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FOREWORD

have great pleasure and pride in bringing out the BMTPC's latest publication entitled Improving

Earthquake Resistance of Housing: Guidelines for the benefit of all the stakeholders

involved in Earthquake risk management and mitigation. The publication is the updated version
of BMTPC's earlier version with the same title which was drafted by Padmashree Prof. Anand S.
Arya with the approval of expert group. The publication came in 2001. However, since then lot of
changes have taken place as regards the strategy of Indian subcontinent is concerned towards
combating earthquake risk . The Ministry of Home Affairs took over on Disaster related issues from
Ministry of Agriculture and we have recognized that 3 Psi.e. Prevention, Preparedness and Planning
are more apt than being 3 Rs i.e. Reactive, Rescue and Recovery. Also, thanks to recurrent
earthquakes in urban centers of India is last two decades, our knowledge in the area of earthquake
resistant design and construction has increased manifold and several new concepts, technologies
and tools have come up to understand the ever so complex behavior of structures under random
earthquake loading. As a result, Indian standards have also gone through subtle changes such as
obliterating Zone | (now, we have only four zones starting from Zone Il to Zone V), bringing in more
simplicity and new sections on irregularities, ductility, categorization of buildings etc. Therefore, it
was felt obligatory to bring out newer version of our earlier published guidelines. The guidelines
incorporate all the modifications being incorporated in Indian Standards. A separate annexure is
added on Confined Masonry Technology as an alternative to the masonry construction reinforced
atcritical point being practiced in India for earthquake safe construction. This document would serve
as an explanatory handbook on the various clauses of Indian Standards on Earthquakes which are
important from the point of view of designing new buildings or improving resistance of existing
building stock. The guidelines are in particular written keeping in mind that the major stock of
buildings in India comprise of masonry buildings made up of mud burnt/un-burnt bricks and blocks
& stones which are yet seldom designed for gravity and earthquake loads. Also, through these
guidelines, we wish to pass on knowledge and expertise to our planners, engineers and architects
and above all the common people of India to whom we owe, what have been learnt through all these
menacing earthquakes. It has been endeavor of BMTPC to educate the masses and disseminate
the knowledge in comprehensible lingo through its publication.

| place on record my deep and humble appreciation for Dr. Arya, Prof. Emeritus, IIT, Roorkee to
take up the challenge and prepare the updated version of guidelines.

Let us build India as Earthquake Resilient Society.

8" Day of May, 2010 Dr. Shailesh Kr. Agrawal
New Delhi Executive Director, BMTPC






PREFACE

he earthquake hazard has been well addressed by Committee CED:39 of Bureau of Indian
I Standards and the following standards are already printed:
1. 1S:1983-(Part 1) 2002 “Criteria for Earthquake Resistant Design of Structures (Fifth
Revision)” 2002.
2. 1S:13920-1993 “Ductile Detailing of Reinforced Concrete Structures subjected to
Seismic Forces - Code of Practice” November 1993*.
3. 1S:4326-1993 “Earthquake Resistant Design and Construction of Buildings - Code of
Practice (Second Revision)” October 1993*.
4. 1S:13828-1993 “Improving Earthquake Resistance of Low Strength Masonry Buildings
- Guidelines” August 1993.
5. 1S:13827-1993 “Improving Earthquake Resistance of Earthen Buildings - Guidelines”,
October 1993.
6. 1S:13935-1993 “Repair and Seismic Strengthening of Buildings - Guidelines”,
November 1993.*
*Presently under revision may be reprinted by end of 2010.

These standards taken together cover the professional design and construction
requirements of buildings quite adequately. BMTPC, however, considered the need to prepare a
brief guideline to explain the terms and principles underlying the occurrence of earthquakes, their
effects on ground and buildings, and highlight the minimum safety provisions in buildings of various
types commonly used for housing and built by people without involvement of engineering design and
supervision. Obviously, the recommendations have to be made in line with those in the above
standards and proper reference to them has to be made as necessary. Accordingly, these
guidelines had first been prepared in 1998 and published in 1999-2002 for use by the people
particularly those using the Vulnerability Atlas of India.

During the period 1999 to 2006, three major damaging earthquakes occurred in India namely,

Chamoli (Uttranchal) 1999, Bhuj (Gujrat) 2001, and Kupwada (Jammu and Kashmir) 2005, as a
result of which the main earthquake Code, IS: 1893 underwent major revision. The seismic zoning
map was amended to reduce the number of Zones from 5 to 4 with many changes in the design
seismic forces. Also, the categorization of the buildings was accordingly changed in IS: 4326. This
first revision of the BMTPC guidelines incorporates all such modifications as a measure of updation.
Besides, an earthquake safe construction technology, called as Confined Masonry Construction,
has been included as an annexure, taking into view that inclusion of this technology is under
consideration in the revision of IS: 4326.
Acknowledgement : These Guidelines were initially drafted by and now revised by the author. He will
like to acknowledge heartily the assistance provided by the BMTPC staffin general and Dalip Kumar
in particular. He feels indebted to Shri T.N. Gupta, the then E. D., and Dr. Shailesh Agrawal, the
present Executive Director, BMTPC for providing the opportunity and the facilities of BMTPC for
carrying out this work in the service of the people.

May 25, 2010 Dr. Anand S. Arya
Professor Emeritus, IIT Roorkee



A o B L
wi) 2o - =} Earthquake Hazard Map .
o 0 (showing faults, thrusts and
:;’ % 8 i earthquakes of magnitude 2 5),,
L] L1 ]
[ —
[=] un o i g %0 100 FF0 320 420 km :F

'#C‘nE: u-:- ﬁn Do

L

I Zono W 1 Veey High Damago Fisik Zona [MEK |X or morg)

=]
m B Zoia IV High Duinege Risk Zons (MEE VI
. 0 Zone B Moderste Damnge Pk Zone [MSK VI
Mty T oot i o Bk ' o003 P il U 1 o D e B B ] ol B s B Zong B - Low Dymege Aisk Zones (RSK V) or less)
T ) 1 T 1 F T a T 1 L T ) L) i ¥ T T L] T L]
o - = L} - L3

a !:II o G :
feo | I INDIA =l
2% #Ba 50

BMTPC : Vulnerability Atlas - 2nd Edition (2006); Peer Group, MoH&UPA; Map is based on digitised data of SOI, GOI; Seismic Zones of India 1S:1893 - 2002, BIS, GOI,

Seismotectonic Atlas of India and its Environs, GSI, GOI



IMPROVING EARTHQUAKE RESISTANCE OF BUILDINGS: GUIDELINES

10

11

12

CONTENTS
Page No
INTRODUGCTION ...ttt ettt b et h e bt e bt e h e e bt e bt e h e ekt e st e e h e et e et e e bt ea bt e bt b e e e b b e bt e nbe e bt e ebeenbeenteenen 1
SCOPE ..t bbb et E et b b e bt h b e bt b e bt e bt b e bttt e bt e bt a e e b b 1
TERMINOLOGY
3.1 Band

3.2 CINMIE OF IMIBSS ...tttk e e e st ookt e o2 bt e ekt o2 e bt e kbt e e et b e e e st e e nks e e e bt e e b e e e b e e e ne e
3.3 (001 g To (=] (= €] - To [T PSPPSR
3.4 Design Horizontal Seismic Coefficient .

3.5 Engineered Buildings .........c.cccccvvvennne

3.6 NON-eNGINEETEd BUIIAINGS ...ttt b ettt b ettt b et et
3.7 Pre-Engin@ered BUIIAINGS .......o.oiiiiiiiiee et ettt bttt
3.8 Seismic Zone and Seismic Co-efficient ..

3.9 SeMI-ENGINEETEA BUIIAINGS ... .ottt h et e bt e bt e bt et e bt e b ente s
UNDERSTANDING EARTHQUAKES ... .ottt ekttt ettt e h e et ekt e et esa e e e nb e e e e e e b e e e e e enne s 3
4.1 EarthqQUake VIDIAtIONS .......co.oiiiiiiiiii ettt ettt ettt 3
4.2 Measurement Of GrOUNG IMOTION .........c.coiiiiiiieiie ittt ettt ettt ettt et 3
4.3 Epicentre, Hypocentre and EarthqUake WAaVES ............ooiiiiiiiiiiiii ettt e ee e e iee e nnneeenes 4
4.4 SrONG GrOUNG IMOLION ...ttt bbbt bttt h e bt et e h e e bt et b be e sb e e bt e b e e nbeeeeas 4
4.5 Magnitude and Energy of an EArtNQUAKE ...........ooiuiiiiiiiiiiee ettt 5
EARTHQUAKE EFFECTS ... ittt etttk e e bt e H e 22kt e s et e 2t 4o ettt e he e e e et e nbe e e eb e e e b e e e e e e nnneas
5.1 Force Generation Mechanics ..

5.2 Nature of Seismic Stresses ..................

5.3 Factors Affecting StruCtural DAMAGE ..........eeiuiiiiiiiieii ettt 8
5.4 Overall Effects of Major EArtNQUAKES ............cciiiiiiiiiiiii i 9
INTENSITY AND ISOSEISMALS OF AN EARTHQUAKE AND SEISMIC ZONING .....cooiiiiiiiiiiiiiiiiee e 10
6.1 INEENSITY SCAIES ...ttt a e a2ttt h et e h e e a bt e he st e st eae e he et eae e s enn e anee 10
6.2 ISoseismals Of @N EArTNQUAKE ..........oiiiiiiiiiiie ettt 11
6.3 ST IS (ol o o 1 o PRSP SUUPTRTROPI 11
EARTHQUAKE FORCE FOR DESIGN .....ceiiiitiiiiiiitit etttk e o1ttt e e ettt e e ettt e e et e e e et e e e e e s 12
7.1 The Earthquake Force ............. . 12
7.2 Design Seismic Coefficient ......... ... 13
7.3 Design Base Shear in Buildings . ... 14
7.4 O (o) (=) YA =TT o [T o USSR UR PO PR 14
ANALYSIS AND DESIGN OF BUILDINGS ...ttt h ekttt ettt e e ns e e nbe e e s e e enrees 16
8.1 (=Y ) = U o T= o Y g P LSS SUUOPR PP OPRPR 16
8.2 B 6710 o ISR PR TR 17
8.3 DIift e .17
8.4 Vertical Seismic Acceleration .. 17
8.5 APPENUAGES ...t h b h bbb Rt bt bt E e bt b e bt et nh e ne b nae e 17
8.6 BUIlAINGS WIth SOt SEOTEY ...ttt b bbbt b e et e bt eb e e bt e e bt e nbe et e e e beenbeesbeens 18
8.7 Secondary Elements .........

8.8 Partial Safety Factors
8.9 Increase in Permissible StreSSes iN MALETTAIS .........ccoiiiiiiiieiie et 18
SITING OF SETTLEMENTS AND BUILDINGS ...ttt ettt e e st e e e ekt e e et e e e e s e e e e enee 19
9.1 Effect of Site Conditions on Building Damage ... ... 19
9.2 Siting of Settlements .........cccoccevviiiiiiiiiiie ... 19
9.3 Building Safety .......c.ccoeevevviiiennens ... 19
9.4 Relocation Of Site AftEr DISASTET .......ccuiiiiiiiiii ittt b e bt b ittt see e seeene e e enes 19

FACTORS AFFECTING DAMAGE TO BUILDINGS .

10.1  Building Configuration .............ccceceeevvinnennn.

10.2  Openings in Walls ..........
10.3  RIQIdity DISTHDULION ....c.viiiiiii ettt ekt eee
FO.4  DUCHTIEY ettt e e bbb bbbt bt et e b e e bt et e e bt h b e bt h e ae e bbbt h e b eee
10.5  Foundation ........c.ccceveeiieniieiienieiiee

10.6  Quality of Construction and Maintenance
10.7  AddItioNS t0 EXISHNG SIUCIUIES ......iiiiiiiieiieitieii ettt h bttt e bt bttt e b bt e bt es e nbe et s anee
10.8  ChaNnQE IN OCCUPAINCY ....ueiiieiiutiiieeitteeite sttt eie ettt s e bt e e st b e e be e b et e bt e bt e eh e e e b e e b et he e e bt ekt e eb e e et e ehbees b e nbe e e b e aneenneeanee
CATEGORIES OF EARTHQUAKE DAMAGE ..ottt ettt ettt ettt e ettt e e e et e e e s e tre e e e 22

ARCHITECTURAL DESIGN FEATURES
12.1  Lightness ......ccccoveviiiiiiiiiiiiiice,
12.2  Projecting and Suspended parts
12.3  Building Configuration .................




13 DETAILING FOR DUCTILITY ittt h e b e e b e e s e e sb e e e b e e b e e e ane e 25

13.1  Need for Ductility in Structural Frames .... ... 25
13.2  Nature of Recommendation fOr DUCHIILY ...........oiuiiiiiiiiii et 25
14 DETAILING OF R.C. MOMENT RESISTANT FRAMES ......cotiiiiiieiiie ittt 26
14.1  Concrete and Steel Grades .
14.2  Detailing of Beams ...............
14.3  Detailing of Columns .........cccevevieiinnne
14.4  Detailing of Beam-Column CONNECHIONS .......ccuiiiuiiiiiiiieiieit ettt 29
14.5 Detailing of Foundation, Plinth Beam, COlUMN JOINE .........cciiiiiiiiiiiii e 29
15 DUCTILE DETAILING OF STEEL FRAMES ..ottt 29
15,1 LOCAI BUCKING ..ttt bbbt b bbbt ettt e bt e bt et et e bt et e b e e bt 29
15.2  Lateral BUCKING Of BERAIMS .......ooiuiiiiiiiiiiiie ettt ettt b e bt et e e et nte s 30
15.3  Design of Columns for Ductility .. ... 31
15.4  Design of ConNECtions fOr DUCTIIY ......ccuiiiiiiiiiiiiiie et 32
16 CATEGORIES OF NON-ENGINEERED BUILDINGS .......oiuiiiiiiitiitisii ittt ane et 35
16.1  SEiSMIC ZONES ...ccvevverrererieeieeieeeeeeee e ... 35
16.2  Importance of Building ......... ... 35
16.3  Strength and Stiffness of Soll ..... ... 35
16.4  CombiINAtioN Of PArAMELETS ......cueiuiiiieiiieitiiti ettt e e e st e e e e e e nre e e et e ene e e ennen 36
17 SAFETY OF NON-ENGINEERED BUILDINGS ..ottt ettt b et an et 36
18 BUILDINGS OF GOOD MASONRY STRENGTH ..ottt sttt nn et anees 40
18.1  Building Types
18.2  Control on Length and HEIgt OFf WIS ........cc.eiiiiiiiiie et
18.3  IMOMAT IMlIX .ttt e R R R R Rt Rt e e e n e r et eene
18.4  Control on Openings in walls ..
18.5 Reinforced Concrete Bands....
18.6  Details Of the BANAS .....cc.ooiiiiiiiiiiei ettt bttt
18.7  Vertical REINFOICEIMENT ....cc.iiiiiiie ettt b et b e ettt et nb bbb e
18.8  Framing of Thin Load Bearing Walls..................
18.9  Reinforcing Details for Hollow Block Masonry
19 BURNED BRICK BUILDINGS USING CLAY MUD MORTAR ....cotiiiiiiiiiieieie ettt e 46
19.1 Control on Wall Lengths and Buildings Height ............. ... 46
19.2 Control on Openings in Bearing Walls ........... AT
19.3 Seismic Strengthening Features .......... . A7
19.4 WALET PIOOTING ...veeuiiieiieti ettt b et b bttt b e e bt et e e et he e bt e eae e bt e e bt h b et eee 47
20 BUILDINGS WITH STONE MASONRY WALLS ...ttt bbbttt nenn et 47
20.1 SCOPE .eeeeiiieeiiieeiee ettt ettt .. 47
20.2 Typical Damage and Failure of Stone Buildings . .. 48
20.3 Construction Control..........ccccevvvviivneniieieeiee ... 48
20.4 Control on Wall Length and Building HEIGNT .........couiiiiiiiiiii e 49
20.5 Control of Openings iN BEArNG WAIS .........c.cocuiiiiiiiiiiiie e 49
20.6 Seismic Strengthening Features
20.7 WALET PTOOTING ....eiiiiiii ettt bbbt b e bbbt bttt b e ettt
21 EARTHENHOUSES ...ttt e Rtk et E e bt E e s e et e e nt e et e e e e e nenreeneaneas
21.1 SCOPE .eeevvieieirieeiiieeieens
21.2 Control on Construction
21.3 Control on Length of Walls and Building HEIGNT ...........couiiiiiiiiii e 50
21.4 Control on Openings in BEAriNG WAIS .........ccciiiiiiiiiiiii ettt 50
21.5 Seismic Strengthening Features ........... ... 51
21.6 Foundation and Plinth ..................... ... 54
21.7 Water Proofing ............ ... 54
22 WOOD HOUSES ...ttt ettt e ekt h st e e e et e Rt h ekt e et e s e et st eh e Rt et e bt e e er ekt em e e st e e e e e e e nnenneeneees 54
22.1 FOUNCALION ..o s 54
22.2 Control of Bearing walls, Openings and Building Height ... .. 54
22.3 Stud Wall CONSLIUCHION ......cceiiiiiiiiiciieciceeeeee e ... 55
22.4 Brick Nogged Timber Frame CONSIIUCTION ..........ciiiiiiiiiiiiiii ittt 55
23 REPAIR AND RESTORATION OF DAMAGED BUILDINGS ......cciiiiiiiiiiiiieii ettt 57
23.1  Non-structural/Architectural Repairs
23.2  Structural REPAITS OF RESTOTALION .....iiueiitiiiiiiii ettt na et b e b e ekt e bt nbeeaeeeseeea e seeeaneeaaeesbeeanes
24 STRENGTHENING OF EXISTING BUILDINGS ......otiiiiiiiitiiieeit ettt nes 59
24.1  Approach to Seismic Retrofitting
24.2  Cost of Repairs and Retrofitting
24.3  Objectives of Seismic Retrofitting ProCEAUIES ..........c.ooiiiiiiiiiiiii e e 59
24.4  SeismiC Retrofitting FEALUMNES ........cccuiiiiiiiiieit ettt 60
LRYT (=T (=T g o =1 TP U PP PR OPRPP PP 66

Annexure 1: MSK Intensity Scale (Extract related to buildings) ...

Annexure 2: Cconfined Masonry BuUilding CONSIIUCTION ........oiuiiiiiiiiiiietieie ettt eb ettt ettt be e 68





