaannseeeeannnneeeeaannnnaaans 69
Chapter 4: Test Results Analysisand Interpretations...........cocveeeieeeenieeeseeeesceeee s 70
A1 INEFOOUCTION. ...ttt ettt et et e e e et e s e e s sn e e nbe e e nneesnneennnens 70
4.2 Genera Roof Assembly Testing BEhavior ..o 70
A.2.1 ASSEMDIY Lo ee e e es e ee s ee e eseee et ee e snesnes 70
B.2.2 ASSEMDIY 2. ettt et 73
8.2.3 ASSEMDIY 3ottt 78
A28 ASEMDIY 4 ..o es e s e s et sneeees 81
A.25 ASEMDIY 5 ...t ee e e ee e e e et e e ee e 84
4.2.6 Roof Assembly Testing COMMENTS.........coiiiiriiiiieiiee et 92
4.3 ROOf Panel TeSING ANBIYSES........cooiiiiiiiiie it e e enee s 97
4.3.1 MONOLONIC TESE ANBAIYSES.....coiuieieiiiieeitiee e eiee e tee ettt e s e sne e e nne e e sneeas 97
4.3.2 Quasi-Static CycCliC TESE ANAIYSES.....coueieiiie ettt 104
4.4 Interpreting Test ASSEMDIY Data.........cooiviiiiiieiie e 108
4.4.1 Monotonic Test Data INterpretations ...........eeovveeerieee e 108
4.4.2 Quasi-Static Cyclic Test Data INterpretations. ..........ceeveeeeiiieeeeriiee e 117

A5 CONCIUSIONS. ... e et e e e e e e e e e e e e e e e e e e e e e e een e eeeeen e e eeeennaeeaeennanaeeenns 126



viii

Chapter 5: Design Examples Utilizing Diaphragm ACtion ..........ccocceiveeinieeesciieenen, 127
ST R 1 1o I8 o1 o g OO PSPPSR URRUPRPR 127
5.2 Wind Load Analysis Including Digphragm ACHION .........c.ceeiiiiiiiiieeniee e 127
5.2.1 Typicd Resdential Timber Frame Wind Analysis Example...........ccccoveiiniiinnnnn. 127
5.2.2 Effects of Rigid Roof Assumption and Building Aspect Ratio ...........cccceevieeennennn. 133
5.2.3 Designing Roof Diaphragmsto Resist Wind LOads..........ccceoveeeeiiieiniieenieeecienne 139
5.2.4 Designing Frame Membersto Resist Wind LOads..........coocveviiieeiniieiniee s 139
5.3 Seismic Load Anaysis Including Diaphragm ACHON..........cocueiiiiieeriee e 139
5.3.1 Seismic Load DEterMiNGtion ............ceouieiieiiieeieesee e 140
5.3.2 Typica Residential Timber Frame Seismic Analyss Example..........ccccceevieenienn 142
5.3.3 Designing Roof Diaphragms and Frame Members to Resist Seismic Loads............. 144
5.4 Conclusions from Lateral Load Design EXamples.........cccoeiiiiiiiieeniee e 144
Chapter 6: Conclusions and RecommendationS...........ccceevueeriierenieennieeesiee e 147
6.1 SUMIMEIY ...ttt e e e st e e e e et e e e e e s ate e e e e e aabee e e e s amsseeeeaanneneeeaannneeaeannes 147
6.2 CONCIUSIONS.......eiiiiiiieeeie ettt e et n e ann e e nneeenns 150
6.3 RECOMMENUBLIONS ......eoeiieiie ettt e e nneeenns 151
REFEIENCES.....ce ettt n e 153
Appendix A: Details of Quasi-Static Cyclic Testing Protocols..........cccccevveiiieiieeninnns 163
AL TNETOAUCTION ...ttt ettt e b e e sb e b e e sneennne s 163
A.2 Cyclic Stiffness Loading Protocol Utilizing Basic Loading HiStory ..........ccccoeeeeeiieen. 163
A.3 Cyclic Failure Loading Protocol Utilizing Basic Loading HiStOry..........cccoeevieeenien. 165
Appendix B: Condition of SIP Screws After Failure TestS.......cccoveeiiieeiiiiieneeecieene 173
APPENdiX C. CYCIIC TESE DALA.....cccueeeiiieeiiiee et e e enee s 180



