> = L @ @
AN

AL “\\\\\ ~«- 1;:';55:::..

\\\ mlﬂ < ‘

DESIGN OF WIND AND
EARTHQUAKE RESISTANT
REINFORCED CONCRETE

BUILDINGS

Somnath Ghosh and Arundeb Gupta

a4 £y
’ ‘ A 5 ‘ n i'.‘
4 ‘ CRC Press |
/ ‘ Taylor & Francis Group =



Design of Wind and Earthquake
Resistant Reinforced Concrete
Buildings



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://www.taylorandfrancis.com

Design of Wind and Earthquake
Resistant Reinforced Concrete
Buildings

Somnath Ghosh and Arundeb Gupta

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




First edition published 2021
First by CRC Press
6000 Broken Sound Parkway NW, Suite 300, Boca Raton, FL 33487-2742

and by CRC Press
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

© 2021 Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, LLC

The right of Somnath Ghosh and Arundeb Gupta to be identified as authors of this work has been asserted
by them in accordance with sections 77 and 78 of the Copyright, Designs and Patents Act 1988.

Reasonable efforts have been made to publish reliable data and information, but the author and publisher
cannot assume responsibility for the validity of all materials or the consequences of their use. The authors
and publishers have attempted to trace the copyright holders of all material reproduced in this publication
and apologize to copyright holders if permission to publish in this form has not been obtained. If any
copyright material has not been acknowledged please write and let us know so we may rectify in any future
reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced,
transmitted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter
invented, including photocopying, microfilming, and recording, or in any information storage or retrieval
system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, access www.copyright.com
or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923,
978-750-8400. For works that are not available on CCC please contact mpkbookspermissions @tandf.co.uk

Trademark notice: Product or corporate names may be trademarks or registered trademarks and are used
only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Ghosh, Somnath (Civil engineer), author. | Gupta, Arundeb, author.
Title: Design of wind and earthquake resistant reinforced concrete
buildings/Somnath Ghosh & Arundeb Gupta.

Description: Boca Raton : CRC Press, 2021. |

Includes bibliographical references and index.

Identifiers: LCCN 2020056207 | ISBN 9780367537791 (hbk) |

ISBN 9781003083320 (ebk) | ISBN 9780367537821 (pbk)

Subjects: LCSH: Earthquake resistant design. | Wind resistant design. |
Buildings, Reinforced concrete—Design and construction.
Classification: LCC TA658.44 .G53 2021 | DDC 693.8/5-dc23

LC record available at https://lccn.loc.gov/2020056207

ISBN: 9780367537791 (hbk)
ISBN: 9780367537821 (pbk)
ISBN: 9781003083320 (ebk)

Typeset in Times
by Newgen Publishing UK


http://www.copyright.com
https://lccn.loc.gov

Dedicated to our parents, wives and children



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://www.taylorandfrancis.com

Contents

LISt OF FIGUIS ...ttt et a e s sneeseeeneens xi
LISt Of TaDIES ...ttt ettt s XV
PrEface. ..c.ooueiuiiiiieiee e Xix
ACKNOWIEAZEMENLS ...ttt et XXi
AUTNOTS ...ttt st Xxiil
INOTATIOM. ...ttt ettt ettt et eanesae e s e eanesaens XXV
Chapter 1 INtrodUCtioN .......c..ccueiiiiiiiininiiineereceee et 1
L1 Preamble ......ccoooiiiiiiiiiiiiceeeecee e 1
1.2 A Few Important Aspects of Structural Design ...........coceveueeee 1
1.2.1  Strength and Serviceability ...........ccccoevieiiiniiiinnanne. 2
1.2.2  Ductility and HySteresis ........cccevvvervieenierneeneeenieeniennne 2
1.2.3  Redundancy ........cccccoceiiiiieniniiinieineeeeeeceeeeee e 4
1.3 Architectural ReqUIr€ments .........c..cccceveevierieiieniecienieieeieieene 4
1.4 Lateral Load-Resisting System...........ccccecereevieniecieniieniinienenne 9
1.4.1  Subsystems and Components...........ccceceeceeeeerueneennenne. 9

1.4.2  Moment-Resisting Frames, Braced Frames
and Shear WallS ..o 10
1.5 Collapse Pattern ..........cccoouieviriiiiiieinieecceceeeeeee e 12
1.6 Dynamic Response CONCept ........ocevuervenierieniieienieeieeeenene 14
1.7 Wind Load and Earthquake Load ...........c..cccccoiiciniiiinnnnne. 16
1.7.1  Wind Load ......cocooeniniiiiiiiiciccieeececececsceeee 16
1.7.2  Earthquake Load.........cccccoooiiriiiiiiniiiiiiieiceieeee 17
Chapter 2 Wind Analysis of Buildings.........ccccoceveverenenieniinieneninencnceencneeen 19
2.1 Preamble ......cocoooiiiiiiii e 19
2.2 Wind Load Provisions as per IS 875 (Part 3), 2015................ 21
2.2.1 Different Approaches to Wind Analysis..................... 22
2.2.1.1 Pressure Coefficient Approach..........c..c....... 23
2.2.1.2 Drag Coefficient Approach .........cccecceenunee. 24
2.2.1.3 Gust Factor Approach .........ccccceceeveniencnnen. 25
Chapter 3  Seismic Analysis of Buildings........ccccoceveveneneiiiiiennnncncncncneee 29
3.1 Preamble ..o 29
3.2 SEISMUCITY ..ueiiiiiieiiiiieieee et 29
3.3 General Principles and Design Criteria..........c.ccceeeecueneennne. 32
3.4  Response Spectrum of a Ground Motion..........ccccecevenenuennenne. 34

3.4.1  Acceleration Response Spectrum of a

Ground MOtION .......cccoeviiiiiiiiiiicicececee e 34
3.4.2  Liquefaction Potential ........c..cccccvevievninvincnencncnene. 34



viii

Chapter 4

Contents
3.5 Estimation of Base Shear..........ccccceveviivinniniinininiiincnenee 49
3.5.1  Various Aspects of Base Shear..........ccccceceveenerienene 49
3.5.2  Estimation of Base Shear as per IS 1893
(Part 1), 2016....ccccueieiiieiciiieieccieeeceeeeeee 52
3.5.2.1 Equivalent Static Method..........cccccceeuennne 52
3.5.2.2 Response Spectrum Method..........c..ccceeueee. 54
3.6 P-A ANALYSIS ettt 55
3.7 Ductility ASSESSIMENL......ccueeiiriieriiriienieriienieeienieereeieeteeieenee e 55
3.8 Reinforced Concrete Buildings with Unreinforced
Masonry Infill Walls.........ccoeviiriiriininiiniiienceiecee e 56
Structural Design of Reinforced Concrete Buildings..........c.cccceueuee. 57
4.1 Preamble ....coooviviiiiiiiiiiicic e 57
4.1.1  Steps for Structural Design of Reinforced
Concrete Framed Buildings.........ccccoveevenienencnncnnen. 57
4.2 List of Relevant IS Codes ........ccccceveeirinirininienininenesiene 58
4.3 Load Calculation.......c..cceouevievieieieiiinieeeieese e 58
4.3.1  Dead Load .......ccccouevieienieiiiiiiiiieecceieeseseeeene 58
4.4  Design Example of a Six-Storied Reinforced Concrete
Framed Residential Building ..........cccceceviiviniincncnncnieeen. 59
4.4.1 Choice of Beam Depth .......c.ccoceviiiiniiiiniiiicee 60
4.4.2  Choice of Slab Thickness........cccccecervirirenirincnennns 61
4.4.3  Calculation of Dead Load........cccccecevivinininincncnnns 62
4.4.4  Live/lImposed Load........cooererieniniienieiinieiceceee 64
4.4.5  Approximate Axial Load on a Particular
COlUMN ..ottt 64
4.4.6 Design of Slab Panels.........ccccocceviviieniininienincennne 66
4477  Wind Load Analysis .......cocueveeienieiienieieneeieeceeee 71
4.4.7.1 Basic Wind Pressure...........ccccocevvineninennn. 71
4.47.2 Wind Load as per “Drag Coefficient
APProach” .....cocoviiieniiiiniieeeee 73
4.47.3 Wind Load as per the “Pressure
Coefficient Approach”........cccccooevvienvivenenne 78
4.4.8 Seismic Load Analysis .......cccceoeriecienienienieniencenene 81
4.4.9  Substitute Frame Analysis under Dead and
Live Loads ...co.ooviviniinieieiciciciciciceceee 89
4.4.10 Frame Analysis under Wind and Seismic
FOTCES ..ot 116

4.4.11 Summary on Maximum Bending Moment and
Shear due to Dead Load, Live Load,

Wind Load and Seismic Load .........ccccceceeivininnnne. 131
4.4.12 Design of Frame Beams .........cccccceveeieneencncencnnne. 146
4.4.13 Design of Columns......c..cecueveenierienierieneereneeneneen 151
4.4.14 Design of Foundations............ccceecveveevieneencneenennne. 165

4.4.15 Working Drawings of Slabs, Beams, Columns
and Foundations ...........ccoecveiiieiiiieeeceicieeeee e 168



Contents ix

4.5 Design of a 15-Storied Reinforced Concrete-Framed

Residential Building on a Pile Foundation ..........c...c.ccccuene. 175
4.5.1 Dead Load and Live Loads.........cccccecevvirinininennnn 175
452 Wind ANalySis ..cooereerierienienieieeieceeseee e 177
4.5.2.1 Basic Wind Pressure...........cccceceeivirennnne. 177
4.5.2.2 Wind Load as per “Drag Coefficient
ApPProach” ........cooieviiieiinieiceee 180
4.5.2.3 Wind Load as per “Pressure
Coefficient Method” ..........cccccevvvirininnnn 181
4.5.2.4 Wind Load as per “Gust Factor
ApPProach” .......ccooieviiiiinieeneeee 184
4.5.2.5 Wind Load Analysis Using Software........ 195
4.5.3  Seismic Load Analysis Using Software ................... 195
4.5.4  Different Checks.......cccooevveeieviiininininiiinceeeen 195
4.5.5 Design of Beams, Columns and Pile Caps Using
SOfEWATE.....c.euveiiiieiieiieiee e 197
4.5.6  Working Drawings of Slabs, Beams,
Columns and Foundations...........ccccceceevireninencnnene 197

Chapter 5 Comparison of Basic Parameters Stipulated for Wind and
Seismic Analysis, as per IS, IBC, ASCE, ACI, EN and

BS COdES ...ttt s 207
5.1 Preamble ......oooviiiiiiiiiiiiiiiecc e 207
5.2 Wind Load ANalysiS......cccceeeeriirieninieneiienieeieneeiesieeiesiens 209
5.3 Seismic Load ANalysis......cccoeerveeririenernenenieneeieneeienens 212
5.4  Numerical Example of Wind and Seismic Load
ANALYSIS. .ttt 213
5.5 Comparison of Basic Parameters Stipulated in Indian,
American and British Codes ..........ccccceveviiinviniinininincene. 221
Bibliography .........cccoooiiiiiiieie e e 227



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://www.taylorandfrancis.com

Figures

Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4
Figure 1.5
Figure 1.6
Figure 3.1
Figure 3.2
Figure 3.3
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10

Figure 4.11
Figure 4.12
Figure 4.13

Figure 4.14
Figure 4.15

Figure 4.16
Figure 4.17

Figure 4.18
Figure 4.19

Figure 4.20

Re-entrant COTNET .........covieiiiiirieiiieiieeteecee ettt 6
Slab panels wWith CUtOULS ........c.c.ccuiriieriiiiiiniieeceeeeeeeeeee 7
Out-0f-plan OffSELS .......coeviriririerieciceteeee e 7
A non-parallel SYStem.........ccccocveviiiiiiiiiiieee e 8
Strength irregularity ..........cocoociriiiiii e 14
MaSS ITEZUIATILY ......oviiiiiiiiiieciee e e 15
Reverse faulting.......c.ooeveririeniininieieicecceteccee e 30
Normal faulting .......c..cocceoiiiiniiiiiieeeeee e 31
A SEISMOZIAPN ...t 32
Plan of a six-storied building..........cccceevevvevieiiniiniinnininenncncscene 59
Sectional elevation of a six-storied building ............ccccecererencnennenne. 60
Influence area for the column marked B4 ...........cccccoeieiiiiiniiee 64
Marking of slab panels ..........coccocoriiiiiiiiiniee e 66
Frontal area for joint Al against the wind load..........ccccceevenreeennne 74
Influence area for joint 2b against the wind load ...........cccceveeeennn.ne. 74
Building frame in the shorter direction (4—4)........ccceevevvevveneeeenennne. 75
Building frame in the longer direction (B—B) ........ccccecerinenencnennenn 76
Plan showing the wind angle and external wall faces ........c..c.ccccuee.. 79
Wind loads on frame 4—4 (along the shorter direction of the

DUILAING) c.vevieiieieeiere et 82
Wind loads on frame B-B (along the longer direction of the

DUILAING) «.veviriirieeiecre e e 82
Frame in the shorter direction showing the seismic load

1N €ACH JOINT ...t 88
Frame in the longer direction showing the seismic load

1N €ACH JOINT ...t e 88
Typical floor load dispersion for dead and live loads.........c..ccccoueuuee. 89
Substitute frame A1-B1-C1-D1 at first floor level in the shorter
QITECHION (A4) ittt ettt e e re e e be e e e taeesnaaeeeseeennes 89
Dispersion of floor loads on frame 4—4............ccccecevvrenincnicncncnenn 91
Load transferred from floor to substitute frame in the shorter

direction (Figure 4.14) for getting maximum support

mMOMENt At B ..ot 91
Free and elastic shear: (a) span AB and (b) span BC........cccceceene. 95
(a) Loading diagram for getting maximum support at B1,

(b) bending moment diagram and (c) shear force diagram of the
substitute frame in the shorter direction (Figure 4.15)........cccccveneennee. 96
(a) Loading, (b) bending moment and (c) shear force diagram

of the substitute frame in the shorter direction (Figure 4.15) for
getting the maximum span (AB) ........ccccoooeiiiiiiiniieeee 97

xi



xii

Figure 4.21

Figure 4.22

Figure 4.23

Figure 4.24

Figure 4.25

Figure 4.26

Figure 4.27

Figure 4.28

Figure 4.29

Figure 4.30

Figure 4.31

Figure 4.32

Figure 4.33
Figure 4.34
Figure 4.35
Figure 4.36
Figure 4.37
Figure 4.38
Figure 4.39
Figure 4.40

Figures

(a) Loading, (b) bending moment and (c) shear force diagram

of the substitute frame in the shorter direction (Figure 4.15) for
getting maximum span moment (BC) ........ccccooeiiviininiinienienene 98
(a) Loading, (b) bending moment (follow encircled value in

later stages of calculations) and (c) shear force diagram of the
substitute frame in the shorter direction (Figure 4.15) for dead

10AA ONLY ..t 99
Substitute frame at first floor level in the longer

direction (B—B).......ooooiiiiiiieee e 101
Loading diagram of the substitute frame in the longer direction
(Figure 4.14) to get maximum support moment at 2............ccceuee.e. 102

(a) Loading, (b) bending moment and (c) shear force diagram

of the substitute frame in the longer direction to get maximum

SUPPOTt MOMENE AL 2 ..ttt 107
(a) Loading, (b) bending moment and (c) shear force diagram

of the substitute frame in the longer direction to get maximum

SUPPOIt MOMENE A 3.ttt 108
(a) Loading (follow encircled value in later stages of

calculations), (b) bending moment and (c) shear force diagram

of the substitute frame in the longer direction to get maximum

SUPPOIt MOMENE A 4 ...ttt 109
(a) Loading, (b) bending moment and (c) shear force diagram

of the substitute frame in the longer direction to get maximum

SUPPOIt MOMENE AL 5.ttt 110
(a) Loading (point load in kN, distributed load in kN/m, length

in m), (b) bending moment and (c) shear force diagram of the
substitute frame in the longer direction to get maximum support
TNOMENE AL 6.ttt ettt st siens 111
(a) Loading, (b) bending moment and (c) shear force diagram of

the substitute frame in the longer direction for getting maximum

span moment (1-2, 3—4, 5—0) ..c..cooeeririeniiieieieeeeeee e 112
(a) Loading, (b) bending moment and (c) shear force diagram of

the substitute frame in the longer direction for getting maximum

span moment (2—3, 4—=5, 6—7) ..ccccocuereriereiieieeeeeee e 113
(a) Loading, (b) bending moment and (c) shear force

diagram of the substitute frame in the longer direction for dead

10AA ONLY ..ot 114
Stress diagram for cantilever under horizontal loading.................... 116
Frame in the shorter direction (4—4) showing wind loads................ 117
Frame in the longer direction (B-B) showing wind loads ............... 128
Frame in the shorter direction showing seismic loads ..................... 131
Frame in the longer direction showing seismic loads ...................... 133
Position of column B4 .........c.coiiiiiiiiiiiiiiiiie 151
Critical sections of one-way and two-way shear stresses................. 168

Detail of top reinforcements of slab...........cccceveeviniininiincienennnn. 169



Figures

Figure 4.41
Figure 4.42

Figure 4.43
Figure 4.44
Figure 4.45

Figure 4.46
Figure 4.47

Figure 4.48
Figure 4.49

Figure 4.50
Figure 4.51
Figure 4.52
Figure 4.53
Figure 4.54
Figure 4.55

Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5

Detail of bottom reinforcements of slab...........ccccccevivinininninnne.
Working details of reinforcements for beams of the

SIX-Storied DUILAING ... ...coveviiriiiiiieieiieeeeee e
Schedule of reinforcements for beams of the six-storied

DUILAING . ..o
Working details of reinforcement for columns of the

SIX-Storied DUILAING ... ...coeeviirieriiieieiieceeeeeee e
Working details of reinforcement for foundations of the
SIX-Storied DUILAING.......coveviirieriiieeiieececeeeeee e
Building plan .......cooovieriiiiiiiee e
Plan showing wind angle and marking of external

WAl FACES ...t
Reinforcement details of slab (top reinforcement only)

for 15-storied building........ccccooveverieniriiniiienieeee e
Reinforcement details of slab (bottom reinforcement only) for
15-storied BUILAING .....ccvevieiieriiiiiiecee e
Reinforcement details of beams for 15-storied building...................
Reinforcement schedule of beams for 15-storied building ..............
Reinforcement schedule of beams for 15-storied building ..............
Reinforcement details of columns for 15-storied building...............
Reinforcement details of pile caps for 15-storied building..............
Layout of foundation (pile caps) including grade beams and

piles and detail of reinforcements for 15-storied building ...............
Plan of a six-storied building............ccccecuevierienieiininnenenicieeeee,
Sectional elevation of a six-storied building ..........ccccceceevereriencnne.
Plan of a six-storied building............ccccecuereerienienininnenenceeeeen
Sectional elevation of a six-storied building ..........cccceeeeeerieiencnne.
Wind load acting on a vertical wall (see figure 7.5 of

EN 1991.1.4: 2010) .veeviiiiiiiiieieiecieeeeeeeeeee e



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://www.taylorandfrancis.com

Tables

Table 3.1

Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 3.10

Table 3.11

Table 3.12
Table 3.13
Table 3.14
Table 4.1

Table 4.2

Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 4.8
Table 4.9
Table 4.10
Table 4.11
Table 4.12
Table 4.13
Table 4.14
Table 4.15
Table 4.16

Table 4.17
Table 4.18

Table 4.19
Table 4.20

SPT value (N), density, percentage fine etc. of different layers

OF SOTL.c e 36
Values of N of different layers of S0il..........cccooovrieiiiiiiiiiiinnn, 38
Values of (N)),, of different layers of SOil ..........cccouevviriiiiiiiiiiininnn, 39
Values of CRR, | of different layers of S0il ........ccccceviiiiiiiiinininnn, 40
Values of CSR, CRR and FOS ...........ooooiiiiiiiieceeeeeeeeeeeeee e, 41
Soil data showing shear wave values............coceoeevenieiinieiiencenene. 42
Values of CSR of different layers of s0il.......ccccccecevvivvinencninicncncne. 43
Values of CRR, | of different layers of S0il ........cccocoviiiiiiiiiiiininnn, 44
Values of CRR and FoS of different layers of soil ........ccccecerenenennens 44
Soil testing data showing CPT values of different layers

OF SOTL. e 45
Values of normalized dimensionless cone penetration

resistance of different layers of SOil.......c.ccccecvvvirciiinininininincncnenn 46
Cyclic resistance ratio (CRR, ,) of different layers of soil.................. 47
Cyclic resistance ratio (CRR) of different layers of soil ......c....c...... 48
Values of CSR and FoS of different layers of soil.......c..ccccoveverennnnee 49
Slab panels are marked according to edge condition (as per

table 26 of IS 456, 2000) .......coeviriererieieieieieiee et 67
Ultimate design bending moment for slab panels

(as per table 22 of IS 456, 2000) .....ceevueeieriieieeeeere e 68
Design calculations for reinforcement for slab panels.......c..c..cc.c...... 69
Values of k, at different heights.............cooocooeiii 71
Values of kw k,, k,, V, and V atdifferent heights............c................. 72
Values of V_and p, at dlfferent heights ..ooeeieeeieeeeeeeeeeee 72
Design pressures at different heights............cccooeiiiiiiniininne. 73
Effective frontal area for each joint/node..........ccccceevercerenencncncnnenn 76
Wind load on nodes/joints (on the shorter face of the building) ........ 77
Wind load on nodes/joints (on the longer face of the building)......... 78
External wind pressure coeffiCients..........cccecvveeveririenicninencneniennenn 80
Net wind pressure coefficients for different surfaces .........c.ccocceueuee. 80
Wind pressure on wall when 0 = 0°.......c.ccccecvvviriininininnincncncene 81
Wind pressure on wall when 0 = 90°..........cccocevvirinvininnncncncnenn 81
Weight of 100f S1ab ...c..coviiiiriiiiiiiccc e 84
Weight of parapet walls, stair walls, water tank, etc.

frOm TOOF 1EVEL.....coviiiiiiiiiiiiriec e 85
Weight of floor s1abs.........coovuiiiiiniiiiiiiee 85
Weight on account of walls, columns, etc. at a typical

FlOOT 1EVEL ...ttt 86
Weight of walls, beams and column elements...........c.ccocceerereneenenn 86
Distribution of lateral forces (inertial force) and shear

forces at different loor Ievels.........coccoueeveieiieiiiiniininnnceeecee 87



xvi

Table 4.21
Table 4.22
Table 4.23
Table 4.24
Table 4.25
Table 4.26

Table 4.27
Table 4.28
Table 4.29
Table 4.30
Table 4.31

Table 4.32

Table 4.33

Table 4.34
Table 4.35

Table 4.36
Table 4.37
Table 4.38
Table 4.39
Table 4.40
Table 4.41
Table 4.42
Table 4.43

Table 4.44
Table 4.45
Table 4.46

Table 4.47
Table 4.48
Table 4.49
Table 4.50
Table 4.51
Table 4.52
Table 4.53

Table 4.54

Tables

Distribution of lateral forces (inertial force) ..........ccoceeeevieeiieeeenn.n. 87
Stiffness of members of the shorter frame (see Figure 4.15) ............. 90
Distribution factor (DF) at joints of the frame (see Figure 4.15)....... 90
Fixed end moment for different type of load.........c..ceceeverieninnnnne. 92
Fixed end moments (see Figure 4.19a and Table 4.24)...................... 93
Moment distribution method applied to short frame 4—4

(SEE FIGUIE 4.4) .o 94
Design bending moment (kNm) due to dead load only.................... 100
Design shear force (kN) due to dead load only........cccceeceeviireencnnee. 100
Design bending moment (kNm) due to dead and live loads ............ 100
Design shear force (kN) due to dead and live loads........cc.ccocceueeee. 100
Moment of inertia of beams and columns of the longer frame

(B-B) (5€€ Figure 4.23)...cccueiieiiiieieiieieceeeeeeee e 101
Stiffness of the beams and columns of the longer frame

(56€ FIUIE 4.23) ..ot 101
Distribution factor at the joints of the longer frame

(56€ FIUIE 4.23) ..ot 102
Fixed end moments (see Figure 4.24) ........ccccooeevinieneniencneenennnn. 104
Moment distribution method applied for analysis of the long

frame (B—B)....ouoiioiie e 106
Design bending moment (kNm) due to dead load only.................... 115
Design shear force (kN) due to dead load only........cccceeceeiriennnee. 115
Design bending moment (kNm) due to dead and live loads ............ 115
Design shear force (kN) due to dead and live loads........cc.cccceueeee. 116
Cantilever method of analysis ........ccccoeeeeririieniiieninnienieceeeee 118
Design column moment and shear force............ccccoeceeveneencreencnee. 127
Design beam moment and shear force ...........cocoecevevencencnenennne. 127
Axial force and bending moment of ground floor column

under wind load in kN (refer to Table 4.40 at plinth level)............... 128
Design column moment and shear force............coccovceevencencreencnee. 129
Design beam moment and shear force ...........cocoecevievencencnenennnn. 130
Axial force and bending moment of ground floor column

under wind 10ad in KN ......coooiiiiiiniiiiiiicceee e 130
Design column moment and shear force............ccccoeceeveneencneencnee. 132
Design beam moment and Shear...........cccceeeerieviinienenenciieeee. 133
Axial force and bending moment of ground floor column

under wind 10ad in KN ......coooiiiiiiniiiiiiicceee e 133
Design column moment and shear force............ccccoeceeveneencneencnee. 134
Design beam moment and shear force ...........cocecevevencencnencnnnn. 135
Axial force and bending moment of ground floor column

under wind 10ad in KN ... 135
Bending moment due to dead and live loads (kNm)

(same as Table 4.29) .....coouiiieiie e 135

Shear force due to dead and live loads (kN) (same as
Table 4.30) ...uiiuiieieieeeee ettt et 136



Tables

Table 4.55

Table 4.56
Table 4.57

Table 4.58

Table 4.59

Table 4.60
Table 4.61

Table 4.62

Table 4.63

Table 4.64

Table 4.65

Table 4.66

Table 4.67

Table 4.68

Table 4.69
Table 4.70

Table 4.71

Table 4.72

Table 4.73
Table 4.74a

Table 4.74b
Table 4.74¢

Table 4.74d

Table 4.75

Table 4.76a

Xvii
Bending moment due to dead load only (kNm) (same as
TADIE 4.27) ettt 136
Shear force due to dead load only (kN) (same as Table 4.28).......... 136
Bending moment due to dead and live loads (kNm) (same as
TADIE 4.38) ...t 136
Shear force due to dead and live loads (kN) (same as
TADIE 4.39) .. 137
Bending moment due to dead load only (kNm) (same as
TADIE 4.30) ....eceeieeeieceeeee et 137
Shear force due to dead load only (kN) (same as Table 4.37).......... 137
Bending moment and shear force of first floor beams due to
wind load (kN) (same as Table 4.42).......ccccoeeevieeeiireeiieeeeieeeeen. 138
Axial force of ground floor column due to wind load (kIN)
(same as Table 4.43) ...ooooiiiieie e 138
Bending moment and shear force of first floor beams due to
wind load (kN) (same as Table 4.45).......cccovieeiireeiieeeiieeeeieeeee, 138
Axial force of ground floor column for wind load (kN)
(same as Table 4.46) .....cccuviieiiiiecie e 139
Bending moment and shear force of first floor beams for
seismic load (kNm) (same as Table 4.48) .........ccovieevieeiiiieeeieeens 139
Axial force of ground floor column for seismic load (kN)
(same as Table 4.49) .....couiiieie e 140
Bending moment and shear force of first floor beams due to
seismic load (kN) (same as Table 4.51)........cccceeeviiieiiiieiiiieeeieeens 140
Axial force of ground floor column for seismic load (kN)
(same as Table 4.52) ....ocoouiiieiie e 140
Load cCOMbINAtION.......eeiieeiieiieeie ettt 141
Load combination of bending moments for the shorter frame
beam (4—4) (first flOOr) .....ccouiiieiiiieeie e 141
Load combination of shear forces for the shorter frame beam
(4—4) (TSt lOOT) .veiieiieeeee e 143
Load combination of bending moments for the longer frame
beam (first flOOT) .......oiiiiii e 144
Load combination of shear forces for the longer frame beam ......... 145
Design of shorter frame beams (4—4) for longitudinal
reinforcements (see Tables 4.70 and 4.71) ......coovvvieviieeeciieecieeenee. 147
Design of shear reinforcements of shorter frame beams (4—4) ........ 148
Design of longer frame beams (B-B) for longitudinal
reinforcements (see Tables 4.72 and 4.73) ......coovviiviieeeciieeeieeenen. 149
Design of shear reinforcements of longer frame
beams (B—B).......cooiiiiiiii e 150
Load combination for design of columns at ground
FOOT TEVEL ...ttt e 154

Calculation of final design values of P.M and Muy for column
B, (ISt trial).c.cvoveeeicieiiiiieiii 155



xviii

Table 4.76b
Table 4.76¢
Table 4.77a

Table 4.77b
Table 4.77¢
Table 4.78
Table 4.79

Table 4.80
Table 4.81
Table 4.82
Table 4.83
Table 4.84
Table 4.85
Table 4.86
Table 4.87

Table 4.88
Table 4.89
Table 4.90
Table 4.91
Table 4.92

Table 4.93

Table 4.94
Table 4.95
Table 4.96
Table 4.97
Table 4.98
Table 4.99

Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 5.7
Table 5.8
Table 5.9
Table 5.10
Table 5.11

Tables
Design calculations for column B, (first trial)..........ccooeiniinenniinns 156
Design calculations for column B, (first trial)........c.ccooeiniireiniinns 158
Calculation of final design values of P.M and
M, for column B......c.oviiiiiiiiiiiii 160
Final design calculations for column B4 ...........ccccoocivinininennnnn. 161
Final design calculations for column B4 ...........ccccoooiiinininennnnnn. 162
Final design calculations of combined check for column B4 .......... 164
Unfactored axial force (P) and bending moment (M and My) or
different load combINAtIONS .........ccvevieriiieieieieieicecieeec e 165
Terrain factor (k,) at different heights ...........ooooeiiiiiinii 178
Design wind speed at different heights ..........cccecevivinininnenennn. 178
Wind pressure at different heights...........ccceoeviiiiniininiiniee. 179
Design Wind PIESSUIE ........eerueruieriirieniieiienieeitenteetesteeeesieeeesieeneesaees 179
Wind force along the X direction ...........cccceecveveeienieneneencncenennne. 181
Wind force along the Z direction............cceecveveerienieneneencnieenee, 181
External pressure COeffiCients.......c.cueververieienieiienieencec e 182
Net pressure coefficients considering external and internal
Pressure COCTIICIENTS ....cc.evuieruiriieiieiieieeeee e 183
Wind force calculation ...........cceeevievieienieinieieieeeeeceeeeeee e 183
Natural freqUENCIES. .....ccuevueerierieiiriieieeeieeet e e 184
Caleulation Of P ..e.vveierieiiiieiiei 187
Calculation of turbulence intensity and roughness factor ................ 188
Effective turbulence length, background factor, height
FACTOT, ETC. weiiiiiiiieeee ettt e e e e e e e e e e e e e e e e e e e s e e aaaaaaaees 189
Peak factor, factor to account for the second-order
tUrbulence INENSILY ....cevvervrerieiierieeiierieeetete e 190
Size reduction factor..........cccieiririiriinienieicicccee e 190
Spectrum turbulence and effective reduced frequency.................... 191
GUSE FACLOT (G et 192
Wind forces at different levels along heights ...........ccccoeceeninencnee. 193
Cross-wind fOrce SPECtIUML.......cuevueeriirieniinienieeieneee e 194
Values of M_and F_(forces considering per unit height
and per unit Width) ........oceoiiiiiiiiieee 196
Basic data considered for wind load analysis........c.ccccceeeeneriencnnee. 209
Velocity pressure coefficient (K ) along heights ..o 211
Velocity pressure (q) along heights .........cccecevieiiniininiencieeee, 211
Calculation of external pressure coefficient (Cp) for wall ................ 212
Design wind pressure on the windward wall............ccccooceeninennne. 212
Wind pressure on the leeward wall..........cccoceviiiiniinininciennn. 212
Design wind pressure on the side walls.........ccocoeceveninencnenennnn. 213
Basic data for wind load assessSment........c..ccecveeveeeirininenenennenne. 215
External wind pressure coefficients. .........c.cecueveeviereenencencneeniennne. 219
Wind pressure on Wall ........coooieiiiiiiiiiineee e 220
Comparison of basic parameters of wind and seismic load

ASSESSIMIEIL ..vvveeiieeeieeeeeteeeeeeeeeateeeeeeeeaaeeeeeeeesaareeeeeensareeeesennrereeeeans 222



Preface

Reinforced concrete as a construction material provides enormous architectural
freedom. The basic concepts for the design of Reinforced Concrete structural elem-
ents are, fundamentally, more or less the same, but students and practicing engineers
have access to a number of computer software packages, hundreds of textbooks, art-
icles and research papers and large amounts of online information. It is difficult to
recommend the best and most appropriate design resources. The present engineering
education system focuses more on computer-based mathematical models without
understanding their shortcomings. However, such analyses would be more powerful
and useful if they had been developed in the light of realistic engineering concepts.
Intuitive skill and experience, along with computer-aided mathematical analysis,
need to be given due attention. The design concept needs to be cost-effective and
better than its alternative if it is to be accepted.

This book explains the wind and seismic design issues of Reinforced Concrete
buildings in brief and provides design examples based on the recommendations
of the latest Indian Standard (IS) codes, which are essential and mandatory docu-
ments for industrial design and in order to achieve an acceptable common plat-
form of understanding. It also provides detailed working drawings; several such
typical design examples of buildings are given. The book provides the basic in-
sights necessary for the effective development of a design. The most intricate
issues of Reinforced Concrete design are discussed, supplemented by a number
of real-life examples for deeper understanding of the subject.

Guidelines are presented for evaluating the acceptability of wind-induced motions
of tall buildings. A design methodology for members or the structure as a whole to
deform well beyond their elastic limits, which is essential under seismic excitation,
is discussed in depth. Detailed considerations for such nonelastic behavior, in order
to formulate simple procedures to accommodate design objectives that receive due
attention in the code provisions, are also critically discussed.

The target readers of this book are the practicing structural engineers and architects,
students and teachers of Civil engineering and Architecture, striving to understand the
design of wind- and earthquake-resistant Reinforced Concrete buildings. This book
explains the concepts on behavior of Reinforced Concrete buildings against wind
and earthquake forces. It is an attempt to respond to some of the frequently asked
questions by architects and structural engineers regarding the design of reinforced
concrete buildings against wind and earthquake forces. Detail design calculations
and reinforcement detailing as per recommendation of different relevant codes of
practices have been furnished. Reinforcement detailing in the form of working draw-
ings are also included so as to reduce the gap of understanding between different
groups of professionals in structural engineering. The book is intended to serve as a
comprehensive reference for the wind and earthquake-resisting design calculations
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and details of Reinforced Concrete buildings inline with the latest IS codes. It is a
user-friendly complete package for all who deal with Reinforced Concrete design,
explaining the wind and seismic design issues of Reinforced Concrete buildings and
providing numerical design examples, along with working drawings based on the re-
commendations of the latest IS codes.

Professor (Dr.) Somnath Ghosh
Dr. Arundeb Gupta
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design wind pressure

wind directionality factor

area averaging factor

combination factor

design wind pressure

design wind speed

risk coefficient

height and terrain factor

topography factor

importance factor cyclonic region

basic wind speed

external pressure coefficient

internal pressure coefficient

surface area of structural element or cladding unit

force coefficient

effective frontal area

height of the building

width of the building

length of the building

design peak along-wind load on the building structure at any height z
drag force coefficient of the building structure corresponding to the area A,
design hourly mean wind pressure

design hourly mean wind speed at height z, in m/s

effective frontal area of the building structure at any height z, in m?
gust factor

roughness factor

peak factor for upwind velocity fluctuation

background factor

average breadth of the building/structure

measure of effective turbulence length scale at the height, h, in m
factor to account for the second order turbulence intensity
turbulence intensity at height h in terrain category i

height factor for resonance response

size reduction factor

spectrum of turbulence in the approaching wind stream

effective reduced frequency

first mode natural frequency of the building/structure in along-wind direc-
tion, in Hz

design hourly mean wind speed at height, h in m/s

damping coefficient of the building/structure, for Reinforced Concrete
structure

peak factor for resonant response
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XXvi Notation

k,, hourly mean wind speed factor for terrain category 1

z height or distance above the ground

z, aerodynamic roughness height for ith terrain

F,. across-wind load per unit height at height z

K mode shape power exponent for representation of the fundamental mode shape

f first mode natural frequency of the building/structure in across-wind direc-
tion in Hz

b breadth of the structure normal to the wind in m

p, hourly mean wind pressure at height h, in Pa

C. cross wind force spectrum coefficient

M, P-wave magnitude

M surface-wave magnitude

M, seismic moment

M, moment magnitude

M,  Richter magnitude

D average fault displacement

A total area of the fault surface

M average rigidity with respect to the shearing forces of the rocks

A, design horizontal seismic coefficient

Z zone factor

I importance factor

R response reduction factor

S/g  design acceleration coefficient

T, fundamental translational natural period

Vv, base shear

w seismic weight

Q design lateral force at ith floor level

W, seismic weight of ith floor level

h, height of ith floor measured from base

n number of floors including roof

M,  modal mass of k™ mode

P, modal participation factors of k mode

Q, design lateral load for ith floor mode k

A\ story shear for ith floor mode k

P, percentage of tension steel

d effective depth

D overall depth

1 maximum shorter span of a slab panel

1y longer span of a slab panel

o positive shorter span coefficient of the bending moment of a slab panel

a' negative shorter span coefficient of the bending moment of a slab panel

o, positive longer span coefficient of the bending moment of a slab panel

(xy’ negative longer span coefficient of the bending moment of a slab panel

M, ultimate design bending moment

M,  ultimate uniaxial bending moment capacity in the presence of axial compres-

sive load



