EFFECT OF BRICK INFILL IN RC FRAME
BUILDING

A DISSERTATION
PRESENTED TO
THE FACULTY OF
DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING
DELHI TECHNOLOGICAL UNIVERSITY

IN PARTIAL FULFILMENT
OF THE REQUIREMENTS FOR THE
DEGREE OF
MASTER OF TECHNOLOGY

(STRUCTURAL ENGINNEERING)

By
VIKAS KUMAR SINGH
12/STR/2K10

UNDER THE GUIDANCE OF

MR. ALOK VERMA
ASSOCIATE PROFESSOR



CERTIFICATE

This is to certify that the thesis work entitled “EFFECT OF BRICK INFILL IN RC
FRAMED BUILDINGS” being submitted by me, is a bonafide record of my own work carried
by me under the guidance and supervision of Mr. Alok Verma, Associate Professor in partial
fulfilment of requirements for the award of the Degree of Master of Technology (Structural
Engineering) in Civil Engineering.

The matter embodied in this project has not been submitted for the award of any other degree.

VIKAS KUMAR SINGH
12/STR/2K10
MTECH (STRUCTURE)

This is to certify that the above statement made by the candidate is correct to the best of my
knowledge.

ALOK VERMA

ASSOCIATE PROFESSOR

DEPARTMENT OF CIVIL & ENVIRONMENTAL ENGINEERING
DELHI TECHNOLOGICAL UNIVERSITY



DECLARATION

| Certify that

a. The work contained in this thesis is original and has been done by me under the guidance
of my supervisor.

b. The work has not been submitted to any other Institute for any degree or diploma.

c. | have followed the guidelines provided by the University in preparing the thesis.

d. I have conformed to the norms and guidelines given in the Ethical Code of Conduct of
the Institute.

e. Whenever | have used materials (data, theoretical analysis, figures, and text) from other
sources, | have given due credit to them by citing them in the text of the thesis and giving

their details in the references.

VIKAS KUMAR SINGH
12/STR/2K10
MTECH (STRUCTURE)



ACKNOWLEDGEMENT

| would like to sincerely and wholeheartedly thank my guide Mr. Alok Verma for his close
guidance, kindness, encouragements, patience, and supervision throughout various stages of the
dissertation. Without his help and encouragement, this dissertation would not be possible.

| wish to convey my sincere gratitude to Prof. A.K. Gupta (former H.O.D) and Prof. A. Trivedi
(H.O.D.), and all the faculties of Civil Engineering Department, Delhi Technological University
who have enlightened me during my project.

Most importantly, 1 would like thank my family for their unconditional support, love, and

affection. Their encouragement and endless love made everything easier to achieve.

VIKAS KUMAR SINGH
12/STR/2K10
MTECH (STRUCTURE)



TABLE OF CONTENTS

I L OSSOSO PRPPRSRR [
(O8I [ [0 AN I O TSRSPSRSPR i
DECLARATION ...ttt ettt et se bbbt e st e seete st e ebesbe b enenseste e anenrs iii
ACKNOLEDGEMENT ...ttt sttt sttt s bt e s bt e esesteneenennns iv
TABLE OF CONTENT S ..ottt sttt e b e et e e e be e e e ae e e e saeeaneeeanes v
TABLE OF FIGURES ... .ottt e et e et e e e e e nnee e vii
LIST OF TABLE ... e e e e st e e e bt e e e ebe e e eseeeaseeeannaeens IX
N S 2 ¥ N USSR X
Chapter 1 INTrOQUCTION. ..ottt bbbttt sttt nns 1
OB ] (T [ o4 A T o USSR 2
1.2 MOTIVALION OF STUAY ...ttt bbbttt 3
1.3 SPECITIC POINES OF STUAY ......eiiveiiieiieiieiee bbb 7
1.4 Organization Of AISSEITALION ..........cuiiiiiiieiee e 8
Chapter 2 ODJECHIVES .....ocuviceicie et et te et e s re e te e eesaeesreeaeenes 9
Chapter 3 LItEratUre FEVIEW ........cceeiiiie ettt ettt ettt ste e e sra e ste s e sneenne s 10
3.1 LILEIAUIE TEVIBW ....eeeieeieieie sttt bbbt b et n et e et et e et e e beeneeneene e e e 10
I 0ol F-| I o] (01 VZ TS} o] 41U P RSTOSORRRS 11
Chapter 4 Programme OF STUAY .......ccuoiiiiiiiiiiese e 17
g I oL 0o [0 Tod o] o PRSPPSO 17
4.2 INPUL PAFAIMETEIS. ... .teieitete ettt e ettt ste e s e st e et e e sr e e e st b e e e ssb e e e ssb e e e st e e e saeeasseeeansbeeasneeasneeanseaeas 33
4.3 Earthquake lateral fOrce analysis .........cocuviiiiiiiiiie et 35
@ 1N 1 10| 0T 1= 101 1<) (SRR UPRSUPRPIN 38
4.5 Details of Steps PErfOrMEd ..........ooiiiiie e 40



Chapter 5 ReSUItS and diSCUSSIONS..........ccveiiiieiiiiie e et se et sre e sre e 41

CONCIUSIONS ...t bbbt b et b b n et b bt nb e 62
SCOPE OF TULUNE STUY ...ttt re e e e re e beeneenres 62
RETEIEINCES ...t bbbttt b et b bbbt e e e 63
APPENAIX Lottt bbbt b et bbbttt 64
APPENAIX 2.t b bbbt bR bRttt bbbt bbb e e 101
APPENIX 3.ttt bbb bbbt bt ne e 140

Vi



FIGURE

Figure — 1:

Figure — 2:

Figure — 3:
walls

Figure — 4:
Figure — 5:
Figure — 6:
Figure — 7:

Figure — 8:
Figure — 9:

Figure — 10:
Figure — 11:

Figure — 12:
Figure — 13:

Figure — 14:
Figure — 15:
Figure — 16:

Figure — 17:
Figure — 18:

Figure — 19:
Figure — 20:

Figure — 21:

Figure — 22:
structural System

LIST OF FIGURES

PAGE
reference of www.leightongeo.com/taiwan.ntm ........cccoevieniiiesc e, 4
reference of http://www.eas.slu.edu/Earthquake_Center/TURKEY/........cccocvvvvreennene. 5
Change in the lateral load transfer mechanism owing to inclusion of masonry infill
....................................................................................................................................... 6
Equivalent Diagonal Strut Model.............ccoooiiiiiiic e 11
Details of eqUIVAIENT STFUL .........cooiiiiieee s 17
Model 8.1: BAre FraIME .....ocveeiiieieeie ettt nre s 19
Model 8.2: Masonry infill as diagonal Strut .............ccceeerieiieiie s 20
Model 8.3: Masonry infill as surface element.............cccccooveiieeiie i 21
MOdel 6.1: BAre TrAIME .....ocveeiiieieeie ettt ae e nne s 22
Model 6.2: Masonry infill as diagonal Strut ..............ccccoveiiiie i 23
Model 6.3: Masonry infill as surface element .............ccccooviiiiieii i 24
Model 3.1: Bare frame......cc.ooiiiiiiiiieieiee e 25
Model 3.2: Masonry infill as diagonal Strut ..o 26
Model 3.3: Masonry infill as surface element ..o, 27
Model 8.3: Masonry infill as surface element — Rendered View ........cccccccccvvvennne. 30
Model 8.3: Masonry infill as surface element — 3D VIEW .......cccccovvviveiiiinineneenne 30
Model 8.3: Masonry infill as surface element — Plan View ............ccccovevvicinenene, 31
Model 8.3: Masonry infill as surface element — Front VIew ...........cccocevvvieivennnnne. 31
Comparison of Fundamental Natural Time Period of various structural System .....40
Comparison of Fundamental Natural Time Period of various structural System ....41
Comparison of Fundamental Natural Time Period of various structural System ....41
Comparison of Spectral acceleration & Design Seismic CoOefficient of various
........................................................................................................................... 42

Figure — 23: Comparison of Spectral acceleration & Design Seismic CoOefficient of various

structural System

Vii


http://www.leightongeo.com/taiwan.htm
http://www.eas.slu.edu/Earthquake_Center/TURKEY/

Figure — 24: Comparison of Spectral acceleration & Design Seismic CoOefficient of various

SEPUCTUNAL SYSTEM ...ttt a et e e e s re e te e st e e te e beeneesreenreeneennes 44
Figure — 25: Comparison of Peak Storey Shear of various structural System ..............ccccceevvenenn. 45
Figure — 26: Comparison of Peak Storey Shear of various structural System ..............cccccevenen. 46
Figure — 27: Comparison of Peak Storey Shear of various structural System ..............cccccevenen. 47
Figure — 28: Comparison of Storey Displacement of various structural System .............c.cccoc...... 49
Figure — 29: Comparison of Storey Displacement of various structural System .............c.cccoc...... 50
Figure — 30: Comparison of Storey Displacement of various structural System .............ccccceeveee. 51
Figure — 31: Corner, Peripheral & Centre Column & its Connecting Beam ...........c.ccocvovviinenn, 52
Figure — 32: Designed Columns & BEAM ..........cooiiiiiiiiiieiese et 53

viii



LIST OF TABLES

TABLE PAGE

Table 1: StrUCLUIAL GALA.........eeiiiie ettt nre e enes 32
Table 2: EartNQUaKe JaLA ..........cooviiieiiiiecie et 32
Table 3: DA LOAA. .......cci ittt bbbt 32
LI L0 Lo S I AV o Vo OSSPSR 33
Table 5: Fundamental Natural Time period (sec.) of Various Structural systems...............c.c....... 40
Table 6: Fundamental Natural Time period (sec.) of Various Structural systems .............ccc........ 40
Table 7: Fundamental Natural Time period (sec.) of Various Structural systems .............ccc........ 41
Table 8: Spectral acceleration & Design Seismic Co-efficient 8" storey buildings for Mode 1...42
Table 9: Spectral acceleration & Design Seismic Co-efficient 6™ storey buildings

L8] 1Y, oo = PSSR 43
Table 10: Spectral acceleration & Design Seismic Co-efficient 3" storey buildings for Mode 1.44
Table 11: Peak Storey Shear of 8" storey BUIlAINGS .........ccco.oveveeveceeeeieeeieeee e 45
Table 12: Peak Storey Shear of 6™ storey BUIldiNgSs .........cccc.oveeeveceeeercceeeeeee e 46
Table 13: Peak Storey Shear of 3™ storey DUIAINGS .......c.cceveveeeereeeeeeeceee e 47
Table 14: Base Shear of 8™ Storey DUIAINGS ..........ovevvieeeieeeeeeecee e 48
Table 15: Base Shear of 6™ Storey DUIAINGS .......c.vevivieeeieeeeeecee e 48
Table 16: Base Shear of 3 Storey DUIAINGS ..........cvcviveeeeieieeeeeeeeeee et 48
Table 17: Storey Displacement of 8 storey BUIldINGS............covevreevereceeeeeeee e 49
Table 18: Storey Displacement of 6 storey BUIIAINGS........ccvvviieeieeeeeeeeeeeee e 50
Table 19: Storey Displacement of 31 storey BUIlAINGS ...........coveeveervereceeeeeee e 51
Table 20: Parameters considered fOr deSIgN..........c.ooiiiiiiiiiiiiic e 52
Table 21: Reinforcement required in corner column 3 Storey building ...........ccccveiiiiiiiiinene, 53
Table 22: Reinforcement required in Peripheral column 3 Storey building...........cccccociinininnns 54
Table 23: Reinforcement required in Internal Column 3 Storey building.........cccccovcvviniiieinnnen, 54



Table 24:

Table 25:
Table 26:

Table 27:
Table 28:
Table 29:
Table 30:
Table 31:
Table 32:
Table 33:
Table 34:
Table 35:
Table 36:
Table 37:
Table 38:
Table 39:
Table 40:
Table 41:
Table 42:
Table 43:
Table 44:
Table 45:
Table 46:

Table 47:

Reinforcement required in Corner Column 6 Storey building ..........ccccoecveveiivevvenenne, 54
Reinforcement required in Peripheral Column 6 Storey building ..........ccccceevevieinenee. 55
Reinforcement required in Internal Column 6 Storey building...........cccccooeveiierviienn, 55
Reinforcement required in Corner Column 8 Storey building..........cccccovcvvieiiniieene 56
Reinforcement required in Peripheral Column 8 Storey building...........cccocevveiinnnnee. 56
Reinforcement required in Internal Column 8 Storey building...........cccceveiiieiiinnnnn 57
Peripheral Beam: Model 3.1 - Bare Frame Model...........c.ccccooviiiiiiiiniie e, 58
Peripheral Beam: Model 3.2 - Masonry infill as Diagonal Strut..............ccccceeeiieneen, 58
Peripheral Beam: Model 3.3 - Masonry infill as surface element............c.ccoovvveiennn. 58
Internal Beam: Model 3.1 - Bare Frame Model............cooooiiiiiiie 58
Internal Beam: Model 3.2 - Masonry infill as Diagonal Strut...............cccoeveveiiieieennn 59
Internal Beam: Model 3.3 - Masonry infill as surface element...............ccccoevveieinnee. 59
Peripheral Beam: Model 6.1 - Bare Frame Model..............ccccooviiiiiiiiiieic e, 59
Peripheral Beam: Model 6.2 - Masonry infill as Diagonal Strut..............c.ccooevvvieienn, 59
Peripheral Beam: Model 6.3 - Masonry infill as surface element............c.ccoovevviennnn. 59
Internal Beam: Model 6.1 - Bare Frame Model............cooeoviiiiiiiiiieieeceee 60
Internal Beam: Model 6.2 - Masonry infill as Diagonal Strut...............cccccoveviiiieieenns 60
Internal Beam: Model 6.3 - Masonry infill as surface element..............ccccoceniiiinnnnn. 60
Peripheral Beam: Model 8.1 - Bare Frame Model...........ocooviiiiiinincieeeee 60
Peripheral Beam: Model 8.2 - Masonry infill as Diagonal Strut..............c.ccooveeviininenn, 60
Peripheral Beam: Model 8.3 - Masonry infill as surface element.............c..cceeveennen. 61
Internal Beam: Model 8.1 - Bare Frame Model............ccocooviiiiiiii 61
Internal Beam: Model 8.2 - Masonry infill as Diagonal Strut.............cccoceeiiiniinnnnn. 61
Internal Beam: Model 8.3 - Masonry infill as surface element..............ccccoceviiiinnnne 61



ABSTRACT

Nine RC framed building with brick masonry infill were designed for same seismic hazard in
accordance with IS code taking in to consideration of effect of Masonry.

Generally these buildings are analysed as RC framed structures with regards to structural action
of masonry infill walls present and investigation has been made to study the behaviour of RC
frames with various arrangement of infill when subjected to dynamic earthquake (dynamic)
loading. The result of bare frame and frame with infill effect are compared and conclusion are
made in view of /S -1893(2002) code.

Based on the present study, it can be concluded that It the performance of fully masonry infill
panels was significantly superior to that of bare frame. Brick infill walls present in RC frame building

reduce the structural drift but increases strength and stiffness. Therefore it is essential for the

structural systems selected, to be thoroughly investigated and well understood by Engineers.
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