Table of contents

Table of contents

AcKNOWIEdZEMENLS ....uuuuerriirieiiiiiiiitiiiieeeeeeiirree e e e s aaaasaseees

RESUIMIE. . ceeiiieiiiieeieeeieecreneeteneeteneeteneeteseesenesesnesassesassssasssassssnssssassssnsassnnanes

ADSTIACE ceueienniieneieneieneerenereneeteneereneeresessssssssssssssssssssassssssssssssssssssssssssnssssnnane D

RESUIM. . caiieiiieiiieie it ieeeteneeteneeteneetenereseesesnssesesasssasesasssassssnssssassssnsssnnanen

THESIS StIUCTULE ..uueiiruueeerrruneeerrusneerersneeeesssnsesssssesessssssesssssesesssssssessssessessnsesessns L1
TADLE Of CONMEEMES . irrrnnieirrnnieereraeeereerseeeessseeesssseseesssseeesssssssessssesesssssssessnsensesns 13
Chapter 1. Introduction .........ueeeeeeeeiiiiininiieeieiiiiiiinieieeeecnnneneeeeeecseeennnnens 19
1. Problem StAtEMIENTt . c..iieietieeeieeeeeeteeeeteeeteet ettt ettt s s s s eseeeressenas 21
2. Objective and SCOPEC....uiiiiiiiiiiceiiiis e 23
3. Structure of the dOCUMENT.....covvevieeeieeeieecceete e 23
4. REFEIEIICES vttt ettt ettt e et e v e te s b e b e bessesesensensensenns 24
Chapter 2. Characterisation of the interface between concretes.................. 27

1st PAPER. Experimental study of concrete composite beams subjected to
] 1 LT Ot 29

AADSEIACT v tu ettt ettt ettt ettt ettt ettt ettt ettt ese et et eneneanes 31
1. TNErOAUCHON ceeiererecicececiciccictcece s snsens 31
2. TESt PLOZIAMIMNIE c..ouvuiiiuiiniisieisiiscieess e senais 33
3. TESE LESULLS wuuuiiieieiiicicicicicici ettt ettt 36
4

Analysis of the test FESULLS ..o 39



Experimental assessment of the shear resistant behaviour of precast concrete beams with top cast-
in-place concrete slab

5. CONCUSIONS ..ottt sss e 41
ACKNOWIEAZEMENTS....eeiieiieicieieeceee e sennes 41
REFEICIICES ocvrveviieieeicer e 42
2»d PAPER. Influence of interface roughness and shear reinforcement ratio
in vertical shear strength of composite reinforced concrete beams......... 43
ADSTIACT ..t 45
1. INEOAUCHON ..o 45
2. TESt PLOGIAMINIE c.ceueerrieerrieirieeeiaeneae s sseaess et eaessesesseseseesese st sassensesensesense 47
3. Experimental reSults ... 50
4. Analysis Of teSt LESULLS c.euvueriueurieiicirietictreetreet ettt nsesenae 53
5. Compatison With COAES. ...ttt eaeseeaes 55
6. CoNCUSIONS. ..ot s 57
AckNOWIEdGEMENTS.....ouviiiiiiii s 58
RELELEIICES wevuviniiriiicie ettt naas 58

Chapter 3. Experimental study on the shear strength of concrete composite
beams without web reinforcement..........eeeeeeeeiiiiiiiieeiiiiiininniiiieeeecncnnee, 61

3«4 PAPER. Experimental analysis of the shear strength of composite

concrete beams without web reinforcement .........ceeeeeeeieeenuneiiiiiniicennnnnne. 63
AADSTIACE et veveteteteteietetetete ettt ettt sttt bbb seseseseseseseseseseseseseseseseseseseseseseseaeasaens 65
HIGhIGRES ..o 65
NOMENCIATULE .ttt ettt ettt ettt e bt se et sese e sesesenesesasenen 66
1. INErOAUCHON oottt ettt a ettt sasanens 67
2. TeSt PrOZIAMME ....ovuviriiriiriinc s 70
3. Test results and diSCUSSION .eveveveieieieieieieieieieieieieieieieieeteiesesesesesesesesesesesesesenes 78
4. Comparison of test results with existing code provisions..........cccccuecuunee 93
5. Summary and cONCIUSIONS ....covvveieciiiiiiiieeiceiiiee et 98
ACKNOWICAZEMEIES ...ovviieeeciii e 101
REFEIEICES wonveveiniieieeeietee ettt ettt eae s 101

4t PAPER. Safety assessment of shear strength current formulations for

composite concrete beams without web reinforcement.............uuueeeeeeen. 105
ADSTIACE ettt e 107



Table of contents

1. INtOAUCHON coececete e 108
2. The authors’ test PrOZIAMINIE .....c.vueumriecmieceieerieeeeeereeseseeaeneeseseeseseeseseesens 110
3. Vertical shear strength prediCtions......coceeueeecueercreencreeneeeenereereremreneeseneenes 113
4. CONCIUSIONS c..oreirieiciiieeetet ettt eaees 118
ACKNOWIEAZEMENTS ....ceceeieieiieci et 119
REFEICIICES eevvreeiireeiieieaei et 119

Chapter 4. Experimental study on the shear strength of concrete composite
beams with web reinforcement .........ooueeeeieeeneeenneennnrenireeeeeeeeeeene 121

5t PAPER. Analysis of the shear strength mechanism of slender precast

concrete beams with cast-in-place slab and web reinforcement............. 123
ADSTIACT et 125
HIGHIZRES ..ttt eaees 126
1. INtOAUCHON coecteteetceecece e 126
2. TeSt PrOGIAMIMIC c.couvuiuieiiiinciiirese bttt 129
3. Test results and DISCUSSION w...vuvrmcreencreeiieecieeeieieieeeieeeeeeseeeseneseeenenne 138
4. Shear strength mechanism........ccccociiniiiiiiicce 145
5. Comparison of test results with existing code provisions and the proposed
INOAEL ettt 151
6. Summary and CONCIUSIONS c...vuevvmiverrereemeieeeieeereneieneseneieeesenesensesessesennes 154
ACKNOWIEAZEMENLS ..o 156
RELEICIICES .. 157
Appendix A. NOMENCIAtULE .....cuivieieicciiiccee s 159

Appendix B. Formulation of the proposed shear strength model for the
composite beams with interface cracking of this experimental programme 162

6 PAPER. Experimental study on the shear strength of reinforced

concrete composite T-shaped beams with web reinforcement............... 167
ADSEIACE ettt e 169
HighlIghts ..o 170
1. INtOAUCHON oo 170
2. Materials and Mmethods ........coceuviiieiiiiniciiciccces 172
3. Experimental fESUlLs ..o 179



Experimental assessment of the shear resistant behaviour of precast concrete beams with top cast-
in-place concrete slab

4. Analysis and diSCUSSION .....vuueirreucrecieecieeeieeiecreecteee et eeseesenenne 183
5. Recommendations fOr PractiCe.......comriemiurereremnieemneiemenemeeenesensenenne 195
0. CONCIUSIONS....cumeniiriieieeieee ettt 195
ACKNOWIEAZEMENTS....ouveniirieiicec et eaens 197
REFEICIICES evvrvuiviieienieniecieetee ettt 197
APPEIAICES ottt 201
7t PAPER. Experimental analysis of the shear resistance of precast
concrete T-beams with a top cast-in-place slab.........ccceeevvueieeininnreennnnes 207
ADSTIACT oottt sttt 209
HIGHIZRES .ot 209
NOMENCIATULE .. 210
1. INtOAUCHON oottt eaes 211
2. TSt PrOGIAMITIC .ccuuuuviiriuiiiiriiecie ittt 213
3. TSt FESULLS vt 219
4. Failure MOAES...ccuveiueeeieecireecireeieeeieeeieeeie e ssesensesensesensesenaes 222
5. Effect of test parameters on shear strength.......ccccceveeenieeneenniernecnneenn. 225
6.  Comparing the test results to existing code Provisions ..........eceereeeenes 228
7. Summary and CONCIUSIONS ..c.vueviverniuerieeiieinieerrictreesseesseesseseseesesensesennes 230
ACKNOWIEAZEMENLS ... 231
RELEICIICES wevuvvieeiieienireciete ettt saetenaes 231

Chapter 5. Mechanical model for the shear strength prediction of composite
beams with web reinforcement .........cevueeeeeinieeiniinineeninineeneeeneeeen, 235

8t PAPER. Shear strength prediction of slender reinforced concrete
composite beams and monolithic T- and I-shaped beams with web

FEINfOLICEMENT ittt 237
ADSTIACE ettt e 239
HighIEhts ..o 239
NOMENCIATULE ...ttt ettt ettt ses 240
1. INtrOAUCHOMN ettt et 241
2. Brief description of the original model........ccccviiiiiviiiiiiniiniiiincnes 244



Table of contents

3. Simplified model proposed to predict the shear strength of concrete

composite beams and monolithic T-shaped beams.......ccccceceuvcrveniivencicenincnnes 247
4. Summary of the proposed simplified model.........ccccvveeuviccuricrncvncnnenne 252
5. Strengths of the proposed simplified model........cccccvueeuriecrrncrrenicencunnnes 253
6. Experimental VerIfICAHON. ...c.ouiuemiueeiieecieeeteeereecieeete e neeeeenenenne 254
7.  Comparison with existing code formulations........c.ceeeueereeeerereereeeereeennes 258
8. Summary and CONCIUSIONS .....vueviuuiucrieerierrieirictseeteeeseeeseeeseeseseeenenne 261
ACKNOWIEAZEMENTS «...eceieeieiiir ettt 262
RELELCIICES ..ottt ettt 262
Chapter 6. Numerical modelling of the experimental programme specimens
with web reinforCement.......uuivieieeiiiiiieeiiniieiencteeeeeeee e 267
1. INtOAUCHON coeceiete e 269
2. IDEA StatiCa® Detail ......cccovuiuiiiiiiiiiciciisiiseiciecscisss s 269
3. Modelling of monolithic rectangular SpecimMens ........coceeveveenereeneveereuennes 277
4. Modelling of monolithic T-shaped spPecimens ......ccoeceereeerreccrreerrerereenens 294
5. Modelling of coOMpPOSIte SPECIMENS .....ueuvrruereecreecrreerreererererereneseeesennes 302
6. Summary and CONCIUSIONS c...vuvvmirerrcreecieeeieeeieneierereeereeesensesensesesesennes 308
7. RELEICIICES ettt ssesenacs 309
Chapter 7. General discussion of the results ........ccceeeeeeeiiiiinnenieeeeiiiiinnnnens 311
1. Expetimental StUAY ...ccocecueecrrecreeereeeieneieneieneieneieneseaesessesenesessesesenenns 313
2. Mechanical MOEL ...ttt seaeeesenaes 332
3. Numetical MOl ... iiiiiiiiecieicieicieeciecieeeieeeieeeieeeseeseieeeseseseseseseaenaes 335
4. RELEICIICES ettt 337
Chapter 8. Conclusions and future Work......cccceeeuuueeiiieiiiiiiiinnniieeiiiiiiiinnnnn. 339
1. CONCIUSIONS ..ottt 341
2. Recommendations for future reSearch .....oevcnecrrecrreccrnencrrencrnerernenns 346



