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Summary:

Reinforced concrete coupled shear walls is considered one of the most remarkable research topic
within the last decades. It is globally introduced as an efficient lateral load resisting system which
enhances the behavior of the overall structure subjected to lateral loads. Such system is widely used
in the zones, which are expected to be exposed to severe seismic hazards. The coupled shear walls
enable two walls or more than two to act as one wall with a certain efficiency, depending on how
much coupling is going to be provided by what is known as the coupling beam. Coupling beams
are going to be provided at each floor to connect the walls and constrain their behavior. Those
beams are going to limit the axial deformation in each wall in terms of tension in the windward
wall and compression in the leeward wall. Such action is going to induce internal couple due to the
existing of the coupling beam. Finally, the overall behavior of the walls is going to be improved
by the added beams in terms of energy dissipation, wall rotation, inter-story drift, peak roof drift,
base shear and deflection profile. In this research, an extensive parametric had been undertaken to
investigate the effect of the nonlinear behavior of the coupling beams on the coupled shear walls
response in terms of system capacity to resist lateral load, roof drift, load-displacement
relationship, crack pattern and the induced coupling ratio.






Acknowledgments

First of all, I would like to thank my main supervisor Prof. Mohamed Naiem for his continuous
support throughout my master study, patience, immense knowledge, motivation, and enthusiasm.
His guidance assisted me a lot while getting my way in this research.

Special thanks to Prof. Adel Y. Akl for his support and standing as a father in the hard times.

Besides my main supervisor, | would like to thank Dr. Mostafa Abd El Wahab, my second advisor,
who helped me with all possible ways (Data, Papers, References and advices) to complete my
master thesis. He is always planning the research, solving problems and guiding me throughout
my master.

I would like to thank my family for their support and encouraging me to do my best until finishing
my master thesis.

Special thanks to my beloved wife for her support, patience and helping me to complete my thesis
and keep helping me until my defense day.






Table of Contents

ACKNOWIBAGMENT. ... bbbttt b bbbt e e I
LI o] (o) L OX0] 01 (= 4 | FETTTTRURR TR i
LISt OF TADIES ..ottt e e e e et e et e e e e e e e e e eeeeeeaaaae \Y
IS A0 T U= SR vii
INOIMIBNCIATUTE. ... ettt e e e e e e e e ettt e e e e e e e e et e e e e e e e e e e e eeeeeeeens XV
A ST ACT . ..ttt nnn XVi
CHAPTER 1: INTRODU CT ION . oo 1
L. GENERAL oo e oot e e e et ——— 1

L 2 P ROBLEM ST ATEMENT ettt et ettt e e e e e e e e e e e e eeeeeeeeeeeee e e e aaseeeeeeen e e e seeeeeeeennnnnaseseeeeeennnnnnnns 2
1.3 RESEARCH OBJIECTIVES ..uuteeieeteeeeee et e e e e e e ttee e e e e e e e e e ee e aaaseeeeeeeee s aeseeeeeeeennnnaeseeeeereeennnes 2
1.4 RESEARCH SCOPE AND IMETHODOLOGY ...oeteeeteaeeeeeeeeeeeeeeaaeeeeeeeeeeeeeaeseseaeeeemnnnaaseeeeeeeeennnnnns 3
LD THESIS OUTLINE. et tteeetttte e e s e ee ettt s e e eeeteeee st ssseeeeesesssaeasseeeeeseessasaseeeeeseesns s sereeeseeennsnnnns 4
CHAPTER 2: LITERATURE REVIEW ..o, 6
A LN = T0] 0 10T i (] N TR 6
2.2 LATERAL LOAD RESISTING SYSTEMS ...iiiitttuiiiieeetteetetiessseesteeesstsnsssesssssesssssnssseessesesssnnnnseeees 7
2.2.1 INNOVALIVE TECRNIQUES ..ot 7

2.3 SEISMIC ANALYSIS IMETHODS. ...t ettt et ettt e e et e e e e e e e et e e e eee e e e eeeeee e e e e e eeeeereennaaaeeeees 8
2.3. 1 Linear STatiC PrOCRAUIE ....coooeeeeeeeeeee e, 8
2.3.2 Linear DYNamiC PrOCEAUIE.........ccviiie ettt 9
2.3.3 Nonlinear StatiC ProCeAUIE ..o 9
2.3.4 Nonlinear DyNamiC ProCeAUIE ........cccciiiiiie et 10

2.7 THE COUPLING BEAM EFFECT ON A SYSTEM OF WALLS «..coiieeeeeee ettt 10
2.8 THE COUPLING BEAM PREVIOUS RESEARCH PROVISION . .ooveeiieee et 11



CHAPTER 3: MODELING AND EXPERIMENTAL VERIFICATION.........ccccciviiiiinnns 14

KT 13 1 200] 010 03 1 (o] TP P PP R PP 14
3.2 METHOD OF ANALYSIS ..eittitiiteeieesiesietestestesbe st stesseaseeseestebestesbesbesbessesseaseessesbessesbesbesaesseaseas 15
3.3 EXPERIMENTAL VERIFICATION ..outiuiiiinteitestestestesseaseeseessestessessessessesssssasssssssssessessessessessessens 15
3.3.1 Experimental Data of Tested Coupling Beams.........ccccccovvveveiieieeiese s 16
3.3.2 Experimental Test Configuration ............cccocveviiiieie e 17
3.3.3 Numerical Modeling of the Coupling Beam ... 18
3.3, 4 NUMEKICAI RESUITS ... e 22
I X 070 ] (o] I U] [0 TR PPTRTPRR 28
CHAPTER 4: RESEARCH METHODOLOGY ....cccviiiiieiieie e 29
4.1 INTRODUCTION ..tttitieuiesietestestestesteasesseestessestestessessesseasesseeseessesbesbessesseaseassessensesseseessessessenses 29
4.2 COUPLED SHEAR WALLS ANALYSIS AND DESIGN ....ccuviiiiiieiiesie i 30
421 ETABS 2016 FINAINGS ..c.viviiiiiiiiiieiieiee ettt 30
4.2.2 TNE DESIGN FOFCE ...ttt bbbttt bbb 31
4.2.4 Concrete and Steel Properties ... 34
4.3 NON-LINEAR ANALYSIS OF THE COUPLED SHEAR WALLS .....cooiiiiiieiieniee e 35
v/ 20 I \V/ oo (=1 [T To o g IV Tl I o] USSR 35
4.3.2 The EValULION CrItEIIa .......ccccviiiieieieie et 40
4.3.2 RESUILS TrOM VECTONZ ...ttt 41
CHAPTER 5: RESULTS DISCUSSION ..ottt 119
0.1 INTRODUCTION ..uttieiuieteauiete sttt e aitee ettt et e e st e asb e e sab e e e sab e e e smbe e e sabe e e nabe e e nsbeeennbeeenreesnnneeans 119
5.2 THE EFFECT OF INCREASE THE COUPLING BEAM DEPTH: .....ooiiiiiiieiieicee e 119
5.2.1 Effect of Depth on The Induced Internal FOrces..........ccoovviiiieniiiiencieens 119
5.2.2 Effect of Depth on The Ultimate Roof Drift Ar.............cccooooiiiiiin, 121
5.2.3 Effect of Depth on Coupled Shear Wall Load-Disp. History ..........c.ccocvveieennnns 122
5.2.4 Effect of Depth on Coupling Beam Crack Pattern...........ccoocovveiiiniiiiciinneens 123
5.2.5 Effect of Depth on the coupling ratio CR ... 128
5.3 THE EFFECT OF INCREASE THE COUPLING BEAM DIAGONAL RFT: ..o, 129
5.3.1 Effect of Diagonal RFT on The Induced Internal FOrces.......c..cccooovvivevviiieinennns 129
5.3.2 Effect of Diagonal RFT on The Ultimate Roof Drift Ar.............ccccoocviiniinnnnnn 131
5.3.3 Effect of Diagonal RFT on Coupled Shear Wall Load-Disp. History.................. 132



5.3.4 Effect of Diagonal RFT on Coupling Beam Crack Pattern...........cccoccoveviieinennnns 134

5.3.5 Effect of Diagonal RFT on the coupling ratio CR ...........ccociiiiiiiiiineenee 140
5.4 THE EFFECT OF INCREASE THE COUPLING BEAM WIDTH: wooveeeeeeeeeeeeeeee e 141
5.4.1 Effect of Width on The Induced Internal FOIrCeS........vvviiiieicoeieee e 141
5.4.2 Effect of Width on The Ultimate Roof Drift Ar.........oooovvvviiiiiiiiiiiiiiiie e 143
5.4.3 Effect of Width on Coupled Shear Wall Load-Disp. History............ccccccvveivennens 144
5.4.4 Effect of Width on Coupling Beam Crack Pattern ............cccoeveveiiiinciciininns 145
5.4.5 Effect of Width on the coupling ratio CR...........cccooiiiiiiiiiiece e 149
5.5 THE EFFECT OF INCREASE THE COUPLING BEAM FLEXURE TOP AND BoTTOM RFT ........ 150
5.5.1 Effect of Flexure RFT on The Induced Internal FOrces ........cooovvveeeeiiieccieenn. 150
5.5.2 Effect of Flexure RFT on The Ultimate Roof Drift Ar ..........ooovvvvvviiiiiiieeieeeiiinn, 152
5.5.3 Effect of Flexure RFT on Coupled Shear Wall Load-Disp. History.................... 153
5.5.4 Effect of Flexure RFT on Coupling Beam Crack Pattern .............cccccceeevevieieennnns 154
5.5.5 Effect of Flexure RFT on the coupling ratio CR .........ccccoiiiiiiiicneceee 159
5.6 THE EFFECT OF INCREASE THE COUPLING BEAM SHEAR RFT STIRRUPS: .......ocovvvvvvirerennn, 159
5.6.1 Effect of Shear RFT on The Induced Internal FOrces ........oooooeeeeeiiiiieeeiinen 160
5.6.2 Effect of Shear RFT on The Ultimate Roof Drift Ar.........oooovvvvvviiiiiiiiiiiiiiiiiinn, 161
5.6.3 Effect of Shear RFT on Coupled Shear Wall Load-Disp. History...........c.cc.c...... 162
5.6.4 Effect of Shear RFT on Coupling Beam Crack Pattern ...........cccccccovcevvivivinnnns 164
5.6.5 Effect of Shear RFT on the coupling ratio CR ..........cociiiiiiinieieieene s 169
CHAPTER 6: SUMMARY AND CONCLUSION. .. .ot 170
B.1 SUMMARY oottt et e e et e e e e et e et e e e e e e e e eee e e aeeeeeeee e —ereeeeereen————araaerernn——— 170
I Ofe] N[l ML (o] TR 171
B.3 FUTURE WORK ....cctteettttet et ettt ettt e ettt ettt et e e et et ee e e et e e e eeeee e bt nteeeeeseenbe b reeeeeresenssnnnns 173
REFERENGCES . ... et e et e e e et e e e et e e e et e e e et e e e e e e e e e naeeeenan 174



