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Ab st ract
The en tire Himalayan range is h ighly prone to earthquake s and the la test Kash mir ear thquake
(Oct ober 08, 2005) has on ce again d rawn our att ention to the highly vulne rable Himal ayan
se ttlements. Narc ndranagar block of the Himalayan state of Utt aranchal lies in seismic zone IV of
the seismic zoning map of Ind ia. Like in other hill y areas Narendranagar block also witnessed the
trad itional practice of house cons truc tion being rep laced by modern constr uction materials and
pract ices without the knowledge of earthquake resistant tech niques rendering the present buildings
more vulnerable to ear thqua kes . The objective of this paper is to assess the vulnerability of the
buildings so that correc tive measures can be taken to mi n imize the d estruction d uri ng futu re
ear thquakes . Types of bu ild ing s observed in the en tire block w ith di ffe rent combi na tions of
materi a ls and their ear thquake behav iou rs are exp la ined. The existing s tru ctu res are grouped in to
vulne rab ility categories Vl , V2 and V3 as per the descri ptions p rovided in the MSK (Med vedev 
Sponheaer - Karn ik) Intensity Scale. Damage es tima tion for a hypothe tical car thqliak'e is carr ied
ou t for the Narcndranagar block. Conclus ions and recommenda tions sugges ting use of such s tud ies
in all ea rth quake prone areas of the Trans Himalayan reg ion arc provided.
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Introduction
Ear thquakes are considered to be one of the
most da ngerous and des tructive nat ural
hazards. India has a la rge part of its land
area liabl e to wide range of probable
maximum seismic intensities where sha llow
earthquakes of magnitudes 5.0 or more on
Richter scale, have been known to occur in
the historical pas t. Abou t 56% of the total
area of the country is vulnera ble to seismic
activities of varying intensi ty (NCDM,2001).
Most of the vu lnerable areas are located in
Himalayan and sub-Hi ma laya n regions,
Kutch and Anda ma n Nicobar Islands.

As we know, vulnerability assessment
is a very important aspec t and first s tep
toward s earthquake pro tection. Ifneglected,

this aspect makes our disaster ma!1pgemen t
plan superficial and unrealistic. Hence, there
is need for vulne rability assessment at micro
level which would resu lt in form ulation of
app ropriate n~easures for red ucti on of
ear thquake disaster (Sha nkar and Gupta,
2005).The objective of this pape r is to assess
the vulnerability of Hima layan se ttlements
due to ea r thq ua kes beca use o f the
cons truction technology prevailing in the
region.

Study Area
The entire Him alayan belt lies between zone
IV and zone V of the se ismic zon ing map of
India (illS, 1893-2002). Narcndranagar block
of Tehri Ga rhwa l d istrict in Utta ran chal
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Sta te of Himalayas is chosen for
vulnerability assessment of human
settlements (Figure 1) due to several reasons.
These are: It lies in seismic zone IV, that is
the second most vulnerable of all zones
identified on Seismic zoning map of India
(BIS, 1893-2002). Earthquakes of damage
potential more than MSK VIII and
accelera tions of 0.25g can be expected in this
region. Narendranagar block lies within the
most vulnerable zone on the seismic micro
zoning map (Sinvhal et.al., 1990 and 1991).
Narendranagar block is prone to earthquake

Fisure 1 B

Figure 1

A: Location of Uttaranchal in Map of India
B: Location of Tehri Garhwal district in

Map of Uttaranchal. (1- Uttarkashi, 2
Dehrad un, 3- Tehri Garhwal, 4
Rudraprayag, 5- Chamoli, 6- Haridwar,
7- Paudi Garhwal, 8- Bageshwar, 9
Pithoragad, 10- Almada, 11- Nainital,
12- Champawat, 13- Udhamsingh
Nagar)
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effects like landslides, ground fissures,
damage to human settlements, casualties
and injuries (DMMC, 2003a and DMMC,
2003b).Narendranagar block has the second
highest population density in Tehri
Garhwal district. A population of 73,129 is
spread in 213 villages (District Statistical
Handbook,2002) .

The information required for
earthquake vulnerability assessment of
prevailing constructions in the block is
collected through several field visits and
collection of relevant secondary data.

Figuml A

Figure 1 C

C: LocaHanof Narendranagar block within
Tehri Garhwal district. (1- Pratapnagar,
2- Bhilangana, 3- Jakhnidhar, 4
[aunpur, 5- Thauldhar, 6- Chamba, 7
Narendranagar, 8- Devprayag, 9
Kirtinagar)
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House Design
Villages of Narendranagar block are located
on quiet mo un tains of Carhwal Himalayas.
Agriculture is the main occu pation; hence,
these villages are located on compara tively
low slope regions for the benefit of terrace
farming. Areas of steep slopes are not
occupied by villages. Houses are small and
si mple, built in continuous rows which
incre ase the ris k of earthquake damage
(Figure 2).They are mostly single storeys but
in many places double storey houses are
also seen. The rooms of houses are usually
small and placed in row. All rooms have at
least one external door. In many houses there
is no internal connec tion in the rooms. Floor
heigh t in general is small (abou t 1.8 - 2.4 m),
The open space in front of the rooms is used
as a utility space for household works. The
sheds for cattle are usually loca ted below
the house on ground floor , adjacen t to the
house or in so me cases near the house
(Figures 3, 4).

Figure 2:
Aerial vie w of village Kharsad

of Narendranagar block

Figure 3C

Figure 3 A

Figure 3 B

Figure 3D

Figure 3: (Not to Scale)

A: Front elevation of a typical sing le storey
hou se, B: Cross section of a typ ical single
storey ho use

C: Plan of a typical single storey house
D: Detail at M

M
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Figure 4:

A: Front elevation of a typical double storey
house

B: Cross section of a typical double storey
house

C: Ground floor plan of a typical double
storey house

0: First floor plan of a typical double storey
house

Construction Technology
In earlier times the building material used
in the region were locally available long
thick wooden logs, stones, slates and clay.
The judicious use of all these had made those
constructions earthquake resistant. This
traditional practice of house construction is
now been replaced by modern construction
practices and teclmology. This is because of
various reasons, the main one being
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increasing restrictions imposed due to
environmental protection. A traditional
right to felling of trees has been curbed,
which has led to its scarcity, growing
demand and increase in price due to these
and transportation costs. Quarrying of stone
has also met the same fate (Rautela, 2005).
These days, majority of buildings are box
type, load bearing stone, brick or concrete
block masonry. The seismic performance of
load bearing masonry structures depend
heavily on the structural characteristics
(strength, stiffness and ductility) of
surrounding walls and roofs. They rely on
walls to resist in-plane and out-of-plane
inertia forces and on the roofs for resisting
the shear forces and to distribute the forces
to vertical elements (walls) and maintain the
integrity of structure. A critical appraisal of
seismic resistance of widely practised
construction techniques in the region is
presented here .
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Wall Constructions
It was observed that th e predominant
walling material use d in the region is stone
followed by bricks. Earth wall s are also seen
although rarel y . In some cases m ixed
constructions are seen, where extensions in
original stone wall s are mad e with brick
wall s.

Stone masonry walls : Commo n rock types
which are used for wall constructions are
sand stone, lime stone, quartzite and slate,
which are internally very durable building
materials. Some positive features of stone
buildings are given below (BMTPC, 1992):

• Most abundant local material does not
require much transportation to building
site.

• Go od insulation from cold due to large
wall thickness

• Very durable and fire resistant

Defects of stone buildings:
• Weak in tension and shear; the unstable

con figura tion of s tones when shaken
from initially constructed position makes
the wall collapse due to heavy vertical
loads.

• Very weak bond between wall s a t right
angles to each other lead s to very easy
separation of walls.

• Delamination of wall into separate outer
and inner walls due to abs ence of bond
stones.

• Easy sha tte ring and collapse of stone
gables.

Different forms of stone masomy which have
shown varying degree of performance in the
past earthquakes are given below:

Stone in mud m ortar: In Narendranagar
block, rubble stone in mud mortar is the most
common walling material (d ressed s tone in
mud mortar is also rarely us ed ). The wall s
thus constructed are generally 450-600 mrn
thic k . In general, the qualit y of w a ll
construction is not good: there is no pos itive
bond between walling units of each wythe
and also between the wythes. As a general
practice, through stones are not used, and
the gap between wythes is filled with small
stone pieces and mud. The resulting thin
slender wythes behave as ind ep end en t
members, without any structural connection
between the external and int ernal wythes.
(Figur e 5).
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Figure 5 A

1 - Stone wall with mud mortar
2 - Mud fill at roof and floor 150 to 300 mrn

thick
3 - Branches, reeds

Figure 5 (Source: ISET, 2001)
A:Schematic cross section through a traditional
stone house,

Figure 5 B

4 - Log beams
5 - Hammer dressed face
6 - Chip and mud filling
7 - Ran dom rubble
t - Wall thickness 0.6 to 0.9 m

B: Wall delaminated with buckled wythes.
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The s to ne m asonry preva len t in the
Narendranagar block can be grouped in the
fo llowing tw o ca legories based o n
construction forms,

Slone an d s late masonry: As seen in old
houses, traditionally, the s tone masonry is
made up of large sizes of stone blocks laid in
mud mortar. Many thin wafers of slate are
filled in the de pressions of large stones to
create an "even" course and finished outer
(exterior) sur faces (Figure 6A). The wall
thickness can vary from about 450 to 750
mm consis ting o f tw o wythes. In well
co ns truc te d h o uses w he re quality of
workmans hip is good, through s tones are
used freq uen tly to bind bot h wy thes .

The damage to such masonry in past
ea rthquakes h ad been modera te to less,
depending on the qua lity of masonry and
workmansh ip. Many layers of jointing
material (mud mortar in mo st cases) provide
a very large area for accommodating relative
movements betw een tnasonry units (stone
boulde rs and large number of thin sla tes)
d uri ng th e gro und shaki ng and thus,
di ssip a tin g ene rg y th rough fricti on and
materialhysteresis. Fur thermo re, even weak
m ort a r p ro v ides la rge la tera l shear
resis tance through adhes ion from large
sur face area ava ilable from many layers of
jointing. However, its use has been declining
because it is very time consuming to lay thin
layers of sla te. As a resu lt, very few and
thicker sla tes a re bei ng used with much
larger pieces of stone and in some cases , the
mud mor tar is being replaced with weak
cemenl - sa nd mortar w hich has helped in
many cases. (GS11992 and NSET and DEQ
2000).

Random Rubbl e (RJRl s lon e ma sonry: In
ge neral, Ra n d o m Rubble (R/R) slone
masonry has no layers of slates to fill in the
undulating contours of large stones. These
wa llsare composed of two wy thes with to tal
wall thickness varying from 450 to 750 mm.
undressed sto nes are laid in mud mor tar
and plastered in cement - sand mortar to
provide finished surface. (Figure 6B)
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Such s tructures, especially the olde r ones
have suffered heavy damages during the
pa st ear thquakes.

Slone in Cement San d Mortar: Cement 
sa nd mort ar is not co mmon fo r s tone
masonry: only a few governmen t buildings,
urban area d wellin gs and those a long
highways can be seen cons truc ted with stone
masonry laid in cement -sand mortar. Walls
are thick up to 450 mm and the mortar mix is
1:6 o r lea ner. Floor a n d roof of th ese
buildings are generally, cas t in situ RC slab.
(Figure6C)
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Figure 6: Stone walls
A: Stone and slate masonry
B: Random rubble stone masonry with

cement plaster
C: Stone in cement sand mortar with cast in

situ RC slab

Clay Brick and Concrete Block Masonry
Walls: Fired brick and cement concrete
blocks are rather new building materials in
the area . These wall ing units are laid in
cement- sand mortar and are used in load
bearing as well as infills in weak RC frame
construction. Their recent use appears to
have been encouraged by Uttarkashi (1991)
and Chamoli (1999) earthquakes, where
stone lnasonry walls have shown poor
performance and were responsible for larger
number of deaths. In general, wall thickness
is 230 mm in case of brick units and 200 mm
in case of concrete block. These buildings
often have been provided with lintel and roof
bands (Figure 7). Brick masonry is not only
used for small dwellings but also for schools,
shops, dispensaries and other community
buildings. Concrete blocks are made from
cement, sand (fine stone powder, when sand
is not available in high reaches) and coarse
aggrega te in various dimensions. Typical
dimension being approximately 300 mm X
225mmX 150 mm . Many factors have
contributed to growing usage of concrete
blocks such as unavailability of new
quarries, time consuming and labour
intensive activity of laying stone and slate
masomy uneconomical due to large quantity
of cement - sand mortar required per unit
volume of masonry, transportation of clay
bricks from the plains, and in general, poor
performance of stone lnasonry.

Positive features of such buildings are:

• Durable construction with minor levels
of maintenance

• Comfortable interiors, reasonable
insulation against heat and cold

• Resistant to rains and flooding
• Fire resistant

• Well constructed and integrated wall
enclosures provide good stability against
vertical as well as lateral loads.

Defects in the burnt brick or concrete block
buildings

• Poor strength of material in tension and
shear, particularly where mud mortar or
lime - sand mortar weaker than 1:3 or
cement mortar weaker than 1:6 is used.

• Toothed joints cause a vertical plane of
weakness between perpendicular walls.

• Large openings and their placement too
close to the corners can cause failures

• Very long rooms having long walls
unsupported by cross walls fail in
bending or overturning.

• Unsymmetrical plan of building, with too
many projections. (BMTPC, 1992)

The performance of these buildings during
earthquakes is related with the type of roof,
the mortar used and the quality of
construction. Performance has been poor
with pitched roofs having no binding effect
on walls, poorer with mud or weak mortars
and still poorer with bad quality
construction. Buildings with rigid slab roofs
have generally behaved much better than
others due to their binding effects on walls
by diaphragm action by which lateral load
is transferred to shear walls. Cracking is
frequently observed in diagonal or cross form
in the masonry piers between the openings
(since clay bricks are much weak as
compared to stones), vertical cracks near
the corners leading to separation of
perpendicular walls through toothed joints
and horizontal bending cracks in the walls
which are at right angles to the predominant
direction of the earthquakes . Also, very
minor damage to concrete block lnasonry
walls was observed. (GSI 1992 and NSET
and DEQ 2000)

7
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Earth walls: Earthen wa lls arc no t common
in the block and arc usually seen in the very
remote villages. The basic ma terial for earth
co ns truc tion is we ll g raded ea rth
compressed in soil-block pressed or rammed
in wooden forms. Locally av ailable so il is
used w ith or w it ho u t ad mi xtures like
chopped straw or cement.

For one s tor ied houses the walls a rc
from 230 - 350 nun thick in compressed
blocks and adobe, 400 - 500 nun thick for
rammed earth.The room sizes are usually of
small dimensions up to 3m X 5111 in plan
particularly when p itched roofs are used
(Figure 8). A variation of earth houses arc
pit ched roof of that ch or sla te suppor ted on
independen t wooden pos ts on the outer side
of the wall s.

Positive features of ea rth bu ildings:
• Chea p initi al a nd e ne rgy cos ts,

pa rticularl y if cons tructed through self
help commun ity activity.

• Good thermal insulation against cold
and fire resis tance.
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• Wooden wa ll plates in continuous runner
for m provide integrity to the enclos ures
as a box agai ns t lateral forces .

Defects of earth buildi ngs
The main weaknesses and defects of earth
houses arc:

• Poor streng th of material in tension and
shear .

• Poor bond between wa lls meeting at right
ang les.

• Large ope nings being too close to the
corners.

• Sma ll bearing length of lintels across
openings. (BMTPC, 1992)

The pe rformance of earth houses during
earthquakes of MM VII or more has been
generally poor: wide cracks in the walls and
sepa ra tion of wa lls a t corne rs. Co mp lete
collapse of walls, roo fs and floors lead ing to
death and injury to the residents are also
COIlU11on. Due to heavy mass of debris, the
rescue of buried people has a lso been
difficult. (GSI, 1992 and NSET and DEQ,
2000)

Roo f con structions

The materials for roofs are mainly slate,
timber, mud, RCC and thatch.CGIshee ts are
used at some p laces for ca ttle sheds etc.
Flexible roofs like slate roofs, tha tch roofs
etc are inherentl y weak in shear and can not
tie the wa lls together even when they are
properly con nec ted to them . Most of roof
failures can be attributed to a combination
ofdeficiencies such as loss of support of roof
trusses and rafters due to failure of masonry
wa lls and failure of roof itself du e to failure
of joints and / or members forming the truss
or other roof supporting s truc ture. Rigid
roofs like flat. cast-in-situ reinforced concrete
slabs are recent subs titute for old fashioned
pitched roofs and wooden flooring sys tems .
Mixed cons tructions are also seen in so me
cases, where ex tensions in original slate roof
houses are made with RCC roofs . (Figure 9)
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Slate roofs: Slate roofs are the most popular
roof types in the hilly area . People prefer this
roof type because of easy availability of
material and their inherent knowledge of
repair and maintenance of these roofs. Slates
are easily reusable and a market for recycled
slates exists, especially among the poorer
households. These roofs are composed of
slates over timber frame which gives them
flexibility to certain exte nt. Slates are most
common roofi ng ma teria l which is typica lly
about 25 - 50 nun thick depending upon
local ava ilabili ty. Sla tes are laid on 50 - 75
mm thick layer of mud to keep weather out.
Mud is laid on fire wood or planks supported
by beams gene rally spanni ng gab le to gab le
wall. Slates are not tied up with structure . In
some buildings wooden planks are placed
on rafters to support the roofing material.
They are heavy attracting large inertia forces
and often s la tes were observed to be
d islodged even when the roof supporting
structure survived the shaking. (GSI, 1992
and NSET and DEQ, 2000)

During past earthquakes the local
people found that the slate roofs often
collapse in segments, allowing people to
escape relatively easier than when they were
pinned under an RCC slab. (BMTPC, 1992)

Thatch roo f:These roofs are constructed of
tha tch with timber frames.They are always
used over small sized rooms with stone or
earth wa lls. They are used for very poor
households or cattle sheds. (Figure 10)

Figure 9: Mixed roofs (RCC, Slate and Thatch)

Figure 10: Tha tch Roofs

CG I sheet roof :These roofs are composed of
CGI shee ts mou nted ove r timber frames.
These are mostly used for non- resid ential
use like ca tt le sheds, small sho ps along
roadside etc.
Floor Diaphragm s: Floor d iap hragms are
usu ally constructed of mud laid on wooden
planks or firewood supported by timber
joists. Jois ts at ends simply res t on the wall
witho ut any anc horage or tie. Moreover, in
general, the joists do not fully penetrate the
entire wall in order to protect it from rain.
RCC roofs: The q uality of RCC roof
construction was found to be bad, largely
because of low quality materials and lack of
knowledge of RCC tec hnology. Stone
aggregate and sand is di rty, badly graded
and aggrega te often contains ro unded
stones. Water cemen t ra tios are not
mai n tai ned. Slabs are typically over
reinforced an d supporting columns under
rei nforced, wi th inadequa te ba r spacing .
Cover is rarely maintained and tam ping is
inad equate leading to exposure of bars and
voids in the concrete. The net result is that a
la rge n u m ber of s la bs leak and th e
reinforcement corrode. The local solu tion is
to use bi tumen tar to fill the cracks.

Light Reinforced Concrete (RC)
Frame
RC buildings are present particularly in
urban areas. They are gaining popularity
because of better utilization of space and
general pe rception tha t these are "stronger".
However, most of the framed buildings are
non-engineered. They typically consist of a

9
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weak RC fram e, that is, at most capable of
carrying vertical gravity loads, and infilled
wall s of br ick or concrete block in cement
sand mortar, The construction of frames can
both precede and follow the constru ction of
masonry infill walls.

Frames are us ually ligh t with column
size 230X230nun with four to six number of
12 mm diameter reinforced bars (Fe 415).
Even use of 10 mrn diameter bars was also
observed. Stirrups are typically 6 mm
diameter bars a t 200-250 nun spacing. The
columns spacing in each principal direction
of the bu ilding varies from 3 to 4.5 m. It is
usual to have shops on the grolmd floor, with
large openings on one or adjacent faces, In
most cases floor heights are about 2.7 m, bu t
occasionally are up to 3.0 m.Floors and roofs
are constructed of cast-in-situ RC slab
(Figure 11).

Performance of these buildings during
earthquakes is more like hybrid structures,
where infills playa major role in resisting
seismic loads, especially before the cracking
of masonry. Frame action is only pos sibie
when the infill masonry is cracked and lost
its strength and stiffness con siderably.

Composite Constructions
These are type of construction with mixed
features. The outer face of the wall is built in
burnt bricks laid in mud mortar, the hiller is
built from unburnt bricks or adobe. This
although seen very rarely, is a better quality
construction than traditional adobe one.The
outer iayer protects the wall from eros ion
during the rain and helps in carrying part of
the vertical loads of the upper floors and roof.

The composite cons tructions are also
seen for same houses where different se t of
build ing material s and con s truc tion
techuology is used . These are essentially
extensions in the orig inal construction with
more modern materia ls and construction
practice. (Figure 12)
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Figure 11:
RC Frame cons truction in Tapowan

Figure 12:
Compos ite wall construction of slate

and bricks

Vu ln er ab ility A na lysis of the
Cons tructions
All type s of construc tions seen in the biock
are ca tegorized into three vulnerability
categories ranging from most vulnerable to
least vulnerable.This ca tegorization is done
on the basis of descriptions provided in the
MSKintens ity scale (Medvedev - Sponheaer
- Karnik Intensity Scale, 1964). (Table 1,
Table 2)
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Table 1: Vulnerability category and descriptions of constructions in Narendranagar block as
per MSK sca le

Vulnerability category Description Description as per MSK scale

VI Low Reinforced buildings, well built wooden structures.

V2 Moderate Ordinary brick buildings, buildings ofthc large blockand
prefabricated type, half timbered structures, buildings in
natural hewn stone.

V3 High Buildings in field - stone, rural structures, adobe houses,
clay houses,

Table 2: construction types with different wall and roof combinations, categorized as pel'
MSKscille

Wa lling
Mat erial

Material Slate
roof

Others
(tha tch,
timber,
CGI)

RCC Composite

Stone and sla te masonry in mud

Random rubble Sto ne masonry

Stone in cement Sand mo rta r

Clay Brick / Concrete block masonry

Earth walls

Light Reinforced Concrete Prame

Composite (Stone and Brick)

Composite (timber and stone)

V3
V3
V2
V2
V3
VI
V3
V3

V3
V3
V2
VI
V3
VI
V2
V2

V3
V3
V2
VI
V3
VI
V2
V2

V3
V3
V2

V2

V3
VI
V3
V3

However, vulnerability category can change
for var ious buildings depending on other
factors like:
• Improper stilt construction on the slopes,
• Construction of upper story on weak

lower stories,
• Absence of proper joints in composite

constructions breaking the in teg rity
ofstructure,

• Dangerous locations.

Earthquake Hazard
The close proximity of three mega thrusts in
Narendranagar block (lain, 1987) coupled
with the fact that the river Ganga winds in a
sinusoidal manner in this area plus the
presence of more than 270 micro earthquake
epicenters (EQ 86-2, EQ 87-16) in the time .
frame of 5 years indicates that tectonic
stresses are building up in this area . This
could be a possible loca tion of a medium to
large sized earthquake in the future. The

11
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poi nt of inflexion of the Ganga River , which
coincided with the micro zone 0 3 (Sinv ha l
et.al. 1990,1991), seems to be the candida te
area for an earthquake scenar io . A
hypothetical epicenter is considered near
Tapowan at 30° 08'10"N and 78° 20'30"E.
Destructive ea rthquakes in the lower
Himalayas ar e in the magnitude range 6 - 8.
Ear thquake ha zards in any region are best
estimated by peak accelerations. These were
computed (McGuire 1977) for earthquakes
of magnitude 7.0 and 7.5 for different hypo
central distances, to cover the entire
Narendranagar block (Table 3). The highest
peak accelerations for magnitude 7.0 and 7.5

computed for a hy po cen tra l dis tance of 20
kilo me ters are 0.30 em / sec-and 0.41 em /
sec' respectively. This is sig nificantly higher
than what is expected to occur in seismic
zone IV, 0.25 em / sec', This implies tha t in
Narendranagar block earthquake damage
can be expected to be much higher than what
is expected as per the seismic zoning map of
India. Iso-acceleration contours with these
hypothetical earthquake scenarios were
plotted for different hypo cen tral d istances.
The contours were subsequently elongated
parallel to the trend of Main Boundary Fault
to account for regional tectonics. (Figure 13)
(Gupta et .al., 2006)

Table 3: Peak accelera tions for earthquakes of magnitude 7.0 an d 7.5 for d ifferent hypo
cent ral distances. (Source: Gupta et .al., 2006)

Hypo-cen tra l Pea k accelerations Area Length of Axis (krn)

d istance (km) (ern / sec") (Sq.Km)

Mag 7.0 Mag 7.5 Long Axis Short Axis

20 0.309 0.410 1257 50 20

25 0.269 0.365 1964 66 28

30 0.249 0.325 2828 82 36

Figure 13:
Acceleration contours with epicenter at
Tapowan (300 08'10"N and 78°20 '30"E) for
different hypo-central distances elongated
parall el to the trend of Main Boundary Fault .
(Source : Gupta et.al. , 2006)

12
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Methodology adopted for damage
assessment:

1. Dur ing pilot st ud ies in eigh t villag es of
the selected region, it was found that the
accessib ility cond ition of the villages is
th e influ encing fa ct o r on th e
cons truction technology. Hence all
villages we re grouped on the basis of
accessibili ty co n d itions into five
di fferen t ca tegories and three villages
from each ca tegory i.e . total fift een
villages were surveyed for d et a iled
studies.

2. Th e approxima te percent ages of three
types of cons tru ctions (VI , V2 and V3)
are ca lcula ted in all sa mp le v illages
th rou gh field v is i ts . Th e avera ge
calculated is consi dered typical for all
villages under the same accessibility
category. Hence, number of structure
typ es in all villages are calcula ted using
MS Excel so ftware.

3. The iso-accelerat ion contours drawn are
converted into intensity contours using
the co nvers ions (Bolt B. A. 2000 and
Reiter 1990). As observed and proved
fro m the e xperien ces o f pas t
earthquakes, the in tensit y in a va lley
may be 1 - 2 sca les lesser as compared
w ith the cres t of mountains (GIS 1992).
Expected in tensity of each vi llage is
calculated considering this topographic
effec t, w hich va ried from VII to IX on
MSK scale.

4. N umbers of buil d ings w ith different
grades of da mage are calculated village
wise from the dama ge descriptions and
qu antificati ons provided in the MSK
Intensity scale.

Results
The d amages to the buildings as a result of
this are grouped into five categories, ranging
from no damage to to tal collapse. (Table 4)

Table 4: da ma ge to the hou se build ings of the Naren dranagar block

Damage Descrip tion Number of Numberof Total Percen tage
category build ings in buildings in Build ings

villages tow ns

G1 No damage 1490 1089 2579 12.36

G2 Minor damage 3904 2393 6297 30.18

G3 Modera te dam age 4804 1979 6783 32.51

G4 High dama ge 3137 992 4129 19.79

G5 Collapse 887 187 1074 5.16

Total 14222 6640 20862 100

Hence, it is known tha t almost 58 percent of
house buildings of Na rendranagar block are
at risk of facing moderate to heavy damages.
Thi s r isk inc reases if th e ea r th q uake
magnitude is larger, and may be even higher
in the vicinity of faults, riverbeds, in tersection
of fault and river and in the areas of higher
population.

Conclu sions and
Recommendations
The geolog ical inves tiga tions suggest that
Naren dra naga r bl ock ca n ex per ience a
da maging ea rthquake at any time. Since the
cons tructi on technology exis tin g in any
region is responsib le .for th e seve ri ty of
hazard, the methodology sugges ted in the
paper to de termine ea rthquake risk of the
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region, can act as pioneer study for risk
assessment. These studies can also lead to
es tima tion of casualties and injuries i.e,
human r isk (Cob u rn and Spence, 2002).
This exercise o f ris k assessm ent when
carried out for different earthquake prone
regions w ould co n t r ib u te d ire ctly a n d
substantially to preparedness measures and
e m ergency respon s e ca p a b ili ti e s . The
resulting recom mendations can hel p in
taking corrective measures for red uction
ofdisasters in the region.
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