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Term

Architects

Artisans

Delhi
Schedule of
Rates

District DMAs

E\./UJ

Engineered
Building

Engineers

/S Codes

Lateral
Stlffness of
Building

Lateral
Strength of
Building

Licensing of
Engineers

Managers

NDMA

No Col/apse

Non-Critical
Building

GlossarY of T'erms

DescriPtion

Persons trai,red in lh: :y:f :fi :"H:::,i":l:;I;J::iilii:lil!:'
functional usie. choice :l.tl'""';.;.l,'tion oi UuitOingt
and other al'Pects related ro

Persons with technical skllls' llke welding' bar-bending' masonry

and carPentry

costof materiar:3'dln^ci:lllf ::;iT5'.""f,[?l':;L$i'ffi
constructiorr activity' as pyo"".l^1":'"i jl;; 

."^,i"itn .orrection 'actors for

Departmen: (CPWIJ ) tor tne city of Delhi' with correctlon

"'i-t'." 
t"*t, ind cities in 'he country

: District Disllster Manage nent Authortties

: Emergencl' oPeration Cr;ntres

Building built with formal engineering ilYf^^? 
accordance with the

' i*iriJ"i i'"iional standirrds or more stringent

Persons trrrined in the subiects related ensuring safety c'f buildlngs

' l.o"i'il",r.tron of the applied loads

Specificat!ons, Guideltnt:s.and Codes of Practice laid dc'wn 0y

' ;l;;;;i Indian Stand:rrds' New Delhi

A m e a su r : oJ n o1 m u gir,lfr"e"i 
: i fl i,Y,T;;ilJ,: 

y;;;i::lJ::l
: direction rtnder a knowrt te

A measure of the maxtrnum horizontal 1:t? l!i"l" building can

l"i.t '" tf* horizontal clirection before ii collapses

Leqill mechanism to prolessionalise engineering practice n In0la

' emilower engineers uno t"Jx-" tn"t ac6ountabltl for structural

salety

Personscoordinatingtheworkofundertakingselismicretrofitting

National Dtsaster Managemenl Authority

Building does not fall (lown during earthquake shaking

B u i I d i ns th a t d o n o t h o u s 
: ;:#1""""1 $;: ffi 3?'"";,'#';: ::?Jil"

: earthquake response or.P€

undertake post-eartnc u'lKe response activities



Term

Non-
F-ngineered
Building

National
Earlhquake
Rapid
Damage
Assessment
Teams

Open Ground
Storey
Buildings

Retrofifting

Schedule of
Rates in the
Sfales

State DMAS

Techno-
Financial
Mechanisms

Techno-Legal
Mechanisms

Best practice

DescriPtion

Build ng built witho:t any formal engineering inputs; (usually by

camnron man )

Teanrs of professic,nals trained to examine earthquake damaged
buildings, and to dr:clare thetn unsafe for ocr:upan<:y or otherwise

Buildlngs made of ,loncrete or steel members, which have masonry
walls in upper stor()ys and none/few masonry wallsr in the ground
store/; OR

Build ngs made of rrny material, which have large s;ize and number
of openings in the tJround storey

Mate'ial used to ccnslruct bujldings and structures, comprised of
steel reinforcemenl. bars and structural concrete; the rnaterial is

comnronly reierred to as Reinforced Concrele, and hence the
abbre:viation, RC

Fittinr; a building or structure in retrospect (after it is built) to make it
capallle to withstarrd the effects of earthquake shakin{J expected in

the rergion where tlre building is built

Cost of materials and undertaking specific elements of work of
conslruction activit'/, as published by the designated departments of
the State governmr,'nts for different towns and cities in that State

State Disaster Mar agement Authorities

Regulatory measures related to financial aspects enforced by
statul:ory bodies to ensure earthquake safety of built environment

Regulatory measutes related to legal aspects enfo:ced by statutory
bodie s to ensure ei:rthquake safety of butlt environment

Retrc,fit scheme that physically modify the existing structure to

make,it earthquake resistant, which is arriverj at baseti on evidence
from extensive experimental studies on prototype sitructures along
with those from analytical studies



Alrirs's'r'{atioti s

Bls tsureau of lndian Standards

BN/TPC Builcling Materie ls & Technolog y Promotion Council

CBRI Central Building Research Inst tute

CPWD Central Public VVorks Departm'rnt

CRRI Central Road R3search Institule

DCR Development C sntrol Regulations

DDI\4A District Disaster Manage ment ,\uthority

DM Disaster Nlanagement

DIVA Disaster A,lanagement Authority

DRIV Disaster Risk Management

DST Department of S;cience and Technology

EOC Emergency Oporations Centre

EREC Earthquake Ris< Evaluation Ct;ntre

GOI Government of India

GPS Global Positioning SYStem

GSI Geological Suney of India

HSC Hazard Safety (,-ells

HUDCO Housing & Urb€.n Development Corporation

llT Indian Inslitute ,lf Technology

lTls Induslrial Training lnstitutes

LPG Liquefied Petroleum Gas

MP LAD Mentber ol Parliament Local Area Development

N4LA LAD Member of Leg slative Assemt)ly Local Area Development

MSK Scale Medvedev-Spo nheuer-Karnik sr;ale

MoUD Ministry ol Urb.rn Development

NICEE National Info'mation Center of Earthquake Engineering

NDI\4A NationalDisast':rManagementAuthority

NGOs Non-Governmental Organisata'rns

NlDl\,| National Instrtule of Disaster lvlanagement

NIT National Institule of Technology

NITTR National lnstrtules of Training of Teachers and Research

NSE Non Struc{ural :lements

R&D Research and Developrnent

RCC Reinforced Cernent Concrete

RDSO Research Desillns and Standtrrds Organisation

RM Risk Managem?nt

RVS RaPid Visual Sr;reening

SDMA State Disaster lvanagement Authority

SERC Structural Engirreering Resealch Centre

SOI Survey of India

SOP Standard Operilting Proceduro

ULBs Urban Local Bodies

UT Union Tenitory



1.1 INTRODUCTION

1.1.1 A large number of existin(l
buildings across the countn/ do nol seenl
to have adequate earthquake resistart
features specified in lS Codes. Som,:
reasons given for this include non-
availability of compete nt technic€tl
manpower, lack of regulatory mechanism s

to check earthquake resistance c'f
proposed constructiorts. €lnd economi:
constraints. The effort and technical inptt
required to retrofit a building are mucl
higher than that to ntake a ne\v

earthquake-resistant builc ing. In th'l
present scenario, sufficient technical
manoower is not availacle even fcr
designing and constructing new buildings;!

Further. infrequent occuTrence c'f

earthquakes (though devastating) has ncrt

helped the cause of making the country
realise the extreme shorta(le of techniczll

inputs to take corrective steps towards
ensuring that the built environment is

made capable to resist expecteJ
earthquake shaking in each region.

1.1.2 Over 95% of fatalities in pas;t

earthquakes in India hav3 occurred ll
non-engineered houses and structuret;;
significant gains can be 'nade towards
reducing (if not eliminating) loss of life by
undertaking seismic strengthening of
these non-engineered stru,:tures. This is
by far the most critical step in earthquaks
disaster mitigation in India.

1 .1 .3 Further, a special clzrss of buildings
has emerged in a big w'rY across th:
country, called OPen Ctround StoreY
Buildings (or Buildings on Sfl/fs). Thesedo
not conform to prevalent Indian Standards
for earthquake safety. These buildings are
flexibte and weak in the open ground

storey compared to the storeys above. ,\
large number of these low-strength
reinforced concrete (RC) buildings
collapsed during 2001 Bhuj earthquak()'

Background

Most of these buildings, not designed
properly, may be able to carry gravity
loads, but could be deficient in strength to
withstand deformations imposed on them
during strong earthquake shaking. During
the 2001 Bhuj earthquake, many such
buildings with open ground storey. owned
by government did not collapse, because
they were designed as per Indian Seismic
Code. A large number of similar buildings
exist in urban and semi-urban areas of
India. which require seismic retrofitting, at
least to prevent collapse during the next
earthquake.

1.2 EARTHQUAKE RISK OF HOUSING
IN INDIA

1.2.1 The projected aggregate effect of
expected number of lives likely to be lost,
persons injured, property damaged and

economic activity disrupted due to an

expected strong earthquake in an area, is
the eafthquake rlsk of that ,ai-ea'

1 .2.2 lndia has experir:nced several
major earthquakes in lhe Past few
decades and according tc lS 1893 (Part

l:2002), around 560/" (1il% in Zone V, 18%

in Zone lV, 26ok in Zone lll) and 44% in

Zone ll of its landnas:; is Prone to

moderate to severe eilrthquake shaking
intensity. Especially, in ther last 25 years'

several large to mod{-'rate earthquakes
have occurred irr the country (Table 1)

(Bihar-Nepal border (M6.4) in '1988,

Uttarkashi (M6.6) in 1991 , Killari (M6.3) in
1 993, Jabalpur (M6.0) in 1997' Chamoli
(M6.8) in 1999, Elhuj ([/6.1]) in 200'1' and

Kashmir (M7.6) in 200ti, which have

caused more than 25,000 fatalities due to
collapse of buildings.

1.2.3 The Tsuniemis generated by the

Sumatra Earthquirke of M 1l"l in 2004 also

brought heavy damage to buildings in the

entire South Indian coast.

1



1.2"4 The Bureau r'1' InO an Standards
tBlS) has been publishing sieismic hazar'J
maps of India since 1962. The fiftr
revision of lS 1893 (1\'. 201)2, which took
place immediately after tfre devastatinE
200'1 Bhuj earthquake, has four zones (ll,
lll, lV and V, Figure '1). The erstwhile

areas under zone I were merged with
areas in Zone lt. Zone ll is said to
experience MSK intensity of Vl or less and
zone V to experience intensity of lX or
more. Most of peninsular region is under
zone ll and lll. In all, about 80% of lndia's
population resides in Seisrnic Zones V, lV
and lll.

Table 1: Human fatalities during some past earthquake events; in India

Year Name of the Event Casualties Buildings Collapsed
1988 Bihar'Nep:rl Border 1,004 2,50,000

1991 Uttarkashi 768 42,400

1993 Killari 8,000 30,000

1997 Jabalpur 38 8,546

1999 Chamoli 100 2,595

2001 Bhui 13,805 2 31,000

2005 Kashrnir -1,500 4 50,000

IS 1893:20O2

Figure 1: Seismic Zone Map of lndia bas':d on lS 1893 (1): 2002



1.2.5 Currently, there ar,? aboul 30li

mil/ton houses as per Oensus 201i of the
country. The decadal Increase itt

population is around 20'25% (Table 2,.
But, the absolute numbe's are rislng.
Figure 2 shows the distriot-wise spatizrl

distribution of population density in India.
Population in India is distrib uted unevenly
with minimum of 50 persons per km'ir
some drstricts and up to 14,000 persons
per km'in some other dislricts. Figure 3

shows district-wise spatial distribution c,f

housing densities. Rural di:;tricts have utl
to 100 houses per km', towns 1,000-1,501
houses oer km'. cities 1 ,500-2,50l
houses per km2 and urbal centres an'l
metro go as high as 7,0C0 houses Per
km'" District-wise density of housing is

higher near urban areas. lvlany of thes'-'
high density areas also lie in moderate-
high seismic zones.

Table 2: Housing stock in India [Source: {]ensus of Indial

1.2.6 Earthquake performances of
buildings in the last 25 Years indicate that
more than 25,0011 hurnan fatalities wp'e
caused primarily by collapse of buildings
(Table '1 ). Except for tl^e 1993 Kittari
(Latur) earthquake, all other events
occurred in knc,wn moderate to high
seismic zones. Damage caused to these
buildings is unreasonably high compared
to any other country for similar level of
ground shaking. Tl-re observed
performances of RC buildings are highly
unsatisfactory. During the 2001 Bhuj
earthquake, these RC buil,Cings collapsed
at an earthquake shaking of intensity Vll
on MSK scale; this is in contrast to the
fact that MSK scale expects well-designed
RC buildings to collapse only when
earthquake shaking is of intensity lX or
more on MSK s,:ale. -thus, the housing
risk in the country should be minimized to
reduce losses to life and property in future
earthquakes. Sorne trendsr on the use of
bUilding materialst and brrilding typologies
are described below.

Census of lndia Houses lncrease' (%o)

1961 10,98,00,000
11r71 13,70,00,000 24.8

1981 17,08,00,000 24.7

1991 20,51,00,000 20.1

2001 24,88,00,000 21.3

2011 30,49,00,000 22.5
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1.2.6.1 BuildingsMaterials

Natural materials (like mud, stonet,
bricks, timber and bamboo) form th,3

major chunk of the buildingr; materials (u3

to about 95%) in construction across
India. There is a larqer use of cemerrt
based materials in urban areas than in

rural areas. Over the last two decades;,
there has been an increasing trend of use
of RC slabs in roofs; the sheet roofs in

existing buildings are being replaced at a
rapid pace with RC slabs. On the other
hand, the buildings with rnc,dern materials
(like reinforced concTeto and structural
steel) still constitute onlv iabout 3.6% of
the entire building stock though their
absolute number is on the rise. Table 3
shows the summary of cloices of wall
material in wall constrLlction in rural, urban
and entire country [Censr:s 1991 ; 2001

and 20111. The cumulative dominant
materials of choice by 2011 are: (1 ) mud
and un-burnt brick (abrout 2l2o/o), (2) butrft
brick (about 48Yo); and (3) Stone (about
14%). These three mat€)rials together
account for 84% of housingl material used
in the country. But, civil engineering and
architecture education imparted across
India does not account this in the
curriculum. On the one harrd, the housing
construction materials list3d above are
reflected in only 3% of the courses taught
to the undergraduate students. In
particular, the course ott masonry is

almost extinct in the curriculum across the
engineering colleges in the country. On
the other hand, 97% of thr: curriculum is

addressing the small minority of 3.6% of
reinforced concrete houses in the country.

Recognizing the atrove skewed
situation, clear understanding is required
of this vulnerability of the building stock in
the country by (i) identifving measures
that can retrofit the er.istingr building stock
to earthquake-resistiant standard, (ii)

ensuring that new hotises oonstructed are
not vulnerable, and (ii) making system c
changes (as part of capacity building and
preparedness initiatives of disaster
management) towards mitigating
impending earthquake disa sbrs. +lence, a

systematic methodology is requked for

t. Documenting Housing Typologies in

the Moderate-Severe Seismi<; Zones
of lndia, with ia view to understand the
extent of loss that is expected in each
existing housing type, and developlng
guidelines for all new constructions;
and

Retrofitting the vulnerable housing
stock in the N,loderate-lsevere Seismic
Zones of lndia.

1.2.6.2 Building:; Typolog.tes:

In India, numerous hottsing typologies
are adopted; each of them has many sub-
typologies. ln early Years after
independence, arttsans and carpenters
were easily a!'ailable with hands-on
experience having constructed houses of
certain typologies. They had skills and
know-how on traditional technologies of
house constructic n with different materials
e.g., brick walls in mud/lirne mortar, tiled
roofing on wooden rafters. and rlclors and
windows made out of local wood. These
technologres wore cosl-effective ano
especially suitec to Tural areas Most
materials used were avail:rble locally, like
bricks stones, lime wooden.ioinery roofing
tiles, and floorinl; stones. These houses
stood for decades, and manY were
environment frirand ly and conserved
energy.

But, over the last two decades, manY

new materials atld building technologies
were introduced first in urban areas and

later they found their way in to rural areas.
ln many instances, these technologies
were adopted n rural areas without
understanding the imSrlications. For
instance, burnt clay brick '/r'alls 1n cement
masonry were constructed in upper storey
of 2-storey houses, when lhe lower storey
walls were made in random rubble
masonry in mucl mortar. This may not

result in an earthquake-resistant house, if
the lower storey is weaker than the upper
storey.
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1ti
1j table 3: 1991-200'1-2011 Summary of cf oi,:e of wall material usecl in hous€r construction in

I India [Source: Cen{ius 11]91 , 2001ana 20111

S.No Wall Material
Number of Houses as per 7991 Census

Rural India ol Urban lndia lndia %

1 Mud, Unburnt Brick 6,72,1t\,236 47.0 54,22,316 10.9 i"2!.6,40,552 37.8
2 Burnt Brick 3,60,46,602 25.6 3,22,50,772 64.5 6,tig,97,374 35.7
3 Stone 1 ,72,84,400 12.1 44,19,591 8.8 2t,17,03,991 | |.J

4 Grass, Thatch, Banrboo, etc. 1,70,5(i,489 11.9 25,31,939 5.1 '1 ,!)5,88,428 10.2

5 Concrete 11,5tt,760 0.B 28,00,280 5.6 :i9,56,540

6 Wood 17,95,840 1,3 10,70,553 218,66,393 '1 .5

7 Gl, Metal, Asbestos s.heets 2,5",910 0.2 7,64,956 t-c 10, 16,866 0.5
8 E kra 2.01,039 0.'1 53,869 0.1 2,54,908 0.1

9 Others 13,7 (;,176 1.0 6,66,373 1.3 2:.0.42.549 1.1

Total 14,29,86,452 100 4,99,81,149 100 19,29,67,601 100

Number of Houses as per 2001 Census
1 l\4ud, Unburnt Urick 6,58,07,212 37 .1 79,91 ,950 1 1.2 7 ,37,99,162 29.7

2 Burnt Brick 6,25, 1 5,91 9 35.3 4,91,75,710 68.7 11,16,91,629 44.9

3 Stone 2,03 47,899 11.5 51,33,918 7.2 2,54,81 ,817 10.2

4 Grass, Thatch, Bamboo, etc. 2.21 62\932 12.s 25,74,189 3.6 2,47 .37 .121 9.9

5 Concrete 22 54t,979 t.J 42,86,359 6.0 65,40,338 2.6

6 Wood 23 6!i,200 | _J a 22 70) ?1 0A OO' t_J

7 Gl, Metal, A'bestos !;heets 7 7at,677 Q.4 11,22,001 l.o 18,98,678 0.8

B Plastic, Polj/th€,ne 4 77 ,498 0.3 2 44 27A 0.3 7 ,21 ,776 0.3

9 Others 5 32:.,197 0.3 1 ,96,159 0.3 7 ,28,356 0.3

Total 't7 ,72.37,513 100 7,15,58,356 100 24,87,95,869 100

1 Mud, Unburnt Elrick 58,33rt,614 28.2 I,119.213 8.3 66,449,827 21 .8

2 Burnt Brick 83,618,436 40.5 62,927 ,369 64.0 146,545,805 48.1

3 Stone 28,685,790 I J.v 14797142 15.1 t13,482,932 14.3

4 Grass. Thatch. Bamt)oo. etc. 26,,417,331 12.8 2,530,263 z,o 1t_8,947,594 9.5

5 Concrete 3,ri99,096 1.8 7 ,284,543 7.4 10,983,679 3.6

6 Wood 2,132,342 1.0 648,929 0.7 2,781,271 0.9

7 Gl, Metal, Asbestos sheets '1,:269,359 0.6 1 ,062,5101 1.1 2,331,869 0.8

B Plastic, Polythene 762,256 0.4 0.3 1,097,831 0.4

I Others 1,{148,466 0.8 613,174 0.6 2,261,640 0.7

Total 206,563,690 100 98,318,758 100 30,48,82,448 100



1.3 OPEN GROUND STOREY RC
BUILDINGS IN INDIA

1.3.1 RC frame buildings are becomtng
common in urban lndia. T;,;'ical Ro
buildings in lndia (Figure 4) are made c'f

(i) long vertical and horizoltal membersi,
called beams and columns, (ii) flat plate-
like RC slabs, and (iii) vertical
unreinforced masonry (URIvl) walls filled i1
spaces between beams and columns t,:
divide building spaces into various
functional areas. Usually, burnt-clay bricks
are used in cement mortar for infill
masonry walls. Also, other masonry units
(e-9., laterite stone, cremerlt blocks, an,l
sandstone units) are used as infill
masonry walls.

1.3.2 Across urban lndia, most mult -
storey buildings are made ol reinforce'J
concrete (RC) - a oomposite material
made of cement concrete e,mbedded witir
small diameter sleel reinforcement bars.

Be it small buildings or tlatge buildings,
apaftment buildings or off,3€r builclings, or
cammercial bulldings c,r industria{
buildings only a small fraction of these

buildinis are made of st"el clr oihet
materials. Many reasons a re given for this
bias (though not substantiated) in favour
of use of RC buildings, such as:

i. it is easy to construr:t buildings of
arbitrary shapes of members with RC
than with steel or masonry;

ii. relatively lower level of technical inputs
are required to make buildings in RC
lhan in steel;

iii. the lndian building inclustry is not
equipped to use steel and rnasonry
properly; and

iv. design and construction of RC
structures do not requi[e technically
competent civil engineerr:;, arrd can be

done by head masons.

Figure 4: Typical RC Frrame Buildings with Open Ground Storey



i
a

I

j

i

1 3 3 A special class of RC buildings ir;

being constructed ac;ross the country,
which have three distinct fezttures, namel)/

i. op.:r Ground Storey - l.his is il
solution provided b'/ architects tc solvrr
the parking crisis in urban India (Figur,:
5), but it does not ilddress earthquak'-'
safety of these buildings

230mm width Narrow Ciolumns - this
predetermined size is irrespective of ( )
number of storeys they support abov,-'
them, (ii) locatiorr of building witr
respect to the seismic zones, (iii) typ,3

of soil strata underneatl the buildinel'
and (iv) distance betvreen adjacent
columns in the building.

Prescriptive Desig!1 of Building - the
design and detailing for beams anJ
columns is not toc differrent from that
adopted for buildings designed for loa'J

effects other than earthquakes

1.3.4 Unplanned development ts on the
Se, with minrntal or r.o engineerlng

inputs. Entry of nrany unprofessional and

unscrupulous players in the real-estate

deve,,ipment industry ha' led to sub-
standard civil engineering services and
products. thereby diluting ther standards of
many technical aspe(lts of civil
engineering (Figtrre 6) that in turn affect
seismic safety. This r"rnprofessional
approach coupled with the f,act that about
60% of lndia's land area h,rsts about 80%
of India's popLllation, has placed a
question mark on the capacity of the
buildings to resist effects ol' moderate to

severe seismic sftaking.

iii.

Figure 5: RC Frame Bu ldings with columns in open ground storey of 230nrm width
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Figure 6: 230 mm wide columns in ground storey of RC Frame Buildings: danraged column
in Bhuj town during 2001 Bhuj earthquake

1.4 SELECTIVE RETROFITTING

1.4.1 India has wrtnessed several
moderate earthquakes in the last tlvo
decades causing over 25,000 fatalities
and innumerable house collaoses. Tht:
prevalent high earthquake hazard, large
exposure and high vulnerability indicak)
that urgent proactive actior, is necessary
to save lives. Thus, retrofitling is not just
an option, but a national urgency.

1.4.2 Every year a large number of nev/
houses are getting added to existing stocfi
of the country. Each earthquake in the last
25 years has identified some major
deficiencies of the existing large stock of
housing across the country. Seismic;
strengthening of these exisl.ing houses is;

a technological challenge as well, irr

addition to being a social, economic ancl
governance challenge. A comprehensiv€l
approach is required for promoting

systematic, formerl and technically sound
retrolitting of deficient hous;es. For this,
systemic changos are r€)quireC, with
precirse measures; for qualit.v control and
quality assurance. These include
comprehensive continuing' education
programmes, stringent technct-financial
and technolegal regimes end improved
contracting practices. Intr--rvention of
relevilnt statutory bodies is; a critical step
here.

Valu;rble experiences have been gained
in s,:me countries (e.9., USiA, New
Zealand, Turkey and ltaly), which
undertook the larl;e programs for seismic
retrofitting of buildings and s;tructures
spreading over decades. This; document is

sensitive to the challenges ej(perienced in

those seismic retrofitting programs.

l0
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2.1 THE INTENT

The Guidelines for Seisrnic Retrofitting
of buildings and structlrres in India
address the reduction (if not elimination)
of loss of life owing to collapse of
houses/residential structures, buildings
and structures in impending future
earthquakes. Ail buildings and structures
that pose high risk to LOS{] OF LIFE are
identified. Table 4 provides the high
priority category of buildings and
structures other than houses/residences
that pose such a threert; Vulnerabk:
buildings and structures retrofitted to meet
pedormance requirements (laid down in

this document) during and after expected

(:hapt'r 2: The Visio,?

The Vision

severe earthquakes. These Guidelines
address:

i. Seizing the problem of sersmic risk of
buildings and structures ir'r India,

ii. Preparing a priority of structures,
iii. Determining extent of intervention

required, and
iv. ldentifying suitable melhod of

retrofitting to be adopted.

The principal stakeholders, who will
benefit most from the Guidelines, are
Governments of the States; arrd of the
Union Territories, and Ministri€rs of the
Government of Inrlia.

Table 4: Tentative list of righ priority category of buildings an(l struclures, other than
housesi residential structures, tr: examine for seismic safety and possible
retrofitting, if found deficient (Referred in Sections 2.1.2, 3.2-1 , 3.2.2, :3.2.3 and
4. 1 3.1 of this document)

S.No. uescnpltotl
1(a) High grade criticai lifeline buildings that serve as nerye centres to ho:rt public

congregations or large number of persons, and as important functions and services
required in the aftermath of earthquakes towards ensuring governance i?nd bustless
continuity. Sorne examples of this set of structures are: Distrilt Magistrate's office and
residence, offir:e of l3uperintendent ol Police, fire stations, fooc stocking iard dislribution
centres, shopping centres, banks (inc;luding Reserve Bank of lndia and l-re,adquarters of
all banks), telecommunication lacilities (including all buildings lhat host
lelecommunication towers al th€ top), commercial cenlres, and sport stadi€L/arenas

1(b) Lifeline structures and critical lacilities, namely telec'smmunication systems,
transportation systems including hrgf way systems (e.9., Golden Quadrilateral System,
and North-SoLrth and East-West Corridors) airport control towers and railwa'/ station
buildings, fire services, and pipelines carrying water, oil and rlas from large distances
(both buried and surface pipes) alonq with LPG distribution net/r'orks for consumers.

2 Buildings and structJres of hosplfals a d health /acl/tles, designated as critical meclical
faclrfies bv the citvkiistricublock

3 National defence and security-related most critical facilities, strategic as:;ets and choke
points

4 National. orestiqious and historic buildinqs and monuments
5 lmportant buildings of government that ensure governance conlinuity in the aftermath of

earthquakes, includilq offices of NDMA, State DlMAs, District CrMAs, and EOCS
o Buildings and strucfures of schoo/s and academic institutes/un,tversities, including those

designated to be used for postearthquake temporary rehabilit,ation of after:ted persons

and oDerations
7 Panchavat Office and Post Office buil'linqs in villages
8 Critical industries that have bearino in the post-earthquake manaqement ilctivitic's

1l
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The vision of the Guidelines on

seismic Retrofitting in Indi€r is lhat'

2.1.1 Mandatory seis;mic retrofitting shilll
be unde(aken in a prrioritized manner of
seismically deficient existing governmenl-
owned buildings and structures by
respective governments, and se/ecl
privately-owned buildings and structures
by concerned owners. The prioritization
should be based on eafthquake ri:;k
assessment of buildings i?nd structures.
Section 3 of this docunrent gives the
procedure to be adopted.

2.1 .2 Highest priority is accorded to large
scale seismic retrofitting of
i. Residential buildings irnd structures

that are deemed Lo have high risk rrf
loss of life and

ii. High priority buildings and structures
as listed in Table 4.

2.1.3 Retrofitting of existing deficient
buildings shall be undertakon:
i. To prevent loss of life in housing, and
ii. To ensure Governance and Business

Continuity, and to avoio handicap due
to loss of critical & fe,line structures

(hopter 2: I he visi)n

required to be furcr:ionz:l in the
aftermath of earthquakr-.s. Retrofitting
shall ensure lhat usr:rs of the said
facilities can rmmediatr;|,7 oc,:upy these
buildings ancl structur(-.si. ldentification
of buildings that require retrofitting for
specified performancer level requires
specific techr ical inputs.

2.1.4 Cost of retrofitting shall be critically
examined when decidin(l to undertake
retrofjtting.
i. Buildings:

lf the building is not of heritage
value (as dek)rmined by the competent
statutory authority), th<; decision crf

seismic retrofitting of th,: building can
be based on Cosl of Retrolitting as a
percentage of Cosf o/ l?ec<tnstruction
at currenl rales, as per Table 5 and
depending on whether il is or it is not
part of a critic.al and lifeline facility.

ii. Critical and Lifeline Stntctures:
f hreshold cost below which

retrofitting can be underiaken shall be
determined l)y competent statutory
authority.

Table 5: Coslbased decision making of three levels of technical options

J.
No.

Decision

Co,st of Selsrrlc Relrofitting
as .e percentage of Cost of
Recon structic'n ( i n cl ud i n g
demolition, removal of debris
ancl construction) at Current
Rales
Buildings part of
Critical & Lifeline

Facilities

Office and
tlesidential

F acrlities
1. Retrofit,

if cost of retrofittinq is < 50Yo < 30o/o

Detailed technical assessment
to determine vulnerabilitv of the buildinlt or structure (including
analysis of the implications on cost; age; heritage
value/importance; proxintity to archaeological slructure;
criticality of building; cuflent and projectec Floor Area Ratios;
residual life; disruption, expansion, and up,gradation of
services: and improved function),
if cost of retrofittino is in :he ranoe a;0% - 700/,, 30% - 50%
Reconstruct,
if cost of retrofittinq is > 700/0 > 50Yo
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2.1.5 Level of retrofitting should ber

sased on the ex;ectec earthquaKe
performance of the building or structure.
Quantitative (analytical and experimental)
research is necessary to sludy impact of
different levels of retrofitting on
earthquake performance of retrofitted
building.

2.1.5.1 Buildings (other lhan Schools,
Hosp,tals. and Crtitical & Lifeline
Buildings):

i. ln non-engineerecl and non-critical
buildings, NO GOLLAPSE is tht:
expected target performance. When il
large number c'f non-engineered
houses and buildings have the same
or almost same typology (including tht;
vernacular and traditiollal ones that
are being practiceo for a long time), ,r

generic retrofit schetne mav be
sufficient. lt is necessary to build
confidence on such generic retrofit
schemes through expelirnents on full
sca/e specimen. ExPerimental
research on full-scale houses (singl':
storey, or at best two storey) shoul'l
ensure that generic relrofit schemes
berng proposed. protect the groups c'f
prevalent houses and structures i'l
different regions of the country. Until
these tests are condu(led, guidanc'-'

can be sought from Peer reviewel
literature on techniques for seismic
retrofitting. Institutes of national
importance and repute' like llTs and
NlTs, should be supported urgently to
develoo such cost-effective facilitie:;,
and use them to develc,p the required
cost-effective seismic retrofit
technologies.

ii. ln engineered buildings also, NO

COLLAPSE is the expected targd
performance. When a l:rrge number of
engineered houses and buildings have
the same or almost salne typology' a

generic retrofit measure should be

adooted in all of them. lt is necessary
to build confidence on such proposed
generic retrofit sch€ mes through
anatyticat research and linited

ChdPtef 2r The Vision

experimentatian This rc'searr:h should
verify that solect proposed generlc

retrofit schenler are sufficient to
protect groups of prevalent br-rildings in

different regic,ns of the country. In

particular, the buildings commonly built
across the courntry with t)pen Ground
Storey buildings and prescriptive

details, should be retrofitted to

eliminate the unusuallY lower lateral

stiffness and strength in ground storey.

2.1.5.2 Schools, Hospital.r, and Criticat
and Lifeline Buildings:

To begin with. irrespecti\/e of whether
the building i:; non-enEineered or

engineered, expected target performanc€

can be NO COLI-APSE condition. When

the technology of retrofittint; is understood
better by larger number of practicing

engineers, expected targ€)t performance

can be raised to IMMEDIATE
OCCUPANCY condition. This tinreline can

be rcduced by focused efforts bY all

stakcholders to help engineers internalize
seismic retrofittirrg. As mentioned at

2.1.5.1, prescriptive rel:rc,fit tneasure

should be adopted including a possible
qeneric retrofit ::cheme fot a group of

iimole structures; with similar typology'
provided the building has lhfee storeys or

less. When the building is taller' the

retrofit scheme should be rjeveloped for

each structure independent y. l-his effort

will require higher level of technbal inputs'

2.1 .6 Method of retrofitting can be

determined by inrplementinl, agenctes In

keeping with th€, requirernents given in
Section 2.1.3 of these Guidelines.

2.1 .7 Seismic retrofiiting in'r'ites attention

to prevailing byc -laws on alteration and

modification of t)uilding b'y'e-laws Thus'

municioal local bodies should amend the

same by embe,lding various technical

requirements related to seismic retrofitting

of buildings and structures, and modif!'

those that affect or are affeclied by seismic

retrofitting. Also, municip;al local bodies

should adopt Peer Review by competent

orofessionals r>f proposed Retroft{

Scheme.
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2.1.8 Large base of lechnical manpower
should be created with cc mpetenctes ln
various facets oi re;trofiting. Capaciiy
building programs should ce undertaken
towards sensitization, awareness,
technical education, training of practicing
engineers, architectr; and managers
involved in seismic retrofiling, and sk ll

development of artisans.

2.1 -9 Considering linrited availability in

India of technical manpowe,r and financiirl
resouTces for u nrjertal<ing seismic
retrofitting of large stocli of deficient
buildings and structures, priority should be
given to
i. Government structures over private

struclures;
ii. Non-engineered structures ovc)r

e ngi nee red structures; and
iii. Non-compliant structures over paftiall'y

compliant to prevalent standards.

2.2 SCOPE
These Guideline cover both structuriel

elements and non-structural elements as

defined in sub-sections belc)w.

2.2 1 Buildings and Structures covering
structural aspects of retrofit,:ing'
i. Buildings, including put'lic and private

housing, schools and hosPitals:
ii. Critical buildings required for

governance continuity a ler earthquake
events;

iii. Etectricat power systetms, including
thermal, hydro- and petroleum power
plant structures; and Power
transmission iind distribution
structures, buildings anc switch yards

iv. Telecommunications sYslems,

including control panel buildings and

antenna towers;
v. Transpoftation syslefi1s, including

bridges especially all c;ritical bridges'
bridges on National and State
Highways, toll booths, r;ritical airports,
railway stations, bus stations' sea
ports, and signalling sy$tem structures
of road, train, air and sea

transportation networks;

<:haPk. ): Ihevisio l

v|. Water Storage and Supp/y Systems,
including water contrc lling structures
(e.g., dams ilr;d sluict.' gates), wate'
distribution systems (€'.9., elevated
and ground supportecl water tanks),
and distribution pipe systems (e.9.,
penstocks);

vii. Drainage and SewaSTe SYstems,
including sewitge piPing systems;

viii. Fuel Storage and Strpp/y Syslems,
including fuel processing structures
like refinery sl.ructures, fuel distribution
systems like lrans-cou ntry pipelines -
buried or sLrrface, LPG distribution
networks for consurners, and fuel
storage systems like liquid and
gaseous petroleum tarrks - ground
su pported or erlevated;

ix. Buried Structures, including strategic
underground bunkers irnd facilities;
and

x. Historic Sftr?s and Monuments.
including all international and nationai
heritage sites and struciures.

2.2.2 Non-structural Elements ct'f

Buildings and Stnrctures
i. Contents;
ii. Appendages, finishes end facades;

and
iii. Servlces and utilities.

2.2.3 Though the Guidelines primarily

address safety of sfrucfures and non-
structural elements during earthquaKes'
implementing these Guidelires provide an
opportunity to address eff,-'cts of other
natural or manmade hazards also.

Generally, cornpliance of design
standards has n3t been ensured by the
municipal and urban bodi€rs across the

country in the Past through
implementation of mandatory i€cnno-
financial and te,ohno-legal mechanisms.
Hence, it is not possible to prescribe
prioritization of structures for retrofitting
using the date ol construction as the cut-
off. These Guidelines erxpect that all

buildings and structurers nleet the

provrsions of current relevar'lt design and

construction standards, ,as al least a

minimum reguirement.
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3.1 REALISING THE VISION

Two-pronged approach is required to
reduce earthquake risk in lndia, namely

3.1.1 Ensure ail NE\V constructions are
eafthquake-resistant:

New constructions should be built with
at least the level of linowledge currently
available in prevalent Ind an standard:r,
and hence made code-oomPliant. To
ensure that no new vulnerilble structures
are added to the exisling stock of
structures in the country, it is essential to
improve regulatory framework so that all
new constructions are code-compliant.
For thrs, mandatory technrr-financial and
techno-legal mechanisms should be
adopted by municipal and urban bodies
acr.ss the country. ln fut'rre, it is hoped
that all new buildings and structures fileet
prevailing provisions given in relevant
design and constructiJn standards, as a

minimum requirement. Reasonable but
short timelines shoul,l be projected for
enforcing such a techno-ie(,al regime and
thereby reducing additional earthquake
vulnerability of the new bu lt environment
being added in the countn/. Government
should embark on large r3cale capaclty
building of construction se(xor englneers,
architects, artisans, b,uilders and
developers in construction sector, update
techno-legal regime and provide financial
support to key stakeholders to achieve the
above goals. Continued sensitization of
stakeholders especiall'y the house owners
and making available technical literature
and ensuring local technical help of village
engineer, should be mandatory to achieve
the stated goals.

3.1.2 Ensure seismic retrofitting of
identified vulnerable corstruclion are
sersmically retrofit:

Vulnerable buildings should be
upgraded to meet sPecifications of
prevailing Indian standafds or other
specifications laid down by statutory

The Strategy

bodies and Ministries of the LJnion and
State Governments. Retrol'it1.ing of existing
vulnerable structures will rnitigette losses
during strong earthquak€' shaking. The
objectives of this effort are lo ensure
following three aspects:

i. Safety: prevent loss ,:f lives and
property owing to collaprse of buildings;

ti. Governance Continuity: avoid
handicap due to loss of critical and
lifeline structures re,luired in the
aftermath of e arthquakers; anrl

iii. Economic L,css RedLtction: make
chosen struclures inclucling industrial
structures nleet cedain stringent
earthquake pt;rformance requirements
towards rnainta ining business
continuity and national productivity.

Seismic retrofitting is neederJ for ensuring
safety of both structural elements and of
non-structural elements.

3.'1.3 National Retrofit Program

Ob.iectives mentioned in Section 3.1 .2

are the focus of tl-tis; document.
Considering gigantic number of buildings
and structures to De retrofitted
countrywide against seismic effects, a
National Program on Seisn'ic Retrofitting
of Buildings and :;tructures lrr /n</ra should
be launched with central coordinating
office to address; the issr:es of seismic
retrofitting, like disruption planning,
availability of fr,nding arrcl technology,
designing, implenrenting and monitoring.

3.1 .4 These Guidelines

i. Seek mandatory seismic rettofitting in

a phased ntanner ctf all existing
government-owned constructions and
select exi$ting private>ly'owned

construcflons, and
ii. Encourage serismic retrr:fitting of all

existing p rivat,z ly-ow n e<lco n structio n s,
other than those identifierd under item
(i) above. Approprial.e incentive
schemes are necessar)' to ensure that
owners of private constructrons take

l5



up seismic retrofitting of existing
conslructions, a key component of
earthquake risk reduction In tlie
country.

3.1 .5 Special Initiatives

Towards this end, Ur ion and State
Governments should undertake a host of
initiatives in association v1/ith appropriate
organisations and bod ies, ilcluding
i. Offering support to all :rtakeholders on

Selsmrc Retrofit Te<:hnologies for
various construction typologies:

ii. Providing incentives in terms of
smaller municipal taxes, lower interest
rates for bank loans intended for
seismic retrofitting of buildings and
structures; and

iii. Creating a mechanism for building a
Selsmic Refrofft Fund, for undertaking
seismic retrofitting of public interest
government and private structures
identified in item 3.1.4 (i) above.

3.1 .6 Who should be concerned with
Seismic Retrofitting?

Seismic Relrofitting should be a
concern for
i. Principal stakeholdefs (including

Ministries of Central Governments,
State Governments, and key private
sector industries and organisations) in
seismic zones V, iV and lll; also,
principal stakeholders in seismic zone
ll should be encouraged to undertake
seismic retrofitting of their buildings
and structures, if fourrd deftcient to
resist seismic shakingr expected in
seismic zone ll;

ii. Owners of (a) unreinforced masonry
buildings without any seismic features,
especially seismic bands: and (b)
reinforced concrete buildings with
open ground/intermediate storeys that
do not have RC structurial walls; and

iii. Owners/societies of ruildings and
structures, not designec by competent
engineers but built based on
prescriptive detailing or buildings and
structures whose desit]ns have not
been examined by competent
engineers through a process of Peer
Review.

cf'apter 3: Tht str.ttegy

3.2 STEP-WISE PROCESS FOR MASS
RETROFITTING STRATE,GiY

ConsiderirrE lhe large ei,(isting building
stock that does not necess;arily have the
required earthqLake resisitant leatures, a
systemic approach shoukj be irdopted to
retrofit the large buildirg stock in an
efficient manner. Such a process of
retrofitting a largr: building stock should be
based on the sequence of activities
discussed in sub-sections below. These
activities shou|j be organised at a
municipal levei through a tr-'chrrical group
of professionals with conrpetence in the
subject of seismic retrofitting of building.

3.2.'l Document TYPOLOCiIES
l\ nationally coordinatL-d project is

required to understand and document the
spectrum of typologies lhat have been
adopted in seismic areat; across the
country for housing & oth,:r buildings and
structures. This erxercise of docunrentation
of a structure from seismic safety
standpoint is a technical effort. For a
house, it provides an clpportunity to
describe an ldeal House of l.he typology in
focus, and identifying d,:ficiencies in

earthquake-resisiant features of an
existing house with respect to the ldeal
house. Thrs eff,:rt will help to identify
dominant housing typologies, being
adopted in each geographical region and
their defrciencies in the co untry. An added
advantage of such an effort is the
assessment of seismic safety of non-
structural elemelnts (NSEs) of these
structures. The said docurnc'ntation of the
NSEs should indentify dr:ficiencies of
structures constructed, and thereby lead
to irnproving the earthqu€rke safety of
buildings and structures. Furlher, a similar
effort would be reouired to document
typologies of tl- e other buildings and
structures listed in Table 4.
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3.2.2 Develop Inventories
In the government sector, each

Ministry or Dplartmenl of the union and
State Governments should undertake this
exercise to have the precisr: enumeration
of all struclures under its purview of tht;

different sets of typolog es identilied.
Similarly, various Private sector
organisatrons and agenci()s should be
encouraged to prepare lists of their
inventories. Table 4 shows a Iist of typical
sets of buildings and strllctures, which
should be inventorized

3.2.3 Conduct Risk Asses:;ment and
Prioritise Inventory of Structures

Seismic risk assessment should be

conducted for all sets of buildings and

structures identified in Table 4. The
number of structures in oach category
listed in Table 6 is large for entire country'
or even seismic zones l/, lV and lll
covering about 80% of Indirr's population.
Risk analysis will help to assess and
prioritize these large numbers of
structures for retrofitting.

3.2.3.1 Overall Risk Asse{isment should
be undertaken of the built environmenl
consisting of all inventory lis;ted in Section
3.2.2. This risk assess ment should
consider hazard Prevalent in the
geographical region, vulnerability of

typologies of construction tfrat are likelv to
face expected shaking ntensjty, and
exposure of the constructi:n to life and
property. The assessnrent should identify
constructions with high risk. Thus, a
prioritised list can be prepared for
buildings and structures based on the
level of risks. The priorit/ list can be
prepared (i) building- or structure-wlse or
(ii) village-, town-, city- or metro-wrse'
This risk-based approacfr is a more

Ciorrter li fhe Slrotegl,

rational approach than to adopt a hazard-
only/seismic zone basec selection of
buildings and stru ctures.

3.2.3.1 First-order risk assessment
methodology should be adop,ted based on
broad vulnerability cha racferlstlcs of
buildings and structures reflected in the
broad sense. The following step-wise
approach can be adopted 1'or assessing
rISK:

i. Sfep 7: Review seismic hazard to
locate areas with high hazard, and
identify importanvhigh-{lrade buildings
that should be c(lnsidered for
retrofitting;

ii. Sfep 2: Revievv structura{
characteristics of the building.
including its as-designec and as-built
status. Also oonsider vulnerability of
buildings, ccnsidering its building
typology and nodifiers;

iii. Sfep 3: Evaluate economic factors
considering the building age, condition
and occupancy, and select
performance objective as per Section
2aq

iv. Sfep 4: Assess expected performance-
level of building using simplified and/or
sylstemic anal'isis techniques. lf found
deficient, consider anitl'/zing various
retrofitting measures, Including

changing of buildjng occuPancy to
reduce its imp'crtance; ernd

v. Slep 5: Carry out cost-benefit
assessment of various retrofitting

measures, therir complerity and other
factors (like extent of d sruption during
retrofit procesrs) to deterrnine the most
suitable mea{;ure to reduce risk to
building's functionalitY.
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3.2.4 Undertake PRELIMII'IARY
SEISMIC ASSESSMENT

Buildings and structuros found to be

deficient in the overall risk assessment

should be retrofitted to cornply with Indian

Standards for retrofitting. 
-l-his exercise ts

exDected to be within the ourrent capaclly

of existing group of technical

orofessionals, architects and englneers ln

in" country, and baserd on simqle

assessmenti of both (a) qualitative for

non-enqineered constructirlns, and (b)

ouatitat-ive and q uantitativ'"- for engineered

constructions. This assessnlent should be

done only for buildings and structures

renclered io hav,-' highest risk as referred

at Section 3.2.3. Assessnent to ensure

code-compliancer and idr.'ntification of

deficiencies will clearly bring out a list of

seismically de'ficient buildings and

structurei that should be r,--tro{itted After
retrofit of these structures is completed'
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the next set of buildinlls and structures
may be taken up, which lave a lower level
of seis'nic risk. Technical documents
should be prepared for Preliminary
Seismlc Assessmerrf of lrfferent buildinas
and slructures

3.2.5 Perform DETAILED SEISMIC
ASSESSMENT to Determine SEISMIC
RETROFIT Option

Detailed Seismlc Assessment should
be undertaken of buildin3s and structures
found to be deficrent h lhe Preliminary
Selsmic Assessrrent undertaken in
Section 3.2.4 and those that are required
to demonstrate higher level of earthquake
performance (Refer to S,:ction 2.1.5). Out
of this inventory of buildings and
structures, a priority list should be drawn
up and detailed asse.ssmenf of their
earthquake safety undertaken.
Specifications and rigou' of this detailed
safety assessment in this step would be
more strngenf than thos€, employed under
Section 3.2.4. Here, international state-of-
the-art may be cc'nsidered, until
indigenous research pr,rvides guidance
through appropriate documentation. At
present, this exercise me,y be beyond the
current capacity of ma ry professicnals
archrtects and engineers. Hence,
i, Only select buildings and structures

identified or shottlisted as seismically
deficient buildings and structures can
be examined;

ii. A special effort of capacity buildings is
reouired to increase the number of
professionals who can undertake this;

iii. Prescriptive retrofit nrethods can be
developed for common typologies of
engineered building:; with similar
features to reduce the overall effort of
seismic retrofit of buildings across the
country; and

iv. Prescriotive retrofit nrethods can be
adopted for non-engineered buildings
built across the country, to ensure that
more vulnerable buildings are
seismically retrofit at tf e earliest.

3.2.5.1 Once detailed assessment is
conducted and deficiencie:s identified, the
next step would be to decide the retrofit

{hdr. ter j: Ihe Strat€gy

scheme. At tfris stage, the advantage of
adopting a retrofit scheme should be
demnnstrated QUANTI'll\T^/ELY through
detailed engineering analyses and
calculations, based on sound engineering
princrples. In prescriptive retrofit,
experiments :;hould be done with the
proposed prescriptive retrofit, and
quantitative a(lvantage arising from the
proposed sche me demonstrated explicitly.
In the absencer of quantitative evidence of
the advantag€, the retrcfit scheme may
not be adopted. Also the quantitative
approach will help choose tretween two
retrofit schemr:s that are clitimed to be
equally efficiert. Once thc' retrofit scheme
is finalised, the necessary construction
drawings should be preFrared.

3.2.5.2 Caution should tre exercised when
massive retrofitting effort is launched to
address a liarge number of similar
buildings of the same architectural
configuration, rnaterial choices; and quality
of construcrlon. For non-engineered
construction built with little or no
engineering inp,ut, signifrcant input may be
available on efiectiveness of some retrofit
measures from experimental studies, e.9..
shake table. shock table and horizontal
pull tests con,Cucted by sorne national
agencies on scale-model and prototype
buildings; the srame may form the basis for
developing pre:;criptive details. Keeping in
view the rLational interest, more
experiments may be con Cucted to quanlify
the effectiveness of the crooosed retrofit
scheme as detailed above.

3.2.5.3 On th'-. other h,and, for semi-
engineered structures, e.9., contractor-
driven generic oonstruction using modern
engineering mirterials, namely concrete
and reinforcement bars, and for
engineered construction tnat are usually
large in size and of verried plan and
elevation shapr;s and sizes, prescriptive
delarls developed for sirnple structures
may not be applicable. Elut, in each of
these structure$, quantitative assessment
of the effectiveness of proposed retrofit
scheme should be demonstrated by the
structural engineer undertaking the task.
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3.2.6 Undertake SEISMIC IRETROFIT
Taking seismic retrofit scheme frorn

construcion drawlng srage to
implementation sfage requ ires financial
allocation, engineers who can supervise
the work, contractors and artisans who
can undertake the work wilh appropriate
equipment and expertlse in their use, and
above all the will of stakeholders to
undertake seismic retrofit. Critical steps
needed include:
i. Allocation of finances to undertake

seismic retrofit; ancl

ii. Development of requ site technical
manpower (constructicrn engineers.
contractors and arl.isansr) to undertake
the technical work.

3.2.6.1 For Governme>nt-owned buildings
and structures, retrofitting srould be made
mandatory with financial rrojection and
necessary annual budgets;. For this, a
phased effort with budgets and timelines
should be draw''i to annr)unce Cerlll al
Government iunded plan srrhemes duriilg

\-h'tpt.r,i: )" -<tr1t.:i

various five year plan periods. Also, \&hilfr

distributing net proceeds of taxes ever'y'

five yt ars betwe,en the Ct,rrirol and th€
State Governmertts as manclated in Article
280 of the Constitution ol India, Financ{
Commissions slrould cc,nsider making
soecial allocatior for Statr:s' to undertake
seismic retrofittirg of government-owneci
buildings under non-plan side of the
revenue resoJrces. l\lso. Stat€
Governments may independently aliocate
financial resources for seismic retrofitting
under lheir respoctive fiv€| year plans as
well as in their state spercific; Finance
Commission recommendalions.

3.2.6.2 For priva;lely-owned buildings anc
structures, different strategies may h3
required. lncentives, technoJegal and
techno-financial instruntents ans
mandatory laws rnay have; to be broughi
in towards ensuring safety of buildings
during incidence of future €|arthquakes.
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lmplernenting Seismic Retrofitting

4.1 SPECIFIC INITIATIVES

4.'1.1 Retrofitting of extting buildings is an
uphill task. Significant changes are
required in the prevalent eco system, to
enable a// stakeholder:; involved lo find
seismic retrofitting financially viable and
beneficial. Requisite changes are sought
al lne bchno-financial, techno-legal and
capacity building tronts. --his chapter
presents the Guidelines for lmplementrng
the actronable items to achieve the stated
intent and scope of Seismic 'qetrofitting in
the country and c,utlines Strategy
presented in Chapters 1 and .2.

4.1 .2 The seismic retrofit eff,rrt in seismic
areas will be meaningful, only if all NEW
constructions ai-e made earthquake-
resistant. MakinE new constructions meet
the performance objectives, :rs mentioned
at section 2.1.5, requires er number of
quality oontrol and qualit)l assurarce
initiatives to be put in place. These inchrde
compreh<>nsive continuing educatron
programrnes, stringent techno-financial
and technoJegal regimes a1d improved
contracting practices. For this, many
interventions are needed relevant
statutory and institutional bodies.

4.1 .3 The technical base required is
small to rmplement seismic retrofitting of
buildings and structures. l-herefore, a
number of aspects have to be improved in
the eco-system to establish an enabling
mechanism for mandatory seismic retrofit
in lndia. T hese include:
i. Necessary knowledge systems and

dissenlination to ensure that engineers
recommend the most efficient retrofit
schenre that requires least resources
without compromising end objectives,

ii. Human resources clevelopment and
up-gradation through a formal
indigenous capacity b,uildirrg effort,

iii. Legal standing of mandalory seismic
retrofit requirements thiat includes
revision of techno-lepal iand techno-

tinancial regim,:s to forqc success in
seismic relrofitt ng,

iv. Coordination ramongst stakeholders
involved in seismic retrofit,

v. Ownershio ol Governrnents ano
business houses,

vi. Verification of rron-prescdptive seismic
retrofit scheme adoptecl in buildings
and structures through a Government-
approved process, and

vii. Sustainability cf the mi:ss ion through
improvised schermes.

4.2 TECHNOLOGY OPTIONS -
CHALLENGES

4.2.1 Any technique of retrofrtting can be
admitted, so long as it is dernonstrate d by
professionall), conlpetent engineers to
quantitatively meet the performance
requirements laid down in relevant
standards. While meetin,J the said
requirements, first the overall safety of the
structure should bre ensured, and then
attempts should be made to ensure safety
of occupants. Prescriptive retrofitting
schemes, which may be applicable for a
certain typology ot houses in a specific
location with similar tectonic, gteotechnicai
and structural conditions, should be taken
up in areas of constructions of houses,
schools, police stations, arrd panchayat
offices that are lerrgely non-engineered
constructions.

Proposed pre;scriptive measures
should be verified by testing on prototype
houses of the said typology. Some work
may have been dore in this rJirection, and
the same may be used. For h<lusing
typologies, where such past experimental
studies have not been done, retrofit work
can begin with guidance from subject
specialists until inprJts are avetilable from
detailed experimertal invesrti,Jations on
those typologies.

4.2.2 Municipdities can malie suitable
arraneements to in:;titutionalise review of
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retrofjt technologies.,Arrangements can
De :'rade witn avatlabli. large-scaie
national seismic testinrJ facilities, like the
shake/shock table facilities at Central
Power Researcfr lnstitut() Bangalore,
Structural Engineering Res,earch Centre
Chenna, Indian Instltute of Science
Bangalore, Central Buildirg Research
Institute Roorkee and Indtan lnstitutes of
Technology Kanpur and Roorkee, to
develop testing prograrns thirt will address
all vulnerable buildings typologies and
structural systems. Further, available
technical professionals in the country with
backgroJnd in seismic testing of
structures should be c'onsulted to create
more national testing facilities lhat can
offer seryices of full-scale seismic testing
of buildings and structures. Such national
testing facilities can be distributed across
various seismically vulnerable regions of
the country to strengthen select regional
technical institrtes and agencies that Irave
good understanding of constructions in
these re,Jions.

4.2.3 ll is important to compile significant
experimental and ernalylical studies
conductr.'d so far in the country towai'ds (i)
knowing the available technical human
resource, 1.e., academics, professional
engineers and architects who are active
and interested in the subject of seismic
retrofitting, (ii) understandinll the type of
work done so far, (iii) c hallenges in
experimental and analytical studies
related to seismic retrofitting, (iv) gap
areas thrat should be addressed urgently.
Towards this end, National Research
Cenfers should be commiss oned at llTs,
NlTs and some leading engineering
institutes, for studyi ng Seismic Retrofitting
of Builclings in the country towards
institutional strengthening for earthquake
risk mitigation. Findings of such research
may be disseminated through technical
meetingsr held at both national and state
/evels. T his can lead lo r€rcommending
good seismic retrofitting pracl.ices.

ahdpler 4 Implem.nting :;eismic ftetr'Jtittrng

4.3 STANDARDS AND REQUIREMENTS
FCR. ASSESSMENT AND
STRENGTHENING

4.3.1 Currently, ver.v few design
documents are available :hat address
seisnric retrofitting of buildings and
structures in the country. Special efforts
are required for preparing such
documents. Also, the Bureau of Indian
Standards (BlS) can be requested to bring
out required documents urgently. Two
documents currently available are: (a)
lS:13935-2009 lndian Standizrd Guideline
for Selsmic Evaluation, RepslT 

"n6Strengthening ctf Existing Masonry
Buildngs, and (b) lS:159€i8-2013 lndian
Standard Guideline Seisnnir; Evaluation
and Strengthening of Existing Reinforced
Concrete Buildings. There is; urg;ency for
developing more such documents,
including those for pre- and post-
earthquake Assessmenf of tluildings and
Sfrucfures. Many documents; have been
published by diffe;rent national agencies
and academic bodies across India
towards seismic strengtherning of non-
engineered constructions. Future seismic
retrofitting efforts should t€rke aCvantage
of these.

4.3.2 The exercis;e of developing these
documents involves: (i) consensus among
experts having understanding of
international practices and overall building
construction scen,ario of th€) country in
both the organised engineered
construction and un-organised non-
engineered construction $ectors, (ii)
employing provisions unde,r international
practices, (iii) indigenous research on
country-specific issrues, and (iv) pragmatic
approach for determining way forward
when a building cannot be dernolished
and nor there are adeouale funds to
undertake full retrofitting to nleet certain
performance objective(s). Draft retrofit
schemes proposed by c;onsensus of
subject area specialists can be placed in
public domain to seek inputs from other
specialists, who may have experience in a
certain specific aspect of retrofitting.
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4.3 3 lrr the interim periocl, until forrnal

documents beconte ar,'ailable for seistnic

strengthentng of buildings ilnd structures

from tlre statutory bodier;, provtsional
requirerlents and specifications should be

rssued for the said purpose, with the

understirnding that they wi I be replaced
by the appropriate formal locuments as

and when these become ravarlable. The

followintJ provisional technir,'al documents
should be prepared for the exPress
purpos€r of giving impetus t{) the retrofit of

buildings rn the cc,untr)':
i. Assr:ssment and Strengthening oJ RC

and Masonry Bridg'ls:
ii. Assr;ssment and Str€)ngthening ot

Non-Structural Elements ;

iii. Assr-'ssment and Str€)ngthening of
Hospitals Buildings mad? of RC and of
Masonry; and

iv. Ass,:ssment and Strerngthening of
Schcol Buildings made of RC and of

Masonry.

4.4 DE'r'ELOPMENT CONI'ROL
REGUI,.ATIONS AND BYE.LAWS FOR

RETRCIFITTING
Curent Devel'cpme'nt Control

Regulations (DCRs) and Bye-laws are

largely geared to a,ddress 1ew

constiuctions. Seismic retrofit of existing

buildinos should be tbrmally included in

the Dii?s and Bye-laws. Clear qualitative

and quantitative guidance should be

orovid€d in the prcvisions related to

seismio retrofitting. Further, each

municipality or village s hould archive

documents relating to planring, designing

and implementing seismic retrofit of each

buildinl; or structui'e fcr all future

referer-ce. Good practict;s should be

includ€d in DCRs and Bye-laws bY

frequently revising therm, In particular, the

verificeLtion of structural de{iigns submitted

to statutory bodies, :;hould be examined

for strttctural safety of the building under

grounc earthquake shaking expected at

the sito of the building in foous.

(h1lpte r 4 I fi tplenenting (iejsmic lletf rlitt'rr8

4.5 COMPREHENSIVE CAPACITY
BUILDING PROGRAM

A compreher sive capacity building
program should be launched towaros

easv implemental.ion of thesie Guidelines

by building large number of quality human

resources requirerd to implemerlt such a

gigantic effort. Such a prc'gram should

covea:
i. Awareness generation amongst ali

stakeholders in the country;
ii. Education of the t€achers and

students in technical colleges

architecture etnd enginerering across

the country;
iii. Research on itspects relilted to retrofit

te'chnologies,
iv. Training of practicing architects and

engineers; and
v. Skill developrnent of oontractors ano

artisans in retrofit technologles'

4.5.1 Recognising that re:rofitting is a

relatively n"w activity 1'or technical
personnel of the country, sius"ained and

siqnificant edu'lation and intenslve

se-nsitization of the policy ntakers is

cruc al. Public awareness d()cuments and

technical literature should be liberally

distributed among all stakeholders'
Besides, codes and standrards crn seismic

retrofitting developed by BIS and other

similar governrrent agent:ies can be

olaced in- public Jomain (say orr lnternet)

so that these are available free of cost for

larger accessibility by all slakeholders of

coistruction sector. Also, priority should

be given to build aptitude and capacity

among government enrJineers alo
architects, and thereby deronstrate the

seriousness of retrofitting.

4.5.2 lmplementing specific initiatives

urqentlv to improve the eco-system for

ue'ino aUte to unc ertake se ismic retrofitting

at thi national level, shoul'C include:

4.5.2.'1 Launch of National Programmes
i Earthquake Engineering Education

and Reseirrch,
ir. Earthquake-Resistant Construction

Skill Development' ano

iii. Earthquake SafetY,Awareness;

23



4.5.2.2 (lommission Research Centers in
the country with spcJial emphasis on
retrolit technologies;

4.5.2.3 Start specialisr:d trarning,
educ,?tion and research programs on
Se i srni c Retrof it Te c h no log ie s, like
i. One-semester Prc,grams for

teachers and practic ng engineers
and architects,

ii. P,cst-graduate D ploma in
E arthouake-Resistant Construction
arrd Retrofit Technologies, and

iii. Earthquake Engineering Research
F,:llowships.

This will require a strong network of
technical institutes, like lndian
InstitrJtes of Technc'logy ( lll's),
Naticnal Institutes of Technology
(NlTs;), select other coll€rges, National
Institi.rtes for Training of Teachers and
Research (NlTTRs), Indian Technical
Institrrtes (lTls) artd national
laboraicries like Central Building
Research Institute (CllRl), Central
Roacl Research Instituk) (CRRI) and
Structural Engineering; Research
Cent,er (SERC) and the lentral Public
Work,s Department (CP!\'D).

4.5.2.4 Formal plan is neoessary for a

sustained national effort for upgrading
capabilities of architects, engineers,
technicians, artisans, contractors and
managers for effectively and efficiently
handling seismic retrofittirg activities in

India. This will require llTs, NlTs and
some leading technical institutes to
play a pivotal role in creating required
technical capacity in education
institutes. State Governnents should
take advantage of these institutes and
build their engineering cadres. In

addition, Union Government and its
Minis'tries should undertilke R&D that
woull be beneficial to State
Goverrnments for intplementation.
Engineering Departmerrts of State
Goverrnments should have the special
teams in their Pttblic Works
Departments (some States have
already formed such teams and
named them as Hazard SafetY Cell or
specifically Retrofit Cells) for

Chcple. 4: llnplernerltlrl i 5ci5mic Fetrofrttin8

understanding. implerr:ntirrg and
monitoring of vai-,..rus seismic retrofit
projects.

4.5.2.5 Norms should be devetoped for
incremental c;onstructior,s that are
typically undertaken by o'/vners over a

long period of ttrne. Municipal
authorities should ensure that these
norms are implemented,

4.6 MARKET CRE:ATION
Generic simple retrofit options will

allow greater commercialisiation of the
seismic retrofit activities. /\t least, for
generic constructions, efforts should be

made to identify retrofit solulions that are
near similar for tire mass housing of the
same typology and size. This will help in

creating a small scale industry for vendors
to Drovrde structural elements and/or
services necessary for seis;mic retrofitting
of housing.

4.7 PROFESSIONAL
RESPONSIBILITIES

The roles and resporrsibilities of
various stakeholders should be articulated
as a step towards increased accountability
of professional services. These governing

clauses should be e,l:rborated in

Development Control ReE atlons and

Building Bye-Laws of Stat€rs and UTs,
including of Urban Local Bodies.

4.8 AVAILABILITY OF FINAI{CIAL
SUPPORT AND INCENTIVE

4.8.1 Special efforts arer required to

make available financial resources at
individual and institutional level through
long term soft loans with low interest rates
for seismic retro'itting. Dist;ussions are
needed with various financial institutes to
prepare the necesisary technical basis for
justifying the offer of low interest rates.

Alongside, there is a need to encourage
insurance orgattisations to provide

insurance coverage to housing and
commercial propelies agains;t ea rlhquake



damages, if the building is seismically
retrofitted.

4.8.2 Incentives should be provided for
earthquake-resrstant construction of
government buildings and structures
througl-r centrally sponsored schemes and
central sector schemes and programs, like
Sarva Srksha Abhiyaan, Rashtriya
Madhyizmika Shrkshir Abhiyan, lndira
Awas Yojana, Raj,iv l\was Yojana,
Nationttl Health Mission. end Jawaharlal
Nehru National Urban Renewal Mission.
This can ensure that no additional
vulnerable buildings and structures
suooorled under Governritent schemes
are adcled.

4.9 QUALITY CONTROL AND QUALITY
ASSURANCE MEASURES
4.9.1 Ensuring that c;ivil engineers have
the requisite background to underlake
seismic retrofit work markr; the basis of
Quality Control. Arrd, :nsuring thal
competent civil engineers undertake the
necessary steps as intended especially in
seismic retrofltting proces;s marks the
basis 'rf Quality Assura/rce. The key
challcnlJe in Quality Contral is to improve
competence of large numLrer of qualtified
enginee>rs in India. In additkrn to improving
the quality of constrttction, these
competent engineers shoulrj be the active
partners in Quality Ass{./rance during
seismic retrofitting.

4.9.2 tloth architects aild engineers
participrate in buildings and construction
projects;. Hence, capacit)' building on
seismic retrofitting of these, professionals
is a must for ensuring building
comDetence of Professionals for
successful implementation of retrofitting
projects;. A massive continuing education
exercisr-' should be undertaken through
Council of Architecture, lnoian lnstitute of
Architects, lnstitution <>f Engineers (lndia)
and otl^rer national professicnal bodies to
upgrade the backgrcund of practioing
architecls and engineers. Professionals
should undergo minimum units of such
continuing education exercises to be
eligible to participate in rertrofil projects.

(haptct 1: Itnplet kl.ttn9 S.:tsrI)i( Retrolittinll

Guidance can be sought from
international bcdies, lil^le Earthquake
Engineering Re:;earch Institute (EERI),
USA and Structural Engtneers Association
of California (SEAOC), L,SA, on
understanding their success;ful continuing
education practices.

4.9.3 In the long run, it is expected that
the Llcensrng of Engineers can be taken
up both at the National and Stirte levels.
As an interim step, States can be
encouraged tr start cronducting
examinations t,lwards licensing the
engineers, with approcriate legal
instruments put in place.

4.9.4 Special sorvices are required for
rapid visual assessment of buildings in

areas affected b1'earthquake, with a view
to give them red, yellow ztnd b/ue tags
indicating the urgency 1o undertake
detailed retrofittin g, prescripl.ive retrof itting
and minimal/no rr:trofitting before allowing
the use of the:;e buildings. -this is a

specialised effort and stgniii(;ant training is

required in earthquake performance of
housing of diffr-.rent typologies under
different levels of ground shaking.
Similarly. in a pr'ractivr: corlmunity, such
an effort is requir,:d before the earthquake
to identify and prroritizr: vulnerable
buildings.

4.9.5 ln the national context, accurate
post-disaster damage assessment of
buildings is vital lbr: (i) en,suring safety of
the occupants ol damaged buildings, (ii)

assessing the extent of dantage and loss
due to the event, and (iil) formulating
policies for assi:stance by Government.
Technical, rigorous procedu-es should be
applied lor post-disaster damage
assessment of different structures.
Different levels c,f prooedures should be
developed so that all sl.ructures are
assessed within a reasonable time-frame
following a large disaster using very
simple methods, while more elaborate
methods should be used on high priority
buildings. This e;<ercise requires detailed
understanding of krcal construction
typologies. Specialised training of the
poslearthquake damage assessment
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tearns is required for undertaking this
work, especially when ve,rnacular non-
engineered buildirrgs (a) go beyono
technical aspects lhat are known to
common engineers, (b) bersed on urban
constructions. and (c) influenced,
conslrained or controlled by social,
economical and environmerrtal aspects.

4.9.6 Professional business houses can
offer services towards deEled damage
assessmenf of buildings and structures.
Professionals should be trained to
undertake the damage ass€ ssment based
on this procedure, because of (a) lack of
suitable curriculum in technical colleges,
(b) the large stock of l:uildings and
structures not designed for seismic
effects, and (c) the sr:phistication in the
subject of seismic design & retrofitting.
The results of the damagr: assessment
can become the basis for decisions that
the government may t€rke. National
Eafthquake Rapid Damage' Assessmenf
Ieams should be commissrcned, who on
completion of their trainin(J can be on
standby, and in the aftermath of an
earthquake disaster, be pressed into
service in the earthquake affected areas
for earthquake damage a:isessment on
behalf of Central Goverrrment and/or
State Governments. Such teams should
consist of persons with requisite technical
and administrative bzrckgnrunds drawn
irom different national and state agencies.

4.9.7 Quality assurance is required at all
stages of projects, namr>ly planning,
design, construction and merintenance. In
this regard, self-regulation has been
successful in many countries that have
managed to implement and continually
improve earthquake safe practices related
to the built environment. A,lready, third-
party graded peer-review process is in
place in many metropolises. Similar
approach should be erxtended to
retrofitting activity as well. Thus, approvals
should be sought by the follo'rving bodies:

i. Government-constituted Panel of
Technical Professionals with Standing
Constructions in larger cities and

Chapter 4: hplementln! 5eintic Reu artti.i:

rnetropolises with urba n developmen'i
aulhorities or Inunicipal c3rpc,rations;

it. Government-r,onstituted Committee L'f
Professionals with Standing
Constructions in towns \,vith ntunicipai
offices; and

iii. Government-constituted Comrnittee ar
Panel of the nearer;t town 6
city/metropolis for constructions in
areas that are not ter;hnir;ally anc
legally under any of ther areas listed in
(i) and (ii) above.

4.1 O TECHNO.FINANCIAL,
FRAMEWORK

Consensus should be arrived with the
relevant National Ministries and bodies,
like Ministry of Finance (Mcl=), Ministry of
Urban Developnent (MoUD), Rese,rze
Bank of India (RBI) and lnsuran@
Regulatory Detvelopment Authority
(IRDA), to explore ways of providing
incuntives to those complying with formd
saiety requirements during rertrofitting. For
instance, low interest rate$ f,n long term
soft loans and g,cvernment subsidies ta
undertake seismic retrofitting works could
be one such way.

4.,I 1 TECHNO.LEGAL FRAIIIEWORK
Retrofatting of existing structures

should be mandatory for
(a) All public buildings, either

Government-orvned or c'therwise as
per strategy proposed in these
Guidelines (Se{rtion 3.2): etnd

(b) All schools and hos;pitals, either
Government-ovvned or ctherwrse as
per strategy propos€rd in these
Guidelines (Section 3.2).

4.1 1 .1 Further, the followir g activities
should be taken up with bodi€s mentioned
below towards easy implementation of the
retrofrt projects:

i. Affect appropriate changes; in trye-laws
of municipal areas and nretropolises,
to introduce quality contd and quality
assurance provisions 1o encourage
and allow rehofitting wilh no legal
blocks; and
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ii. Add items of consitruction involved in
retrofitting of buildings and structures
in the Dvii,: Schedule of Ralcs
prepared by CPWD and Schedule of
Rales prepared by State, PWDs.

4.12 PILOT PROJECTS & CASE
STUDIES
4"12.1 Pllot projects should be
undertaken that will be fore-runners for
the massive effort of seismic retrofitting in
India. As part of this pilo'., schools and
hospitals can be laken up as the
demonstration structures for greater
visibility, impact and use. Each step of the
retrofitting process should t)e documented
in detail and shared with all stakeholders
through a national inforntation clearing
house. like the Nationitl lnformation
Center of Eafthquake Engineering
(NICEE) at llT Kanpur, in s<>fl form as well
as hard copy. Other exan'lples of small
d€ inonstralion-type pilot projects should
in:lude retrofit of a Panchayat Bhavan,
School or Health Cenler in Seismic Zone;
especially where a recent €arthquake has
caused damage, Large,lemonstration-
type pilot projects should in;lude retrofit of
a Distrjct Magistrate's Otfict; and House in
a severe seismic Zoner.

4.12.2 fhe available lmited professionals
conversant with the subj€)ct of seismic
retrofit have undertaken some retrofit
projects in the past esper;ially after the
2001 Bhuj earthquake. These projects
include buildings, bridges water tanks
and jetties. These professionals may be
invited to share their exoeriences at
National level conferences to: (i) compile
all significant retrofrt projecl.s done so far,
and (ii) encourage enginoers of select
projects to publish the r;ame for the
benefit and education of others interested
in the subject.

4.13 TIMELINES FOR IMPI..EMENTING
RETROFIT PROJECTS AND
CONSEOUENCES
4.13.1 Significant mobilis€rtion of the
existing manpower is needed in various

(hdpler 4: lmplernent ne Seitmi. Retrotittint:

Ministries and Departments at the Union

and State levels to give irnpetus to the
implementatiu,, of the seistnic retrui,iting
in the country. Tlre timefr:rnte decided for
this exercise slrould ber based on a

number of facbrs, e.9., availability of
funds, availability of trained contractors to
undertake such works, arrd availability o{
architects and civil enginr;e rs c;apable of
providing the required technical expertise.
Out of the categories listed in Table 4 and
prioritised as per procerjl re presented
under Section 2.1 of this document, a
possible target could be to work towards
seismically retrofitting 10Yo of all
seismically def icient buildings and
structures in the first decade,20% in the
second decade,30% in thre third decade,
and remaining 40% in the fourth decade.
These targets could be et State level
rather than at individual vill€ge, town, city
or metro-levels. Nationally coordinated
efforts are required to explain these time
iargets and how to achiever them at the
levels of Ministries of Goverrnment of India
and State Governments. Alongside,
States should endeavour to meet this
target, with high pnority to capacity
building of architects ard engineers
towards makin{l them capable of
confidently undertaking design and
execution of seismic r-.trofitting of
buildings and structures.

4.13.2 Distinction may be nlade between
buildings made of RC and masonry,
because the approach to be adopted can
be validated-prescriptive retrofitting for
masonry buildings, while detailed non-
prescriptive retrofifting is required for RC
buildings of at least three storeys.
Buildings to be retrofitted in the jurisdiction
of Urban Local Bodies (lJl-Bs), can oe
displayed with RED and YELLOW tags
marking the location coordinates (latitudes
and longitudes) on each bLrilding, where
RED tag would represent high level of
seismic un-safet/ of the building and
YELLOW represent moderate level of un-
safety. This exercise should be
undertaken by r;oncerned ULBs. Also,
such tagging ma)' be updat€'d later on by

marking the builclings on high resolution
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freely available inlageries r;n iniairi':t in

,Jollaboration with r.:ortclrri',tld ULBs
wherever pos'ible. Ul-tsli nic.y r"'ie

professional agencies tbr lc-:ai.i;,g anc
taggrng of the existrrlc, t:uJ','rr';.: tc be

retrofitted using tlr* fl f:).jl:lrr.r Gi'S

Chdp!€r 4 lrnrl."i rlriirs l.- :in1l: fi3inriirilji:

technologies. Su{Jl an \nltialiYi: Silo\l\f,
promote the market fcf un'jdr(ekifig
eadhquake resistant constfu:ticn ani la}
emphasis on neel for seisnric reifafitiing
at individual as well aS csmn'llj6iiri ieve{s.

28



NDMA's Core GrouP
io pr.p"r" Guidelines for lieisniic fiet'ro{4tting

S.No. Natne

1 . Muzaffar Ahmad

2. Harsh K GuPta

3. Jose Kurian

4. A. S. ArYa

5. S.K. Bhattacharjee

6. D. K. Paul

7. Nagesh R lyer

B. C. V. R. Murty

9. Ravi Sinha

10. S. K. Deb

11. Chandan Ghosh

12. Director

13. Engineer-in-Chief
14. Concerned representative of Ses€tai!'

15. RePresentative of Se sretarY

16. Representative of Secretary

17. Representative of Secretary

"18. Principal Secretary (floads anil BuilCinEs)

19. Principal Secretary (tloads a{ld Euiidlrtgs)

20. Shri Vinod PiPersenia

21. Joint Secretary (Mitigation)

Extended Core Group/ Sign ificant Gont{ibdtors

1. Rajendra Desai, NCPDP

2. Shailesh Agrawal, BTVTPC

3. Major Gen (Rekl) A'K Naik, L&T

4 .H;i Kumar' Geo Hazards Intl

5. P.Ravindran,M()HFV/
6. Amit Bose, Architect
7. Sushil Kumar' RMSA TSG

L Mamta Singh, DTTE, Govt' of Di:{hi

g. won" Chhibra,Anantl, Knowledge llori'ls

in lndia

Organisation and Ad&ess
Member, NDMA (Chairnran)

Former Member, NDNIA (Co-Ciialir:i:r:' l

Chief Engineer, DI TDC, CP!V[) {t{rr"'

Delhl
Member, Bihar State Disaster
N4anagement Auth'lrity, Patnia

Director, CBRI, Roorkee

Dean, llT Roorkee
Director, SERC' C rennat
Professor, llT Madras
Professor, llT BonrbaY

llT Guwahati
Professor, NIDM, l"lew Delhi

NlT, Srinagar
Army Headquarter, New Delhj

Deoa(ment of School Educati{)ll 6rc:

Literacy, Ministry of Human ll€fsou|o!

Development
Ministry of Health and FamilY \ryefare

Ministry of Urban Development ' lt€[v

Delhi
Ministry of Housing & Poverly A{levit*is;l'

New Delhi
Government of Uttarkahand

Governn]ent of Gujarat

Principal SecretarY (Revenue),

Government of Assam
NDMA (Member-Secretary)

l9



Participating Ressurcs Persons -
First National Workshop held on 22 "ivne 2011 for formulation

Guiclelines for Seismic Retrofitting in India
OT

0ontacls

98971)65522

09840622475

9445567653

982022265/'

O2222OO5 1t
09821087485

098202220ffi

09871114692,
011- 4636705,
24638096

09444017194

9810309930

981 0017333

987141766?l
011- 4651383

:.-. ruc. Natne

'l . D. K. Paul

2. N. Gopalakrishn an

ll. C. V. R. Murty

4. Al0k Goyal

5. Alpa tl. Sheth

6. tlavi Sinha

/. Shailesh Agarwal

t| A. Meher Prasa,J

9. Arvind K. Jairl

10. Balbir Varma

11 . Ashok K. Rajdc'/

12. Anup Karanth

13. Ajay Chourasia

14. Rajendra Desai

15. R.Clrandrashek.har

Professor, llT Madras

Professor. llT Bombay

Managing Director, Vtu{S

Consulting Engineers
Private Limited, N4umb?i

Professor, llT Bombay

Executive Director,
BMTPC, New Delhi

Professor, llT Madras

Professor, llT Delhi

Architect, New Delhi

Superintending Engineer,

Retrofitting and
Rehabilitation Circle

PWD, GoNCT Delhi,

New Delhi

Senior Consultant, TAR{I

Sr, Scientist, Structurai
Engg. Division, CBRj,
Roorkoe

Managing Trustee and
Hon. Jt. Director, Struct{r{i}i
Engineer National Cen'tre
For People's Action In
Disaster, Ahmedabad,
Gujarat

Chief Architect, Central
Design Bureau, DGFtrS,

Ministry of Health and
Family Welfare

llT Guwahati

Organisation and Addiessr Email:

Dean, llT Roorkee dpaulfeq@ii lr.ernet.in

Scientist,SERC,Chenn;.'r gnramana6tl@gmail.c
om

cvrm@iitm.zrc.in

agoyal@civil. iitb.ac. in

alpa_sheth(Dvakilmeh
tasheth,com

rsinha@civil.iitb.ac. in

agrawal_shaileshkr@
yahoo.com,
ska@bmtpc org ,

prasadam@iitm.ac.in,
prasadam@civil.iittn.e
rnet.in

akjain@civii iitd.ac-in

balbirv@gm ail.com

ashok.rajdev@yahoo.
com

anup.karanth@gmail.c
OM

ajayapc@yahoo.com

ra.jrupal@gntail.com

cdb@nb.nic.in

9871222714

0124 2560
424Fi1x: 0 12t
256J 421

9897209050

09427317947

91-1 1 -

23062928;
23062004

094i3511821016 S. K Deb

30



{Smrntact U*

For more information on these Gutdelines for Sers$;J,' Fi*'J.r'*fti,iirg c'f Oefi'cfe nt Buildings and
Sl/uci{.rres, please contact:
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National Disaster Management Authoriti',
I{DMA Bhawan, A-l Safdarjung Enc{ave"
l"lerv Delhi 1 10029

Tel : +91 (1 1) 26701710
Fax : +91 (1 1)26701716
e-marl : 9911q!914@qdma.qov.in
WetJ : urvw.ndma.gov.in

3l


