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C
= FOREWORD
~ Published by : ) : ’
s . . : i S : The Uttarkashi earthquake of the 20th October, 1991 caused considerable
_ Dll‘ecto&' General ] : _ v . damage to life and property in the Garhwal Himalaya. In addition to the sufferings
i Gwlogm:;l Sorvey of India : ; of the people it rekindled controversy about the imminence of a still greater and
g]]awah;rolgloNehm Road ) more devastating event as well as adequacy of aseismic design parsmeters for
( .cl..:tta 16 . . . major civil engmeenng structures in the region.
- ' . Geological Survey of India being the national organisation chafged with the
) ) ) . responsibility of carrying out ‘systematic scientific documentation of damages
o P N L. . S o leading to preparation of Isoseismal maps and related studies, true to its character,
- ‘rocessing for printing, design and layout ) mobilised its resources immediately and launched an extensive study of this event
- R. N. Datta and Samiran Baperjee . from the very next day, A group of over 25 scientists drawn from different specialist
. Publication & Information Division _ : un':s located at Dehradun, Lucknow, Faridabad and Chandigarh were engaged in
Geological Survey of India - ‘ ) ) .- the exacting investigation coordinated by two Directors under the DDG, NR. A
Calcutta 700 016 : ) ' : preliminary report of the investigation was prepared within one manth of the event.
DDG, Geophysics, CHQ, also sent a party to record the post-earthquake seismicity.
_ . . 4 . : 1 had detailed interaction with other concerned Government agencies like
o : ) ) o Indian Meteorological Department, National Geophysical Research Institute, the
Printed by . - ' - o . Central Water Commission ete. wherein consensus emerged about the necessity of
‘> MJs. National Graphics . . C . . a consolidated wlu?ne dotumenting the event and its eﬂ'ect.s..A s?eci.al publication
12 B, Beliaghata Road o . o ] . . * inecorporating data generated by all the quermnent Organisations is now being
& Calc;ltta 700 015 : o ' : brought out in keeping with the GSI tradition of publishing information and resuits
of damage surveys of major earthquakes in the country. Excellent cooperation
received from the participating agencies is acknowledged with gratitude.
_ . o ' i . o _ ) ' 1 do hope this volume will be of value to all concerned with Seismotactonics,
.. " Price: Inland Rs. 165.00 . : Fo;reign £20.00 or $ 60.00 : Beismolopy and Earthquake Engineering and would stimulate research to better
: . R d.u'ect the efforts for mlhgahon of Natural Hazards due to earthquakes.
Tt~ T Vo
: (CP Vohra)
_ ' ' _ _ S _ Director Genperal
- . COVER : S| Geological Survey of India
_ Phorographs of the damages to structures in Uttarkashi, U. B, in- | ' ' '
the background of recorded seismograph.
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REPORT by GSI1

MAGROSEISMIC INVESTIGATIONS OF UTTARKASHI

: EARTHQUAKE OF 20TH OCT. 1991}

. " BY
. Offleers of the
Geologleal Survey of Tndla
Analysed, synthesised and complled
. : by '
P.L. Narula & 5.K. Shome



MACROSEISMIC INVESTIGATIONS OF UTTARKASHI
EARTHQUAKE OF 20TH 0CT.1991

SYNOPSIS

The Garhwal Himalaya §n the Northern India was rocked by a 6.8 magnitude
earthoquake In the early hours of 20th Oct. 1991. The officlal Informatien
indicates that 723 persons perlshed, and thousands were Injured by the
earthquake and about 36000 houses were _partially or completely damaged in
Uttarkashl distriet alone. The instrumentally located eplcentre' of this shock les
at latitude 80.75 N, longitude 78.86 E (IMD) and the depth of foens Is 12 km.
This earthquake was followed by a number of. aftershocks, the epicentres of
which lle in a linear belt of 40 km by 25 kms and the fast reduction in their
number with time s suggestive of a rapld stress drop

The Geological Survey of India has carried out the damage surveys in the
affected areas for evaluating the extent of damages to the constructions and
the terrain changes brought about by the earthquake for drawing the
isocseismals. For this purpose the Medvedev—Sponheuer—-Karnik (MSK) intensity
scale (1984) has been utllised. The maximum Intensity reached on this scale in
the epicentral tract 1s IX which encompasses am area of about 20 sq.km. Al the
isoseismals are oblong In shape with reference to the melsoselsmal ares. The
asrmmetrical attenuation patterns of the Intensity isoselsmals could be related
to {l) Different Lithocontrast materials having brought in jJuxtapesition by some
transverse fundamental fracture. {1i) By lnvolvement of more energy In the dgip
direction of the source fault and/or (i) Intenslty accentuation In the
south-eastern quadrant having resulted because ot fault propagation In that
direction,

The damage surveys have also indlcated areas of lsolated highs around . Kunthar
and Timbi in Himachal Pradesh, Dehradun and Dugadda In Uttar Pradesh.
These isclated highs of mtensity VI area located within isoseist V.and are
lccated in the vicinlty of MBF In a crustal block bounded by MBF In the north
and the Foot Hill thrust In the south. An anomalous intensity  high of V within
isoseist IV has also been recorded around Delhl. The Instrumentally recorded
ground accelerations In the vicinity of the isoseismal boundaries have been
compared with the emplrical relatlonship to establish correlations. The authors
have oplned that the attenuation relatlons suggested by Campbell (1981) and
others are not consistent with the data generated by this earthquake.

it has alsa been suggestéd that the source mechanism of this shock has both
thrust and strike slip components and this source fault is located south of the .
Surface trace of the northerly dipping MCT, a major tectonlc lineament.
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1 INTRODUCTION

An earthquake of magnitude 6.6 (IMD) on open ended Richter scale struck the
northern hilly parts of Uitarkashl In Garhwal Himalays at 02.53 hrs. of 20TH
October, 1991 causing heavy loss of 723 lives and numerous livestock alongwith
complete damage of over 20600 houses and partial damage over 25000 houses in
about 400 villages in the districtz of Uttarkashi, Chamoll and Tehri. The
districtwise details of damages, as furnlzhed by the district authorities, are
given In the table below: '

District-wise Damages

Distriets Uttarkashi Tehrt | Chamoll Total

Deaties 552 54" 6 723
Injuries 1435 367 is - . 1817

Houses completely | 14644 4000 2000 - : 20644
damaged (app.} | (app.} (app.)

Houses partially 21221 3000 1000 25224
damaged i .
Note: The flgures quoted appear to have been modifled subsequently as
Ministry of Information & Bresdeasting detall’ 768 killed, 5066 persons Injurred,
20184 houses severely damaged and 74714 partially damaged.

*For village wise deaths see annexure 1

The Garhwal Himalaya has well known and recorded selsmic history where large
magnitwde earthquakes (+5M on Richter scale) have. visited the tract between
Long. 78°-81" and Lat. 29.5* to 21* for 36 tlmes In the last oRe and a half
century. The majority of the events have been Interpreted to be of thrust type
of defermation and are clustered al_'oumf the surface trace of the Maln Central
thrust. The event under repert is alse located In the vicinity of this reglonal
structwrsl dislocation. o o '

Consequent to the news flash on the AIR and Doordarshan regarding thls
earthquake, the Director General, GSL, Instructed the Gecloglecal Survey of Indls,
Northern Region office, Lucknow te take stock of the situation and organise the
detailed Investigations Ilmmediately. As a first step officers of Engineering
Geology Diviaton working In the Bhagirathi and Yamuna valleys were directed to
take lp'.the damage surveys on priority "basls from the 21St. October, 1991
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itself. Tn the meantime a speclalist group of ten officers from d!fferent
Englneering Geology Divistons and Landsldes and Seismotectonic Division of
Northern Reglon, having past experience of macroselsmic Investigations, was
ldentifled and necessary logistic support arranged 3o that the parties could
teave on the 23rd October. 1991. The Investigating teams were led by Shrl
P.L.Narula, Director, Landslides and Seismotectonics Bivisien, G.5.1, N.ER.,
Lucknow and Shri $.K.Shome, Director, Engineering Geology Division 11, G.5.1.,
M.R., Lucknow in Uttar Pradesh. The Investigations In Himachal Pradesh wers
carried out under the guidance of Dr.0.N.Bhargava, Director, H.P. Circle, G.8.1.,
N.R., Chandlgarh. The deployment of the partles was planned in such a way that
they could converge at Uttarkashi from different directions. They covered
Lucknow Bareilly Pithoragarh Almora Kdranprayag Gadolla Tehri Uttarkashi;
Lucknow Moradabad Kotdwara Paurd Sr{nagar Tehrl Uttarkashi; Lucknow
Moradabad Naglna Hardwar Dehradun - Mussouri Tehrl Uttarkashi; Dehradun
Rishikesh Narendarnagar Tehrl Uttarkashl and Lucknow Delhl Sonepat aAmbszia

- Paonta Saharanpur Dehradun. Such a step was essential to demarcate different

isoseismal boundaries and a rapid assessment of the damage patterns. In
addition, to documen:t the effect of the sheck In Mlmachal and Punjab, =2
separate group was organised, :

- In the first phase, completed by the first week of November 1991,.the parties

concentrated on identitying the eplcentral tract and damage surveys of the
worst affected areas, as well as authentication of the epicentral location which
had been reported to be arpund Almora at Long. 79.8 and Lat. 29.8 by IMD and
flashed in - the media. Another objective was examination of englneersd

‘structures like Manerl concrete gravity dam located In the epicentral traer and

ather ongolng hydroelectric projects In the Bhagirathi and Yamuna valleys.

. The first phase of the investigation consisted of rapld assessment of the whoie
of the U.P. Himalayas as well a5 Himachal Pradesh, Haryana and Delhi. The ..

deployment_ of officers for carrylng out the field investigatlons in different
sectors in this phase §s tabulated on the next page. )

In the second phase the Investigations were continwed by S/Shrl -S5. Kuemar,

" Prabhas Pande, Y.P. Shsrda, Geologists(Sr} and B.M. Galrola, Asstt. Gealogist

between 13th Mo¥. and $th December, 1991. During these Investigations, S/Shrl
P.L. Narula and S.X. Shome, Directors slso tnspected the area between 28th Nov,
1891 and 5th December, 1991 for flnal review of the Investigations carried out.

+




4 Uttarkashl Earthquake 1991
8l No Party Area Investigated Pertod
P.L.Narula & Coordinators 29rd Oct. to 3rd
5.K.8home Nov., 1991
1 S5.Kumar & Dehradun to Bhatwarl 23rd Oct. to 3rd Nov.
Y.P.Sharda 1991 :
2 P.C. Nawanl, Tehrl as well as 21st Cet. Lo 6th Nov,
1.5, Rawat & Uttarkashl area 1991
R, Sanwal } )
3 R.B. Sharan & Paurl, Tehrl and . 28rd Oct. to 3rd Nov.
Prabhss Pands sttrkashi 1991
4 K. Sharma, Uttarkashi area 21st Oct. to 2nd
5.C. Srivastava & : Nav. 1991
. H.C. Khanduri :
-3 Sush]l Kumar & Pithoragarh, Almora & 23rd Oect. to 3rd Now,
V.B.5rivastava Yamuna Valley : 1981
[ R.8. Negi, Dehradun 21st Oct. to 3rd Hov.
S.K. Ghildyal, 1991 :
S.K. Tripathi &
H.C. Khanduri
7 U.5. Rawat & Yamuna & Tons Valley 29rd Oct. to 3rd Nov.
AK. Jain : 1991
8 Gurdev Singh, Punjab & H.P, " 22nd Nov.1991 to
‘8.K. Hans, 26th Nov.1991 In
Pfrem Kumar & " Pupjab and 27th Oct.
N_ K. Punj . 1991 to 3rd Nov.1991
in H.P.
9 P.M. Islote & AK. Sutlsj Valley 24th Oet. 1991 to
Chaudhary ) alst Oet. 1991
10 D. Srivastavs & Delhl & Haryana 27th Oct. to 3rd
G. Dasgupta Nov. 1991

iy shins b i

Sri S.N. Chatnriredl

Dy. Director General, Northern Region, Geological Survey of

Indla, Lucknow salso inspected the worst affected area between the 29th and
31St. October, 1931.

~ 2 SEISMOTECTONIC SETTING

The reglon exposes sequences with long history of sedimentation. magmatism and
© tectonism which got involved In the Himalayan orogeny. The oldest sequences
- eovering sizeable portion of the Himalaya are of Proterozeic age. The status of

knowledge on varlous aspects of geology and structure have been well

documented In the proceedings of Himslayan Geology Seminar held at New Delh)
during September, 1976 {GS1 Misc. Pub. No.4} Pts. I to V). The data generated
subsequently, particularly on the palaecontological disceveries, geochronology,
tactonics including neotectonics metamorphlsm and magmatisms; has been
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discussed in detafl in Geological Survey of India publicatlon on  Geology and
Tectonics of the Himalaya' (Spl. Pub. 26, GSI, 1989). Tha geologleal map of the
volume has been utllised &8s base map on which the lsoseismals of this
earthquake has been drawn. ' : :

The Himalayas are one of the most seismically sctive reglons of the world where
numerous large magnitude earthquakes have occurred. The earthquake records
upto 1980 as obtained from the IMD have been claesified and codified In relation
to magnitude a8 well as focal depths for appreciatiorn of the seismicity patterns
of different domaina of the northwest Himalaya (Narwla 1991). Data obialned
from the focal mechanism studies as well as the macroselsmic surveys conducted

"by varlous workers has also been synthesised and Incorperated with [mportant

tectonic surfacea In Pig.l. The perusal of this map Indicates that the
earthquake events In Garhwal and Kumaon Himalaya are mainly clustered in and

“around the surface trace of the Main Central Thrust. Out of 79 major events

recorded frem this reglon 25 earthguakes were of magnitude more or equal to 4
and less than 6, 26 were of magnitude more or equal t6 5 and less than 6 and
10 events were those of mmagnitude more or equal to 6 and less than 7. When
converted to total energy release, the energy release in the area demarcared by
longitude 78* to 81* and latitude 29.5° to 21°* has been of the order of 10®
ergs/decade. From the foregolng it s apparent that the domaln wvisited by the
Uttarkashi earthquake of 20th October 1991 is known for its selsmic activity, In
terms of both historical as well a3 recorded information.

The reglon visited by this sarthguake lies in- the Main Himalayan Seismic Zone
demarcated by the MBF in the south and down dip influence zone of the MCT in
the north, demonstrating predomlinantly the thrust type of fault plane mechanism
{Narula 1991 in press) (Fig.2). 1t has been interpreted by Narula (1991) that the
strain bulld. up Ln different- sectors of this domain s taking place at different
locales and in the Uttarkashi~Kumaon sector, this s concentrated around the
MCT as evidenced by clustering of seismic events In this subdomain to be

"around this structural dislecation. The selsmic status of MCT has been a su:iject

of interest for quite some time, though -direct geological evidences of Its
neotectonic actlvity have not been ‘recorded in the area of study. Geodetlc
monitoring of this tectonic surface in the viclnlty of the Kumaltigad nerth of
Maner! and some sector In Central Nepal have Indlcated contemporary
adfustmenis along this feature {Omura et al 1986). :

A micro eartl{qu_ake network was operated by the University of Roorkee in the
Uttarkash! Himalaya for monitoring of activity In connectlon with the Tehri Dam
Project during 1979-80 and 1984-86. It defined a selsmic belt extending over a
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distance of 140 km. from NW of Yamuna rlver to Alaknanda river (Khattr! et.al,
" 1989}, The focal depths determined for these micro events are predominantly of
10 to 13 km, whlle for some ix is of the ord_er of 23 kms. The focal mechanism
studies conducted for discrete events suggest thrust fault type dlslecation
mechanism while some events also give strike slip mechanism.

3 DAMAGE SURVEYS

In order to prepare the isoselsmal map of the asrea based on categorisation of
damage patterns in different type of cansiructlons and terrain changes brought
about by the earthquake event, the investigating parties concentrated, in the
first phase, in the maximum damage areas. The assesement of damages In these
areas have been completed by carrying out ~ surveys by concentrating in
identifled areas to colect the tnformation on damage patterns. Over flve
hundred persons have been interviewed and the questionnaires (Annex. IV} got
fitled up and supplemented by preparing oriented sketches and photo-
documentatlon_ by colour photographs and transparencies. For demarcating the
lsoselsmal boundaries the Medvedev-Sponheuer-Karnlk Scale (1964) {Annex. I
has been utilised which identiftes categories of damages to constructions of
‘varlous classes like those of poorly constructed adobe structures, the brick
masonty structures and the RCC constructions, In conjunction with the terrain
changes ete. (Ref. Annexure-ii). The details are given below:

3.1 Terrain Changes

Consequent to the earthquake. numerous new landslldes, tandslips, boulder andg
.rock dislodgements, slope fallure Induced ground fissures on the roads and
‘roadside - embankments as well as sharp vertical euts in the steep river side
ends of the terrace flelds, fzllure of even very small helght breaks in the hill
slopes (less than 2m) lks boundaries . of the cultivated fieids have been
extensively recorded in the worst affected areas. 1n additlon, numerous old land’
slides have been found to be reactivated. The road formations have been
extenstvely damaged by wide open fissures along, and ln some places across the
road, with fajlures on the valley side retéining wails and hill side breast walls.

In certaln reaches more than half of the formation as well as the painted road
surface has been damaged by these fissures. Some of the major landstides have
even uprooted large trees along thelr fallure route. Changes In the discharge of
water springs have also been reported at & number of places. Major landslides
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generated large dust clonds in their wake.: often mistaken for smoke, In closed
vatleys. Such features occurred even after elght days of the earthquake. The
Bhaglrathi river water was reported to have become turbid after the earthquake

‘but 25th October onwards there was no marked change in the turbldity of the

rlver water. Accbrding to -media reports the river Bhagirathi had been blocked
upstream of Uttarkashi, but evidence of such a blockade or lts having been
cleared by blasting could not be ascertained. Apparently as a result of the
earthquake the Power House at Tiloth, of the Maneri stage—I had tripped as
provided In the designs. After tripping of the powerhouse the water flow in the
tunnel automatically stopped leading to drying up of the river downstream of
Uttarkashy and'consequent ponding up of the water behind the Manert dam.
Because of power fallure at Manerl Dam, there was nearty 12 to 14 hours time
lag between "the tripping and the manuval- operation -of the splllway gates at
Manerl Dam and resumption of water flow in the river downstream of Uttarkashl.
This' was the reason for the Jlocal populace slready frightened by the
earthquake, to apprehend that the river had blocked by landslides upstream of
Uttarkashi. : -

3.1.1 Landslides

The earthquake has Induced numerous landslides of rock fall type, sverburden
fallures, slumps, debris slides, dislodgements of  rock blocks In well defined

. wedges formed by discoptlnuity surfaces and bowider rolling along steep slopes,

Sectorwise brlef description of these landslides is as under (for locations refer
Flg. 2B): :

Tehri-Uttarkashi Sector

~ The first locatlon of rock dislodgement between Dharasu and Dunda, primartly in

the Blocky to highly Jointed quartzites of Nagnl Thank formation, is at a
distance of about 5 km from Dunda. These dislodgements continue uptoe NaXuri
beyond which the road Is practically located on the. terrace material on Nat
slopes and dislodgements and landsllps are not recorded. However, ground
fissures on the river side are occaslonally developed between Matl) village and
Uttarkashl. One such feature with concentric cracks was recorded In the
overburden materfal, comprised of silty material, at. a distance of about lkm
from Matll towards Uttarkashi, . '
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Uttarkeehi-Kansuldia gad Sector

The road between Uttarkashi and Gangorl Is located on a flat terrace away from
the hill face but rtlver side terraces show development of cracks and slump
fajlure. From Gangori to Phatwari there are mumerous landslides developed in
the terraces composed of river borne materlal as well as In rock outcrops. A
number of rock slides have been observed In the steep slopes with quartzite
outerops. On such slide at about a km short of Manerl 1s deplicted in Photo 1.
The intensity of these landslides progressively increases from Gangor! to Maneri
and then decllnes upto Bhatwarl, the maximum number being located in the -
Ganeshpur—Maila sector. A few Important slope jnduced ground fallures have
been documented on Fig. 3A. Around Maneri almost all the slopes have falled
" irrespective of the slope forming materials (Photo 2), A major rock slide has also
been recorded on the left bank road of the Manerl Dam between the dam body
and the tunnel Intake {Photo 3). From Bhatwar! to Kanauldia gad a number of
rock disladgements have been recorded while on the other bank some major
slides have also developed. Some stretches between Maneri and Gangnanl which
are known old landslide stretches have alse got activated resuiting In road
blockades. ‘

In whole of this sector the formation cut of the rozd has been extensively
damaged, the maximum damx.ge belng between km. & from Urtarkash! a2nd near
Pala village whers slumps have taken plazce In the river side slopes. Wide open
fissures have developed on the road which sre aligned along as well as acress
the road and numerous retalning walls and breast walls (Photo 3A) have
collapsed even on overall gentle slopes. In certaln reaches more than half of the
road formatlon as well as painted road surface has been damaged by these
fissures. A remarkable feature has been observed on the left bank of River
Bhagirath! near Heena where the T-3 terrace, ‘the lowest one, has been shaved
for a length of about 400m. The nearly 15m high terrace has apparently failed
_parallel to the tiver face as 15 evidenced by the fresh near vertical cut {Photo
4}, Slmilar terrzce shaving has also been observed near viilage Dedsari.

Gangori-Aghora Sector
From Gangorl to Sangam Chatti, 59 dislodgements and two major landslides have

been recorded In a distance of about 12 km. Prom Sangam Chattl to Aghera the
frequency of landalides has reduced. Some of the landslides have criginated from
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upto 100m height from the nala bed and rolling aof boulders and siding caused
lot of dust clouds to rise in the horlzon, olten mistaken for smoke by local
people, in the closed valley of Aassl Ganga {Photo S\

Dharasu-Barkot Sector

oOn the Dharasu—Barkot sector there are no major damages to toad nor there are
many sildes or dislodgements initlated by this earthguake event. However,
between km. 34 and 35, some dislodgements have been ‘observed. Simiar rock
distodgements totalling 4 in number have been recorded between km stones a1

and 45.
Uttarkashi-Kishanpur Suknidhar Sactor

In this read sector, 41 dislodgements have been secorded on the road between
the road bend near Kutaiti colony to Thalan village in. addition te 6 mnos. of
landslides. From Thalan to Kishanpur the frequency of landslides has Increased
thop;h the back slopes have become gentler, Even very small height (less than
2m) boundaties of the cultivated terraced fields have falled, glving rise to
almost uniform slopes near Klshanpur village. The river side edges of -the road

_aloﬁg with high retaining walls have collapsed (Photo &) and the river slde -

tormation displays 8 humber of Mzsures .in the overburden. The approaches of
¢ about 50m span (Photo 7). From thls

the Indravatl river bridge have falled ove
bridge to Suknidhar 2 pumber of dislodgements have been recorded but the
- . intensity and rrequen'cy of these dislodgements have constderably reduced. A
major retaining wall at the road cressing at Syknidhar has also falled.

Phaldiysna-Suknidhar-Dunda Sector

In this road - sector no landslides or dislodgements are recorded between
Bhaldiana and Lambgaon but from Lambgaon to Dhauntri a number of rock
dislodgements have been noticed. Between Lambgaoen and Skm. beyond the Jalkur
nale bridge, ‘31 diglodgements of rock blocks varylng In size from 1md . to 10m?
{Photo 8) as well ae 10 rock sHdes have been recorded which have been caused
by this event. Anh old landslide on the left bank of a bridge near That! Remoli
" has got reactivated. All - these -dislodgements and slides are located in the
Chamoll gquartzites. Between Dhauntrl and Suknidhar and the Dunda sector
similar dislodgements have been recorded. Between Chakone and Suknldhar 2
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number of retaining walls have alsc failed. Ground fissures trending In the
NW~SE dlrection have been noticed along the painted surface of the
opposite Bhatiyara viilage, ros

Dhauniri-Kamand Sector

The road connecting Kamand village with Dhauntri has also displayed a numb

ot ships mostly in the overburden material and some flssures on the rlveuml::r
edges of the road have been recorded. One, 8 to lﬁcm wide fissure srall; :te
the road, has been recorded almost In the centre of the road :l‘lrls rie .
trends _in N60°E-560°W and is located between village Ladhu and .'l'hatl Bh“:"‘?
in the Barket Gram Sabha. It was reported by the vlllage Pradhan of Ka:: 0;
village that a number of fissures had developed on the surrounding hiils :h
such locality mear Kobla Nami top was examined. Some ground fissures lc;ca 1";
on the overburden material at the nose of Intersection of a small nala Jol :E

the Jalkur gad and related to siope fallure .induced by the earthquak e
recorded. The longitudinal cracks at this location trend In the N45‘EiSI:‘re
directions while transverse ones are oriented in the N25'W-S25°E dlreetfon. A :
resutt_ of this topographical settlng and movement of the overburden mate.ria: :
lt::;::; l;!;il:v::br::: masonry with RCC top has collapsed. Similar ground flssures
e en covered slopes have also bean recérded rron_l areas located

Ku_nd-Gnu:ikund Sector in landakmi Valley

The Kpnd-ﬁaurlkund road sector has also withessed s number of dlslodgements
;o':rc\:d smr:i:“ la:ds;illldes and retalning wall fallures. These fallures have beer;'
e _In o st.s;tce of & kms betore Phata vlllage, continuing upto'
N . A eff terraln changes have been utllised to draw the

ary of isoselsmals 1 and VII. Over a dlstance of about lékm from d km

. b
afore Phata upto Sonaprayag, ecleven dislodgements, three small landsildes and -

;:: i1~etalnlng wall fajlures have been recorded. Between Sonaprayag sand

. rikund, & dislodgements have been recorded iIn a spece of about Skm. The

T::::,g;:;:; 1:lhe fo:m of terr.al_n changes sre quite conspicuous on the Sonaprayag

EinaTein rct: sector on whlch 23 dislodgements and twoe retaining wall

tanding n Mo,e_r_l rfcqrded. _ Two ground {issures one 1.5km before Phata

s __.SGO E directlon and the other between Sonaprayag and
rikund trending In NOO*E-50*W drection have also been recorded.
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THwars~Chirbatia Secter

The road sector between Tilwars in Mandakanl valley and Chirbatia water divide
of Bhillangana catchment 1s marked by isclated rock dislodgements. These
dislodgements, prominent between Tilware and Mayali village, are confined to the
highly Jointed basle rock constituents within the gneissic and granitic rock
complex. The disledgement incidences increase conslderably from Mayall towards
Gorthl village and infact, in & distance of about 2Kkm., more than 15
dislodgements have been seen in a8 basiec rock exposure nhear Mayall. Incidentally
the boundary of isoselsmal VIl passes very close to this location. Disledgements
have also been seen in the gnelsses -exposed In the vlcinity of Gorthl village,

loeated on a spur (Photo 9.
Evalustion of Terrain Changes from Remotely Sensed Data

In order to quantify the incidences of landsiides (speclally In the inacecessible
higher altitude areag close to the eplcentral tract) and valldate the lncidences
of earthquake induced lzndslides the pre and post eartiguake imageries of the
area on IRS LISS 11 PCC of 4/10/91 and 26 & 27/10/91 have been visually
interpretted in the PGRS Laboratory by S/Shri R.V, Iyer and ‘R.S. Misra, They
report the presence of 47 new landslides and reactivation of 16 old landslides

(Pig.3}.

on transforming this
lineaments, the following broad observations could be made:

a) Most of the new and reactivated slides are bounded by lsoselst VIl

b) A majorlty of these are located In a nearly 2.6km. wide lnear helt
" trending N60*W-S60°E {rom near Utra in the east to beyond to Saura in
the west and essentially lgeated on the southern slopes of the hilis. This
fault can. be picked up as 2 megalineament along the same trend
‘westwards inte the Yamuna and Tons valleys as can be seen In the

Imageries.
©).  -incldentslly this Utra—Saura fault is located about 4km north of the
epicentral tract and almost parallel to the longer axis of the lsoselsmals.

d) Most of the slides in the area 8re ot rock and debris silde type.

.8 " The higﬁer density of the slides are In the closed valley around Agora
where the white guartzite of Nagnl Thank Formations 1s well exposed.

information to a bhase of the i'soseismals_ and the .
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:‘::- T::;. b: :.he reason for the dense dust blllowing out of the closed vailey
a being persistently reported In the media and
Y by the jocal inhabl
as smoke. The close spaced new la ) e dad
ndslides near the course of the P
| lang Gad
might have .been responstble for the reported partial blockade of the Gad £

?nn :h:el;y conservative estlmate the area occupied by each landstide ldentified

mageries cannot be less than 6400m* and assuming agaln on th
conservative side the thickness of the slided materlal to be tm the least vol .
Involved works out to be of the order of +6000m® Therefore, the t l‘)mﬂe
mobillsed by this earthquake In 63 slides works out te be ‘or the o:)idera:;

. . 2
¢.4Mm?. Incldentally the successive imagertes have a 50% overlap in the area of

tudy.

:,:-1 :'] M.aklng a .sterecpalr the 3D wvilew glves additional information on the

" e:tent of the landslides and by this study the volume mobilised may be
much as 10 times the wvalue computed zbove. This estimation may be

rationalised by the Digital T
e _ g mage Processing that 13 being planned as a follow up

.:i:w::r::. analysis of the remotely sensed data by Digital Image Processlng of the
ndslide affected area coupled with parametric analysis 1s planned as a detalled

foll up assessment [id
. eve for
ollow for £ . and va ation of the coselsmic nts, it any, the

9.1.2 Ground PFissures

. . . . o
e::thof l1;1'«; most important modes of terrain damages witnessed durlng this
— :u: : w;as ;he ground filssures, which were predominantly confined to the
nd riverborne materlal covered slo
pes or the read section

; & where the
r:::::::nhlevels have been achleved by back filling with loose materlal. These

ave generally been restrieted within the ;
VIII. Isolated lncldences.or I res ot waoks. rememny

ormation of open flssures ir the

* : _ rocks, probabl
:laong lpre existing Joint planes with steep side slopes, 'tke the one nea::
ngrall village have also been recorded. The detalled description of these are

. given below,

Fissure In Bed Rock Negr Sangrali Village

lI;; Sgngrsl; \:llage three parallel sets of cracks over a width of about 20m have
en recorded, the most prominent of which is th
- the one which has develo
distance of about 4.6m from th it of
_ . e cliff face on which arenaceous p
phylilt
Uttarkash] Formatlon is exposed. This crack has been recorded in the bed io:l:
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SPATIAL DISPOSITION OF GROUND FISSURES {Cont.}

and has been measured to a depth of 9m (Photo 10}. At an isolated location the

width of this opening ls about S0cm. This crack is ortented 1n the N-S direction R
J.e. parallel to the cliff face. Because of the earthquake the unsupported slde : : 3 Locaties [reraunt orisutation Lameiy Openirg Temarms
l.a. the ciff face has lead to the opening of rock blocks along pre—existing u nﬁlﬂlly..',:_ ren L 3 1 Otext Srarbardus aeterter
jolnt surfaces which are probably the controlling features tor development of the © BRaptir s _ ?:r“ur?.gg‘i.'iif-\&.
olitf face. A sketch demonstrating the mechsnism of formation of this erack ls t ' _ y
g ' S i o T I S In the ceatre ot

enclosed as Flg.7. - P Yiagee on _ raad oo Svarberdes

. Eamaed road
The localitles, orientatlens, lengths and openings of ground fissures have been ki 14 Eobla Mami mesr ¥ WegTwoazOTE '
summarised in following Table: ' - Kemaad viflags REea  do t 03,8 Iwe covered
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It is seen from this table that the preferred trends of these flssures are
predominantly gulded by the topography as well as the physical characteristics
of the material in which they have developed. There had been a few
exaggerated reports of large and long fissures. These could not. be verified even

by detailed ground checks.

In addition to long fissures developed mostly along the road or track alignments,
at a number of localities, particularly In*area of isoselst VII, small topegraphlc
breaks have also falled in the terraced flelds in Kishanpur and Manpur viliages.
These failures do ot seem to have any genetic relationship with the source
‘tault because most of them are located parallel to the valley slopes and a few
are tenalonal openings in the overburden material.

4.1.3 Changes in the Discharge of Springs

It has been reported that the spring water discharges at vartous locations elther
increased considerably or reduced appreclably. The villages from where such

reports ‘have been received are as under:

1} At Gﬁngori village the discharge in the springs has increased but at Saura
village the spring gischarge has considerably reduced. Both these localities
gre in the intensity VIIl in the Bhagirathl valley. :

in In Jalkur. vajley the discharge of spring at Timblichak near Bainga village
increased after the shock. ) .

1i) . In Bhilangana valley discharge of éprlng located in Tipri village increased.

vy In Natlchaml valley, there was Increase in the spring discharges at
_uuyalgaon and Titrana villages whereas In Gaurya and North east of Holta
viliage appreciable decrease in the spring dlscharge was reported.

v} The Asslistant Engineer, Irrigation Department of H.P. at Theog reported

that a water spring had dried up at its usual location and had emerged

about 50m down the slope. Al Rakcham 1t was reported that one sprding
started emitting lukewarm water.

Hat Springa

recorded in the Utter Pradesh Hlmalaya, 13 are

of the 62 thermal springs
the ares most. severely affected

located In the Bhagirathl gnd Yamuna valleys,
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by the quake. These hot springs are located on either side of the MNCT In the
.central erystallines and the Garhwal Group of rocks. Some of the hot springs
like Gangnan! Aungl are located very near to the epicentral tract and thus the
changes In the temperatures, discharges and chemlétry of ihese springs have
been studled and brief results are glven below:

In addition to the information collected by enqulry from the local people abou£
the changes in thg spring water discharges, the temperatures were mesasured at
the known hot spring localities and compared with those measured earller. At

_ Gangnani the temperatures recorded on 19.11.81 was &5°C while those recorded

sarlier in the last 15 years, have waried between &!* and 64°. The
measureme_nts made on fith December.' 1691 sand 19th Jan. 1952 int;lcated
temperatures of 80° and 83°C, respectively. For Aungi hot spring located in the
epicentral tract a temperature of 34°C has been recorded which is comparable
with the ones recorded esrlier. Later, on 20th January 1992, the Aungt hot
spring gave a temperature of 37.0°C. It is reported that after the earthquake

the original source has completely dried down. The spring now emerges from ;
locatlon about 160m .upstream of the original one, along the right bank of
Bhagirathl rlver. The reduced discharge now measures about 15 lit/min. From
these observations no conclusions could be drawn though it is reported at
cartaln Iocationg that increase in temperature as well as discharge took place

In -addltign to temperature measurements w.ater samples were collected ﬁon;
Gangnan! and Aungi hot springs for putting these waters to chemical analysis

Results obtalned from these samples as well as those of August, 1988 {nearesl;.

~ before the earthquake) are glven in thé following table. The results so obtalned
- have been assessed mainly by Dr. Ahsan Abear of Geological Survey of Indla and

the same are discussed below: = . :

Common fea.tures and the differences In the water samples collected aftar the
sarthquake from Aungi and Gangnanl hot springs are: -

Common features:

1) Decrease In TDS, HCOs~, Cl- and Na*

11} increase in 80— -
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Differences:
i} Decrease ln S10: at Ganghanl an

i ca**t shows a marked Incre

Gangnanl

Mg*t tends to show an increase.

ase at Aungl whereas Mg

Uttarkash! Earthquake 1991

d an increase at Aungl

++ ghows a decrease. Al

Gangnhant Aungl —
ug.

e gz | eeea. p‘i’s‘fﬁé. Pre £.9.

TOS 820 1040 805 980
HOOy 842 817 627 771
- 84 96 133 162
504 48 23 33 28
P 6 5.6 3 3.5
Cat 62 69 .80 &6
ﬁg** n 5 49 64
Na* 210 280 176 220
K 24 27 22 26
Is 4 4 5 8
$10: 70 0.95 42 31 .
Temp*C - 80/65 82 ‘94 99

The hase temperatures {temperat
base) have been calcuylated utllising re
1983, Giggemback 1986. Estimated base tem

ure attained by water In its deep circulsiing
lationships suggested by Glggenback et al
peratures are glven below: :

Gangnanl Aungl
6i0z K/iMg §102 K/Mg
Aug.89 . 116°C 100°C BatC 893°C
(Pra—quake} :
Dec.91 97°'C 87'C &a*c a47°C
Post—quake
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Mixing Relstions at Gangnanj

An overall decrease in TDS at the expense of HCOy~, Cl-, Na* and K* could he
the result of mixing of hot and cold waters. The representatlve c¢old ground
water at Gangnan! has Cl- and Si02 values of 6 énd 10 mg/l, respectively and
with the CI- value of 6 the Cl- balance can be worked out as X(6) + (1-X)
a5=64; x=0.348. Thus with C! bslance hot and cold water mixing ratio works out
to be 65:35. For this mixitng hypothesls to hold good the ratle or.65:35 warked
out by balancing the mass of the conservative elemént Cl1- should balance other
elements 'also_. The calculated chemistry of other elements 1s as follows:

Chemical Calculated Measured Representative cold ground
specles used concentration - fconcentration - jwater RGW {Sharma,9i)}
for mass . o Ja-12-91)
halance ’ cl- 6 mg/t
$101 .85 70 810z 10 me/l
HCOs- 5458 542 HCOy 35 mg/l
Na* 184 2190 - Na#* & mg/l
K+ S U 24 K* 3 mg/l
TDS . 00 220 TDS 85 mg/l

A perusal of the above table suggests that except for silica which 1s within 5
mg/! of the measﬁred value =all other species are far from Selng close 10 the
measured values. Though composition of the Cold Reglonal Ground Water (RGW)
vartes from ome area 'to the other depénding on the country r_ock, depth of

- clreulation and seasonal varlations, 1s unlikely to influence the mass baiance to

such an extent. Alternatively, one may suspect the mixing ratle, calculated by
using Cl-. As mentloned earller, ¢~ 1s a conservative element added to the
solutions onfy through rock water Interaction, it cannot be suspected unless an
sdditlonal source of salinity l.e. salt beds or tohhate watsr has come In contact.
The possibility, therefore, exists that the water dlluting the Gangnani hot

Spring is not similar te RGW but 1z more concentrated (higher TDS) deeper
ground water. Low Cl content -of 84 mg/l suggests that the mixing water should
be characterised by low CI/HCO: ratlo. In addition, low S10; (7Omg/cl) and lower
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.
TDS values (820 “‘g/l} 311889513 that the ‘]aCtioll of RGW of the t}lpe Sii'ell in the
nbove table may be l‘\uCh 5||'lallel than assu!‘\EG aild 10110W1n£ pGSﬁib“itieS of

mixing could exist.

1} Aug./8% + a higher TDS low CI/HCOa ratlo water.

/B9
1$3] Changes in hot spring composition at deeper levels relative to Aug

com.+RGW. _ .
) Auvg./89 water + High TDS low Cl/HCQ: water + RGW.

of 804"
Having eohsldered varlous possibllities of mixing, relatively high values 4«

explained. An increase in SO« content may be explained

and Mg'* needs to be e

g the presence of oxygenated water which would cause oxldati

e utions from

Hi5 present In the hot water. uMg** could have been pleked up by sol .

, akel), or
chloritic clays during their ascent through changed routes (after the qu N
It could have been added to the solution at deeper levels (through posslbility

or i1l above).

Mixing Relations at Aungl

ratio of 0.8 Aug.89 and 0. RGW r

Thr ougll Cl balance, a ( g- ) 2 ( G ) is Ca]cu‘a‘ted or

A gl t Pr. -8 Y -4 8 at i TY t o
un ho sprin B takin these Iatiﬂs tlle Cﬂ.lcul ed chemist ) st

earthquake sample is a5 fn]!o_ws.

. ' Measured
acles Calelated
ﬁ::;ﬂ;!:: rsnpass - concentration conce“rl*.;aatlon
balance mg/l . . 42_
27 .
Si02 2 -
Hcoa- 624 )

Na? 177 176

K* 21 i : 22

TDS 300 : 805

1t is interesting to find that except for Si0z,
fncluding TBS show a perfect match between calculay
it 1s assumed that the hot vater ¢omponent pre
-sampied in Aug. B9 except for having & F

all other chemical species
ed and measured values if .
sent at Aungl is similar to thar
etati\al} high Si02 content of SO mg/1
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Instead of 31mg/l. As concentratlon of dissolved silica is directly proportional to
temperature, an Increase In silica by _1'9 mg/l would correspond to a rise in
temperature by about 24°C at the reserveir level.

Increase In S$CJ~ may be attributed, as in the case of Gangnani, to Increased
oxldation of Ha$ to SO« in the presence of oxygenated waters but Increase in
Ca** is a bit difflcult to explain. This het spring 1s normaltly characterised by
high Ca** and Mg content of 66 and 64 mg/l {Aug.89} which may be reléted to
rock water Interaction -in the basic rocks in the vicinity. Alteration of
ferromaghesian minerals would result in leaching of Ca** and Mg**. It is thus
possible that cirenlation of fluid through newly created channels (as g resi.lll: of
tectonlc adjustments during the quake) under increased temperature conditions

_have resulted in variation of Ca/Mg ratlo In the solutlon. $i0; and K Mg
- thermometris suggest decrease in reservolr temperatures (of post equilbrium) at

Gangnanl and an increase at Aungi.
From the above discussions it could be cencluded that:

1 The post earthquake scenarloe suggests that there has been mixing of the
ground water with the hot springs In. different proportions and the mixing
of low TDS groundwaters has given lower TDS waters than those recorded
In the samples collected before the earthquake.

ity Aungi hot spring chemistry changes can be explained by mixing of regtonal
grnundwater except the percentage of 8i0z content which instead of
decreasing by mixing has increased considerably. This Indlcates that at
the hot water source level the temperatures have increased. The mixing .of
thermal wa*ars with reglonal ground waters has taken place at Gamgnrani
also but the balance of the eiements ls ﬁor. pessible by simple dilution

ard it is likely that deeper ground water tao has mixed with the therma!
waters.

3.2 DAMAGES TO ENGINEERED STRUCTURES

The relative degree of safety In butlt in the design of engineered structures ls
dependant on (1) the importance and volnerablitty of the structure and (1) the
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capital outlay. 1t follows, therefore, that the gapltal intenslve hydroelec&ric
project structures are more Tlgorously analysed and have a much more
conservative deslgn as opposed to communication projects. This is amply borne
put by the fact that the Magperi Dam though located in the epleentral tract
escaped withoul any structeral damage while the Gawana Gad bridge located
about Skm downstream of the Dam was completely damaged. The descriptlons in
the foltowing paragraphs start with the well engineered structures followed by
less rigorously engineered structures like the glrder and suspension bridges.

4.2.1 Manert Dam

The 79m high concrete gravity dam across river Bhagirathi at Maneﬂ has not
suffered any damage though located wvery c¢lose to the epicentral tract. The
appurtenances of thls dam including the high wing walled approach channel to
the intake portal of the head race tunnel has also escaped any damage (Photo
18). However, (wo butldings ‘ocated on the right bank near the road and not
resting on the body of the dam have been extenstvely damaged (Photo 18). The
eastern side wall of the substatlon building in concrete blocks has completely
collapsed while the long w%all sides display major cracks. The toundation
galleries of the dam have also been examined and It is notlced that the lower
gallery {foundation gallery) located at RL 1289m does not show any slgns of
. distress, The upper gallery at RL 1279m however exhibits very minute opening
of the block 6-7 joint. In addition, near the left outlet on the upper pgallery.
hair fine horizontal cracks are seem which may be restricted to outer surface of
linlng. There is no apparent change in the discharge through the drainage holes
but the same will have to be monitored to find whather there is any change in

the water seepage quantities as compared to the corresponding perlods and.

records already available. The wing walls of the approach- channel which are at
least 10m high also do not show any distress. The backflll exhiblts settlement
behind wing wall of the approach channel, without causing any structural
damage to the wing walls. Flissures in the backfill below the approach to the
Jamak village are quite consplcuous, A few rock bloek dislodgements and rock
falls near and upstream of the teft terminus have been recorded which have not
caused any damage to the structure though some blocks have ‘tallen on the dam
‘and on to the deck of the structure. On the right bank the approach to the dam
made in the fll1 material upstream of the dam ‘axls show fissures. The parapet
wails made in masoenry have cracked and high retaining walls on the approach
road to the colony have completely collapsed. '

e R S e
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Tha S0MW capacity Tloth Power House of Maneri—Bhall Project Stage-1 15 |

an the left bank of Bhagirathi rlver, opposite to the Uttar Kashl tow Dca‘;:d
power house butlding is lecated on over alluvial terrace deposits with !tsnl'on .
axis sligned in N25*E-S25°W direction, that s roughly parallel to the cour 89_;
Bhagirathl. The minor damages suffered by the power plant which e
generation after a pause of few days, are enumerated as under. lfes'lmed

The construction and expansion joilnts of the bullding have opened at a numb
of polnts. These appear as elongate cracks on panelling walls and esilings ﬂ; e
or paralle! to the joint faces. Thelr origin can be attributed t{o the dlfgr . aﬂlrlg
response of the components of the bullding to the vibrations Induced e;e“t;j
tremors. Peeling of plaster is also associated with some cracks. The first );Ja:e:
:; l;l;e wesfern face of the non lead bearing partitlon wall has tilted outwards
out 1* The RCC pedesatals of the genersting units have developed 2em to
15¢m long vertical halr cracks. These features which appear to be restricted
- the surface only are reportedly being monitored by the project authoritles. ®

;r:ere 1s a relative dlsplacement of the order of l0cm between the front face of
: lbulldlng and the outside concrete floor. This could be related to the ground
settlement. The damage pattern Indicates that the direction of ground

" osclllatlons would have bean WNW-ESE,

3.2.2 Ichari Dam

Lth is : §5m hlgh concrete gravity dam allgned in'N15°E-‘815°w direction with a L
aped, 120m long extansion at right angles to the dam axls for the treatment

of the left -bank siide. The ent i
T yiimees. ntire area of the dam exposes the Chandpur

The operating personnet on duty at the dam during the'nlght shift felt th
movement parallel to the dam axis and observed swing of the hanging object tle
the same direction. Lar_ge splash waves (varlously estlmated to v b von 1
to 2m} were reported to have developed In the reservoir. ary etween 1

:he inspectlon and dralnage gallertes within the body of the dam were exa.mlned

r::“ wtel:: ?rl;r;d_ to have escaped any damn.ge. 1t ts reported that the seepage

e_“thquake butnagelggllarles ranged hetween 1.7 and .76 Its./sec. pror to

- ,sec_ ke hs rise has been reported 23 hours after the earthquake to 2.1¢
/sec. as later on stabllised at 2.5 lts./sec.
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in the non-overflow biock 1A (located on the left abutment} an opening of
about 1mm. has been observed along & vertical eonstructlon joint on the
downstream side face. Minor seepage through this leint has deposited a thin

layer of secondary carbonate over the lower part of this Jeint. This layer has

developed s fresh, fime erack along the Joint, indlcating minor movement along
the joint.

To monitor the stability of the left bank, 21 targets on this bank are being
periedically surveyed by the project authorities trom 2 stations on the dam
structure. No change in the pattern of the readings could be described from the
pre and post earthguake readings.

The elevator lower ghaft located towards the left terminal of the dam 1s about
a0m high of which the bottom 20m portion 1s partly embedded in the body of
the dawm and the rest projects in the air. This lower portlon_showed saveral
eracks on its southaern {left bank side) and western (downstream side} walls. In
the lower part of the shaft attached to the dam Iwo sets of cracks (<0.5mm),
one vertical and ‘other horizontal, developed. Vertlcal cracks are more common,

somewhat lrregular and are either terminated or deflected by the horizontal .

cracks. The horizontal cracks are along the jolnts of concrete lift joints.
Cracking is fore pronounced ‘on the southern wall The enhancement of the
seepage in the drainage gallery may be agtributed to opening up of the path of
percolation by read,lustrnen't of the material infilling the joint openings.

There 1s preponderance of horizontal crack at and arcund the point of hinge of
the elevation tower which suggests that the cracks might  have been developed
as a result of the Interactien and interference of different modes of vibration.

Some damage has also been reported in the residentlal colony at Kotl which 15

nea~'y 3km SW of the dam on the basis of which the area seems 1o have
witnessed an intensity approaching VI due to the earthquake. : '

a.2.3 Chibbre Underground Power House

Crnie is 8 113m long, 18.5m wide and 32m high cavity housed wholly In the
phaijra arglllaceous limestonesslate interbedded unit of the Mandhalis. The Power

House cavity is nearly Tom laterally into the hill and 120m below the natural ’

surface. On the downstream, -8 aligned wall of the power house cavity U te 2
mm wide, three vertical and two oblique cracks have been observed abut 2.5

above the turbine levet tn the area between ‘ist and the 2nd turbine. Shotcrete
from about 0.6mX0.25m area along each of the oblique cracks {inclined at 30* to

. of the approuch road te Maneri
colony. (Photo NGRI).

Photo | Rock fall cum debris slide
initiated in quartites upsiope of
the road abowt a km before
Maneri. Note uprooting of a
telephone pole in the toe portion
of the slide.

"Photo 2 Failure of butiressed breast wail -

N
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Phote 3 Rock fall in blocky quartiies.
Note targe rock blocks lying on
the approack road o inmke
structure of the Maneri dom.




- Photo 4

Shaving of the nearly 25 m. high

river terrace on the left bank of

river Bhagirathi ar Kamar gad

confluence.

Photo JA  Failure of breast wall leading to '
cotlapse of telegraph pole near

Gawana gad bridge.

Photo 5

Dust clods bellowing out of the
* closed Aasi Ganga vailey a5 4
result of landsiides.

Photo 7

. bridge over river Indravat near

Photo 6 Failure of the valley side parrion
of block top road near Mannpur.

Damaged approaches of the

Kishenpur, See undamaged RCC
bridge of abour 15 m. span.

Fhaoto 8 Rock dislodgement on
Lambagaon-Rauteldhar  roed '

secrion.




Photo 9  Dislodgement of rock blocks
near Gorthi willage Partial
collapse of the short wall of a
vitlage house in the background.

_ Photo 10 60 <m. apen fissure, comrolted
by master joints near Samgrali
village (Photo-NGRI).

Phote 11  Open fissures in oberburden
: material showing 50 cm. vafley

side slumping, 6 km. upstream of

Utiarkashi on the rooad 1o

Maneri, )

Phowo 12 A - 50 cm. open crack gending NNW-SSE
. along Manerijomat foot track.

Photo 12

NE-SW gending fissure on the debris
covered slope on the Saura Byale Tipri mule
track.




View showing Marers 4. and
the  appurtenances facin

downstream. Maneri | vl ‘s
the background . Y

Photo 12 B Nearly 5 cm long open shimp fissure in
the cultivased fields of Kamar village.

Photo 16 Wall coliapses and  gaping
cracks in type B construction and
faibere of retaining wall just
upstream of Maneri dam,

Photo £7 Collapsed Gawana i Midew i
Unarkashi Maneri vony wr

“hoto 13 Arcuate ground fissures ‘usting the black
top surface of road near Maneri.




Photo 18  Jnwer base plate of the rocker
on the Unarkashi side of ihe
- Gawana bridge.

Upsream end intact base plate
on the Maneri end of the Gawana
bridge. Note rollers in place and
stipped rotler plate and coupling
rod in the foreground

Photo 19 A Clockwise roration of the
A, aOm md k {1 [T
Maneri- side of Gawana
bridge. Roliers and roller
- plate nor secn as they have
been thrown i the river
below.

Geol. Surv. Ind., $pl. Pub. No. 30 ' 25

45°) have fallen down. These cracks have developed In the shotereted surface,
In the control room area, horlzontal te subhorizontal hair cracks were noted st
an uniform level of about 1.4 and 2.5m above the floor In most of the pillars of
the RCC frame structure. These cracks also traverse the marble slabs flxed on
the pillars. A number of prestressed cable anchor heads In the draft tube
operating gallery show eracks in their shoterete cover. Cracks have been found
mostly where the shotcrete over the anchor plate is thin and the exposed iron
surface has considerably rusted. Cracks run mostly along the varlous components
of the anchor head. Occasionally, however, the thick shotcrete over the heads
have alse developed cracks, mainly normal te the anchor. Sometimes the cracks
appear fresh but In many cases their recency could not be established. Most of
the corresponding anchor ends in the power house (PH) cavity were inaceessible
but the ones avallable for examination did not show any c¢racks. Besides these,
several cracks are present elsewhere in the PR complex but they lack freshness
and other signs of recent development or are known to be preexlsting. Four
falling hammer type extensometers are Instalied on each wall (f.e. eastern and
western wall) of the PH cavity. The hammer is designed .to fall when the space

. between the knife edges exceeds some preset value which In this particular case

was 6mm. In the eastern wall {which is Incidentally the one closest to the free
tace} the hammer of one such extensometer located between the 1st and 2nd
turbines has fallen while in the other the gap is of the order of 3mm. A
vertical crack in the shetcrete is present close to the fallen hammer. The
dlagonal cracks detalled above are also within this area.

From. the above following inferences can be drawn:

1} The area exhlbiting the cracks and fall of th_é hammer were pre—existing
areas of loosening (this 13 a .common enough phenomenon in large
underground excavations} which have been subjected to the oearthquake
shock. '

2) The cracks and weaknesses were ﬁot pre-existing but have developed by
the earthquake. ’ :

However, the second Inference 1z unlkely because the eracking (1)} should have
been more pronounced in the approach adits or areas with much less stringent
suppert measures and.(2) would not have been restricted In only one partleular
segment of the PH cavity. ' :

The strainmeters Installed in the roof segment of the PH and surge'shart do not
show any slgnificant stress varlatlon correlatable to the garthquake.
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8.2 4 Khodrl Fower House

This is a surface power house founded on the alternating sandstone and
claystone of the Lower Slwallk. Opening of the vertical constructlon Joint within
the twin columns of gantry c¢rane was noted above the turbine floor. Openlngs

npte szbout 2mm. was found In columns on both sides of the PH. Though some .

small cracks runnlng across the concrete layer (about 2cm thick) -present
between the twin piilars appear fresh, it could not be established whether the
jol'nts wora open prior to sarthquake or not. There s, however, clear evidence
of mavement along them recently, In the form of chipptng of plaster {10-15 cm
long and 2~5 mm. thick pieces In some cage) along some of these Jolnts. On the
valley side wall in the 4th maschine area, a horizonta! crack was also noted
about 2m above the generator floor. The gantry column crack was traceable
downwards in one case, In the upper half of the maln inlet valve galiery. On
the uppem"lost part of the RCC columns of the elevator tower, vertical and
horizontal hair cracks with minor chippings are common. :

Persons worklng In the power house during the earthquake reported initial
movement {about 5 seconds) parallel to the short axis (N35*W-535'E) of the PH,
followed by milld movement {for about 10 seconds), and finally a strong
movement parallel to long axls {NS5'E-S55'W) for about 25 seconds. Ome _of the
engineers reported that he had observed about 16+ tilt of the vertical columns
during earthquake.

3.2.5 Khara Hydel Scheme

This scheme Includes 13km. long water conductor system, a surface power house
and tail race channel and is in an advanced stage of construction. It lles on
Siwallk rocks and recent fluvial deposits. Paults with Recent activity are
present in the project area.

No damage related to earthquake was found In the structures examined, and no
sign of movement was - observed along the faults with established neotectonle
actlvity where they are covered by clvil construction in the power house and
power channel areas. In the Inlet and outlet areas of the twin tunneis, which
are part of the water conductor system, openings of upio about 1.5mm. 18
present -along the construction Joints between cut and cover sectlon and the
~ main tunnels. According to project englneers, these existed prior to .the
. earthquake, but any change in them due to the earthquake is not determinable.
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8.2.6 Gavana Gad Girder Bridge

The most conepicuous effect of the Garhwal earthquake of 20th October, 1991
has been on the Gawana Gad girder bridge, located at km 156.348 along
Rishlkesh-Gangotrl-' road, adjeining Ganeghpur village.. The entire superstructure
has collapsed into the rivulet valley beyond redemption (Photo 17). The traffic
orn the route remzined totally dlsrupted for 3 days, until an alternative
temporary causeway was launched over the swifty flowing rivulet waters. The
Border Road Orgarisation was engaged In the task of construction of an
alternative, all season bally girder bridge to connect the strategically lmportant
areas of Bhaglrathi valley. ’

The Gawana Gad girder bridge is located across Gawana rivulet, a right bank
tributary of Bhagirathi river. It was a class A-A structure with a single span of
63m and bearing of N85°W-585¢E. A map of the appreach roads and abutment
piers has been prepared on scale 1:200 with the help of brumton and tape
(Flg.4).

The approach roads on slther abutment have been constructed from fill material
comprising randomly dumped boulders and soll., The right abutment (Utrarkashi
end) approach rosd has developed three sets of fissures due to the earthquake.
The most prominent one trends E-W, thet is parallel to the road alignment. On
the southern edge, thls set extends to a length of 26m with a maximum opening
of 0.66m. and minor displacement. Here s ‘12m section of the road has slumped
down towards the free southern face, thereby, leaving a prominent scar. The
other two flssures trend in NW-5E and N-=S5 directions. The former has a
maximum opening of 2.6cm and length of 7m. The latter ls fairly tight with a
length of Sm.-The Joint of approach road and concrete abutment has opened up
by a few mm.. ' . :

The left approach road 1 marked by an arcuate crack ~f 5.5m length, roughly
parallél to the northern edge. Part of the fill materlal in a 6.6m section on the
northern edge has also slumped. The bltumen coating, covering the approach
road—abuiment pler jolnt has bulged out in a 0.85m zone. '

The concréte abutments of the bridge are found intact. The two base plates
aftixed over concrete pedestals in the right sbutment do not show ahy distress.
The anchor bolts as well as the rockers are intact (Photo 18). The counterpart
plates attached to the collapsed super structure are also found Intact. - )
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In the left abutment, the upstroam base piate with all the four anchor bolts and
the two rollers are fond In place (Photo 19). Only the sateel plate atop the
rollers and the coupling rod have slided towards east.

The downstresm base plate shows a rotation of sbout 25% in clockwise directlon.

" Three of the four anchor bolts have snapped away. The rollers, the roller plate

and the coupling rod have been thrown away down Inte the rivulet bed where
the super structure lles. The edges of the two abutments have been partly
sheared off by the dragg_lng effect of the superstructute.

An attemﬁt has been made here to analyse the causes leading to the rail;lre of
the bridge. It does not seem probable that during the earthquake the super
structure vibrated to such an extent that it slipped off its bearlngs, because In
that event the base plate would not have rotated. It is visualised that the
sequenee of failure would have been as below.

1} Snﬁpplng of three of the four anchor bolts of the left abpiment,
downetream end base plate under the ini'_luence ‘of transverse ground
ogclllations related with earthquake.

1) '_ Rotation of base plite in clockwise direction under the actlon of a couple
" of forces with the Intact anchor serving as axis, :

' 111} Slipplng_ oft of the rollers due to change in position of base plate.

iv} Decoupling of the super structure with lts left abutment bearings, leading
' to §ts slippage.

- v) Disbalancing of the entire superstructure, resulting in total collapee.

The dlrection of propagation of selsmic waves with respect to Gawana Gad bridege -
appears to be E-W. The transverse ground particle osclllations created a thrust
force in N-S directlon.

in zdditlon to this, the welght of the superstructure allghed In E-W girection
applled a constant pulling force. Thus the anchor bolts were acted upen by a
couple of forces, aimost at right angles to each other. The imenslty of peak
ground acceleratlons, In associatlon with Increased pulllng force on account of
vibratton of the superstmcture would have eéxceeded the strength of the bolts
thereby resulting in their rupturing or uprooting. As such, the base plate
rotatad . clockwise ‘by about 25° with the Intact bolt acting as a plvot. In the .
rotation of the bame plate, some play in bolt fixing could have facllitated the
movement. Consequent to the change In the posltlbn of one of the plates, the
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roliere and the rotler plate sllpped off. Tha left sbhutment end of the super
structure thus got decoupled with its bearings and moved dowm into the rivulet
bed under itz own load. The right abutment end on rocker bearings subsequently
got pulled dowh as & reactloh, resulting In total collapse of the glrder
structure. ' '

2.2.7 Thalan gad Bridge

The RCC bridge of single span of about 15m, aligned In the N-S direction shows
signs of distress. In the southern side masonry parapet wall the top slab has
rotated by about 10° towards west and the boulder masonry has cracked and got
displaced towards west. The southern side approach wall made In dry boulder 13}
has also bulged towards west. There 1s, however, no damage to the
superstructure. )

4.2.8 Indrawat] Bridge Near Kishanpur

The appreaches to the NW aligned, single span bridge acroés Indrawati nala near

Kishanpur constructed of fill material with dry masonry retaining wall have
failed in. the eastern a&s well as western directions but the masonry abutments
as well as the superstructure have, however, escaped any damage.

3.2.9 Suspension Bridges Between Uttarkashi And Bhatwarl Across
River Bhagirathl )

There exist a total of flve suspension bridges over river Bhagirathi between
Uttarkashi and Bhatwari. The effect of the present earthquake event on these
suspension bridges hss been only warginal with the exception of the bridge at
Dedseri (located - in the eplcentral tract) which has suffered considerable
damages. The damages to the structures are described below: :

Slror Suspension Bridge

The 90m long, slrigle span Siror suspenslon brldge aligned over river Bhagirathl
in N5'E-S5'W direction has suffered damage ln'th_e top portlen of the right bank
tower. The concrate slab enclosing the cables has been diglodged. The left bank
tower has not suffered any apparent damage. The structure is _rully setviceable. -
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Lata Suspension Bridge

The single span, 100m long foot suspension' bridge &t Lata, aligned In NW-SE
directfon has suffered simllar damages as that at Siror but the intensity of
ground motions here appears to be more. The masonry tower at the left bank
has collapsed in the top portlon and the concrete slabs enclosing the cables are

slightly dislod_ged (Fig.5). All the cables are intact and the bridge s fully
serviceable.

DISLODGED MASONRY

FAILURE - of AND GONCRETE

RuBaLE

RE TAINING L ,. R Fodne L - BLOCKS

Fig. 5 SKETCH OF LATA SUSPENSION BRIOGE SHOWING DAMAGES TQO THE
ABUTMENT TOWERS {(SKETCH BY P.PANDE)
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Dedsari Suspenafon Bridge

The 76.20m long Dedsarl suspension bridge, ctonstructed in the year 1979 has
been mnalysed In detall. The foot bridge has survived the earthquake but has
been da_mnged to some extent. The_ teft abutment suspension tower constructed of
masonry has developed prominent shear cracks on the N17*W-$I7T°E trending
faces (Pig.6). The cracks which extend to a height of 3m from the ground have
maximum opening of llem. A fine, vertical crack extending for about lm is also
ssen at the top portion of the tower. The upstream, WNW-ESE trending face of
the tower show_s a displacement of the order of 10 em and bulging.

CABLE
1 .
| FINE CRACK
DtSPLACEMERT
0F tocm . &
Tow ARDS Hel 4
nFi [l e BULGING oF MASONRY
BAGING OF =5 (i Paga s U8
MASSHRY . L e i A b s
LN PROMENENT
L S “\ SHEAR, CRACKS
el WAX- QPEMING 1) om
; i T e —
‘Foor erpsz ¥ : T Ry
Copgen T MNTINTT
. ' NN
-:-‘ il - R O o

Fig. 6 [SHEAR CRACKS 'N THE LEFT ABUTMENT TOWER, DEDSARI
SUSFENSION BRIDGE (SKETCH BY P PANDE)
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3.3 DAMAGES TO CONSTRUCTIONS, SETTLEMENTS AND DWELLINGS

Keeping in view the objective of delineation of the epicentral tract and
assessing the damages In the worst affected areas of this earthquake, detsiled
damage supveys have been conducted around Uttarkashi. The locallties for which
assessment has been made Include Uttarkashl, Gangorl, Gareshpur, Heena, Jamak,
Maner!, Aungl, Dedsari, Sangrali, ThalanManpur, Kishanpur. GalndaKalyani,
sain). Godsali, Jhakol, Fold, Chakone, Bhatlyara, Thatl Bharkat, Aghar
{Kamiapur), Medh, Bhatwarl, Malla, Sabi, Aghora, Matli, Dhan!, Jakhol, Saura,
Byaia TIprl, Sirer, WNetala, Aleth and Kankrall, In additlon to these
comprehensive surveys sample surveys, were also conducted In order to draw the
isoselsmai VI and VII boundaries. The malor locallties covered in this survey
were Silyara, Chamyall, Budha Kedar, Kalynai, Brahmkhal, Bharkot, Gangorl,
Kathnaur, Seana Chatti, Naogam, Balngs and Chaurangl. Sample surveys were
also conducted to draw the lesser Intenslty lsoselsmals. Brief descriptions of the
damage patterns in the epicentral tract and some of the locallties on the basis
of which the Isoselsmals have been constralned are given tn the subsequent

- paragraphs.

3.3.1 Maxlmum bamage Areas
Uttarkashi Town

The maln portion of the town in which the district headquarters are located is
on the right bank ‘of rlver Bhaglrathi. The town limits have now extended on
the left hank, Including colonles of Kotlara and Joshiara. In these 2 locations
falrly wide river terraces composed of boulders and pebbles with coarse sandy
material are avallable for the construction of the houses. Generaliy all the
buildlngs in the area are founded on this sverburden matertal. Eariler,
construction In the area was restricted to single storey bulldings but with the
groilng demands J to 4 storey bulldlngs have been constructed. At places, the

~ old bulldings have also been raised to higher stories without aliering the

foundation and design of the singie storey buildings. The new bulldings which
are coming up are of pillar structures. In the town more than 10% of the
bulldings have been badly damagad with wall collapses and =wlde open cracks
(Photo 20) while other bulldings have developed cracks on the walls in different
directlons. The. bulldings In which river boutders have beem used In the wall®
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construction, have_ recelved more damages as compared to the bulldings which
are constructed of flat phyliitic quartzite boulders (Photo 20A). The damage in
some of the bwildings ls discussed in the follewing paragraphs. )

The bulldings of the Pollce Llres are generally single storeyed, with stone

cement masonry wall and G.! sheet roofs. Al the buildings have developed open

cracks on the walls and, In some of the houses, wall and roof cellapse has also
been seen (Photo 21). The lintels provided above the door and window level

have helped In retarding the complete collapse of the walls. In one of the'

varendahs of a house a beam supported over columns has broken due. to collapse
of the pillar {Photo 22}, :

The damage in rthe D.M's. resldence comprises cracks in the outer walls and
complete collapse of the back walls, Simitarly, a portion of the wall of the
Court building located at higher terrace level has also cotlapsed. The double
storey bullding of the Municipal committee which 1s constracted of cement stone

masonry walls has developed open cracks. Fall of some stones and plaster from
the walls has also taken place. )

Tha residentlal colony of Maneri-Bhall Project Is lacated on a4 left bank terrace
in Jashiara Coleny. The residential quarters are constructed of cement bricks
with plaster on the Inner side of the walls. In all the houses cracks on the
walls in different directions sre reported to have been devetoped, such cracks
are more pronounced on the upper storey (Photo 23). Fall of any wall has not
been reported in this area. A hotel building on this terrace has also developed
cracks on the walls, the cracks being more promt-nlent on the inside surface.

Dr. Unlyal's Residence is a 3 storey bullding where damage 1$ seen on the
ground floor. The ground floor is constructed with mud stone masonry walls

having cement piaster. Subisequently, the 2 floors were ralsed on pillars. Cracks -

and settlement of the floor of the ground floor 15 noticed. In the upper storey
shear cracks on the walls have developed. C

Blrla Dharamsala is a doubls stdrey building with thick cemented stone masonry
" walls and cement plaster. The walls have been constructed of phyllitic quartzite,

Cracks on ail the walls with fall of plaster has been recorded, but no collapse
Is seen. :

Garhwal Mandal Tourist Hostel! Is a three storey bulldlng with cement stane
masonry walls and G.I. sheet roof. The long wall of the bullding 1s n E-W

directton. Open shear. cracks and fall of plaster have developed in the entire '

a5
Geol. Surv. Ind., Spl. Pub. No. 30 -

buildlng' A fall above the stalrcase has also taken place. Horlzontal cracks ;1;
the walls have developed more pramlnently‘_ Leaning of one of the walls towar

east 13 noticed.

. ) .
Vishwanath Temple is one of the oidest structures In thekt:)wnth an:om;l |
' to its dome level.. A crack In the
canstructed of fiat alab of guartzite up

arch, constructed of quartzite slabs has occurred due to tension. Anoth;r terr;lp;z
cons‘tmcted of stone masonry by the side of the old structure has

developed c¢racks on its walls. In Shakti temple, which Is & stene masohry

structure, cracks have developed on the walls at higher level. The plllars_also
show titting towards N25*W dlrection. '

The State Bank of India bullding was.initlally a single storey structure hof
cemeﬁt mortar~stone masonry walls which was subsequently ralsed by al?ot e;
f the bullding have completely collapse
two Iloors on pillars. The upper floors o e anee
: da, though open cracks have develop
{Photo 24) but the ground floor standa,
:he walls. The damage to the adjoining three storey building is In the rqrm. of

ghear cracks in the walls.

Gangorl

Gangorl vlilage ta s!ﬁuatéd at. the confluence of_ Assigangs sndtharldgatrms :;;ree:;s‘i
illage, 160 have either collapsed o
out of 193 houses/buildings in the v alferee
' d bulges. In most of houses w
ial damage in the form of cracks an

::::allgnedg in N-8 direction, the E-W trending walls have either collal;)sed 011-
25) snd bulges towards north. In Dangwa

developed shear cracks (Photo

'Proélslon Store, the llght objects kept on shelves on E:---:r ?Ilg:eds :?:L:t:rlll _

, terrace and aligne n N- .
down. In Amar Bhawan, located on a ’
columns developed cracks and Jeints between plllars and beams opened up

- Mud-stone masenry walls with RCC slabs had completely collapsed. The outer

w2ll of mud-stone masonry of 40cm thickness collapsed, but 'thel;‘llccd sli:
. d on the terrace with tts riverside edge
-remalined Intact. The house lg situate s
t. This edge of the terrace, he y dry
the east about 2.0m away from the cu .
masonry wall, also falled with cracks that extend beyond the westlern bc;;md:er:
' ' the eastern side of the house also collapsed.
of house. A hollow brick wall on :
The retainlng walls aligned both In N-S and E-W directions In the ares
coilapsed, resulting in development of slump eracks In the ground.
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In the adjoining house, bulging In the western wall is observed towards the
west. The windows have also tilted towards south. In case of double storey
houses of the vlllage, ground floors constructed of mud-masonry walls, have
suffered heavy damage, The damages are less pronounced on the upper floors
constructed of RCC plllars and slabs. Similarly, a public urinal constructed of
hollew cement bricks and cement-sand plaster, has also suffered complete
damage (Photo 26). Most of the kutcha balldings in the village have suffered
damage. Those of mixed kuteha-pucea type developed open c¢racks, and a few
bulldings with RCC columns and beams have developed cracks in walls. The
mud-masonry houses located on stopewash and terrace deposits have suffered
more damage than those located near hill slope. But the buildings located clase
Lo Asslganga river on the left bank have escaped with miner cracks and peeling
of plaster gnd occasional open ecracks. The girder bridge across Assiganga has
withstood the shaock without suffering any damage. The water discharge of a hot
ISpr!ng located near Gangori village has been reported to have increased without
any change in the temperatyre. '

Bangraki

The village 15 located 2km north of Uttarkashi, at an -altitude of 1720m on the
right bank of Bhagirathi river. The village stands over a 90m high steep scarp,
in phyllitic-quartzite of Bitarkashi Formation at the base of which Hes Pata
village. No house in Sangrail collapsed, but shear fractures have developed on
E-W aligned walls. These cracks are open, and minor dlsplacements (upte 2cm)
has also been observed alopgwith bulges towards west, Peellng of plaster and
minor cracks were noticed in N-8§ trending walls. Most of the houses are of poor

construction A-type structures with 2 few mixed A&B type according to MSK.

‘scale of Intensitles (see Annexure=iI1). The templé under construetion In the
vilage s & RCC structure with a frame of RCC columns and beams. A few
columns and, beams have developed cracks, or have ruptured, The cement
concrete material of the columns has broken. snd the exposed steel bars are
found buckled towards west, ’ :

The strong ground motiens have dislodged or displaced some of the rock blocks
or wedges, partieularly those located near the scarp face, thereby glving rise to
the appearence of ground eracks (Fig,7). :
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Fig. 71 CRACKS 14 SANGRALI VILLAGE

Maneri Colony

Tha. residential c¢olony of Maneri project 1s constructed on the right bank of
Bhagiratht river abeve Maneri dam on the upper river terraces at selevation
1360m. The houses are allgned In E-W direction. The approach to the colony has
been developed by constructing a number of retaining and brezst walls whereas
the colony area was developed by cutting and filling the low areas e_speclally
towards the western and of the residential quarters. All the buildings are double
storeyed with walls constructed of concreie blocks, covered by cement plaster on
the Inner surface only. Almost in all the buildings vertical as well as cross
shear cracks have developed on the walls, Cpen cracks are more prominent In
the partition wails. The extent of the damage in some of th_e buildings is

discusaed below.

The Maneri Pield Hostel is a doyble storey building constructed of cement bricks
with gement mortar and plaster on the walls. On zll the walls shear cracks have
developed which are open with wide gaps at places {Photo 27). Fall of the
portien.of a wall above the staircase has been naticed.




38 " Uttarkashi Barthquake 1991

The Manoranjan Kendra s a single storey building with Gl sheet roof. Shear
cracks on the walls have developed prominently. Two plliars of the porch have
shown tliting towards the south

The project temple, constructed at the eastern epd of the colony above a steep
slope has been badly damaged. The structure is constructed on conecrete pillars.
The walls have collapsed and the pillars have devetoped cracks whereas the
dome has remalned intact. The hut of the temple priest, constructed at the edge
of the slope has slided down the slope for more than 10m .distance. A 1m?
capacity steel water tank kept on cement plllars at the side of the temple has
experienced a rotation of more than 20°. One edge portion of the tank,
originally in NW direction now lles in NTO'W dlrectlon :

In all the houses of the residential colony, shear and vertical cracks on the
walls are rnoticed. These beccme more prominent in the houses located at the
western end of the colony {Photo 28) as well as in the houses located close to
the steep siope onh the river side. The houses on the western end show
settlement as well as fall of portion of the walls. The chimney slabs of some of
_the houses have been rotated by about 20* anticlockwise. :

The office bullding is & double storey structure, constructed of concrete bricks
and located at a lower leve! at the edge of the slope. Shear cracks with opering
and falling of bricks from the walls have developed In the entire building {Photo
"29). In the Garage lorated on the edge of the slope, the pillars have come out
with more than 8cm gap. Open cracks are more prominent on the southern walls,
while on the E-W walls oniy shear cracks have deveioped. In the State Bank of
India buliding. cracks In the walls have developed, seme of which show
openings. Falling of some of the bricks from the walil are also recorded. A
portion of the top parapet with Gl sheet roofing has alse fallen down. In the
shopping complex above the road, the retaining wall has collapsed causing a
number of slump cracks in front of the shopping complex and settlement of more
then 40 cms. is seen on the ground. Shear and open cracks have developed on
the walls.

From the damages recotded in the colony t is seen that the bulidings which are
located on the western end, as well as close to the steep slopes have been
damaged to a greater extent than those at other lorations. The western end of
the colony is reported to have been developed on fill material, '
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The Aung! village located just upstream of the dam and below the project colony
on the lower terrace has suffered extensive damage. The constructions. near the
road are aligned NE-SW. Many houses with RCC slabs have completely collapsed
though a few of similar type have escaped with miner damage {Photo 20} The

"NW-SE aligned block of the Govt. Inter College has collapsed completely while a

smalier block though suffered category 4 and § damage but was not razed te the
ground (Fhoto 31).

Sajim)

The village s located about 75m above Uttarkashi-Gangotrt roagd on the right
gide of Kasumpati nala at elevation 140Cm. on a high level river terrace. There
are about 70 houses In the village and all are reported to have bheen damaged.

- The houses are constructed of stone mud masonry and have developed cracks on
- the walls and In few houses, fall of the walls 15 also reported. In a house

consiructed of cement stone masonry with cement plaster on the walls, only

-cracks in the plaster have developed. The school building which 1s a single

storey structure with reud stone masonry walls and GI sheet roof has developed
cracks on the wall as well as fall of the plaster. Some of the cracks show
opening. A temple constructed on pillars has completely collapsed.

Jonkhoni-Ghorsall

These villages are located at elevatlon 2000m on the left bank slope of
Kasumpat! nala where cultivated filelds have been developed on the silde
debris/hill wash matertal. In these villages the houses are constructed of mud
stone masonry with mud plaster on the inner slde of the walls which show
development of shear cracks. Though cracks on the walls have developed no
cpening of cracks or fall of the walls, Is seen at village Jonkhonl (Fhoto 32°.

" In Ghorsall village there are about 175 houses of which about 78 sre reported
to have been damaged. The houses are constructed of mud stene masonry with
state roof. Shear cracks have appeared on the walls and some very old
constructions show partial collapses. The houses are generally E-W aligned and
- the northern wa_l!s are comparatively more damaged and show tilting towards
south. : '
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A motorable road between Ghorszll end Jonkhoni which 15 under censtruetion has
developed slump cracks and dislodgement of rock blocks and debris masa. At
Jakhol, the school bullding and a house close to it jocated on a spur on steep
slope have suffered extensive damages. The walls of the school bullding have
collapsed (Photo 33) wWhereas the adjoinring building, which is a cement stone
masonty constructlon, has developed cracks on all the walls as well as partial
collapses of amall sections. A neatby temple which is under construction has
suffered only minor cracks. Although eracks are reported to have developed on
the walls in the other houses of the village wall collapse from only 2 houses 1s
reported. Shear cracks have developed In almost all the buildings.

Agors~Kalyanl

The viliage ls located' at elevation 2200m, about 100m above Assl Ganga river
on its right bank. The village lles at the foot of a steep scarp, composed of
gneisses of the central ecrystsilines. Cultivated fields have been developed on
the slide/hill wash material. The village dwelllnga are also tounded on thick
stide debris materiasl, The houses are censtructed of phyllitic quartzite boulders
with mud plastering and slate roofing. In most of the houses Including the
school bullding, only cracks on the walls have developed. Fall of a portion of a
wall above the window level is seen and leaning of wooden windows towards
north is recorded {(Photo 34).

The Forest Rest House bullding is located on a spur at the end of the village
where small retalning structures on 3 sides have been constructed to develop a
ftat ground.  The retailning structures have collapsed resulting in the
dovelopment of slump cracks on the ground. The bullding is a stone masonry
srructure with GI sheet roofing. The walls of the bullding have collapsed
:resu]tlné'ln the caving In of -oof (Photo 35}, The 2 houses constructed on the
side of this bullding have alse suffered damages, and crackse on the walls are
prominent. The chilmneys over the houses have broken and_ have fallen to the
western slde.

Oon the way to Agora In Assigangz valley, the B-type and A cum B typ2
bulldings &t Kalyanl have suffered damage of Grade 4&5. The damage to N-8
aligned bulldings Include opeh ghear cracks, tilting of western walls, and
collapses and bulges on northern walls. Stmilarly, in the case of E-W allgned

bulldings, even those with pitlars ' and cement plasters, the N-walls have

collapsed (Photo 36}, The Forest Rest House is badly damaged, with shear cracks
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in western wall and peeling off of plaster, open cracks snd minor displacements
in northern and southern walls. Collapses are more pronounced in NE and NW
cotners In case of both E~-W and N-5 aligned structures.

Ganeshpur

The willage !s loeated on the right bank of river Bhagirathi at an altitude of
1250m. The dwellings are clustered over an alluvial terrace which is flanked by
gteep hill slopes towards the north. The southern boundary of the village is
marked by a shailow valley of Gawana Gad.

The earthquake had r profound effect on Ganeshpur. It took a toll of 45 human
Hves and left many others injured and homeless. A number of heads of cattle,
constituting the malin source of livelihood for the villagers algo perished under
the debrls, One of the witnesses to the catastrophe described the event as
ander.

"We were fast asjeep In the first floor of our house when some unseen force
woke everybody up. The groud first heaved then shook violently for almost a
‘minute resulting In falling of untensils and other loose objects and collapses of
walls and roofs. Those who survived or remained untrapped ran out in’ utter
pante and confusion.The entire village was enguifed in darkness and dust
generated out of fallen debris. The roaring sound of rock ruptures and rolling
blocks and boulders from neighbauring hill slopes amidst cries and wailings made
things still more fearsome. It took sometime o reallse what exactly had
happened and the extent of devastation left behind. After recovering from the
shock, the able ones began the rescue operations and helping and consoling each
other. The night passed somehow and a futureless day began with much despair
in store.™ ' '

- The damages suffered by the village have been extensive. None of the houses

have rematned safe for habltation, 'forcinz the inmates to stay out. The vilage
houses are, In general, constructed of thitk mud-masonry walls with slate roofs,
Seme hew constructions have used RCC siabs and columns and G sheets. The
earthquake has resulted in partiai or total collapse of most of the thick
masonry walls (Photo 3%), particularfy of the upper storey. Exiensive, 'deep open
cracks have surfaced in number of wails and the plaster has peeled out (Photo
38). The low, dry masonry boundary walls have Invariably falled. Similarly, the
terrace retalning walls have collapsed at a number of places, As per the MSK
Intensity scale, the type A structures have suffered grade 2 and 4 damages and
type B structures suffered grade 1 and 2 damages. In a well constructed house
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adjoining the ieft abutment pler of the collapsed Gawana gad bridge, cracks in
.walls having a disptacemant of about 1 em. towards north-west quadraat have
appeared, i

Metala

‘The village is located at km. & along Uttarkashi-Gangotri Motor rosd, on the
right bank of river Bhagirathl oever an alluvial terrace. Netalas has a population
of 900 people subsisiing mainly on agricufture and animal based ecomomy. The
earthguake has caused the death of 44 persons and inflicted Injuries to 120
others, affecting some 180 familles. A number of heads of cattle have also
perished. )

~ Most of the thick mud masonry walls alongwith the roofs have suffered partial
or total collapse. Others have developed wide, open cracks making them unsafe
for habitation. As per the MSK intensity scale, type A structures have
undergone grade 3 & 4 damages and type-B structures, grade 2 damages. A
number of houses with mud masonry walls and RCC roofs have collapsed. The
collapse of the RCC slabs has been essentially due to fallure of load bearing
walls and occasionally the slabs have also suffered damages due to the Impact
of the fall (Photo 39). The old temple of the wlllage presemts an interesting
case of study. The thick masorry walls of the structure have developed open
cracks and the plaster has peeled out ar places. The pyramidal roof is more or
less intact. However, its spire has been thrown away by about 7m In N70°E
direction where it stands In thé upright position (Photo 40). Both NE-SW and
NW-SE trending walls of the temple have developed shear cracks. The damage
pattarn indicates that the direction of wave propagatlon was roughly from SE to
NW. Pine cracks and peeling of concrete have occurred in poorly constructed RCC
cetumns of an adjelning unflnished bullding. '

The village is sltuated on the right bank of Bhagirathi river. The terraced

fields, sloping gently towards the river have been carved out-in debris fan

deposits. The wvillage has about 70 houses and a population of 700. The
earthquake took a toll of 29 human Ilives and injured 28 people. The basic cause
of this high magnitude of devastatlon was the strong ground motions aeting

upon poor quality constructions. Atmost all the Inhabitants wvacated thelr

dwellings and were staying out In make shift hutments.
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The destruction of the buildings by the earthquake has been quite complete, The
thiek mud masonry walls have collapsed In = number of cases. The RCC slabs
and beams, supported on such low strength walls have also caved In. The

. Primmary School Bullding of the village aligned in the E-W direction {Photo 41}

has been examined in detall. The foundation and lower portion of the buijlding
have moved by Scm. towards north, apparently getting sheared from the upper
portion of the structurs. The abrupt force has made all the non—load-bearing
and structural masonry walls, and part of the RCC roof, to collapse towards the
south (Photo 42). This !mplies that the shaking was in N-8§ direction. As such,
the long walls, ireluding the load bearing columns bulged, tlited or collapsed
towards the south. The N-5 trending side well developed prominent shesr cracks
(Photo 43). The directlon of selsmic wave propagation was, therefore, from east
te west, The RCC beams have developed fine tenslon cracks. As per the
intensity scale, type—A ‘structures have suffered grade 4 and 5 dameges and

type B structures, grade 2 dsmages. A few type C structures show grade 1

demage.
Maila

The viilage is located on the right bank of river Bhagirathl over fan deposits. It
consists of about 110 houses snd has a popuiation of 750 people. The
earthquake has resulted in deaths of 9 persons and Injuries to 44 others. Some
catt._les have gliso perished In the earthquake. ' i '

. A number of houses of the village. have suﬂere& dlrrere.nt grades of damages.

Some mud masonry walis, particulariy of the 1St. or 2nd floor, have totslly
collapsed, whereas, others have developed prominent open cracks. An old two
storey houstng complex of conventional construction of thick mud mortar. walls
has partially collapsed kilitng 6 persone in one room. The extensions to this
house have been recently constructed with conerete slabs which have suffered
considerable damage but have escaped collapse (Photo 44). Some of the walls
have bulged -or tlited towards gsouth, Indicating the directlon of ground
oscillations. Some slump cracks with minor dispiacement were observed in the

slopes. Walls resting on such foundatien have suffered much greater damage.

Most of the houses have become unfit for habitation, forclng the inmates to stay
out in make shift hutments.

A twWo storey type-A' construction with its long wall oriented in N-S direction ia
found to have developed s sllght tilt towsrds south. Prominent shear cracks
have appeared on the long wall.
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. SBadara

The village is located on the left bank of Bhagirathi river over alluvial terrace

~ deposits. Sayra has a population of 650 peaple and has sbout 150 houses. The
earthquake took a toll of one human life and ecaused fnjury to 12 persons. A
numbsr of cattie also psrished or got injured in the earthquake.

The poorly constructed mud masonry walls of the village dwellinge have
partlally or totaily cellapsed In a number of cases. At places, the RCC slab or
slate roof resting on such wails have also caved In {Flg.8). Almest =zl the
standing walls have developed deep, open cracks, rendering them unsafe for
habitatlon. In gemeral, type A constructions have suffered grade 3 & 4 damages
and type B structures grade 1 damage. The dry masonry walls used as fleld
boundaries have failed at places. ' '

© MUCH LESS DAMAGE Te -2y o COLLAPSE
WELL CaMNATRUSTED - ) =
TYPE-B sTaveTyRg

. BULGING o
MN-5 RIAL

TTLOLLAPSE OF RANDOMLY
PACKED MASCHRY WALLS
LEADING 0 caving IN 5o
oF RreoF . .

iz

PEELIMG OF PLALTER,

Fig.8! SKETCH SHOWING EXTENT OF DAMAGES TO TYPE 'a' AND Typt 'g' CONSTRUCTIONS
IN SAURA VILLAGE [$KETCH BY P. PANDE) ' ' '

A view of collapsed house of Shri
Ram Lol adiacent to the Nagar
palike building is Utarkashi
tovn.

Photo 20 A A view of damages suffered by
a conventional construction in
Urtarkashi wwn.  (Pkoto

© NGRI}.

Photo 21 Collapsed back portion of the
house of Superinendemt  of
Police, Unarkashi. :




Photo 23

Photo 22 Collapse of pillar and beam of
the varandah of a house in Police
Linex, Uitarkashi.

Shear cracks and  partial
collapse of the first floor of a
house in  Tileth colomy .
Urcarkashi

RCC, Siate Bank of India
building in Uuarkashi.

Photo 2§  Shear cracks in the E-W aligned side wall of 2 house in Gangeri
village.

Photo 26 Damages in o low height structure in Gangeri village. (Phowo NGRI).




Photo 27  Heavily damgad first floor of the Maneri Inspection house with shear
cracks in both long and short walls.

Photo 18  Collapse of single swarey office complex in Maneri dam colony.

Photo 28 8 Shear cracks in one of the
houses in  Maneri colony.
(PﬁomNGRf)

Phote 28 A

Collapsed walls and buckled
shusters of ithe temple in
Maneri praject colony. (Photo
NGRD.

Photo 29

Wall collapses in the first floor
of the project engineer’s office

in Maneri colony.
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i Photo 30  Compleie collapse of o house with RCC roof ar Aungi village. Now
relatively much less damage in & house ar the wp left corner.

Photo 31 Damaged NW-SE aligned block of Govt. Inter ‘College at Aungi. Note
" complete collapse of the block oriented in the NE-SW direction behind

Photo 33 Complewe collapse of a schoal
building in Jakhol village

Photo 32 - Shear cracks in the ground and

first fioors of a house in Ghorsali

Photo M Tilted window of a school ot
: Aghora and partial collapse of
partition walls. :




Photo 36  Coliapse of the northern wall of a school building ar Kalyani.
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Jamak

The village 16 located on a high level alluvial deposit of an abandoned channel,

~on the left bank of river Bhagirathi, at a distance of 0.5 km south east of

Manert dam. Jamak bore the maximum brunt of the 20th October earthquake,
where 70 persons got killed and almost &l the remaining were injured. The
intensity of ground motlons was so high that nearly 90% of the dwellings were
elther razed to the ground or suffered heavy damage, raking them unfit and
unsafe for habitation. The village thus bears a deserted look with all the
inmates having moved to the nelghbouring fields In make shift hutments (Photo
45), ' ' _ '

_HIGH DENSITY DAMAGE T3

x/»\ CLUSTER OF TYPE A &3
w2 FOUSES, TAKING 4 TOLL OF

“ FanpATION  STRATA - ALLUYIAL DBEFISITE

CAVING 'N OF RCC SLABS
DUE Tp HEAUY COLLABSES
SUFFERED BY LOAD BEARING,
DRy-MASeNRY WALLS

Fig. 8 DAMAGE IN JAMAK VYILLAGE (SKETCH 8Y ¢ PANDE}

The majority of the houses were constructed of t'hlck mud masonry v}alls of very

low strength; supporting slate or RCC slab. roofs. At places, poorly cast RCC
columns and beams partlatly replace {on one or two sides} the masenry walls.
The collapse of the walls by the strong ground motions has resulted in caving
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In of the RCC structures, {Photo 48} as well (Fig.9). In general, the grades of
damages in Type-A structures hazve reached upte 4 and 5 (Photo 47 and 48) and

In type-B structures upto 3 and 4. Some of the RCC beams and columns have |

algo developed cracks. The intensity of damage Indlcates that the village falls
right In the epicentral tract.

KAMAR

The village Is located on debris slopes, 6 km. South-east of Maner! dam at. .an
altitude of 2000 m. A low, sloping quartzite ridge is exposed In the upper
periphery of the settlement. The village has about 60 houses mostly clustered at
two three piaces -at different levels, with only a few lsolated ones. Here a
population of about 400 persons resides, The 20th October _earthquake had s
profound effeet In the sres leaving 8 persons dead and 14 of others Injured.
Almost all the houses suffered different degrees of damages thereby forcing
almost everybody to stay eut-doors In make-shift hotments.

The houses of the viilege, In geheral, are of poor quality. The thick walls are
made of random masonry, packed in mud mortar. For roofing, large stone slabs
have bean used In old structures. Some .mew constructions have utllized RCC
slabs, beams and masonry celumns, but without proper understanding of the

structute. The orientation of houses is found to. bhe governed by slope conditions _

with the trontage long wall aligned parallel to the walley.

The damages. to houses are quite extensive and severe. The thick masenry walls
have suffered partial to total collapses (Photo 49). In most of the cases the
heavy stane or RCC roof slab, supported on masenry walls, have caved in, Open

shear cracks, accompanied with displacement and peeling of Plaster are very

COMMmon.

The heuse of Pushkar Singh Chauhan, located at the edge of a sioping ridge has
been anslysed in detail (Pig.10). The NE-SW tréndlng long wall of the damaged
house has titled by 5° towurds Sg direction, The NW-SE trending side wall of
mud masonry has suffered partial collapse. Part of the slate roof and the
wooden beam resting over the collapsed side and partition walls have thereby
caved in. Shear cracks and peeling of Plaster 15 also evident on the side wall.

As per the lIntensity scale. the strong. ground motions -lasting for over 45
seconds caused grade 3 & 4 damages te most of type—A structures. The steeply
ascending foot track between Jamak and Kamar ls found to be riddled with a
number of rock falls and dislodgements. The intensity hae been such that rmany
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pine trees, co‘mln‘g in tha ;rajectories of the shooting rock mass have ‘snapped. A
huge quartzite _biock within the debris zone got partially dislodged by the
earthquake &rd now hangs precariously over the northern fringe of the village.

Dedsari

The village is located about 2 km upstream of Maneri dem on the left bank of
Bhagirath! river. The dwellings are situated over a gently sloping debris fan
whereas the extenslve terrace deposits have been utllised for cultivation. The
village has a cluster of about 55 houses wlth a pepulation of about 400
persons. The devastating earthquake took a toll of 45 human lves and injured
many others in the village. The magnitude of destructien can be judged from the
fact that a strong stench, emanating from carcasses burfed under house
collapses, still pervades the atmosphere, even after a month of the tragedy
(Photo 51). The entire village popuwiatien has shifted in make shift hutments
near the Dedsari suspension bridge. The exrensive alluvial terrace deposits on
the left bank of river Bhagirathi have been utilised for cultivation. The fringe
of the low lavel terraces adjoining the river have been sliced away for a length
of 100m In a highly linear fashion due to the earthquake and §s simiiar to the
shaven terrace of Heena.

The houses of Dedsarl village are constructed of thick mud-masonry walls with
slate roofing. Some new constructions have utilised RCC slabs or G.L. sheets and
have demonstrated high grade of damage (Photo 52). A few old houses which
have survived the shocks have wused only timber for structural and
non—structural components with slate roofing. As per the Intensity scale almost
50% of type—A structures have suffered damages of grades 4 and 5 (Photo 53 &

63A). The damage In type-B structures is of grade 2 and 3 with development of .

open shear cracks {some with displacement), bulging and tilt.

"The Kallnag Temple located on a flat ground towards the top tevel of the
" village is a type B-structure (Fig.11). The walls of the sanctum are of masonry,
set in mud mottar. Al around §t, thick masonry columns and RCC beams support
a varandah siab of RCC. The pyramidal rour of the sanctum ks of RCC. The
building 1s squarish in plan.

The N66‘W~S66'E trending faces of the sanctum walls have developed prominent
cross shaped shear cracke, The columns have invarlably sheared near the beam
contact. A dlsplacement of the order of 2¢m towards N1S'E direction has been
measured in one of the corner pillars., Open cracks have also appeared In the
floor, particularly around pillar contacts. )
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Sanglal

The viilage is located 8 km NNE of Bhatwarl zlong Uttar Kash Gangatri road en
the right bank of Bhagirath! river. The dwellings lte over debris slopes with
crystalline rocks exposed in the road cuts. Sanglal is a hamlet of 14 houses,
¢lustered at 3-4 places. It has a total population of 60. The 20th October
earthquake took away 1Y human Hves and caused Injury to aliest every one
who survived. As the figures narrate, almost 30% of the population was wiped
out by the catastraphy. )

The houses have been constructed of thiek mud masonry walls with stone slab,
RCC slab er Gl sheeet roofings. The Intensity of damage to houses located at
lower levels is found to be less severe than those located at higher levels. A
cluster of poorly constructed type—A buildings having long wall direction as
NBG*E~S50'W have suffered near total collapse {Photo 64). Here the direction of
tall is seen te be governed by the siope conditlons. A cluster of type-A houses,
located on a N60*W~S8G'E trending narrow ridge have suffered total destruction
{(Photo B4A). '

A Junior High School bullding has beert studled in detail {Photo S55). The
structura s constructed .of thick mud masonry walls with masonry columns In
front, supporting the varandah roof. G.I. sheets have been used for the roonng.
The lohg wall direction is N-S. and the side wall B~-W, The southern end side
wall has developed shear cracks and hag partially fatled towards south. Some of
the front plllars heve sheared and collapsed towards eastern side.

The tremors have caused fallures of edges of the terrzced flelds. A few ground
fissures of Nmited extend have also been noticed. The steep banks of Bhagirathi
river north of Sanglat whlch are composed of alluvial terraces show siump
fallures at number of places that are related to earthquake. In the
Sanglai-Sunagar road sector, rock slides and dislodgements are found te occur in
abundance. C !

Judging from the extent of damage to bulldlngs and ground elopes inflicted hy'

the tremors, the intenslty of ground moticns appears to have accentusted In the
Sanglai-Tiara area. This, therefore, seems to be an lsolated case of VIN
Intensity, encircled by lower intensity level of Vil at Pala and Raithal In the
south and Sunsgar and Gangnan! In the north. ' :
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Hurl Gangnani

'l‘he’ village is located I km SE of the famous Gangnanl hot water springs. The
place is approachable from the main road by s steep gradienmt foot track. The
isolated village, has a total of 60 houses with a population of 600. The slopes
have been converted Into terraced flelds for cuitivation. All the houses are
clustered at one place, stop a Natter ground.

The 20th October earthquake took & toll of 3 human lves and injured few
others. The Intensity of ground motions appears to be markedly less profound as -
compared to the adloining area to the south, along the Bhaglrathi valley.

The Ilmitation of resources and skill have been respcnéible for poor quelity
constructlen of houses in Huri village. Thick, randomly packed masonry In mud
mortar with slate roofilng are the most common types of constructions. In some
very old structures, tlimber "has been freely used, both as structural and
non—~structurel components. FPaw others have used timber beams as

_reinfarcements in between the masonry walls.

The earthquake of 20th October has caused partial collapses of lst floor
masonry walls. As per the intensity scale, grade 2 and 3 damages are common In
type-A structures and grade 3 and 4 In very poor quelity, old type~A houses.
Buildings located mear the edge of slopes have suffered more  damages. Some of
the walls have bulged towards ESE directien. '

The llghter wooden structures and those provided with wooden beam
reinforcements have_rems}ned undamaged or damaged to a much lesser extent.
Heavy slate roofs have also contributed to the damage, particularly of the gable

portion.

The Gangnani Hot S$prings have remained unaffected by the Garhwal earthquake.
The temperature of spring water as measured on 27th November, 1991 was 85°C
which 1e comparable with the earlier record. Hewever, an earthqueke related
ground settlement has created an open fissure across the cemented floor of one

‘of the two pocls. This has resulted in the draining out of the accumulated water

in the pool thereby making it dry. The source remains unaffected and unaltered
as far as the dlscharge and temperatures are ‘concerned.
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Raithal-Klar

Ralthal wvillage is located on an E-W trending spur and N-S trending slopes,
covered with hill-wash material. The thickress of overburden in the slopes
utllised for dwellings is less as compared to areas which have been converted
into flelds. The village s situated at about 2000m elevation on the right bank
of Bhagirathi. The village has about 180 houses of which nearly 85% sre Kutcha
houses constructed of stoene masonry with er without bindirg material. The pucca
houses have been constructed with stone masonry, cement, RCC plllars and slabs.
One house hms been. constructed with hollow brieks anmd RCC slabs & pllars. The
houses are aligned either in N~S or E-W dlrections, dependldng upon their
locatlion on slope. About 90% houses in the village have suffered damages of
‘difterent grades and 40% have collapsed. The collapses are confined to purely
kuteha dwellings where either no binding materials have been used or mud
serves the purpose of mortar (Phote 56). The collapses are restricted to western
walls of E-W allgned houses and southern walls of N-5 aligned houses. In case
of eollapses In N=-5 aligned houses, the walls have suffered collapses In gable
portion as In the school butlding (Photo 57). However, here the cracks could not
be notlced. Twenty five casualties have been reported in this village due to
these collapses. The other 50% houses have developed cracks and peeling of
plaster. The damage in form of cracks is more pronounced on western or
northern walls.

& group of old templies {about 1000 years old) has also suffered damage. Qut of
4 temples, one has completely collapsed and Xalas on one has moved towards S
{Photo 5TA). These are masonry structures constructed of dressed stenes without
any cementing material and are of small helight (upto om).

Altheugh there was report of big cracks in Ralthal wlllage. none could be
observed elther In the village or on the slopes above iT. Some slump cracks
might have developed which probably later got filled up due to rain. However, a
few landsllde scars have been observed there in the NW part of the village on
other siope of nala. Similarly, !'n Kiar, most .of the houses have suffered damage
due to cracks. Even In buildings comstructed of stone masonry with cement
plaster & RCC slabs, walls have developed shear crackes. & Kutcha houses have
" guffered wall collapses (Photo 58) which are conrined to western and narrhern
sides ln N-S aligned houses.

Geol, Surv. Ind., Spl. Pub. No. 30 ' : s3
Nald

Nzid village is located NW of the epicentral tract on hill slopes, at an altitude
of about 1300m. It ks a medium slzed village with about sixty houses. Bulldings

" are mostly double storey comstructed of locally avallable stones, mud and timber.

Some of the houses have cement plaster and RCC slabs. The village is located
on thin overburden ranging in thickness from 1 to 2m. The damage pattern
studles in this village reveal that most of the houses have escaped with cracks,
bulging and displacement and tilt in walls and pillars. Collapses were neither
raported nor -ebserved in this willage in contrast to surrounding villages like
Gangori, Ganeshpur, Netala etc. The terrain has also suffered extensive damage -
in the form of landslides, rock slides etc. Some of the blg landslides have been
observed to have sccurred on hill slopes located, NE, E and SE of this village
resuiting In generatlon of dust snd sparks, giving an Impression of flre. The

“ecracks in the overburden in the west slope {35*) are mostly In en-echelon

pattern, extndlng for tOm In N20°E-S20°W girection and Scm in width. However,
no set of cracks could be traced for a length more than 30m Thelr formation can
be attributed to slight movement of the slope forming material. '

_ Most of the houses In the village are aligned with their long walls either in

N20*~25*W-820"~-26"E direction or In N70*-75'E-870"-76'W direction. Since no
house has suffered collapses, the damage Is restricted te development of shear
cracks, vertical cracks ete. In walls and bulges and tilts In pillars. The crack,
are open with opening going upto 5.0cm In some cases.

- The house of Shri Surat 8ingh 1s a Kutcha house construcied from stone masonry

with mud plaster and slate roof (Flg.12). The pillars in the varandah are also of
mud stone masonry structures. The walls have timber partition. The long wall of
the house is aligned In N20°W-S20°E directlon. The NE-SW trending will has -
devéloped wvertical. open cracks. The ptltars In the varandah have tilted towards
N70*E and dlsplacement at the top s of the order of l10cm. The crack.
developed on leng wall are of open nature and plaster has peeled off at number
ot places. Slight displacement and some bulge were noticed In thls wall. No wall
has coilapsed but both structural elements (piilars) and nom structural elements
{walls) have suffered damage. However, the north eastern and south western
walls have escaped with ‘minor cracks.

slmilarly, the house of Shri Ram Chandra wlth tong walls allgned in Nzo w-520'8
direction and constructed with mud-masenry and cement plaster has developed
shear cracks on NW walls and bulge ln north-eastern walls (Fig.13). The piliars
resting on RCC slab on first floor have tilted towards N7O'E. The house of Shri
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Frem Stngh, constructed of mud-stone masonry with slate roof and aligned in

‘N70*E=-S70°W dlrection hes escaped with open cracks which are vertical and

inclined on both N70'E-570*W and. N20*W-S20°E aligned walls (Fig.14). These
cracks are open but no bulging was observed !n the building except for small
displacements In § wall. This displacement was slso towards N7O°E.

It has been observed that this village has suffered relatively less damage as
compared to other nelghbouring villages In the area. The terrain around the
village has euffered considerable damage in form of slope failures, rock slides,
ete. The village Is located on gentle slopes with a thin overburden and i the

-reason that the foundations of most of the houses go down te bed rock. The

masonry stones uwsed in the constructlon are platy in nature adding to the

‘stability of structures. These factors, coupled with the use of timber could have

resulted In relatively less damage to structures in the village.
Bhatwari-Kiar

Bhatwarl s a tehsil headquarter -and an lmportant town on the
Uttsrkashi-Gangotrl Road. The village s located en both the banks of Bhagirathi
river. The habitation on right bank is located on hill slopas with overburden
comprising slope wash matertal and small fluvial terraces whereas that on the
left bank 1s en river terraces. Klar village is located on hill slopes and terrace
of 2 nala flowing south, about 0.5 km north of Ehatwari. The altitude difference
between the two villaages 1s about 100m.

In case of Bhatwarl, the buildings allgned in E-W directlon on both sides of
Uttar Kashl-Gangetrl Road have suffered less damage and escaped with minor
c¢racks on long walls as compared -to those which have been constructed on
Natter atopes In relatively open areas. The Govt. Inter College, located on .a
fluvial terrace on left bank of the river, PWD Rest house, Resldence of
Executive Engineer, PWD and other houses in the village situated above the
highway fall have also experlenced greater intensity of damages In some houses
the RCC slabs have fallen intact on the collapsed walls (Photo 59).

The PWD Rest house, with long walls allgned In NE-SV¥ direction appears to be
intact If viewed from outside {(Fig.15). However, closer look reveals that the NE
wall {aligned NW-SE) has been c¢racked badly with opening going upte 5.0¢m. The
eracks extend to a helght of 3m on this wall. The chimney located on NE side 1s
aleo badly cracked and upper slab of this has fallen down (Photo 60). The
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blocks supporting this slab have alse been thrown out of place and are lying on
GI sheat roof. Similarly, the 5W wall has alse suffered ecracks. The partition
walls have collapsed in gable portlon rendering it unfit for occupation.

In case of Govt. Inter College locéted on 8 terrace on left bank of Bhagirathl,

the gable portion of western and southern walls has suffered collapses (Fig.18).
This N-W aligned bullding ls a two storey complex constructed with hollow
bricks and cement.
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Fig. 151 PWD REST HOUSE, BHATWAR) .
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Fig. 1% GOVERNMENT INTER COLLEGE, BHATWAR .

There are cracks in northern wall. Similarly, few houses in the vitlage having
thelr long walls allgned either in E-W directlon or in NW-SE directlon have
suffered collapses in short walls and open cracks in long wall in a few casges.

Photo 37 Collapse of o kuwha house of Goreshpur Photo 38  Collapse and cracks in the long walls of a house
- village. The adjoining brick masonry house has in Ganeshpur village.
suffered much less damage.

Photo 39 Collapse of a house in Newla village Note Photo 40 Opat. shegr cracks in the temple in Netals
: berding of the RCC slab.  village. Spire thrown down in N7(E direction
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hoto 41 Severely damaged sdwm' building in Heena. Photo 42 Compleie collapse . of @ non-load-bearing
masonry wall of Heena School.

. : ' _ o Photo 46  Damaged houses in Jamak villages. Nose severed and tilted RCC roof
Photo 43 Prominent shear cracks in the side wall of . Photo 44 Collapse of a nutcha house (ppes A} in Malia _ : slab. _
Heena school. village. ’ ' ’ :




Partial collapse of the first floor
of a house in Dedsari Notw
damages 1o RCC pillars and
open shear cracks.

Photo 53 Collapsed and  precariously
tilted house in pedmri vitlage.

Phota 53 A Complete collapse of rype A
houses in Dedsari village.
RCC roof slab damaged
because of wall collapses in
one of the houses.

Photo 54 A

Destuction of a clusier of
fype—d houses located on a
N6*W-—S60°E trending

narrow  ridge in  Sanglai

Photo 54  Households scatiered around
collapsed  type-A  house in
Sanglai village

Photo 5§  Collapsed school building in
Sanglai village.




1. . Geot surv. ind.. Spl. Pub. No. 80 - B o _ 57

i ~ In case of Kiar village, thé_- damage is of s.lmllar nature. A Tew very old temples
_ {about 1000 vears old) are located in the north east portion of the viliege. Outl
© of. four -such structures” constructed. from stone masonry, three have withstood
' the . shock. One of them -has collapsed and there is slight tlt towards NW In the
] 'Ka-ré_sh‘ ot one of these',t_empl'es.‘ Thege are structures of low helght and have
. ‘sguare base rather than elongated ones, This may be the reason Why these low
" telght old structures devold of any cementing material have withstood the
‘shocks witheut much damage. ) : :

Praots 56 .Amﬁmofdmag”hm‘ﬂmg& PhutoS?_' Partind collupse of misd side walls of : Dut of 44 houses In the village, damage in form of c¢racks is In all the
. school building in Roithal vi]'lag:e. : - . structures. Eight of the houses have suffered collapses of walls resulting.in one
casualty. The houses in the village are mostly aligned in N-5 to N4AO°E~S40°'W
direction. The houses altgned with long walls in above mentioned direction have
suffered collapses on wWestern and northwestern walls and open cracks :on
nertheastern walts. The partition walls of such houses have also suffered
collapses. In case of Pawar Sadan, a NE-SW aligned structure constructed of
stone masonry walls and RCC slab, the NW wall has eollapsed partially where as
shear cracks have been observed in SW wall. Also, the joints between walls and
lintel have opened upto 1.0m. '

A s_i,ml_ia_r pattern of damage has been observed in case of Ratthal village which
is situated north of Kilar. '

' Pala

[ Pala village is situated on hilt slope on right bank -of Bhagirathl at about
b ‘" 5p00W altitude. -There. are about 30 houses in the village. These are mostly mud
stone masonry structures ‘with .slste roof, There are a few houses which have
RCC roofs and cement plastered. walls. The damage in the village ls comparable
to that in Ralthal resulting in seven casualities. The damages to the buildings
conslst of erack, both vertical and of shear type with opening and displacement
and, wall collapses.' Some .damage Lo the terrain has also been observed in the
village in the form of small cracks with openiﬁg upto 7.5cm and extension upto
10.0m ok the edges of terraced fields. These are =ligned in NGO E-S60'W

. direction. - . . ;

; : The houses are mostly constructed inrith their long walls aligned in NEQ*E~560'W
Photo 57 A OMd templ Raithal village, displayh (oneive | o taral : : ’ :
. wiple aear Raltial vilage, ing Photo 58  Extensive ge fo ¢ npe-A direction. The demage paitern indicates that south eastern walls (walls aligned

shifting of op cupola (kalash). houses. Collapse of walls and  resuliant
. . breaking of concreie slab in one of the houses : NE-SW) have suffered daiages in form of Intense cracking and bulging towards
in Raithal village. ' L
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'..:s[-: _.w_r'héi-.e_-—.ss_ cul_lépé.es have been observed in the NE walls. This pattern of

'din_nage t5 indicated in the house of Shrl Sahdev Singh & Gyan Chand and
Primary $chool bullding (Photo 61). ' :

. The house of Sshdev Singh and Gyan Chand has it long “wall alighed in
‘NEO*E-S60°W dh’*ec_tion {Pig.17 and Photo 62). It I¢ a stope masonry house with
-pcC sfab roof. The house is double storeyed with the stair case Jocated outside.
" The southeastern wall has suffered damage in the form of open cracks (upto 5
‘em)- wiich are more pronounced near the windows and exiend towards the edges.
Bulge towards SE was also noticed below the window in this wall, Similarly, the
- projectlons on this wall Hke stair case have also suffered cracks. The NE wall
{altgned NW-SE) has suffered more damage In the form of partial collapse and
development of opan c¢racks. The collapse lg more pronounced st upper portion of
building as cempared to lower. Similar damage, but of lesser jntensity has been
noticed in a —umber of houses.’ :

FARTIAL
COLLAPSE

OFEN CRACKS

OPER SRIKS

7 tqe
QULGIHG TOWARDS SE €

Fiy. t7. HOUSE DF SAHDEY SINGH AND GYAR CHAND, PALL

" The Primary School bullding, lecated on & small terrace is a s'_.ingle stotey, mud
stene masonry structure with Gl sheet roof (Fig.18). It has also its long wall
aligned in N60'E-S60'W direction. The fallure of NW and SE corners has resulied
in complete collaps'e of NE wall {Fig. 18). A closer examination indicates the
damage of wall mlght have initiated in the gable portion.
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Fig. Ib. PRIMARY SCHOOL SVILDING, PiLA

Two village temples situated on & NE-SW trending ridge over looklng the viliage

" have been razed to the ground. These were masonry structures of low helght

with shikhar' about 3-4m above the ground. The collapse of these structures
might have resulted because ot topographical sccentuatlon on the narrow ridge.
A rew-bulldings itke ratwarl Chowkl aligned parallel to the Primary School have -
escaped any damage. P

" Barsil-Jhala—Gangoiri

in Harsil, the construction 1s mostly confihed on the right bank terrace. The
bulldings In this village have developed cracks which are elther vertical or
horizontel in both N-5 and E-W walls. In case of one shop aligned In E-W
direction, a few cracks were noticed at the floor. These could have resuited due
to foundatlon settlement as a restlt of the earthquake shock,

" Similarly, the PWD FRest House, which is mud stone masonry buildlng with walls

having cement piaster and GI sheet roof has been partially damaged and-
declared unfit for occupation. Cracks have developed on the northeastern walls



6o I © Uttarkashi Earthquake 1991

and partition walls have partially collapsed. Most of the bulldings in the village.
have suffered damage in the form of open cracks in the wsalls and partial

collapse of_l{utcha walls, neatr the top levels.

The wlde- opeh valley In the section beyond' Jhala and meandering course

through the alluvial fill in the upstream direction indicates blockade of river
Bhagirathi probably by an ancient landslide downstream of Jhala.

In Jhala village, located on hill slopes on right bank of Bhaglirathi just upstream
of river blockade site, the damage is restricted ta development of fine cracks On
. the southeastern walls of NE-SW aligned stone masonry buildings which are few
in number and these escaped major damage. Most of the houses have used timber
as construction material. The school bullding located about 20m above river bed,
developed a few vertical cracks on SE wall and slight displacement in pillars
towards SE has been noticed. This building is aligned in the N3IO'E-S30'W
direction. The pillars have developed horizontal cracks in an isolated case, the
joint with lintel has opened and the. pillar has tilted towards SE.

In Gangotri, a pilgrimage centre, construction has come up on moderately steep
hill slopes on both the banks of Bhagirathl river. Generally the houses donot
show any damages except the Gangotri temple wherein halr fine cracks have
. deuelpped on western and southern walls as a result of opening up of joints
between masonry stones (Photo 63).

Sukli

Suki village is located on hill slopes, on right bank of Bhagirathi river at an
altitude of about 2506m, occupied by debris of a dormant land slide. The
bulldings in the village are either Kutcha mud stone masenry houses with slate
ronfs. ar pucca: mud sione Masonry  wWalls with. cement. sand. plaster. and GIL. sheet
" or state Toofs (Figs.19,20&21). A few wall collapses and wide open cracks were
observed in Kutcha houses. T‘ne'bulges and open cracks are confined to
northeastern short walls of N3G*E~S30°W aligned houses. In the school bullding
open cracks {upto 5.0cm) with siight bulge towards NE have been recorded (Fig.
19). The tong wall of this buiiding is aligned in N30*E-S80°W. The other walls
of this bunilding have escapead damage. In case of Kutcha houses with iong wall
aligned ln E-W - direction, a _few partial collapses on northern walls were
observed (Fig. 20)._'I‘he- northern walis of these houses have bulged towards
north.
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In cese of houses constructed using mud stone MASONTY walls with sand and .

coment plaster and GI sheet or slate roofs, damage is confined to development of
hair fine cracks and peellng of piaster of southwestern walls. The projections
\ike the stalrs, have suffered more damage §n form of opening up of Joints and
development of open cracks {Fig. 21}. E

Stror

The village 1s located on the left bank of Bhagirathl ‘over an allt"wia! terrace
deposit. it has a populatlen of 600, lving in congregation of 114 houses. The
earthquake caused injurles to 25 persens In this village. :

The houses, in general, are constructed of mud masonry walls with slate roofs.
Some of the old constructions with timber columns and beams embadded in
mud-mortar have been severely damaged by shear cracks but have escaped
collapse because of greater flexibility (Photo 64). Tabular blocks of quartzite
" have been used In the masonry. This has imparted much greater shearing
sirength (interlocking property) to the walls which under conditions of sirong
ground motions have elther cracked alomg stone interfaces or bulged but not
collapsed (Photo 65). Some of tha c¢racks show dlsp]acement-or'more than 5 cm.
As per the Intensity scale, the t¥pe B and A structures have suftered grade 2
and grade 3 damages respectively.

A newly built, well constructed RCC and RBC temple structure, located by the
side of right abutment pier of Slror suspension bridge on river borne sediments,
does not shew even the slightest damage though the adlolning semi-Fucca
constructions have been severly damaged.

* Mannpur

The +vilage 1Iis located on the rlght bank of Indravati river along
Uttarkashi-Kishanpur rtoad. -Mannpur has a population of 800 people. The
earthquake killed 19 persons and Injured many more In the viltage. A total of
LB cattles slso perished. :

The damage to houses includes partial collzpse of a number of mud masonry
walls and open cracks in almost all types of constructlons. As such, the houses
have become unsafe _ror living forcing most of the Inmates to stay out. In seme
instances poorly constructed RCC  columns have develoﬁed fine cracks.
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“Though all the types of constructions have suffered damage, the most severely

are theé ones which are made of load bearing mud masonry walls with BCC roofs.

In many of these houses the slabs have fallen intact on the collapsed walls _
“{Photo 66). The . conventional type of constructions though have been badly

dama_'ged put have escaped complete collapse {Phote 67). The walls whic}_u are
aligned in WNW-ESE direction have developed shear cracks.

Ginda & Kishenpur

Ginda and Kishanpur villages are situated on the left bank of fndravati river on

“hilt slopes on the Uttarkashi-Lamgaon Road. Ginda is locared about 50m above

the road level. Klshengur_vll_l_age lies over debrls slopes, about 200m gbove the
road. ' ’ ’ ’

Ginda has 32 houses of A and A cum B types.. All the houses have suffered
damages of Grades 4 & b. The damage comprises shear cracks with openings upto
i0em, b;.i'ges tn - walls, peeling of plastér and coltapses in walis of mud and
stane masonry with RCC slabs. A total of 12 two storey houses of poor type-A
constructions have completely collapsed. The ground floor walls have suffered
maximum eollapses. In the houses aligned in_NsO‘W—SBO'E directton, the SE
corners have suffered maxlmum damages. The northeastern end walls have
‘eoliapsed and southwestern end walls have developed shear cracks and bulges.

‘One- lined irrigation channel has suffered damages in the form of settlements
and collapses. The terraced cultivable fields supported at places by retzining .
walls of im to 4m height, have suffered damage due to collapses of dry masonry
walls. In a few cases, the resultant cracks developed due to slurping of stopes
extend up to 50m. causing extensive 16ss of cultivable land.

In Kishenpur village, there are sbout 200 houses. These are either A-type or
A+B-type constructfons, A few’ B-type- houses-.gre. aiso. there. o the. B-iype
houses aligned in N30*W-S30°E direction. NW end walls have developed open
shear cracks. The northeastern’ walls have collapsed resulting in cracking or _

'buckl!ng of RCC slabs. There is dlsplacement tn joints betweer beams and

columns and tilting of pillars towards NE.

The damage to all types of constructions is extenslve and heavy. Most of the
retalning walls to support the terraced flelds have coliapsed and slopes of even
1.0m height have failed, Electric poles In the village have got tilted due fto
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slope failures. The demage to bulldings In these villages can be compured ‘with -
 thoee at Ganeshpur etc. but here the ground has suffered greater extent of

- damege,’
Sada

Sada village . i3 situated along Uttarkashl-Lamgaon "road, ‘about 1lkm. from
Mannpur. The main habitatlon is located between the road and Indravati river.
Both A and B type bulldings in the village have suffered damages. The village
temple (B or C type), Panchayat Ghar and school have been razed to the ground.

These are ail well constructed structures. In case of A type, two storey houses, '

aligned In E~-W directlon. upto 7.5em open cracks with displacement and bulging .

are more pronounced in the western side. walls. N-S aligned walls have

‘coliapsed. Bulging 1s more frequent towards west In N-S aligned walls. In case

of one house, cracke were observed In RCC columns.

In the ares near the river, ground cracks with opening upto 5.0cm and aligned
parallel to 2lope have developed near Panchayat Ghar, school and temple

bulldings which have collapsed . completely. In case of school building (aligned

N-5}, the RCC siab forming roof supported by columns has slipped by 2m towards
west and columns have {zlien towards north.

Thalan

The village falls on the right bank of Indravatl river, a tributary of Bhaglrathi
river, along Uttarkashi- Kishenpur— Lambgaon motor road. The village has a
cluster of 100 houses with a population of 600 peopie. The earthquake took a
toll of 4 human lives and caused injuries to few others.

For constructlen of houses tabular masonry blecks, set In mud mortar have been
used. Roofing of state slabs s common and have suffered damage In the form of
collapse and bulging of losd bearing masonry walls resulting in cracking, sagging
and collapse of RCC siabs (Photo 68). The sloping topography bhas accentuated
damages. Most of -type—A houses have suffered damages of grades 3 gnd 4.
Development of open shear cracks and partial coliapse of masonry walls,
partlcularly of the upper ftoors are found In most of the bulidings. As such, the
houses have become unsafe fer habitation, forelng the villagers to stay ocut in
make shift setteltments.

Pooto 68  Damaged PWD Rest house builiing, Bhotwart Chimney slab of the
cut house thrown on G, I sheet roofing.




Photo 63 Finecmckshmcw_wmalry
wall of Gangotri temple.

Photo 61  Shear cracks in the side wall of Pala school buildirg made in mud
masonry.

Photoﬂ"?‘m ofm ‘old oonvennom!_'_

Photo 62  Open shear crocks in NE-SW wall and partial collapse of NW-SE wall
" in the house of Sahdev Singh of vitlage Pala

Photo 65 Bulging and cmckmé éf J
masonry wolls af @ house in Si
village. -




Photo 66 Coliapse of nouses with RCC.
slabs in Mannpur villuge. Note
relatively lesser damage to the
convemional  houses in. the
background :

Photo 69  Parir' collapse of the
corner of the first floor of ah
in Thalw: viliage. :

Phota 70 Callapse of first floor of a house . T
" in Byata Tipri village with deep T
oper cracks in the ground and

" Photo €7 General view of Mannpur villoge
" first floor. (New constriction).

displaying damages.

Photo 68  Sogging and collapse of RCC. ™
slab supported on. mud masonry -
walls in a house in Thalan-
village : B

Photo 71 _ Partiolly collapsed end
have resulted it @ hug-liké s
_ of the RCC roof slab in i

Tipri viltage::




Phote 72 Collapse of cluster of hauses in
) Gyansu wHagc

. Photo 73 Tilting of the first floor frontage
of a double storey house becaise
of the collapse of the ground
floor wall in vitlage Gyansu.

wall leading  to sagging and
partial collapse ‘of a. RCC roof
slab in Mani viflage. .

Photo 74 Failure of the swone masonry .

i
i
i
1
t
I

. Photo 77 ‘Open sﬁwmd‘.pmdw out hcmseofPWD rest house af Lambgaon.

Photo 78 Damage to side walls of the PWD rest house at Lambgaon.




Phoio 79  Collapse of shaps in Lambgaon markes,

Photo 80 Shear cracks in a house in Thati Kuthur village.
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ﬁ"péorl_y_ constructed t}}pé_ A double storey house - has 1ts long wail ortented in
E-¥ direction. The long wall has developed shear cracks and the upper corner
of this wall has collipsed ‘towards south {Photo &9). T

Byals Tiprl

“The v'i'_lhlag'e- is-.l_oca'iéd-" or the left bank of Bhagirathi river over terrace deposits.
The village ¥as 51 houses with a population of 260. The earthquake took a toll

of -2 human lives and caused Injuries to fifteen persons. A number of animals
also perished in the guake. C : .

The old hopses constituting almost 70% of the village dwellings are constructed

" of "m_és'onry wallé with mud mortar and sigte roofing. Such structures have

suffered grade 3 and grade 4 damages in form of partial cellapses, open cracks
'_'and'bulglng of walls (Photo 70). Some of the new constructions have replaced
masonry with pi'e-cast concrete bricks and the slate reof with RCC slab. In sueh
hou ses the fallure of the side walls has led to partial collapse of the root slabs
which have acquired a tent or a hut like shape when viewed from a distance
(Photo 1), The damages In tirst floor have been found te be more severe than
the ground fleor. ’ e

Gyansu .

. Gyansu village 15 iccated a kilometre downsiream of gttarkashi town oh the

right bank of Bhagirathi river at en altitude of 1100m.

The viliage is situated over slope wasl_u_mater_ls:_l'..c:bmposed mainly of slate, slaty
quarizite and quartzite boulders in a silty matrix. The earthquake took a toll of

14 numan lves in the village.

Qver_' 50% W-ﬁmw m¢w¢mnu, heing, made of

undressad stome. masonry eet in mud mortar. One of such houses had suffered’

‘damage of Grade 4 (Photo; 72k 1t is clearly seen from the photograph (Photo 78}
- .of the house that the back and slde walls. of ‘the. ground floor have completely

collapsed, The back and side walls of the vack portion of first tiosr has almost

" dislodged from “the main_'bu'ildlng and 'h_an'gin‘g=1n air, leaving 8 zlg-zag crack
“with a .gap of approx. 40cm. The shear-crack starts from the roof level of the

wall and extends down to the floor of the__rédm dissecting the balcony. Also

. approx.’ 5¢cm wlde open sracks running parallel to the junetion of back wali with
the roof slab have been noticed. The RCC roof has remained intact, '
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Other "A' type houses in the village have surfered. less damage (Grade-2). In

some houses with GI sheet_ roofing the walls' have partially - collapsed. Shear

cracks, starting from the door level and continuing down to the plinth level
have eppeared resultlng in peeling of plaster. The 'B' type structures made of

- pre=fabricated cement bricks with cement plaster on the walls have suffered a

damage of Grade-3. In one such house (long wall trendlng N-5), deep  open
crack starting from the plinth level and traversing through the mid of the wall
snd extending to the side wall was noticed.

Matli

The Matil village is located 10%m. downstream of Utiaﬂtashi town on the right

bank of river Bhagirathl, at an altitude of about 1090m. The village is sltuated
over tiver terraces whlch are being extensively used for cultivation.

The large village has a populatlon of 1700 persons (approx.} living in 600
houses. As per the offielal records, ten persofis died and 15-20 'peréons-' got.'

injured during the 20th October earthquake. _'

Most of the houses In the village are of A-Type. In gener.al. the ﬁouses have

besn constructed using undressed stone masonry'ﬂth mud mortar, timber beams

and slate roofs. Approximately 15-20 houses have completely collapsed (damage

of grade 4 or -even ). In most of the houses one of the walls has elther

partially collapsed or major shear eracks have developed along and across the
walls. In a case whers the mud masonry walls were supporting on RCC slab, the

slab has collapsed on the northwestern ~concerr. The collapge has resulted. n .

rRcking -l thes sisb (Phate T3V v some: cxwses vertieal’ stacks have developed

along the cornere of the roort, Jeaving a gap in between the walls. A few houses .

made of bricks and ecement (Type-B). have suffered minor damage. The damage is
in form of fine surflcial cracks restricted to the plaster only. Minor cracks, at

the junetion of RCC beam with the supporting pillsrs. have been noticed In such-

constructions.
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9.3.2 LESSER DAMAGE &REAS:

To study macroselsmlc efrects in the sarea around ‘I‘ehrl Dam Project, selected
traverses were taken by &/Shri P.C. Nawani, R. Sanwal & J.S. Rawat In different’

" sections/sectors in Bhagirathi valley, Bhilangana valley, Jatkur wvalley, leganga
‘valley and Nallchami vailey. A total of 400 line km. were covered by these
traverses on 1:260,000/50,000 scale. The direct field: observations, collected

lmmediately I'ollowlng the earthquake occurrence on 20th October, 1991, have .
been utllized to. interpret damages to relate them with MSK intensity scale. The
fleld observations are supported by photo documentation. The traverses in the
above sections/sectors were .completed between 2lst October 1991 and - 15th

November 1991.

‘I‘he summarlsed account of the fleld observatlons in dlﬂerent sectors is given

" below and detailed descrlptlon of a few important localitles, where _significant

damages were recorded are given in the later sectlons of this chapter.

“Tehri Town
s1... Type of . Location : Effects/ Remarks
No. Structure i - Damages
T A Bousy ‘of Sri A.p. Dobhsl il av 2 opeoiug of comstractien Joimt
. t L - A o A?:l.klrl ﬂ:{lnl I !l“is, Srads um E?! oe- lro' c:lu ity. !
- . | . 1 & L] ] 1
I O A ?E‘n'c..lb A ';lunln'-'s“ﬁonl Hul itiiat P00 "?A‘ol"u“a ol eile l
aTd
|2 A _Romss af Gri TP, Ghildiyal,  Grade 2 Small _crucks {vertical/ |
R . Belyaxhwar noh tia o arcuata). - No casumlity,
4 ’ A Ronse v-t nnl Prasad, srade 3 ynr old homse. le cuumw
: L . ety -1 lll" of Ehri Lt orm WAL ln ur
: erle h\re ﬂwclm
3’ . A Hopse of Bri Vi ‘nu Fd, ﬂ" eld hono v-rt tul
o Fagdey. Raghune Mohalla . sru: r”}: u . l¢l=.“
. J walls, Ynt.r nlaeho ?
casanllty.
| ° T Shop/Bouse of W/8 Kisghen  Grade 4 T3t serey ot the beudias |
. © Enasr & Sonk {l‘.‘h.-lll tntl ¥y collépsed.
1 . B Roasa of 5Srl Gume Nand Srade 2/2 crecks (upts 3 cw} oburud in
| Unival, Abaikert Mohalls walls. Damsge tn tirst sleray uJ
uple Gradée 3

{Cont.}
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{Cont.}
sl Type of . Location - - Effects/ Remarks
No.  Strueture : Damages
. 4 Jorse ¢f Smi. Pareeshbwar! Arade 2 vertical trecks
Davi. Abalkari Hohsils . [N Cnulrln;zflon .;cl:l.-llzp::::.l
L] R Rowan of 5r1 )P
. . Bowan o mlalld nndurl . Grade 2 ::ht.l.nlfiarmnul cracks on I
10 P Souse & Syl R . ' :
Roes m;nll' Mubreti. Grude 2 _ g::’tlg:l J::i]a:h topening 1 Fo '
1 | ) 0. & of Srl Kundaw Fiogh Grad ’ . .
Asvtl kgbunwth Mokeila ? rade ¥ s:l;'t‘s‘:.‘dlﬁ:gffo: o‘f“:o-v.:lte:l““ I
ewaArds N40tw,
12 ] - Gavt, clrl. llltr Colings. 'Gudo 3 Nev  buildl
Tebri . Csuitered I%!‘."ﬂﬂ‘:ﬁ';.': &92“.-
borizonmial to verticel. bowndary
) . wall cellnpasd. .
.13 c Souss of Erl ¥ : ;
. Bttt .-‘?un Dalt Crede 1 . ) :l.%.fnm aptusd. fioe cracks I
14 -4 Hous D,
xz-:t_of“sn rl ?m‘n.i-;lo‘ ‘!I crade 1 Fine cracks - devaboped In nuus. -l
15 . < Bolsl River Fiew Grads 1 Fin# crucks wariical swd
. ] horizestal.
14 < Stale Bank of Indle. Pureme  Grade 2 Higsr
mr‘-r wa’u naaged. -tr?elh """‘
. ewilipg, mum rm vorllen‘ fine
erack Iy t
. rood Thoa
. A . conilouity.
w e Feat Oltice. (Maln) Tahrl Grade 1 Fine cracks developsd. 1
1 : c floct Towar, n&r! {hatit im - Mo demEgs Eeen. . I
1% 13 . Magar #alik UﬂlM {bullding Gﬂd. 1 Fine C. lch s
aver ¢ fo i ‘ou veriical m§ °r‘-=ffau1y, upte
in—3w, fall of piece of plaster.

Tehri Dam Site

He Damage has been observed in the aiready constructed appurtenant structures -
{HRTs, diversion tunnels, approach adits to power house and dam roundatlon) No~

* Shopt. IOWemok:: s bham: abaeread: ever: i the: axiarimg: slidie: mmx::

Seansu-cmnyalisaur Section

$1. Type of * Location Effects/ Remarks

No. Structure damages
1 ] Forasl Rest Eewas, Seaisn 2 . 1 J .
| - Eoiaiite or Chimmagt! of miaster)
| 2 » Shaktipuras - 2 Enel) crneln in walls, snd fall
i of plaster I
] < Kest Bouwaw al fhektipurem 3 “Large  and  desp  rew thn %0 |

openip
FRE gt ora W
. o » p:s . Humly ol

:"nr-nt wulls, Aged. Damage
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_ Jalkur Valley

Bhainga Village

‘Thie village, _8W of the epicenifal area is located on a high level terrace of

Jalkur gad on & nose formed by bend {n the main river and a smsall tributary .
nala. Two levels of terraces have been observed at this location overlying
phyllites of Chandpur Formation which dip st steep angles towards the river.-
The *Srinagar Thrust", which is a steep angle fault In this area is located just
upslope of this village. The onty building located at the lower terrace Is that of

" Middle school the long wall side of which is allgned In the NW-SE direction.

This bulldlng supported on pil!a’rs {s abount 15m. long and the side walis are
about 6m. long. In the end ‘walls of this bullding cracks have.developed and

‘near the SE end wall the horizontal beam has cracked under tension. The rooms

‘on either side of the varandah of the buildlng show shear cracks near the

. window openings on the walls all_gn'ed in N45°W-S46°E  directton. This is

comparatively a new butldirig ‘which was constructed in the year 1990 (Fig.22})..

The vl‘llage proper is loé_ated. on the t.i'pper_:_terrace end 18 a conglomeration of
mud masenry houses and a few cement masonry houses some of which are with.-
conventional sloping roofs with tiles and others with RCC slabs on masonry -

_walls (Fig.28&24). All the mud masonry and old mud adobe houses have suffered . _

the damage In form of open cracks and s few partition walls have collapsed,
One honslng complex belonging to Iour brothers Jatary Lal, Sirdaru Lal, Uttam
Lal and Tara Lal sligned ln the N6O*E~-S60*W has collapsed taking a tolt of &
itves, This house js located near the village Primary Schoal which is allgned
across the direction of long wall side of the collapsed house. The Primary School
bullding has also suffered major damage in the form of collapse of partition
walls. A fissure trending in N15*W—S15'E direction has developed In the school

m&'ﬂ'liﬂ - .
An Interesting observation made in the B type construction of the house of
Gram Pradhan at the highest level of the vlllage was that the northwestern end

wall stde room displayed cracks which have broken even the quartzlte slab put
as rack partition In the almirah, under tension. This village has demonstrated

' damages which are quite near ‘to Intensity VII as some overburden covered

slopes show development of cracks near steep slopes. This isolated village
demonstrating damages of- lntehslty VIl is located on 2 nese covered by twe
level terraces #nd it ls possible ‘that local accentuatlon of accelerations has
taken place because of topography aided by thick overburden cover.
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Fly.t2:a) JAINGA STHOIOL BVILDING SHOWING FHEAR CRACKS IN THE CUBICLES 0N THE
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Chzundhar Village

)

sk Type of - Locatien Effects/ Remarks
No.  Structure - . : damages
[ AR S e M R A
L Lopde Eww ) . :
2 B - Frimary Scheol . 3 rge dasp. sae ihreupk craciks
| . ﬂl“o-nl Jlgu“!fll el) Tolnl I
L 2 ) Eoapiial . ) 4 L's;%z'gr.:“n:“lﬁc .ui';l“”
collupes_eof roef (RCC} {(Phols T8}
i} ‘Eight houses of A Type have partlailly or fully collapsed. No deaths
have been reported but there are minor injuries to about s dozen
“persens. '
Cracks’ on the ground of primary school measuring 7-8m in length and

" sbout one cm wide, have developed.

Lambgaon <~ Rautaldhar Section

81, Tvpe of - - Location Effects/ . Remarks
Ne. | Strueture - damages )
51 Esase_Lawbguon . nu} ) d
t & (thﬂ t‘ 1160w lbovo.wsl.} . c:lf::a’c.“ n:lnlcr‘::l“. :“ ”r‘r’:l
sken ahnr apd
<rac 01 ke walk
reported (Fhole
[ 2 A Sovt. Imler Collygel o 3 Tolal collepae of The sirscture. |
6C. Besiel, Lam . )
I - » €.0.C. maie bulldiag z2 103 ulnlu of ual!n. tall af vlnlur.’
. desp  spep  OFD
: w.la and tililng. of \tl-dws.
4 < CLC. Labs, Lanbgesn -2 rrll of‘PIlIi.r and lolaeh-ul
. cornll’c.tr of v-ll -ad rm I
sl Tleer, ¥articsl cracu evtl
on Lae grewnd fiser,
L} ] warkel 3509 ef Bhed T - NesrT iolal collapese of The
I sbbar Simgh Xaw thrae bouses/bulldimge {Phe o T3
Thakur Mabavir Sll'h
- ALYRE Biog
Rorticulinre Office
L 1 3

< 58,1 Nlldlu. Lanbgaon S '\ur\lc-l cractks vall  amd
. epaning of conlrlelloa .Iolll..
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" Cracks have been observed on the ground in PWD resi house, G.I.C. carﬁpus
{length + 15m. opening 1-2 c¢m) and on the road in front of SBI bullding .

(trending N20'W~S20°E, length about 50m and opening upto lOcm, measured
depth 1.5m).

Between PWD rest house {Lambgaon) and - Rautaldhaf. several land
slips/slides have occurred along the road leading to road blockade.

Five deaths ha\.fe been reported from villages Huldyan and Malti:
At Ranihar the veterinary hospitaj is also partly damaged‘

Raj Raleshwari Temple {about 80 years old) on Lambgaon - Rauraldhar
section has also been damaged.

Lambgaon - Pratapnagar Section

sl. Type of Location Effects/ Remarks
| Neo. Structure damages
i ) - ulgi d imt.
I #R::l;‘-r"iu&:;‘r“.“ 1 2 w:l.‘:” and  opam Jo-.s 1-_0.'
| 2 ] . ) n'or%ﬂl;l nuh Raw Kirtd z k::" r.:n Solnts und balging of|
?nlul (Fr I-n B-du rem.
ls Hezav A
|2 © Rt YR Sews sk i 2 g AL et o]
4 e Pralfpnnr Haheraje Falsce H Fall of plast ®t the tact of
. Ccomplex . wall and Toul, deap Ll
| HtiealoesreeS” g (¥ ‘:‘fl
goutrlouon Joimta M
. Bhilangangs Valley
Tehri—Ghansali Section
sl Type of Location Effects/ Remarks
No.  Structure damages :
[ 1 ] Mabaraja's Eaop Mebal. H Larpe dnep vartles] crechs i
Simlazu on ihe Llstt band of walis, tall eof pinatar. '
Bhilangana.

. | H ] E:::fn“ the road side 2 I.lll‘: dusp  vartical crezha l-nl
I ? A Assnn village 4 Ruiging med periial colinpes 1
‘ L] ] T Awspa villepe . : Subvertical deep cnclu o

" . watls and opanidg of lrucuu
Joluts,
| ] L Asenu \fl“.'.l' B 1 " rFime cracks io ihe walls J

{Cont.}
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{Cont.}
S, Type of Location - Effects/ Remarks
No.  Structure damages
l' & 'y Ghamsall merket L g}ﬂ.::. “CI;I.?& ol nrunll
T s gat, Dutiding :.-. e ,ﬁfﬁ‘ .4 serttal  collsoss ot  walis nul
l .lll“ Lows " '
l - c . :i .??"‘ wotal Is Shamssll 1 Fise cracks is ths walls. ) ]
1) As reported by people, ln the area the_ ground motion was In N7O*E-ST0W"
direction
§i} AS reported by the villagers, the dlscharge of springs in Tipri village has_
1ncreased appreclabiy. after the quake
i) - Rolled rock blocks.of quarizites, were seen at several places on the road,
: between Pilkhl and- Ghansa!l vtllage on 2lst October. 1991.
1w} " it was informed at Gh#ngali- that the ground motlon during the quake WAS

sfrong encugh to dlsplace house hold articles.

: Gh;ﬁsall-Ghuttu Section

Left Bank of River Bhilangana

——— - A ——

sl Type of Location - Effects/ _ Remarks
No. - Structure T damages
] 1 A ”ms'u.l..n rhalenda ﬂll.ua T a Partial collapse of bomsss ]
2. B Eensas In Phalends willage ] l.'lﬂtn:up cratks sad hllul.ng I
2 < loisu ia Pholepds villnge 3 n“ of plaster sad erecks in I
I : i . the
of Balbir Slagh Asd . 2 eul collapas of meal of
‘ 4 Sanat® slhod" ' e {
toreud
- Mouses of Bri Sakel Siagh. | L] Ntul eolnm of Lws » l
s ' 'nuﬁ vmua . ““e.:' sakiing I aiw
Iis and o vl-co-nt
* € .l==t-r“§chul lssglethuil * x n .n eu:fﬂ‘ .\‘u nils.
- cemstruction — ’ :l.u ::; -l'l.ag:: ::bvorllc.l nud
oritenta
. . in =
T A l.l-uo mﬁhrl Devendra Dslitf. . 4 ;ari}n:“?nl.l:::l u .oo‘ulon I
[ ] e Neuse of Sri Swata Prushad 3 te 4 l.::: oﬂdg :::c:: o-“-f:l'lﬁ.‘
I-,l.lnr - cn %
Ec rape M Uags Jokh,
u:;-.n“.m. Andralh. Saveri
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Right Bank of River Bhilangana -
Sl. Type of Location
No.  Strueture ' f::::;:; Remarks .
N .
A Rv:t;:fllf:o :r'l“:::: :nu!ho ) 4 Partial collapes of walle. . I
0 » Fe «t pout il village
412443 FHod Eslaimg, wroms  daep  ora
. rré-ﬁ oﬂrﬂr:o(-du:ol:u r-wri
11 Y tor tolloﬂ dldim
i ol riz‘ 1 B _ -] and har  buildi
. . P ) . E"h,tl U!l".c.{lt i oh ‘b: .'.‘
12 [ ] Sovl. Inter Collega 1] .
buliding, Dbe r%‘ neln 1 n‘ wnll “}Ill E.fc"lhlur nil
) ) _ B&-‘“}lrtc .“ .
13 [
RIS 7 PRLSTED i eeess)
L) A gar asvetl ]
- B Y, Mt et
fis Y
c e Mo ]
18 [ Hewl natruyct ‘ e. N o
. 0.1:‘!2!:‘?::2??;'{ r“;;sr . . : :;::h;r:f eou.rrne i 5:;..“‘& ..“
M 811 R it Wi
1) Rock slides in. quanzltes on the road section hava been observed at
village Phalenda, Thayli, upstream of Koti~village on the left bank snd at
several places between Phokhar and Ghuttu. on the right bank of river
Bhllangana
) At about 7km stone on Gha'nsall—'l‘hayli open crack (0.5 to és c'm wide .
and +10m- length) trending NGS'W-SSS‘E oblique to the road. has been
observed,
As reported by persons from Garhwal Ja] Sansthan, Water tanks. and
Plpelines have got damaged In villages Hulanzkhal (Jakheli bloek), Thartti
and Domna {Bhilanagana block).

tv)

Deokhari, Kharsoll and Devlang, located upstream of Ghuttu, have suffered
relatively more damages, as reported. i

.Bhilangana. at about 1400m elevation.

Geol. Sufv. Ind.. Spl. Pub. No. 30 7%

JAKH

Jakh vlllage is located on left bank hlll slopes of Ola Gad, a tributary of
The -village is located on moderitely
sloping valley sides with overburden comprising slope wash material. The village
is falrly large ofe with about 200 houses. Most of -the houses in the village are
Kutche houses tonstructed in mud stone masonry with mud plaster and slate
rools. A few houses have been provided with cement sand plaster on walle,

SLATE AOOF

PEELING OFF

svLaE TO“RD'
130%

COLLAPFLSE
Fig. 25' DAMAGE OF RUTCMA HOUSE, JAMR

out of 200 hou'ses in the 'vill':age. 28 houses are reported to have suffered
damage in the l’orm or cracks In the walls and six of them have suffered wall

collapses.

Open cracks with openirgs upto 3.0cm were observed on southwestern walis of
houses with long walls allgned In NW-SE dlrectien {Pig.26). In case of Kutcha
houses alligned In the same direction, peeling off of plaster and hair fine cracks
were observed on Inner partition walls. But damage appeared to be relatively
more on southeastern and southwestern walls comparad te the northern walls.

Simitarly, in case of mud stone masonry houses with thelr long walls allgned In-
E-W direction, bulgirng wias mnotlced on southern watl Cracks were noticed on
southern walls of about 90% houses. but .these were Just hair fine crecks. Open
eracks were observed In 60% of such houses. Walls collapses were observed in
very old houses. In one case with long wall aligned in N3Q'W-S30° E directlon,
partial collapse was suffered by SW wall . and open cracks with bulge towards

S30"E by scutheastern wall.
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In Sllyara and Chamiyala villages, which are perched on large alluvial
" fans, the intensity of damage Is relatively more In the vielnity of
Baligamga river. Deaths reported from these viliage I= 2 and 4,

In this case coliapses are relatively more on western and S-¥ walls and cracks C S
on southern or SE walls depending on orientation of building. But damages '
involving collapses and open cracks are confined to Kutcha houses which are

very old. : . : : respectively. . _
: . - . 11) Between Sllyara and Budakedar, road blocked due to fall and dislodgement
Balganga Valiey o _ ' R - of rock blocks at several locations, - . -
. - i1}~ ©on the slopes above Agar village. open cracks (i-30m wide, 7.25m length)
Styara-Chaniyala-Budhakedur-Agar-Section : . . trending N60-E-S60W" to E-W are recorded in old slide debris. Besides,
o _ : ‘deep local cavities and cracks have developed in the overburden mass,
SL Type of ) Location Effects/ Remarks ossibly due to settiemant of matrix, attendent to the shaking effect,
No. Structure damages p : : . -
' induced by ground motion. - .
1 A Seuss in BHywrs vilinge. diad Mear teisl collapas BASY o - - o ;
[ * ' e s 1 %10 l tv) North of Agar village, near the hill top massive slides h:ve_ been
: . October 20th. The blocks have even
2 ] Beune 1n Siiars villess asd 3 Besp cravks, o of generated fotlowing the emrthquake on
I sorkes. _ ﬁi{:{:ﬁ“&w’:}r&"ur‘;”’:‘f rolled down to Agar village, as a result, sbout hundred tlfees have been
1 3 < Wouse ia Silyare market. 1 Fise cracia i the ballaimgs. | _ . uprooted.
4 A ?'o“o‘n grant snter Lal [} Near lotal col ."“lv“ wanr . ) : . o 0 o
b+ 4914 villese, o m‘:‘h::r:n Cedwrous” eracks : : That! Kuthur {(Budha Ke“")_-‘x"t Sector.
e in b vaigime e . :
© walls (0=Scm} han t-o- reowed.
: ' : Budha Kedar S
' -] ] Rouses in Chamiyals markel. e é':.‘.’i.-:'é‘:}..“;.‘i."&'“ spuning ofl . . . - . ¢ Bal nggg and
L] . .d ked . . The village of Thati Kuthur is located at “the confluence o
| oot Suddnkedar villsge. "‘“_ g et e A B iy L S| Brahma Ganga Hvers which sre the two major tributaries of Bhilangana river.
7 » Teu shep mear the bridge, o3 Large spen crechs, tall of .h ffect of the 20th earthquake was distinctly felt alon_g the Bal Ganga
| Budhakoder, Plastar: l The effe include, Thati Kuthur;
: gslley. The viliages, surveved along the river course Inciude, S
I [] < Twe stsrwyead shep of vitlege x Fies crecks in wulls wod mleer ‘ v v o oo o
. Fradhan Bear iha bridge. - epening mi ths comsirwctien joimi. Dalla, Dadorl, Bishan and Kot. ]
N A Hemas of Chandenm Singh Wegl . dtes tosr 1otul collapes of secemd _ S ' S , inor damages, The thick
Tiliese agar. g L : The ancient temple of Budha Kedar has suffered 0“1‘3’ o n:ced hofiz.ontal cimber
E-E:.&&?:g‘. oriFaas Tp _ mud masonry walls have been provided with evenly sp The other pooT
:.'3:.?%5:"‘5-:53:"‘?.:..5 SR ONE beams serving as reinforcements. The temple has slate roofing. The other P A
. . . . constructions of the village have developed wide open shear cracks (Photo aom.:_ _
° ! R A e ‘ touatds BA-E dirtaction. ‘ohioiag _ been bulging and partial collapses of: thick masenry walls towards
- Ager, . of amd wells due ko larpe Teee There has been bulg : o otl
T crackn on, '3%’. et ryara : direction. Some collapses have also occurred in NNW directlon. .
B0 e Lo VIS, 2 20 ” SRR bsered at
om0 houpe, 100T Teperind _Damages of slightly higher Intensity than st Budha Kedar have been obsered &
u < Shep wear the lemple, village % Fine wertical and borizeatet palla and Dodorl villages.
AWRF, . <rac wotlced im ¢ Lempls and .
-ahep building -ll-rnw i’-m-u.
OpeL bod displecamant of
Tavel Bad sids plliaras Wb Teef
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The next village on the right bank of Palganga river is Bishan. The vlilage s -
located at the foot of a hll over debris slopes. It has a population of abour

300 persone who reside in 64 houses A few people were reported to be injured
by the 20th October earthquake. '

‘rhe houses are constructed of thick masonry walls with mucl mortar, supporting
slate roofing. Some new constructions with RCC slabs, beams and columns have
alse come up. In general, the houses are two storeyed and the quality of
construction is good. ' - :

Shear eracks, some of which are open, have developed in most of the type-A
houses and {n some-of type—B constructions. Some walls at upper storey,
particularly of the gable portton, have collapsed partially towards west or south
west quadrant. 1t s reported that the area has been experiencing mild arter
‘shocks ever since 20th October as a result of which the cracks have widened.

Kot

The village is located on the right bank of Balganga river southeast of
epicentral tract. Thé dwellingé and cultivated fields ile at two different levels.

The lower level Is occupled by alluvial terraces and the upper one by ‘slope

debris material. The earthquake or 20th October took a toll of 5 human lives.

The upper tevel of the village has about 70 houses. . Here the quality of
construction of type A and B structures is good and well dressed masonry blocks
set In mud mortar with slate roofing have been used. Shear cracks with opening
of fzw mm to few centimetres have appeared in most of the walls of these
houses. :

A clusier of 35 houses, located at the eastern end of the village at a iower'

elevation over a saddle have been constructed of poor quality matertal. Maximum
damage and loss of life have occurred at this location. Partial collapses of
mud-masonry walls and roofs, particularly of the upper floor is seen in most of
the houses. Collapse of all the walls {Grade d4) has been recorded in three
houses. :

Agonda

Agonda village is locsted on left bank terraces of Dharamganga river ét an
altitnde of about 1700m. It s located southeast of the eplecentral tract, Just
east of Kotl and almost north of Budha Kedar. Most of the houses in the village

L L, Ay AP
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are mud stone masonry constructlens with slate roofs (Plgs.2€,27228) and a few

masonry houses with cement sand - plaster and GI sheet rools. About BO% of the
houses have suffered damages ranging from cracks In walls to wall collapses.

In case of mud stone mésonry houses with slate roofs and long walls aligned in -
N-§ direction, open shear cracks (upto Smm opening) hiave developed on the

southern short walls {aligned E~W) and collapses have ‘occurred In eastern: long
walls. These collapses are partial and mostly confined to wpper storey and upper
portions of ground fioor. Partition walls have also collapsed In some éases.
Houses with long walls aligned in E~W direction, have withstood the shock.
However, in E~W aligned side walls, particularly the eastern ends have suffered
damage in the form of cracks which extend from gable portion to the base of

the building. iIn some cases the cracks are more intensely develeped near the .

But leng walls in such cases have
escaped without any damage. The protruding portions 1ike stalrs have suffered

openings in the wzalls like windows etc.

more damage In form of cracks when located on southern side of E-W algned

houses. Cracks were also observed on northern walls of similarly aligned houses
In few cases,

Similar damage {5 suffered by the houses with walls having cement sand plaster, -
In case of houses with long axis aligned in NE-SW direction, the outer wsalls - _
have escaped with cracks but partition walls aligned in NW-SE dlrection have -

suffered wide open cracks and collspses

In case of school bullding which 1 a mud stome masonry building with Gl sheet
roof and. long wall aligned in almost N-$ direction, there are open cricks on
western walls and minor collapses in pillars located on western side. The cracks

are open upto 2.0cm. The southern wsll (aligned E-W) alse shows slight bulging -
towards south. The partition walls aligned in E-W dlrection railed at upper'

levels and collapsed.

Hallchaml Vailey

" Ghansali-Chirbatta Section

8l Type of © Locatlon Effocts/ Remarks
No.  Structure . : damages
. 1 . .a %un‘" vl.ll u laa'-l::a .t Ié:ﬁ'-zu 3‘3.,..,“‘"‘“* nruﬂl
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K {Cont.)
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1y~ General feeling of the pecple- in_Ghansall—Chlrbatla area Iz that the

ground motlon was In E-W direction.

1) Increase in the discharge of water springs has been reported tn Muyal

gaon and Titrana villages, where as In Gaurya and NE of Holta village

appreclabie decrease in Spring discharge is reported, ’

i11)  Cracks on the main road measuring +5m {n length and 5-10cm width, have

been recorded near Gorthi village. Open crack (width 2Zem) extending for

about half km. has been reported in Chirbitlya village, on the overburden
mass, i

iv) Minor damages to water plipelines, noticed in Chirbatia and Muyaigaon,
msainly beczuse of rock falls. ’

v) Fresh land slps and rock falls are reported from areas near 'Gm'thl. '

Muyalgaon and Holte,

Gorthl

_The village fails In Jakholt Block. of Tehr! distriet. It 13 located along
Tehri-Tilwara road over a ridge. Here granite gnetss is exposed In road cuttings.

The dwellings and cultivated flelds He over debris mass. The village has about
120 houses with a population of 600. The 20th Cctober earthquake took a toll

of 3 human lives and caused injuries to 2 persons. Over 54 houses s_uf!ered'

different degrees of damage where as 7-g houses collapsed (Phote 81 and 82).

The ususzl type of constructlen in the village s of thlck mud-masonry walls
with slate, RCC or GI- sheet ‘roofing. The quality of construction material is
generally poor. As per the Intensity scale, damages of grades 2 and 8 are
evident In most of the type-A constructions with cracking and partial collapses
of walls and caving of roof in a few, ' B

Two buildings of the village have been analysed in detall. The first building
has 1ts side walls aligned in E-W direction and the long walls In N-8 direction
(Fig.29). The southern part of. the house has RCC slab as roofing where as the
northern portion has the conventional slate roofing. The side wall has devé_loped
very prominent shear cracks some of which have wide openings (Photo 83). The
masonry. at the slab Junction has eollapsed at places. The long wall has suffered
partial collapse towards the western stde. The south western corner of the

bullding shows partial collapse of the outside face of the masonry wall under
tenstonal foree, ) : .

. 83
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ISKETCH BY P.PANDE).

algo suffered conslderable damage. The poorly

lon of two of
collapsed. The bottom port two
i p‘ by about 1 tq

The Basic Pathshala Building has

consnnicted masonry walls have p ¢ o
- thé masonry plilars supporting the varandah have .been shi

. Zcm towards N2O'E direction.

Jakholk

1} i'l-la & is located onm the southwestern and eastern slopes otba“;i_::z
rrending SW—SQO'E at an altitude of about 1600m. The Government bu e
ek o d . residences of Block officiale have suffered constderable
D e hare. 2t ::uées and bulldings located on southwestern slopes of this

- damages where as racks and peeling off of

" fidge have escaped with minor damages like hair llne ¢
plastef in upper portions.
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Tﬁ.e office butldings like Veterinary Hospital, residence of Veterlnary'noctor,_
residence of BDO and & tew other réside_n-tlal Quarters located on ridge line
show heavy damages, Anciuding shear ecracks and collapses of walls (Fig.30)

~ {Photo 84, 85).

The \{eterinary_ Hospital, a mud stone masenry building with Gl -sheet roofl
aligned In Ns_o‘_WfSGO'E direction, the S—Western end wall tncluding the partition
wﬁlls have co‘mpletely collapsed (Phote 86}, The southeastern end of this
bullding has "developed-open ‘eracks in wall corners which run almost from top to
bottom. The opening at top is of the order of 6.0cm and narrows down towards
bottom. Shear cracks were also observed to have developed on This wall. The
cracke were concentrated more tcmfsrds the openings ke wih_dcrws and
ventllators. This wall also indicated slight pulge towards SE in the gable
portion. ARh gnteroom, projecting out of the main building also indicated similar
damage on SE wall. The resldence of BDO has been razed to ground and Chimney

of one house has been thrown towards NE directlon.

A t'emplef_.located NW of block offices on'top of the same ridge has withsteod the

. shock “without Icpllapse but prominent shear eracks have developed on SE wall

and Shi_khar".ﬁo?tion (Fig.3). The cracks are wide open and extend down to the
base. The kalash' of the temple is shifted by 2cm. towards NE {PFig.31). : '

in Government Inter. '.-_(.‘,ollege. a twWo _storey building, aligned in N30*W—-S30°E
direction, the d_amagé éomprlses appearence of fine cracks and peeling off of
plaster oOn SE waﬁ and. In the gable portion of tirst fleor. The examination of
damage of bu_l_l'dings_ oR. top of the ridge Indlcates damages as compared with
those lower down In the same village. . '

YAMUNA VALLEY

Tha Yamuna _\réney. extending for a length of over 240km belween Hanuman
Chatti in the north east and Badshahi Bag in the South west Wwas surveyed in
detail for assessing the effect of 20th October Urtarkash} earthguake. Traverses
were ufnidertaken In Haripur—Chakrata ‘and Naogach road sectors and more  than

- 80 localittes visited bestdes 1o interviewing & number of PpeTsons. The

description of dlfferent sectors Is given In the tollowing paragraphs.
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Hanuman Chatt_i—l(h:radl Sector

The villages covered in this sector include Hanuman Chattl, Rana, Sains Chatti
:azrl, Kuthnor and Kharadt which are located on the banks of Yamuns rlver"
aving a NE-SW course. Hanuman Chatti is the northern most village located. at

an altitude of 2400m. It is the motor road terminus for Yamumotri glacter and
has onty Hmited number of buildings. In the early hours of 20th October 'the-.
inmates felt three distincét shocks. Almost everybody ran out im utter panic as’ '
the tremors HUngered for over 45 seconds with a rumbling sound. The d!rectioﬁ of

wave prepagation wa: reported as E-W. The houses, constructed, In general, of
masonry walls with mud mortar have developed mineor cracksr The Chau’ha

Tourist Hote!, with its long wal) alighed in N60°W-S60°E dirsction Is a B Ty .
structure. The walls of the bullding are constructed of brick and cement mort .
The ceiling s supported over columns and RCC beams. The damage to ';:a

:uil:ling includes appearance of fine shear cracks oh the stde walls trending
B0°E-S30°W and rupture of one of the columns near the beam junction. In the-.

Al:and Bhawan Hotel, the plsster at places has peeled sut and the construction
Joints have opened up. People have reported rock talls from the slopes of Durbil
viliage, located on the right bank of Yamuna. ’ . .

In other villages of the sector, the damages to c¢ivil structures include
appearance of cracks, bulges, peeling of plaster and collapse, tiit of walls and
columns (Photo B7). Wazri, located on the right bank of Yamuna seems to be the
mast affected . place with nearly 20% type A - constructions showing pértial

¢ollapse of masonry walls, Low intensity but perceptible after shocks have been -

reported to be oceurring in the area frequently.
Gangan! Sector. ' . '

The . grfect ol_' _Uttarl_(ashl earthquake in- the Yamuna wvalley has. been most.
conspicusus in this sector. In the Gangani village, located 8km. NE of Barkot
along the road to Hanuman Chattl at an altitude of 1300m, most .of the houses
. belong to type A category of thick mud masonry walls and cement plaster The
" sloping ground comprises debris and fluvial terraces. Almost 20% of the h;)uses
‘have been damaged to a great extent. Psrtial collapses of roofs and walls and
development of shear cracks of varying dimensions are common. Maximum daniage
hat been observed in buildings founded orn uncounsolidated sediments at the
edges of steep slopes. Landslides have either been fnitiated or reactivated

around Gangan! in fluvial terraces and loose deposits. The extent of damages -

indl}cates that the Intensity of 'ground motions would have been VII on  MSK
scale. ’ ) .

—

" An anslysis of dama
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A few of the type B structures are located by the side of the road. The spsce

for construction of these houses has been won by constructing retaining walls.

* Many of these houses have collapsed due to faliure of retalning walls. {Photo

ge}. A twWo smrey'hou.se.cnnstructed of mud-masonry walls with- wood beams and
columns shows complete collapse of first floor side wall trending E-W (Photo 89
and 90). An old construction atigned in N-§ direction displays conspleuous tilt
of about 15° _'t.owa__rds”east of the eastern end long wall. The collapse of _tl\e
partition walls of this house has caused injuries to few persons {Photo 91). A
few conventional houses constructed at the lower terrace in this village also
show- partial collapse of the walls and caving in of the rtoof (Photo ¢2). In
Nandgaon and Mashalgaon, comprising some 300 type—A structures, & total of 12

" houses show major _collapses of thick mud masonry walls.

ge pattern In & house of Ganganl village has been made.
The type—A structure with long wall trending N35°E-S35°W has suffered partial
¢oliapses and bulging. Open shear cracks -and peeling of plaster are geen in the
long wall. It.appears that the. ground oscillations were in NE-SW dlrection and

the wave propagation was from SE to NW.-

‘Raster—Sarigad Secter

. Im this secto'-r. s: iotal_of_ lo'vlllagé_s ‘have been surveyed, Barkot j& located on

the left bank of Yamuna at an altitude of 1250m. Here the ground comprises
alluvial terraces and debris _slopes."rhe vmag'e felt 3-4 tremors and ran out of
doors for safety. The extent of damage spreads to almost all the butldings in -
some form or the other. ’ ' ' - : o

The single storey PWD Rest House bullding at Barkot is allgned In NEBO*E-S60°W.
it  has MEsSONTy walls with RCC roof. Fine shear cracks have appeﬁred in the -
easterh side long wall. ‘A few multistorey bulidings of RCC frames showed deep
cracks. These. structures are located on fairly steep slopes in overburden
materlal with pre—existing valiey ward dipping fissures. The damage 0 these

‘buildings.‘ therefore, appears 1o be due to foundation falilure.
In other villages of this sector, devgiopmeﬁt of shear cracks is common on most -
of the masonry walls. In some cases bulging or partial collapses of walls -and

roofs is evident.

A giyder bridge, constructed In June, 1990 across Pathar gad is located about 7
km from Ba'r_kot.‘-'l‘he right. abutment approach road junctlon 1is marked by the
development of & fine N35*W-525°E trending ground fissure. The right sbutment .
retalning wail 1s alse tound damaged. : :
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In Chami village, 2 house trending in N20*W-520°E direction has partially
collapsed. The house is a double storey structure with thick mud masonry walls
and state .toofing. The northern portion has suffered the damage whereas the
southern part remalns unaffected (Photo 93). '

Sarigad - Badshah} Bag Sector

In this sector, extending from Sarigad in the north east to Badshahibag in_ the
south - west, a toral of 28 villages were surveyred. Majority of the houses
observed were of tvpe—B. From Sarigad to Barwala, the buildings mostly stood on
sloping ground on loose or compact soil. Downstream of Sarigad damage was
found to be of minor nature. The type of damage Wwas in the form of thin cracks
open oOpte 2mm. Hostly the pre-existing fine ' eracks, specially along the

construction Joints were found to have opened. At times it became difficult to

establish the relationship of cracks with the earthquake.

The movement direction was found to be N40PW-S40°E to NGE5*W-S65°E,
N10*E=-S10°W to NID'E0SS0°W and NEOE-S60°W to NEO*E-580°W. At Juddo area
movement was reported to be felt in two directions by two d-ifferent'persons on
ground and at first fioor, viz. N20°E-S20°W and NE5W-565°E.

The movement ‘was reported to be accompanjed by sounds resembling storm,
blowihg wind, starting of engine, heavy rains, running crowd, galloping horses,
ete, i : :

Naogaoh—-Purocla Sector

This sector, tmclnding a total of § villages of Nacgaom, Kansola, Hudoli, Chandeli-

and Purols extends along SSE flowing Kamolaz rivulet, a right bank tributary of
vYamuna river. The northern most Purola town Is located 20km trom Barkot in a
wide walley at an altitude of 1400m. The village dwelllngs are a cluster of
puccs and semi pucca houses where the long axes are aligned mostly In NW-SE
direction with some having NW-SE trend. It is observed that seven of the

houses have suffered psartial collapses (Photo 94). A type—-B construction has .

developed pr'ominent shear cracks on E—W rrending side wall. The double storey
office building of Executive Engineer, PWD has developed cracks. As per the
intensity scale, grades 2, 3 and even 4 damages have occurred in the type—A
constructions. It is note—worthy that some of the old houses constructed of
masonry with. wooden beam reinforcements have remained unaffected. The
granaries, constructed of timber have also not suffered any damage. In Purola,

P S
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the direction of movement of hanging objects was reported as N15*W~S15°E.

During the earthquake. sounds resembling that of speeding automobiles,
thundertng, storm, etc. were described by the resldents.

Haripur-Chakrata Sector

The villages surveyed in this sector include Haripur, Byas Bhud, Kaisi, Sahlya
and Chakrata which are aligned in N-S direction. Along this traverse, we_ll bullt,
cement 'bx-'lcklstone and masonry houses have been noticed. Most of the houses
have been founded on compact soll except a few on rocky foundations. Slight

-damage jn form of cracks in plasters Was noted in stronger houses while weakly

built houses suffered cracks in walls. Partial collapses were noted in a few
cases of weak (dry stone masonry or very poor & old mud masonry) houses. Some
buildings escaped any damages and the movement a5 reported by few persons
wae malnly in NSO*W-S60°E direction. At Chakrats, an addltional movement in
NSO'E-S30°W direction was also reported preceding the above movement. The
unususl sound during the shock were reported. to -be like those of mqving train
and strong hissing sound -coming from nearby forest/hills. In Sahiya m:ea. two
mild after shocks were felt by some persons at about 6 AM. on 20/10/91 and .aj:
about 11 A.M. on 21/10/91..

- The ground sdrv.eys indicate that a narrow belt encompassing Gangani has

- higher - earthquzke intensity of VIi. The surveyed area to the north of Ganganl
comes in intensity VL Similarly, the ares to the south of Gangani upte Damts
can be included In intensity VL '

DOON VALLEY

The Uttarkashi -earthciuak__g of 20th October, 1991 had a consplcuous effect 11_1'

the Doon walley which becomes evident from the damage paltern survey agd'
iniervlew of number of persons. A summary of locality wise observations is

given in the following paragraphs.

: Rajimr—l(herl—l(ulhan Sector

The villages covered in this sector are lecated in the northern fringe of the
valley. They inciude Rajpur, Khers, Kuthalgate, Sanola, Nagal, Kulham, Gulrara
) and Jakhan. The Khera-Gopiwaia hamlet comsisting eof 14 houses show
considerable damages' to almost 50% of the structures. Gaping cracks with
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::n::g of 0.1cm 1o 4ctp. partlal collapse of niasonry walls and peeling of plastér. |
mmon in Type A Structures. However. no perceivable damege was noticed to

well constructed houses,

'::1:81::.3;; :lllage lls l:cated on a spur of a wide alluvial terrace where active
wo nalas has glven rise to the develo
_ pment of steep escaF
Such slopes have shown evide P roun
nces of fallure In the past. The stron
. g ground
:(;:::nst re(:a.t,ed with the present earthquake appear to have sccentuated the
- u.:n endency of the eritical slopes. As such a number of cracks with opening
to 6cm and length of 5m to 30m have appeared in the cultivated flelds.
The trend of these cracks is NE~SW and NW-SE.

An assessment of the damage patiern Indicates that the shear cracks have, In

general, appeared in N-S trending walls. Palling of oblects like table fan., water -

drum, ete. and =swingin
' g of hangin, i
residents. ging pleces have been reported by most of ‘the

R&llmr—‘l‘hano—Bhogpnr Sector

;‘2‘1{:‘ ee;:::;t :ithThBarkot in the east and Raipur in the west extends for about

B oy e villages sm_*veyed included Raipur, ThanoBhogpur and

b P lar. The settlements are located over Quaternary fill deposits. In the

b t".]euri ndustrial area, well constructed multistorey bulldings have developed
nsive cracks in the walls and along construction joints. Bulging and bdbuck)

of face stones have been observed in ome of the bulldings. nekling

n Thano, Bhogpur and Ranlpokharl. areas, some of the poorly constructed houses

h .
ave suffered partial collapse. The directlon of propagiation of waves is

estimated to be E-W or NW-SE,
oy | Reactivation of old slides has taken place in the

Dobhri-Sornz-Langhs Sector

':‘::t s:fet:; ll;s in the western part ‘of Doon valley and spreads. all along the
e Outer Himalayas. The area consists of
alluvial fan de
. . posits and
s::::,t tills. Partial collapses_ of few houses and development of shear cracks
ulg}ng of masonry walls have been witnessed in a number of cases .

Doiwala—Joligrant—Sherpur Secior

':‘:; slector 15 lecated in the central part of Doon vailey with the ground
. prising unconsclidated gravels, boulders and siit of Quaternary age (Doon
_ _ravels)..'!‘he damagee to structures Include appearénce of fine cracks in walls
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_iine to open cracks {maximum opening écm}. 1
. npo distinct damage 1s In avidence. Here, even poorly constructed type A

~ clvil stroctures 1ncludes

" developed prominent cracks trending E

91

and peellng of  plaster. However. n¢ coligpse has oecurred anywhere in this
sector which s indiecative of a leaser intensity of ground accelerations as
compared wlth that of Ralpur and Rajpur sectors. .

Clementotn—Snbhash Nagar-Dat Sector

_ The ‘area lies in the southern part of the valley along Saharanpur road. 'l'he

damages to type A and B buildings includes cracks ranging from 0.1 to S¢m In
thickness. The foundation material comprises Doon Gravels with falrly thick

layers of silt and clay.

Arkadla Tes Estate-Prem Nagar-Sahaspur

ern part of Doon valley ghows varied earthquake
ia Tea Estate the bulidings have developed hair
n the adioining Prem Nagar locality

This sector, comprising the west
intensity patterns. In the Arkad

structures do not show any appreciable damage.

IIP COmplex-Joglwela-—Ha.rrawala Sector

the central part of Doon valley. Here the d:mages to
fine cracks in walls. At Indian Institute of Petrolium_
wall has tilted towards sonth. This,

The settar ls located in

{IIP}, Mohakampur, an. E~W trending Kuchha
to some extent gives ‘the direction of wave propagatlon as E-W.

Dehradun Town

Forest Research Institute puilding i5 a double storey structure with its ionger
axis trending E-W (Photo 95). The major crack in this bullding has developed -
along E-W direction all -along the junction of
building. The width of the erack varies between 1.5 and 2.0 cms. Similarly on
the upper storey, the floor of the BE~W running varandah has got eeparat.ed by &
tew mm from the walls, and the brlck made arches of the varandah have
W% {(Photo 96}, It has been noticed that
the arches towards the western hzif of the varandah have suffered more damage
_as 15 also evident from the disledgement of bricks from the lower portions of
these arches (Photo 97). Similar damages are alse seen in the brick made arches
of N—§ trending varandahs. Several halr fine and surficlal cracks are seen on
the ceiling of the convocation Rall, except for 3 N-S trending major wvertiesl
crack right from the top (roor margin of the butlding) to the bhottom of its

" northern outer wall

the porches with that of the main .
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::: r:u t.:; the thick piasters from the celling and dislodgement of a few bricks
. also en noticed from the areas of construction jeints b

et
and the maln bullding. meen the porehes

Hilton Hotel ls located on Harldwar Road, near Araghar. The N25'°E-szs'i outer |

wall has developed cross—cracks, one of Which trends NSO*W-560°E with a dip of
50" towards N30°E; whereas the other one dips towards S30'W at an sngle of
55'.I'l‘he continuity of these cracks through the wsll could not be ascartalned
for want of approach to the other side,

- Hair fine cracks were noticed In s wall trending N75°E-575‘W at the v§
entrance to the Reception Hall (Photo 98). A 0.5cm wide crack along construcﬂ::
Joint of the above wall! with that of the celling {a part of the porch) is notl.ced
Amfh" wali just opposite the reception counter has developed a crack trendi"nz.
NBO*E-S80*W (same as the trend of the waill) with a2 width of .2 cm to l.0em
The upper block with reference to this crack has shifted or djsﬁlaced tow:ard:;
south, relatlve to the lower block, by about 3-4mm. Several small sympathetic
fractures {very similar to feather cracks) were also observed which are dip ln.
towards N80O'E, joinlng the main fracture along which the displacement has t:kez

. pilace. The width of this main crack is increasing upto lcm towards NSO'E and is
mirimum towards the opposite end (S80°W). A wall which trends N15°W-515°E-and

joins the above mentloned wall has developed cris-cross cracks, one of which '

dlps. towards N18'W and the other towards S1§8'E with same trend 1l.e
] :72 E-S72°W and dips at 45*. The stalrcase in the basement chamber has
. developed a crack trending N~S and dipping towards E. In the kitehen hall of

- this basement, southern block .of the [floor has subsided by 1.0em along:

N65*W-S65°F trending glass~lining of the mosaic floer.

:at_}onal Institute for Visually Handleapped (NIVH) bullding is situated on the
ajpur.noad some 4.6 km. NNE of the Clock-Tower. Cracks have appeared In the
building in the upper floor roocms. S :

: e¢rack in the Director's Reom and Seminar Hall, trending N1&6W-15'E (same
rend s that of wall} has de\(eloped along the construction joint of wall and

celllng. The width of this crack 1s between 5-10mm. Purther, the southern half -

of the N-S trending beam has tllted downwards, and the southern wall of the
:oomk has developed an E-W trending halr fine ecrack. Two construction joing
racks trending ¥-W% and N-$ have developed between the wall and celling of

the seminar Hall also. A N15°W-S15°F trending crack along the joint of celling -

of Estsblishment Sectlon snd western wall of E~W extending Hall was notleed.

Almost ali the wvertical pillars have deveioped hair fime cracks. Morth-South ~

i e

 wall has increased by 1.0 to 2.00 mm. ‘Alsa,
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extending beams of the northern half (of the E-W trending Hall have developed
eracks trending NBO'E-S80°W and dipping . 70* towards $10°F: However, these
cracks are strictly confined to the beams only and are mnnt traversing through
the intervening portions of the celling between two beams. Arcording to the
staff members, a wall-clock hanging along a N=5 trending wall was seen having

" been shifted towards South by about 15° from its main positlon.

The Account Section Hall is 1rending In E-% direction. Two seis of cracks,
trending In. N-8 and’ E-W directions, with a width of imm are noticed In the
ceiling. Almost all the beams of the' entire Hall have developed halr fine to 1mm
wide small cracks which are dipping towards North in the Southern half portion
of the celling and towards south in the northern half portion of the celling, at
an angle of 50-65%. Besides, several vertieal pillars of the Hall, have develaped

_randomly orlented hair fine cracks.

~The. East-West Arending old boundary walls of Dayanaﬁd Brijendra Swaroop {DBS}
Postpraduate College and Dayanand Anglo Vedié DAV (PG) College have collapsed

due to tremors. The debris was seen having fallen towards North.

pas Motors Building on Ratlway $tation Road near Laxml Cinema Hall is a double
storey structare with lts roof” and pillars bullt up of RCC. Vertical cracks

" trending NIS*E-S15'W were seen 4n. northern wall of the hal! on the ground
" floor. The ‘other two sets of the crosé—cracks, in the sane wall, are dipping at

45*-60* towards N&65'W and $65°F with a strike ditection «f N25*E-S25°W.

The craéks on the first {loor, alon'g_th'é'conétruction jolnt of the RCC cefHing and
non=RCC wall are trending N8O*W-S80°E (same as the trend of the wall).

The glass panés' of the windows on the ground fioor as well as on the first fleor
have been broken due to the vibration. Breakage of glass pamres, however, has
not been frequent in the other buildings surveyed, .

Fotel Droma, & multistorey building 1s located very near the Roadways Dus
stand. At the Western end of the hotet a vertical crack, (most probably alomg
some construction Joint) of 1 te amm width eontinuing from ground floor Yo top
floor was observed, however the width of this construétion-joint crack is found
increaslng towards the top where it has become 1.0cm . wide. symilarty, the
spacing along the Joint of floors of- the E-W rurihing vgrandah and the southern
a few random cracks were noticed
on the staircase towards the western end of the hotel. The fal and chipping
out- of the pl‘a_st_e_rs from the walls and construction jeint areas ts also reported

- from the same end..
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A minor hatr fine crack of zig-—z#g nature roughly of NA5°*E-S36*W trend has
also been hoticed in the conference room at the second floor of the hotel.

The St. Francis Church Is located near the mﬁin Branch of SBI on Convent Road.

Two sets of cracks, trending NW-SE and NE-SW were noticed In the false ceiling .

of the Prayer Hall. A. vertical crack trending NW-SE was recorded in a walt
tyrending N35'E~S535°W) In which. 1s set an ldol of Christ. This crack Is
penetrating across the whole thickness of the wall. In the same wall 15 set a
small almirah/wsrdrqbe. which was seen as having been partially detached
towards NW due to the tremors. A horizontal crack along the construction Jeint
of the celling and N35'E-535'W trending wall has also been observed.

Aketa Hotel/LIC Office is locsted on Rajpur Road, appreximately 3.0 km. NNE of
Cilock Tower. No major cracks were notlced on the ground floor, however, a crack
In the viclnity of the reception counter had been repaired as per the version of

the hotel-workers. Another - crack which has developed in a rectangular

decorative stone plece (set in a wall) Is seen dipping towards N25°E-S25°W.
similarty 2 minor qrack of approximately 1.0mm width was seen striking E-W,
.and dipping toyra\-ds North at an angle of 65°*, in a wail of the ground MNoor.

Further, several rooms on the first and second floor have developed cracks of
vartous attitudes. ' ' '

In the first floor of Aceounts Section, following two sets of cracks were seen in
this reom: :

a) North—-South trending wall has developed a horlzonta! crack .
as that of the wall ) p : ck of same trend

b) Another erack In the wall is trending N-S, with 30* dip towards East.

The floor {of l_‘.he second storey) has developed a. minor vertical crack, which is
trending N5S*E-$55°W. Lift of the hotel was tound out of order and a wardrobe
_toppled and fell down on the floor following the earthquake — as reported by
the workers of the hotel. = '

The time of the earthquake in Dehra Dun as reported by majorlty-of the people
was same as that broadeast by All India  Radio and Doordarshan the next
morning l.e. between 2.50 AM to 2.00 A.M. The guake of this intensity caused
severe panic/fear amongst the people. Almost all were awakened and many of
them remained  outside thelr houses tlif the break of the dawn and a
~considerable number of persons even could not have a sound sleep in the
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subsequent days malnly due to fear pasychosls regarding the possible recurrence
of the earthquake. The most cqrﬁmonly recorded duration of the tremors was

. between 20 to 60 secs.

The response of persons to the di;ectloﬁ of the movement was very unambiguous

: and prompt. It was E-W and N-S with only one person reporting 1t to be NW-SE.
- This N-§ vibration/movement is supported by the fali of small, wooden &nd
lighter objects of showcases elther towards North or south of their original

position. However, the swingm'g of fans and displacement of cots. etc. suggest an
E-W movement. Spliting over of milk, water, falling of kerosene lamp and small
wardrobe, severe rattling of doors, windows, with occastons} cases of breaking of
window-glass panes and twisting of door—latches, falling of small toreh, -
medicine—bottles, candle stand etc. were very cammonly reported. '

Aecorﬂing to the verslons of the pérsons reslding on the second floor of houses
the anguiar movement of the building with respect to' the vartical axis of
opposite buildings was of the order of at least 16-15*. 'The ringing of small to
medium size bells of so__me_' temples was heard by pujaris/priests but the
huge/glant betls of church top reportedly did not ring.. '

The sound of the approaching earthquake was described differently by various
persons. According to some, it was a mild drumming/thumping of the ground
accompanied by approaching storm and .raln like sounds, typical of its own,
which was never heard before. Others described the sound as that of a starting
of a jeep or car, gradually rising In loudness as the quake approached.

As regards the unusual/sbnormal behaviour of certain animats and birds prler to
such calamities, and also which is a topic for intensive research In foreign
countries . with a wiew - to using them for earthquake prediction, %o
typlcal/strange phenomeng have been gxplalned te the party. At about 12,30
AM. (2. hours and 20 minute before the ocrurrence of the guake) the crows
dwelling on a tree just opposite a house, suddenly started crowing and
continued the activity tiif the observers/residents of the house slipped Into
‘gound sleep. Similarly, a few persons reported the unusual barking or waill of
dogs- just a few minutes or tn certain cases few seconds before the havoc. ’
‘However, the dogs, launched furicus and continuous barking jmmediately after
the quake was over and kept on barking for guite some time,

Another strange and enlgmatic phemomenon which ecame to the notice of the
party through the persons interviewed, was the occurrence of tiash of light or
sudden lightening kind of event (but without the accompaniment of the’
thundering sound} just before or during the quake. Some Ppersens described thiz
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light/flash like the one at break of the dawn le. light-yellowish—redd!sh colour -

‘w
ith dusty/hazy appearance of the sky, though nobody was able to give the

specific direction of the redness
: of the sky. .
of the sky up above. y. They say It was an overall redness

As regard i .
.Smru:z :e ::n;; n::;be;_ 01'l shocks, by majority !t was one continuous vibration
aving assumed the proportions :
P Just short of spellin
ter. Only ohe or two persons are of the view that first it was a mi:"d ':'m:

t 3
olerable vibration foliowed by a psuse of 3-4 secs and then the heavy shaking

stage © -
) ge of about 15-20 seconds or even less. Based on the above account and

nagure Of damﬂ.ge, the value of isosei £
- Sﬂlal enclosing the Doon va]ley comes to VI
on the MBK scale. . .

HIMACHAL PRADESH

Th [ : |
e macroselsmic Investigations of this earthquake in Himachal Pradesh, Punjab .-

and
e tlt: Union Territery of Chandlgerh were conducted by the officers of Punjab -
machal Pradesh c¢ircle, Chandlgarh as well as two officers from the

NEInNearin v GS » NR, 1]
. 3 kn - he argas covered Yy different

. 3 Area Examined
_ Gurdev Singh

Punjab and Union Territery of Chancilgarh

Gurdev Singh

Eastern Himac
S.K. Hans hal Pradesh bordering UP covering Sirmaur,

Shimla and Kinnaur disttriets

P.M. Jalote
A.K. Chowdhary

Satlu} catehment

Prem Kumar
N.K. Punj~

Central Himachal Pradesh ¢ ) |
_ overlng Mand \
Solan districts. : - Plisspur andy

The dat '
_enensm:l g:ne:ated by all these partles have been synthesised and utilised for
of the tsoseismals of the shock In Himachal Pradesh and Punjab '

ii
|

* where it was felt from east to west.
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In Himachal Pradesh the earthquake was felt by "almost all the pebple and

resulted in death of one person at padsari in Sangla valley, Kinnaur °discriet.
About. 20 houses'collapsed in the districts of Sirmaur, Kinnaur, Solan  and
Hamirpur and a large number of residential and office bulldings devetoped cracks
but majer engineering structures ‘like Andhra dam, Bhaba project and Bhakra
dam, escaped'wl’thout any damage.

In ICemral Hlmachal'_' Pradesh encompassing Mandi, "gundernagar, Bllaspur, Arkl, '

sgjan and Parwanoo ares, 2 to 3 shocks were -re'parted‘ At Ark! and Nainduri 1t
was reported that the initial shock was mild one while the second and “third
ones were much stronger. The duration of the earthquake was consistently
reported to be 45 seconds. AL Parwanco people reported that the sound
accompanying the ‘shock was as If electric short circelting had talken place. At
Arki the sound waé compared with that of & truck hitting the butlding while at
other places it was reported to be simllar to that of strong stormy wind. In
Bilaspur district the pebple felt the shock more severely and stray incidences of

" people not able to stand were also -reported. The direction of the vibratlons was

consistently. reported from northeast to southwest with the exception of Mandi

_’Darhages in "_thé form of development of cracks 1n some Kutcha houses 8nd
isolated incidences of opening up of joints in brick houses with cement mortar
have been repor’ced. In Kunihar viilage jocated on Quaternary sediments the

‘damages In the form of partial collapse of adobe type constructions, suggesting

{ntensity V1, have been observed. Brief description of damages sustained in

_Kunihar viliage sre as under:

The _earthqu'ake ‘hage caused severe damage 1o about 20 adobe constructions out
of which 5=-6 houses have demonstrated partial collapse of walls. In one, two
gtorey house, built in 1920, both jong and sho_rt. walls have collapsed and gaping
cracks have developed sll along the length of the walls (Photo 99). The gap in
the cracks varies from shout 12 ¢m at the top to 1lmm towards the base. In
another house the .gouthern shert wall has been damaged and & gaping crack -
with an opening -of 5—6em at the top and pinching out Tnear the bottom has
developed near the corner (Photo 100Q). At the police post construction Joints .
opened up due to the tremor. ' .
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The des;rlptlon of cracks observed in dirrérent localities a;re tabulated below:

Place : Cracks Opening Type of House
Parwanoo _ Wide .cracks trending 2mm to Four storay cement
NW-SE in thg celllng  |dmm houses. Cra¢ks on the 3rd
foor in. the celling '
towards the end of the
bullding.
Ar i
rki Vertical jeints, Opening|2mm to Type A Kutcha house
of joints between two |4mm :
walls ' '
S
atot.‘l Vertical cracks Smm to Kutcha houses of Type A
: 10mm as well as In cement,
cemented stones and
bricks.
Dartaghat * |Irregular ecra
; cks Towards '
] inclined, vertieal the base gemented stone 'I‘ype ’
Bilaspur Vertical cracks t
_ | n N-8 |2~8em 1K
. direciion 30 to €5cm wide gap uichs houses Type A
from top towards the
base . '
Mandt Opening of the joints lcm Cemented pucca single
— . storey house (Type B)
armana Cracks both in ground |[Inelin ' '
i ed en|Co
. |floor & Upper storey |echelon nerete bullding
type
Swar
ghat Old eracks ) . Opened up |Stone cemented Pucca
- {single storey

S In i
Sr}:a;:zw:?sterr:j :imachai Pradesh, adjolming Uttar Pradesh In the plaing of
& an aonta Sahib and in the lower Less 1
Himalaya [neludt
localitles Shilial, Kamras, Timbl o Y T e
h . ' . Rorhat, Tiani and Rohru, th
varied from one to thres in humber : S ks reported
and the maximum durati
. | on was reported to
_ K:t:::;.lt Slmn:lnutel; Iz;( the upper parts of the Lesser Himalaya lricludlng Jubbal
. 8, Warkanda, Rampur, Bhabanagar., Ta abo
_ . . prl, Poo, Kalps and Tabo
?::p:pm::t;y felt one contlnuous shock lasting for 30 to 45 second& thbﬁgh a
orted upto 3 shocks at short Intervals. In '
| _ ..In the lower reaches %
el ncludin
an, Kwanu, Shillal and Khadrala people felt sound of strong wind blowing, l:
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Shimla the sound resembled that of ‘moving of vehictes while in Kinnaur district

_ rumbling and thundering sound accompanied by resonance' was’ felt accompanied .

by rattling of doors and windows. Cases of falling of loose objects on tables and
shelves were reported at Shambuwala, Daula Kuan, Minal Bag, Kwanu, - Tapri
Kotkhal, Theog snd Kalpa. There was no change in the discharge of springs
except at Theog where the Assistant -Englneet; lrrlgatién Department reported
that a water spring had dried up at ‘its usual jocation and had emerged out
about 50m down slope. At Rakcham It was reyorted thet one spring started

emitting lukewarm watet. The predominant d;rzetion of wave propagstion' WHS

reported to be NE-SW but a few NW-SE, N-S and E-W directions were also

reported.

The general damage to the constructions was restricted to development of cracks
in A type houses and a few of brick masonry &t Tapri,Atal, Kotkhal, .
Skandon—Korga, Morang gll falling in jsoseismal V or near to the boundary of
isoseismal V1. In Chitkul much more démages have been caused as it lies In the
{soseist V1. It has also been noticed . that damages in and around T'mbl village
have besen of higher category and collapses of some adobe houses has been
recorded in. this village, The villages which have suffered considerable damage

are described below:

CHITKUL (DISTRICT KINNAUR}

This village is located on gentle slopes occupied by glaclal fan deposits on the '
right bank of river Baspa. The houses in this village are generslly made of .
intertocked wooden beams with dressed stone layers and siate roofs. Most of the
houses are two storey § to 6m high adobe structures and no damage has been
reported to_' these conventional dwellings. Many recent Government constructions
which are about 20 years ‘old lncluding PWD Rest House, Ayurvedic Dls_pensa'ry
building, Primary School building and PWD stores building made of load bearing
masonry walls with tin roofs have suffered constderable damage, the worst

affected being the Dispensary building.

The double storey Dispensary bullding built in stone masonry with cement taping -
from outside and mud plaster on the inner surface of the walls show damages in
the form of collapse of roof of the store room, broken top portion of walls and
cfacks In the east west long walls. The NB5'E-S85°'W wall has collapsed in the
gable portion while the wooden frames and the cefling are standing {ntact. The
chimney projection above the roof has also suffered considerable damage (Photo
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10%). Near vertical eracks which taper near the roof as well as the first floor
have been recorded in the N-§ wall. These are inclined at 70* and 85° rowards
south and north respectlvely and extend for a lepgth of about I 10 1.5m. .

The Primary School single storey building has demonstrated damage in the form
of collapse of gable portions in the N-S5 direction damaging wooden furniture.in
the_class rooms. Blg chunks of mud plaster has also fallen. '

The side walls of the PWD Rest House aligned in the N-8 direction show bulging,

one in the easterly direction at mid level (Photo 102) and the other bulges

towards west. The back long wall aligned in the E-W direction has developed

hortzontal crack as well as few subvertical cracks near the top of the wall. The
" slab of the chimney of the PWD stone building has rotated.

A single storey. Chakki owned by Sri Nand Negi built in stone masonry in mud
mortar suffered heavy damage in the form of gaping cracks in the walls and
partial collapse of walis. Northern wall of this small structure developed 1.5X1m
stze hole. Shri Mahabir Negl of Indo-Tibetan Border Police (ITBEP) whe happened
to be in house in Chitkul reported that the mule track berween Chitkul and
fani Kands had been damaged. at a distance of 12 km from Chitkul because of

rolling of boulders. Incidence of rolling boulders _trom the northern slopes of
Chitkul village have alse been reported. '

BADSAR! VILLAGE

This village is located about 5 km from Rakcham towards Chitkul on the right -

bank of Baspa river. The Rakcham granites constitute the high hills of the right

" bank slope while the viliage proper Is Jocated on gently sloping area occupied

by overburden material. A dry gully with steep slopes formed of roiling boulders

occurs at the head of this villagé, Due 1o the earthquake four rock blocks of

approximate 5m?® size got detached from the parent rock mass at higher

‘elevations and rolled down along this steep gully slope. Three of these boulders '
were entrapped In the bouldery zone while the fourth one rolled down to the

habltated area klilitng one person. injuring five others and killing 10 animals.

SANGLA

Everybody in this village was awakened, panicked and ran out of the houses.
_The Gl sheet roofs rattled but the loose objects did not fall. In ‘the toewn no
damage was reported in the house, generally made up of interiocked wooden
beams with Intervening. dressed stone masonry layers. The Rukti Power house
and the appurtenances located on overburden material were examlned and no
apparent damage . was  seen in these structures. However, In the residential
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" Himechal Pradesh State ‘Blectrictty Board (HPSEB) rest

t
© side has developed cracks from the roof level to

. “The Post and Telegraph building, 8 three storey structure,

10l

; : : v with cement
pulldings, three storey apartments made in dressed stone masonry

in the walls. The
) disptayed minor cracks
ey B ’ house bulit in 1989 with
{ cracks
q d stone WMASONTY and cement Mmortar has developed halr fine |
Tesse 1

ars.
specially in the back varandah at the junction of peams with pill

mortar and horizontsl woo

RAKCHAN | | | N
| up .of stone WMASOnry with mud mortar and cem

d but the kitchen and chaukidar's residence by its:
he window base and . big

aligned
chunks of mud piaster have rallen_in th; kltsr;t:ﬁr;. C;:n:e;tio:‘t.le Iiideth‘:alfwrfedic
ois - -Ns"-'"Ei';:f O.walil;:id b::'tlg::e ;:‘Bofwe direction cracks ‘along the mortar m;:
A : nlgdows on both the walls, plaster has tatien. This buildlng-h_
e et W‘-‘e maéonry with cement mortar and mud plaster. Another
e in *mth Sti:le ty.p'e {Junior Engineer's residence), displays erack rrou.z -;:Z )
e e ‘: lsvel .-ln .a. ﬁlﬂe wall éllghed in the N30‘W-S30°E direction‘f-_the |
;‘:'a:hheSeg;::'t; ﬁ:t also shoﬁ \}enlcal_crsc_ks in the slde walls and some O

preexisting cracks have widened.

The PWD rest house made
taping has not been damage

GHIMLA-THEOG-NARKANDA

s . body awakened and
. : hock strongly and everybody @
R )i ares people felt the $ Y . e
o csa:sio out ‘of the houses. Mr. Verma, spO of Nathpz Jak:a:ite_:r.'oghat.
:':: );ration (NJPC) staying in ‘second floor of & RCC frame build::ga:i;s ad thac
thepshock c#me rrom eastern side and further felt that th; tfmrgh o e
' about 5 te 7cm In 3m

- t direction and the swing was 8 e
ess:m:e:loor No damage has been reported in his bullding. He rurt::;;d::g e
:::t near Jhaku temple' on fourth ficor of the RCC frame structure
cracks have devélope_d in partition walls.
. : made up of rad bricks

with lime mortar displayed no damage.

' 100° damage has
The Grand Hotel bultdings are In general about 100 yesT qld a::l 3_0 mrnors e
been r'eported in the main “pulldings. I_n bioek Neo.I1 guarter . m. e etton
hat been observéd in the wall (the building is shightly poorer ) |

_than the main building).
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' Theog

The shock was felt strongly and peovple came out .of houses.. Ho damage has been
reported. It is reported that in near by villages old houses of poor construction
has developed minor cracks. : '

Narkanda

The shock was felt strongly but no damage has been reported.
NOGLY-RAHPUR_—JHAKRI—JEOR[-POOH—ICHAB .

In the Nogly power house building situated on overburden, no dam-age has been
observed. In the 33 KW cantrol room which is an extension of the main bullding
and constructed afrer 1875 Kinnaur earthquake' about 2m long vertical cracks In
the wall have developed at the jumction of RCC pillar and masonry wall at two
places. The height of the wall 15 4 to' 5 meter and crack has developed In top
2m. only. No damage has been observed in the anchor blocks of the penstocks.

People in Rampur felt the shock strongly and came out of houses in ground floor
alse. The 80 year old Satys Narayan temple made up of lime mortar and stone
stands erect. The side ecourtyard bullding made ni) of wooden beam and stone
~which is tilted earlier has not been damaged. o

The Jhakrl colony is situated on about 40 to 80m thick ﬂuvlo-glacla} deposit.
Most of the houses are two to three storey RCC framed structure with partition
walls while a few houses sre single storey buildings with load bearing walls.
Due to earthquake pecple came out of houses, but no damage to bullding has
been reported. Nothing fell down from shelf ete. The type VI quarter (eingle
storey with load bearing walls) which are siitnated in the slow creep zone and
had developed cracks due to ‘creep movement earlier and were 1ater filled up by
cement mortar, no damage has been reported due to this earthquake. .

In - the NJPC colony at Jeori {previousiy HPSEB colony) In four storey RCC framed
strqcture bullding, the partition wall has developed cracks below the window In
second floor. The newly constructed c¢lub building shows hair line cracks ajong
. the floor. St . .

© Taprl is situated on the Satluj river terrace deposit. Here people fali the shock-
strongly. In Ram Charan Dass hotel minor ¢racks In wall on first fleor portion In
partition wail has been observed (Poor construction). In the out house of the
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rest house ‘allgned in NSO"_-SSO’!: widening of preexiating cracks in the slde
walls and lrregular dlagonal cracks extending for length of about t.25m have
been noticed in the long wall at ground floor. The upper storey is not damaged.

A Kirana shop owher AU Agpa ihlle sleeping on wooden cot on ground floor felt
the shock strongly, he did not come out of the shop. Nothing fell down in his
shop. The welghing belance hanging from the roof started swinging.

The Morang village is situated on the Jeft bank slope of the Satiu] river (about
200m above the river bed level) and slope wash material forms the siope. Shri
Jasbir Singh, School Teacher felt the shock strongly on ground floor. Ne utensil
has falien from the racks. His house Is govt. gquarter made up of stone masonry
with mud mortar and cement taping. In his house wvertical cracks on back side
has developed-due to 19th January, 1975 Kinnaur earthquake. These cracks have
slightly opened up due to this earthquake also.. o

The residence of S_hrl Chaube an{:the’r school teacher, a double storey stone

masonry old building aligned in the NBO*E-580"W has developed cracks in the
long walls as well as the side walls. Loosely stacked stones In the gable portion

. tall and a8 man sleeping below this with a child had ‘a providentlal escape. The

double storey huilding police station bullding shows eracks only on the first
floor -and the gable portien of the ‘N-8 aligned side wall has buiged in the
wersterly_dlrection. A stone has alse fallen from the loosely packed gable
portion. In the Govt. ayurvedic’ dlspens’ary'tiullding aligned in N30°E-S3O°W

' preexlsting eracks have'open’e_d out; a few new cracks have developed and back

wall is severely damaged and needs to be dlsroantied. A long wall has bulged in
the N&O'W dife_cr.(on. 1t is apparent from the reports that many buildings in
Morang had been severely shaken and damages In the form of cracks were
caused (Intensity VB during the Kinnaur earthquake of 1975. The CONstructions
were only patched to make them habitable, As a3 result their strengh was -
reduced and thus suffered cénsi-derab'le_damage during this event.

People at Pooh felt the shock strongly. The PWD rest house made up of dressed
stone MASORTY with cement taping bulit on slope wash material consisting of
clay and shingles has not been atfected by the earthquake. tn village the
houses are made up of stone masonry with mud mortar and mud plaster. A few
have developed cracks in plaster about 0.5m long. ' '

Thé Dubling Pollce_' guarters were examined. These are built on rock and are
made up of stone masonry with’ mud mortar and mud plaster. No damage has
been reported and nothing has tallen from sheif. ' ' '
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In the urban settlement at Faridpur, about 15km. short of Bareilly town on

Shahjahanpur~Barellly road, many people were awake afier returnlng from
Ramieela and thus could narrate thelr experlences of the shock. Aeccreding to
Shrl Satva Prakash at Jai ambe Hlling station a strong shock was felt while
Iying on the E-W oriented cot on lst floor of the Pucca house. The shock was

felt from N to § for about 20 sec. He reported the swing of a hanging dholak'’
and rattling of lateh of weoden box. It appears the intensity 1V starts from this |

place as the shock was ”=lt by many who were awake in this township.

In Bareilly town many persons who were awake felt a strong shock. Dr. M.P,
Saxeng, &r.b.M.O. and his family members felt the shock which lasted for azbout
30 to 40 seconds. The hanging bulbs swung for more than 5 minutes. They felt
the shock from north o south while lying in E-W direction on the cot. The
Pujari of Sapkatmochan temple, Baba Rajgiri in front of Railway Station described

it as 2 strong shock. His bed was saligned In E-W direction and was shaken In

N-5 direction. He felt 3 shocks of wrich the second was stronger than the other
two. He Informed that it was feit by many staying around the temple. A Railway

Assistant Engineer Mr. Som BIr Singh had felt three shocks and was awakened'

by the shock. He saw hanging objects like bulb swinging. His pet dog started
whining. He was sleeping in E~W lying bed and felt the shocks from north to
south . Strong shoeks were felt by Mr. Tiwari and Mrs. Pande in residential
bullding of Telephone Exchange. These people were on the 2nd fioor. The celllng
fans and hanging bulbs started swinging though they could not mark the

direction of the swing. Shri Abdul Quadir of Hazl brick fleld at Mundie Ahmed -

Nagar about 10km. from Barelily on Pilibhit road felt the shoek at 2.90 AM. for
a few geconds. He wae lying on the bed on ground ficor of a pucca house. He
observed that photograph hanging on the wall started swinging. The eaithquake
shock was felt at Akupur viliage near Nababgan}, 32km. from Bareilly on PLibhit
road as informed by Mr. Daler Singh a resident of the village..

Enquiries made at Pilibhit town reveal that most of the people fast asleep coulid
‘nhot feel the shock but few sensitive ones woke up by this shock. Mr. Ravindra

" Singh, Rohlikhand Service Station deseribes it as a8 minor jerk. He felt the shock |

at gbout 3.00 A.M. Sri Jasveer Singh of Doordarshan Kendra who was skeeping on
the ground floor verandah of a single storey building woke up. He felt three
shocks and saw plants shaking and heard ractling of doors and windows. The
shock in this locality was feit from N to S. He also showed a thin craek In
plaster above the lintel level on the long wall oriented in E-W direction.

R 2t o i N 5 S
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KUMAON HIMALAYA

In Khatima  township located NE of Pllibhit on Bareilly- Tanakbur Road, people
got awakened by the quake and felt a strong Jerk. Shri Ved Prakash Mishra
stavlng {n Sri Hanuman Mandir felt one shock, though few persons are reported
to have feit three shocks also. The shock ‘was felt accompanled by rattling
sound of utenslls and creaking sound of thatched roofe.

In Tanakpur town located at the foot of the hil}i in the Bhabar Zone, majoricy of

_the people remained asleep but a tew residing on first fioors woke up.

The earthquake shock was- felt at about 3.00 AM. at Brijnagar village located
on Stwallk formation. Shri Brij Mohan, owner of the Achar Udyeg, residing in
pucca double storey building could not feel the sheoeck as he was in motion when
he was returning to home from  Ramleela 'but his family members reported that

“they got up and tried to rush out in panic. They felt three shocks from N to §

and the penduiwm wall clock'-s’toqped‘ A thin erack trending E~W was shown on
the top fleor. 'Ha_wever. the Ramleela viewers, returning back to their houses on
foor could not feel the shock but the same was felt by most of the persons at

rest.

-The vlllage Chalthi ls sltuated on the left bank slopes of Ladhlya river. At the

Primary Heath Centre, it was reported that the shock was felt by everybody all
in the village. Shaklng of beds and ratiling of wlndows and untensils were also

reported.
In Champawat town spread in a wide valley st an zltitude of abom 1600m, two

shocks were felt which awoke most of the people. The owner of hotel Basant
Vihar reported the fall of utenslls from the rack -

Shri Chintamani working in the DGBR gang descrlbed that he and others of
village Naval woke up due io the tremor which was felt at about 3 hll Three
shocks, middle one being the severest, were reported.

The residents of Lohaghat area woke up due to the qu.ake. shrl Prakash Punetha

" of Parwati filling station felt the shock at 2.56 A.M. with gradual increase in

the vigrationn which passed from west to east. Hissing sound like the one at
the time of a- STOTR Was heard. Shri Punetha telt another shock in the day at

about 1.00 P.M.
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The {orest check post at Ghat bridge, on left ban.l.( of Saryu River a smaﬁ pucea
bullding, with tin reoofing and wooden false ceiling was shaken due to shock and

Shri Mohan Chand sleeping inside woke up and felt three shocks within a span -

~of gbout oRe minute, :

In the Pithoragarh town. shock was felt by many who were asleep. Shrimati
Bhawana staying in PWD bungalow had felt three shocks in 2 span of about. J0
seconds accompanied by sound as If boulders were rolling in the river. The
watchman of PWD rest house, Shrl Nand Kishore felt three shocks a.f 4 55. AM
the second shock being stronger than the other two. . o

"I‘:ae shock was felt ar 2.52 A.M. for 20 secdnds‘ Rattling sound of tinshed i-o.ors_,
windows and doors was heard. All the persons woke up and the fzll of wooden
box was reported by a person In the market.

Shri Bhupendra Singh,. PWD, Didihat was awakened bv the shock and rushed out
of the house in panic. all the people of the PWD colony were awakened. Crack

in the wall was reported in one of the houses of PWD colony but could not be

examined.

In Berinag town situated at 3 helght of 1800m, the quake was Tfelt mildly as
reported by Shrl Nandan Prasad. He felt the ground motions from W to E.

Almora District

In Kamar{ Devi, Siroli villages_and Bageshwar town, the shock awakened many
people and the ground motlen was felt from W to B, ) ’

Kaussni townshlp located scuth of Garur Vsliey‘ suffered minor damages. Hotel
Sagar, & newly con;truéted pucca bduilding consisting of two separate ’btocks
aligned In E-W and N-§ directions displayed damages to the E~W .block-'whi'}
the N-8 block escaped damsge. The room Neo. 102 of E-W block has develo ez
cracks both slong the long and short walls. The cracks are at the ceiling lel::;el

and along the junctlon of the walls. Shear cracks at 45* towards south on N-$

trending walls have also been observed. The plaster on the pillars outside the
r(;om has c¢racked The E-W trenqing_ wall bulged out at the Hntel level of-
window of the room on first floor of a tea shop in the market. The plaster of

the E-W trending wall of the temple at Kausani cracked and the c¢lock kept on
the table feli down. An E-W motion was reported. :

Geol. Surv. Ind., Spl. Pub. No. 30 109

The forest rest house at Kausani is located at & slightly higher elevaticn than
the market and temple. The chaukidar's house is a double storey N-5 trending
katcha (masonry with cement p]aéter) bulldln'g, The western side N-$ wall of the
Litchen room has collapsed partially between the door and ceillng. The crockery
was broken due te fall of material from the wall as well as the fail of the
crockery on the floor. Cracks on. the E-W wall {western side) of the house have
also been observed. The maln rest -house is aligned N-5. The easteIn side wall
of the rooms develbped shear cracks through the wall with inclination of about

45" to 507 towards south.

The quake was felt less severely at Someshwar village than at Kausani. Mr.
Khem Singh felt three shocks with middle shock being more _bowerful._nattling
sound was heard and people woke up. The Pujari of Ram Mandir at Bram_bha
Sarovar, Gaughat near Kosi describes a minor shock between 2.30 and 3.00 AM.
He woke up due to shock. The people in nearby villages atso felt the shock and
heard rattling sound of the utensiis. Mr. Ayaz Husain of Niyaz Ganj in Almora
township was sleeping on bed on the 2nd floor of a RCC pucca building woke up
due to the gshock. The toys fell from the cupboard. Shri A.N. Joshl of Almora
town Mall road markei felt shock which gradually became sironger and lasted for
50 to 60 seconds. He was sleeping in N-S ‘direction while he could feel shock
travelling E-W. Few 'people came out of their houses. Mr. N.C. Joshi describes
the development' of cracks in his house by the side of FPrem Ara Mill av -

Jakhandevl place.

The market at Gasur Is situated at the bank of Gasur Ganga. The shock was felt
by all in general and people woke up. The stock of cloth feil down from the
almirah in one of the shops. Cracks widened in the wall of upper storey of the
house of Shri Ganga Dutta pandey. Fall of articles have also been reported by
Madan Singh of JinoH village, ome. km south of Gasur,

The Kumaon Pharmacy at Gasur market, a puceca bullding, suffered crack of
plaster and walls. The RCC beam to support projected shed developed crack. Shri
G.S. Pandey the owner of the shop fait three shocks lasting for 30 te 40

* seconds. He felt shock from West to east. The building is aligned N-S. The wall

trending N-§ (easteriy) developed more cracks than the E-W aligned wall.

“The town Baijnath is situated In the open wide valley st the confluence of
Gomatl and Gasur Ganga at a height of 1190m. The guake was felt by all.
People woke up from sleep and report two shocks frem: Wwest to east
sccompanied by rattling of tinshed.
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Khab

In the army camp people were watchlng TV ai the time of earthquake. The table
on which the TV was kept started shaking. It was so0 severe that one of the
man ‘caught hold of TV so that It did mot fall. In ihe village mo damage has
"been reporied. The houses are made up of stone Masomry with mud mortar and
mud plaster. .

in addition te the above described damage patterns incldences “of rolliﬂg down of

boulders and stones were reported from many parts of the Kinnaur distriet

mainly from Chitkul area (Badsari village described earlier), Sangla, Rakcham,
Karcham, Morang and Shiyasu Khad =znd many of the old tandslides got

reactlvat.ed SDO Mortang reporied that a big tandslide had occurred whieh could-

be seen from Moramg in the N30*% directlon and had caused rising of dust
clonds which could be seen upto the noon of the 20th October, 1991, the day

the earthguake had occurred. These ineldences of Jandsiides have been utilised

for constraining the lisoseismal VI though in certain ltocalities the damages to
the construction have been of lesser degree.

In the lower Lesser Himalava in eastern Himachal Pradesh the general damages
are akin to Those expected in Isoseismal V buat ip joralised area around the
viltage Timbl higher grade damages have been recorded, the detalls of which are
given below: ' :

TIMRI AREA

Timbl area reportedly experienced three shocks in a span of 30-50 seconds, the

first shock: being severest and ‘of longest duration. AW the people were

awakened, frightened and rushed out of houses. ‘The village Pradhan reported
that s he tried to come out he fell in the N20*W direction Rattling of windows
and doore wWas reported by all, untemils tell from the shelfs and twe directions
of wave propagation, cne in N7O" *E-570*W and the other In N30'W-SI0°E, were
rgported. Three Kutcha houses collapsed. Long wall. of a house, constructed of
stacked cement stone and plastered with mud, collapsed in N20°W direction
(Photo 104}. The western side wall of another. house, under con_structlun,-also
epltapsed In §70°W direction.

At Baldwa located wnear Kamrao a double storey B=tvpe house has ‘developed
shear ¢rasks In the side walls orlented in the N20°E-$20'W and even the
partition walls 'parallel to the side walls have developed similar cracks. The
long walls of this house do net show any slgniflcant cracks {Photn 105) It was
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reported that the first shock was felt from Hﬁo‘E—ssoW direction while the
second was in the NGO" %-S60°E and the side walls orientad obligue to the rirst
wave propagatlon have failed under shear.

At Kamrao, preexisting cracks in the wzll below the beam in the Sub-Tehsil
office bullding is widened due to this ezrthquake. This bullding Is built in brick
masonry. The cracks extend in the WNW-ESE direction which is parallel to the
tong wali of the bdullding. Cracks at the floor of the building, oriented a little
obligue to the long wall direction have aiso widened. At Kamrao Sub~Tehsil one.
collapse was reported 2nd a Tew bulldin.gs developed cracke but these reported
damages could not be confirmed. Further morth in the villages of Atal and Tiuni
the damages have significantly reduced.

CENTRAL AND NORTH-WEST UTTAR PRADESH

facknow=-Bareilly Sector

The area between Lucknow and Barellly is a part of the Indo-Gangetic plain.'
At Lucknow, s faw people staying on the upper storey of the bulidings and
‘fortultously awake felt a minor jerk for a fraction of a second. Enquiries show
that this shock was not unifermly ‘felt at places between Lucknowx and
Malihabad. The chaukidar on duty st petrol pump in Mallhabad could not feel it
The people awoke by clance at that time could feel minor jerk but could
ecorrelate this with the earthquske only after reading the newspaper the next
day. . ) .

" The cabinman st Sandila Rallway Station, on duty sitting on the first floor of

the east cabin felt a momentary jerk, while peuple in the township could not
teel Jt. :

[n the level crossing No.96 on the track te Sandila, the shock was not felt and
same was the case at Kachona thana,

The enqulries made in the market and at the petrol pumps In Hardoi and at
Shahabad revealed that the shock was not felt even by persons who were
awake.

The Shahjahanpur town remained unaware of the shock. The enguirles made at
Nariman Petrol Pump and Balil timber merchants shop revealed that nobody felt
the shock, except at the Dhaba at rallway crossing where minor vibrations were
fett. At Tilhar township the minor shock could be felt by few persons
incidentally awake and residing on the first floor.




GARHWAL HIMALAYA
Chamoll District

In the market atea of Gwaldam (1896m} people reported three shocks felt within
45 seconds, of these the middle shock was the strengest. The bus conrductors
and drivers- sleeping inside the bus woke up and came out. Fall of pickle
contalners in the shop was reported by Mr. Balwant Singh. In general, the shock
was felt from north to south. The north-south trending wall (eastern side) of
first floor of the four storeyed hotel Man Sarovar, suffered cracks on the outer
face of the wall. 1m long paich of plaster of the same wall inside the room had
fallen and shear cracks have developed, :

Tatwar! 'vil!age is situated at a height of 1885m and is 10km away from
Gwaldam on Karnapravag Road. The quake was felt by all and few ran out. The
shock was felt from N-S direction, Mr. Narain Singh reported the rail of utensils
in his house and shaklng of the trees in front of his house.

“in the remaining areas of the disu'!ct the damage surfered by Lhe structures is
comparatively more in NW sector in Mandakinl valley than those located on
"eastern and southern sides in Alsknanda vailey.

The ramous Badrinath Temple and the township are located in Alaknénda valley

at an altitude of 3200m, on glacial and fluvie glacial depoesits. The temple is-

sltuared on the right bank of the river whereas the supporting structures like
dharamshalas. hotels, guest houses etc. have come up on both the banks. The
main temple Is a stone masonry Structure _whereas other Dbuildings are
constructed of various types of materials like mud masonry, cement magonry and

RCC. The kutcha buildings of mud masonry have suffered damages comprising

open cracks with a few instances of wall collapses. In case of bulldings lke
Subodh Dharamshala and Kurmanchal Dharamshala with their long walls aligned
in N-5 direction, partlal collapses have been -observed in southern walls and
cracks and peeling off of plaster in eastern or western walls. In case of house
-of Shrl Dewan Singh, open cracks with slight bulge were observed on southern
wall. The Intensity of damage in case of other Kutcha structures is qulte low. In
case of pucca buildings, the damage comprises open cracks on walls of first and

second floors and development of hair line cracks on walls of ground floor as in -
the case of office of temple committee. In general, the damage Is of low

intensity and confined to a few buildings.

In  addition to the damages discussed above, no instances of terrain chang
were observed in the area except for rolling of one boulder ¢f Im size from T
slope to road near Hanuman Chatti. Damage comprising development of halr 1)

..cracks ahd_ a2 few instances of open cracks in upper Tloors were also ocbserved
- Gopeshwar {Hospital Building), Joshimath (PWD Rest House} Chamoll, Karanpray

{Dispensary) and Rudraprayag. The intensity of damage was observed to
slightly more in case of Rudraprayag where the frequency of development
eracks in walls of RCC bm]d!ngs is slightly more.

" The infensity of dama_e increases progre%sively in Mandakini valie; towatl

north and NW direction. Development of shear cracks was notlced on SW e
walls of NE-SW aligned houses located on the outskirts of Rudraprayag, Tilwa
Augustmuni, etc. But no cases of collapses have been reported In the

" localities. However, the emission of air and water have been reported from Bav
"and Nera Busta Villages._ located near Rudraprayag and Augustmuni.-

‘Further north in’ the Mandakini valley, almost all the  Kutcha (mud mason

houses have suffered damages comprising hair line craciks o open cracks

walls. In. a few casés the development of shear cracks was observed In soi
eastern walls of NW-SE aligned houses. A few instances of cracks in puc
hauses {stone masonry with cement sand plaster) and partial collapse

partition walls was also observed. However, these collapses are confined to gal
portions only. The building of Primary Heazlth Centre falls in this category. T
structure with its long wall allgned in NW-SE direction has develaped, or
shear cracks in short walls {Photo 106). In buildings aligned in NE-SW directic
open cracks with slight bulge and tilt were observed in short walls {(Photo 10
The partition walls have collapsed partially with the damage confined to ¢
gable portions only. The damage, in general, 1s of same intensity in the villag
around Okhimath,

The village Pathali is Jocated about 100m above Aakash Kamini river,
tributary of Mandakini, on a ENE-WSW trending narrow rvidge. In this wvilla
many houses have been damaged but no collapse was reported. The houses wl
thelr long walls aligned in N70°E-S70'W have suffered more damage compared
those with long walls aligned in N20'W-S20°E direction. Tt is also reported tt
one old landslide located on right bank of Akashkamini on southern edge of t
village was reactivated on 15th October, 1991 causing blockage in the course
river. One of the possible cause for reactivation of this silde could be fi
shocks of this main shock. '
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similar pattern of damage was observed in villages Usara, and Duggal Bita,

. located east of Okhimath where eracks with slight bulge were noticed in Kutcha .

houses and PRD Rest House. In all these cases, cracks with slight buige were
prominent on SE walls of NW-SE altgned buildings.

Further, north of Okhimath, similar pattern- of damage continues In Guptkashi
‘upte Phata beyond which the intensity and rrequency'cr cracks in houses
increased, The development of cracks trending N20"W=-820"E was also observed in
road near Phata. These were observed oft and on upte Snnprayag. The damages
- prograssively Increased further north upto Sonprayag (about § km south of
Gaurixund) where first instances of honse collapses were observed.

TRLJUGI NARAYAN

The village is located 13 km. north of Sonpr.ayag at an altitude of 2600m. and
is appreachable by a metalled road. The place Is famous for Trijugi Narayan
temple. ’ .

The influence of the 20th October earthquake was quite severe in the area.
Almost B0O% of the poorly constructed type-A structures, that is houses of thick
mud masonry walls with slate roofing developed open cracks and nearly 20%
suffered partial collapses, particularly of the gable portion (Photos 108 and
108}, : :

The Trijugi Narayan -temple has suffered minor damages. The symmetrical
structure is constructed of tabular granite gneiss blocks (ImX0.5mX0.1m) which
have. mot been much weathered during centuries of expesure. The influence of
the 20th October earthquake on the temple can be seen at two pelints that is at
the “Shikhar* and the amblak' (Fig.32). The raised stomes of the NE-SW wrending
tace of the Shikhar have bulged or opened out by about 2 to 5cm towards
sonth. The large granite—gneiss biock chiselled In lotus shape {(amblak) and
placed atop the “Shikhar' has been reported to have moved by about 5 to 10cm
rtoewards NE guadrant. The rest of the strocture is intact. The large shear
friction provided by the horizontally placed tabular granite—gnelss blocks have

been responsible in preventing any locsening or movement under the influence of

the strong ground motions. The bulging of 2 portien of the "Shikhar' could have
been the product of compressive stresses generated as a result.of interaction_df
vertical component of ground accelerations and load of the structure.

c T, . 1) i of | 2 i.! .
Gorthi village. )

Photo 82

Fhioto 83 * Heavily sheared side walls of @ -
house in Gorthi village.
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Jakhoti village located on aspur.

- ‘,lems& Damage_dresﬁenceafdoaorin

Jakheli village.

Photo 86  Collapsed veterinary haspital in
Jakholi village.

e —

Photo 87

Tilting and collapse of piilars of a house m
Rana vd.‘age.

Photo 89

Collapse of first floor of a comentional house

 in Gangani village.

Phioic 88 Damage Jo dlusier ofﬁousﬂ in Gangas
viliage.

B

Photo 91 Tilking of the casierm long wall o
mnmummlhommegmwuagc.




Photo 52 A  Damaged lowrise roadside temple, a few -

Photo 92 Cwmving in of the roof of a convendonal
ken before Barker along Kalsi-Barkot road.

construction because of pardal collapse of
supporting walls, Gangoni vilinge. -
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Photo 83 Pardial collapse of an old house locased on” . Photo 94 Bulging and cracking of walls of a house in Fhoto 96  Cracks in she arch and sill portion, in the rear
: Yamuna terrace. Small waser channel . FPurola village. wall of FRI building.
supported on high pillars has escaped domage., i o :




Photo 99 Pa

m

hoto 97 Disiodged - brick '
Jrom the cemre of ’
the arch pordon of
the  firss  floor
corridor~FRI
building Dehradun.

Photo 100  Vertical crack with 3-6 cm.
opening in a kuicha house in
Kunihar,

AL FVTR T IR

I

“Photo 98 . Fall of plaster and development of cracks
in the panel wall adjacemt to ihe
porch-Hilion Hotel, Dehradun. :

Photo 101




‘Phole 98 Fall of plaster and development of cracks .

in the pant! woll adiscent 1w the
porch-Hibon Hosel, Defradun.

Photo 97 Dislodged  brick

from the cenrre of .

the arch portion of
the  firmt  floor
corridor-FRI

building Dehvadun.

LaamasaIn bl

Phato 100

v

Photo 99 Partfal' collapse of on old house
int Kunthor village.

Verpical crack with 5—6 om.
opening in a kuicha house &

Photo 101  Pariial -collapse of gabke
: porion of a4 type-B

"

Lj ¥
building) @t Chithil.




Collapsed house

Photo 02  Budging of the west wall of
double storey Rest house af
Cheiglal

Timbi

Photo 105 Shear crads in ¢ ppe-B,
double storey house in Balibva
vitlage. .
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TOWARDS  SE MIRLCTION.
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Fig B2: SKETCH SHOWING BULGE IN THE SHIKHAR AND DISPLACEMENT OF AMBLAKH OF TRIYUGL
. KARAYAM- TEMPLE, CHAMOLI DISTRICT{SKETCH &Y P. PARDE } .
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GAURIKUND-KEDAR NATH

Gaurikund is located almost In the east of eplcentral tract on right bank of
Mandakini st an altityde of about 19%00m. Gaurlkund viilage 1s situated on right
bank- hil] siopes. about 100m above the river bed. Gaurikund attaches lot of
slgnificance as it has the famous hot springs and is the road terminus point for
the holy pHgrim centre of Kedar Nath,

in case of bulldings and houses, the damage includes cracks in bullditngs. These
cracks are open In some cases. The ¢rack openings are more pronounced on
southwestern walis of NE-SW aligned structures like Rest House of  Garhwal
Mandal Vikas Nigam. The cracks on $W wall of the NE-SW aligned bulldings are
open upte 5.0cm near the top portion. The openlngs gradually decrease towatds
bottom. Few SW and NE walls of Kutcha houses have collapsed partially (Phto
110 and 111). '

The main building of Pollece Post {mud stone masonty with cement plastered
walls), aligned In NSO°E-S60°W directlon, small cracks have developed on SW and
SE walls and plaster has peeled off from SE corner of the building (Fig.23). The
crack on SW wall rises from plinth level to window helght and extends towards
window on SE wall. The cracks have also developed on SE end walls. But In case
of annexe building which has been constructed . adjacent to the main building
with long walls aligned in N20*W-S30°E direction. the intensity of damage is
much severe. In this case open cracks have developed on 3% short wall taligned
N&O°E-860°'W). These cracks show openlng upto 1.0cm near the middle portion.
Disgonal cracks, starting from top and extending to plinth level have developed
on NE-SW trending long walls. These cracks aré open. The prejected parts have
also cracked but not ¢ollapsed.

The PWD Rest House §s an old bullding constructed in 1928 of mud stone

masonry walls with cement plaster and Gf sheet roof (Pig.24). It has its long.
wdlls aligned in N45‘E-545'W. The long walls ef this bullding from inside (i.e..

" NE-SW aligned walls In rooms) have developed shear cracks which originate from
plinth level. The damage to long walls is more pronounced on SW side of the
bullding, The NE side wall which Is aligned in NW-SE direction has collapsed in
the gable portlon damaging the Iazlse celling, furniture ete. in the rosm. From
outside, this wall has developed cracks which are wide open and a very
prominent bulge towards NE. The window has tiited by sbout 20° as a result of
this bulge (Photo 112). ’
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OPEN CRACKS
3.00»

Fig. 337 WOUSE ‘R GAURIKYND VILLAGE

The chimney erected on top of rvof, i.e. projection outside the main building has
rotated towards S60°E and has developed open vertical ¢racks (Photo 113). If all
‘these damages are taken Into account, it can be concluded that the bullding is
badly damaged. : :

Similar pattern of damage was observed In Gaurikund village which is located
about 50m above the PWD Rest House (Pig.05). Most of the houses are aligned:
either in NE-SW firection or NSQ*E-S60'W direction. The open cracks, bulges and
peeling of plasier were observed on NE side walls l.e. short walls aligned NW-SE
and cracks on lomg walls. Partlel collapses of some houses have also  taken
place. : - :

Similarly, in the houses with long walls zligned in N30"W-S30°E direction, the
. side walls have developed. open cracks at lower levels (shear cracks) and fine
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telr line cracks have come up on long walle. But no collapse has ‘been rep{)md

‘In the buildings. Cracks have also developed in one or two cement plastared

structures.

The damage to structures is more on hill slopes than on the banks of

‘Mandakini. Alse, the structures aligned In NE-SW direction have suffered

relatively less damage asz compared to those aligned in NW-SE directlon.

Kedar Nath iz an lmportant pllgrim centre, located sbout 15km. north of
Gaurlkund, at sn altitude of 3500m. The temple and other bulldings like rest
houses, shops, dharamshalas and residences of supporting staff ape located on
glacial moraine deposits. At the time of the visit, the winters had set in and
the pligrimage was tlosed, bearing an absolutely deserted look. But traverses In
the area lndlcated that the Maln Kedarnsth Temple, 3 tall masonry estructure
with high rise shikhar, constructed on the pattern of medleval temples of South
Indis. has not been affected to any appreclable extent by the shosk except for
opsning up of joint between two masonry stones. A few wall collapses in other
bulldl_ngs of mud stone masonry have been reported. Slnee these have Dbesn
repatred, only two such evidences were observed. The examination indicated that
NE end of NE-SW aligned walls of two buildings showed partial collapses. A

‘couple of deaths have been reported because of house collapse of a portion of
_Bilaspur Bhawan.

4 DELINEATION OF ISOSEISMALS

The MSK scale has been used for assigning the Intensities to the damage
patterns and delineation of isoseismals {P1g.36). An attempt has been made to
delineate the epicentral tract and the boundaries of the higher Intensity
isoseismais on the basis of complete damage surveys while the lesser Intensity

" isoselsmals have been constrained by rapld reconnaissance and gample sTuVeys.

The eptcentral tract has been determined by the following characteristic  damage
patterns: (a) Complete destructton of mud mortar and adobe constructions,
coflapse of stone masonry houses with thick walls and cement slabs demage to
RCC column structures in the form of cracks in the pillars, minor rotations and
heavy damage as well as collapse of partition walls, (b} Development of wide
open fissures In the valiey side slopes development of flssures In the formation

cuts of the roads, collapse of the retaining as well as breast walls in large
‘numbers, development of fssures controfled by the topographic setting ln the
hill side siopes occupied by overburden materlal, and (C)} Initiation of

innumerable landsildes in the rock as welf as terraced stopes with berms of less
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“than zn helght. The zrea which dispiays all the above features have been
included In the tract corresponding to the intensity Vill+. Within isoseist Vil a
llnear “Tact could be delineated around Maneri, Jamak and Dedsari which shows
“the marzimom damage. The Manerl dam is located in thls traer covering an area
of aboix 20 Sq_' km. This has been designated &5 the melzoselsmel ares
correspinding vo intensity IX. In this area the damages inciude complere collapse
" of majority of poorly constructed houses, development of wide open flssures even
in rlar ground, and shaving of terraces. Also Mmany constructions of type A
suffere! damage in the form of collapses or opep cracks. Reinforced structures
occasiczally show collapse of plllars and conspieuous cracking.

The deinestion of the isoseismal boundary of intensity VII and VIII has been
‘done rrimarily on the basis of terrain changes as "the damages to the
constroctions in the higher side of the Intensity VIi and start of the isoseismal
VIl arr almost identical. While considering the terraln changes the [requency

and irtensity of Jandsildes, dimensions of ground fissures, and rock.

dislodpsments have been comparatively assessed. In the Intensity VIT frequent
rotk dislodgements have taken place bur failure of zmall height terrace slopes
“has nct taken place. This has been taken as a criterlan for separation of
intensity VIT from that of VIN.

Utilisirz the above c¢riteria the isoseismal VIl has been drawn. This has been
well c:nstralned on the northwestern side but on the south-eastern end
‘particviarly for the inaccessible areas north and northwest of Budha Kedar, the
informesion used for drawing the isoseismal Vili was scanty. The traet bounded
by the isozeismal VIU Is _oblong'in shape, the long axls of Thich ls aligned in
the K30*W-S50°E direction. The length of this tract Is about 36km, and the
‘width = about 1B km in the central portion. The isoseist VIN covers an ares of
about 141 sq.km. The boundary of isoseismal VIIl passes from near the vilages
Gangor. Mannpur, Kishenpur, Kamand, Medh, Bhetwarl, Raithal and Agora (Fig.
. 8A). The damage in thls tract progressively Increases from Gangori to Maneri
and than progressively decreases towards Bhatwarl. ’

4.1 Isseismal VI & VI
The Isoselsma!l VII has been drawn uttlising'the' rollﬁwlng observations. {a)

General fright and panic and movement of furniture. (b} The Kucha mud mortar
buildiegs suffering heavy dsmage In the form of wide open gaping c¢racks and

collapse of walls as well as partition walls and the houses with thick stone

masonry !m mud mortar and RCC roof slabs collepsing In many cases. {¢) The
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brick and stone masonsy houses developing open cracks and shear cracks in the
side walls particularly in these houses which are oriented 1n the east—west
direction. {d) imitiation of rock dislodgements, fallure of higher retzining walls
and oceasiona) development eof fissures. The operative parameter utilised in

. differentiating the intensity VI znd VI has been the Initiation of rock

distodgements, because the other damages in the higher side of intenslty V1 are
almost similar to those of beginning of tsosélst VII. Moreover, well constructed
reinforeed structures are nor available In all the localities and. thus the
operative minor damages, characteristie of Isoseist VII are notl available at all
the loecations for delineating the boundary of isoselsmal VI and VII. For example,
the vitlage Bhalnga in Pratapnagar Tehsit of Tehrl district located on two high

‘level terraces on & nose near the confluence of a north—south flowing nala and

Jalkur gad has demonstrated loeal collapse of Kucha houses, shear cracks in the

partition walls as well as end walls of a school building bullt on RCC pillars

{which show mipor cracks), and cracks in stone masonry h These d %

are very close to. that of Isoseismal Vil but other greund changes commensuraie

with Isosetsmal V1 -have mot been recorded and hence this locality has been

included in isoseismal VL In the Bhaldiyana Suknidhar sector of the road, the

isoseismal VH has been assigned oD the hasls of appearance of rock

dislodgements, although the damages Lo the - constructions in and around .
Lambgaon is almost similar to those of the higher side of V1.

The isoselsmal ?II passes north of Gangnani hot springs in Bhagiratht valley;
near villages Rana and Gangani in Yamuna valley; Skm from Dunda towards
Chinyall Saur on Tehri-Uttarkashi road; Lambgeon In Jalkur valley: near viliages
Sllyara and Ghansali in Balganga and Bhilgngana valley respectively: Gorth! and
Jakivoli villages and near villages Phata and Gauri Kund In Mandakini valley
(Fig. 3A and 36). '

4.2 Isoselamal V & i

The boundary of tsoseismal ¥ and VI has been drawn primarily on the baslis of
damages of the form of fine cracks In the brick and stone masonry structures,
gaping cracks in poorly constructed earthen houses and adobs constructions and
oceasional settlement of wet and unconsotidated. ground resulting in cracks in 2

tew well comstrucied bulldings. In the lsoseist VI suech areas which show

damages In the form of collapse to kutcha houses, damhge of wide open gaping
cracks In brick masonry comstructions have been inetuded though all these
damages are located in the upper boundary of this isoselst. Many localitles like

those of Kalyanl and Brzhmkhal on Dharasu-Barkot road, - Barkot and Purola
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townships In Yamuna valley. Balnga vlilzge in Jalkhur gad, Gensall village in

Bhilangana valley show damages which are akinh to those in the lsoselst VII, but
in the absence of terrein changes these localities ‘have been kept In the iscseist
V1. On the contriry small areas wherein the damage (0 constructions are of a
lower isoseismal but due to reactivarion of old landsiides, as around Morang in
~Sutle] valley, have been Included in isoselst VI

The boundary of isoseismals V & V1 passes near Sangla village In Baspa valley
Himacha! Pradesh (HP} and in the anticlockwise direction it passes through
Saigad in Yamuna wvalley, cuts the Mussoorie=Dhanaulti read near Buras Khanda,
near Chamakhal on Rishikesh Tehri road, mear Maletha on Kirtinagar—Tehrl road
and near Bageshwar In Kemaon hilis.

4.3 isolated Highs of Ixoseismal _V'I

During the course of the macroseismic surveys four isolated Jsoselsts of -

intensity VI have been observed. One around Dehradun, one near Dugadda, north
of Kotdwzt In UP Himalaya, one around Timdi and one sround Kunlhar in
Himachal. These areas are located within the isoseist V. These tsclated isoseists
are allgned in the NW-SE direction. and have thelr long zxes in the same
quadrant. ' :

4.3.1 Dehradun Isoselst of V1 -

Pehradur town and its vicinlty experienced a higher intensity than in the area
- around thls town, like Rishikesh and Harldwar in the south-east, Mussoorie on
the nerthk and Harberipur in the west all of which fall within the isoselst V. In
Dehradun almost al the people were frightened and ran our doors. Many

buildings, some of which are good constructions, developed cracks. Some Kutcha

houses iocated In the surrounding villages developed gaping cracks, and a few
wallé also collapsed. Some of the important structures which have demonstrated
these damages are the Maln Block of the Forest Research Institute building, the
Hilton Hotel in Dehradun, and the Minl cement plant near Rajpur.

4.3.2 Dugadda Iscaeist of VI
The Dugadda arez, like that of Dehradun, has ‘experlenced higher Intensity of

ground aceelrations than lis surroundings. These are refiected in the appearance
of fine tn open cracks, and bulging and partial collapses of masonry walls. The

Photo 106 Cmcts.iu.m!k of the swff quarters of - Photo 107 Northward bulging in short woll of
" Okhimath Public Health Centre. :

Okhintath Public Health Cenrre.

Wwﬂwofﬁmﬁwimg»dlofc. Photo 108 - Coﬂweofdmudlofﬁcwbmm&.
Mneml‘rqugaﬂaraym L S Thmhraqm :




. Photo 110 Pknafaﬂofdwhaminforegramdmdpmu’alsﬁonwﬂadtapm :
: of the house in the background of Gaurilind, . : i

Photo 113 Separation and cracking of chimaey in the
ouit hiouse of PWD Rest House, Gaurikund.

Thoto 112

Bulping and
cracking around
the veniilator and
partal  collapse
of the gable
pordon of the
PWD Rest house,
Gaurdkund
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Phato 114 Horizontally cracked minarer of a mosque, Dugaa‘da.
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Fig. 37 PARTIAL COLLAPSE OF MUD MASONRY WALL UNDER TENSION, GAURL GRAM,
DUSADDA {SKETCH BY P PANDE] ) :
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residents of Dugadda reported a series of strong shocks in a span of few
seconds which resulted in the falling of utensils and furniture thereby creating
a sense of general panle. One of the road side minarets of the village mosque,
approximately 10m In helght, slthough not thrown off, has gevered in the middle
along a horizontal plane (Photo 114). The adjoining village of Gram Gauri,
located over 2 terrace deposit, shows the maximum damage in the area. Here, In
one poorly constructed house, the outside face of the long mud-masonry wall,
trendlng NE-SW, has partially cotlapsed (Fig37). Pew other such walls have
bulged out. Another well constructed type-B house -shows development of

" preminent, open shear cracks. The damage patterns to civil structures correspond

" to an lmensity of VI

4.3.3 Timbi 1soselat of VI

The macroselsmic surveys in the eastern parts of Himachal Pradesh " have

Indlcated that In a localised area arcund village Timbi In Kamrau tehsll damage
patterns in the constructions indicate an latensity VI, though In the
surrounding areas only [ntensity V could be assigned. The boundary of. this
i{solated high has beent drawn by utiliging the data of the damages in the Tons
valley, partlcularly Ichari dam and Chhibro Power House areas, whereln damages
higher than' the intensity V levels have heen recorded. Three Kutcha houses
coilapsed in Tuabi and a B type of constructlon In Baldwa had developed shear
cracks tn the sidewalls, ' '

4.9.4 Kunihar Isoselst VE

Similar to the lscalised high of Timbi, damages in village Kunihar, west of
Shimla and south of Arki, have been assigned intensity VI within the isoselst V.
As this 1s a very small area encompassing only one village the envelop of thls
tsoseist has been drawn guided by the general trends obtalned for other isolated

highs In Timbi as well as Dehradun area. In Kunihar area 20 houses of adobe

type have suffered severe damage with partlal collapse of walls in 6 houses and
gaping cracks in many others.

4.4 Iscselsmal IV & V

The ques;ionnalres about the effects of this earthquake In different parts of the
Morth-western Indla have been analysed and the boundary of lsoseismal IV-V
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has baen drawn on the busis of this analysis (Pig. 36). This boundary passes

pear Kulln and Mandl in  Himachal Pradesh, Ambala in Haryana and

Muzaffarnagar, Kanth and Pilibhit in U.P. and then enters the Napelesa terrltory.

It. has, however, been noticed thact the Delhi-Sonepat sector has experienced
shock which could be attributed the Intensity V though the surrounding areas
fall In intensity IV. The Intensity V has been assigned to the Delhl arez on the
basis of general awakenlng, fall of ob]eéts, swinging of hanging objects and
fsolated cases of reported cracks In plaster of some bulldings as well as
stoppage of a pendulum ciock. '

& INTENSITY DECAY PATTERNS

The macro-seismic studies for this earthquake have indicated that the genmeral
trend of the Melzoseismal ares s NS0*W-S50°E and the shape of the epicentral
tract, which has touched Intensity 1X on the MSK scals is efliptical with a
length of about 9.5km and & width of about 3.25km. The highest damage In this
\soseist is located between Ghorsali and Jamak villages. The decay and/ or
accentuation patterns In soseismals of lower intemsities have been related with
the gepgraphical locatlon and disposition of the epicentral tract long axis.

The 1soseismal VIIi has its long axis almost parallel to the apicentral tract and .
extends for = distance of 3Skm. With reference to the centre of the epicentral
tract, the. extenston of this Isoseismal in the NW direction is 15km, while In the
south-eastern side It is about 20km. The aitentuation of intensity with distance.
i much higher as shown by the ratio of the length of the short axis
south-west of the epicentral tract to that on the northeastern side. )

The asyvmmetrical behaviour of the isoseismal VII and. VI is much more
pronounced and the attentuation in the northwestern direction s much 'faster.
than that In the southeastern -stde. The attenuation in the southwestern
quadrant is alse very much pronounced. The dimensions and other parameters of
these isoseismals are tabulated below: ' )
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it ts apparent that the intensity decay is much quicker in the NW quadrant
along the long axis while the same is trus for the short axis on the south

- western side. Apparently, there is mno iithologlesl contrel to effect such a
pattern because there are no lthological contrasts which could explain this
behaviour. Other possible reasons for such patterns are as under:

The sharp attenuatlon of the isoselsmal VII on the Yamuna river side could have
been due to damping caused by m transverse featurs which Is of a fundamental
nature. It Is very dlfficult to correlete this feature with some of the transverse
features (faults) geologitally mapped, though a number of them namely the.ones

passing south of Gorsall and Saurs villages, the Hinna fauit, the Gangorl fault

along Aast . ganga. the Kawsn-Bason fault and the Panjalz. fauit have been
‘mapped by Agarwal and Kumar (1973) between Bhagiratht and the Yamuna
valleys. The existance of a number of such features suggests that there Is a
system of north—south to NNW-SSE extending fauits in the area and there is a
possibitity of presence of & major teectonic break of fundamental nature which
might have effected the sttermation. Based on the study of the selsmicity of the
reglon Narula (1991) has interpretted a transverse tectonic flux fault in this
vieinity and thus there is & possibllity of exlstance of & fault which has
brought different velocity contrast materials in Juxtaposition and thus could
have caused such an abrupt decay In the intensity,

The above Teaszoning, though explains the abrupt/sharp attenuation along the
long axis ‘of the lsoselsmals but the anamolous behaviour particularly extension
of the short axis in the north-eastern quadrant needs alternative explanation.

It 1s posaible that this assymetrical behavlour of the isoseismals 1s hecause of
the dip of the seismic source involving more emergy In the dip direction than
thar on the sector which is against the dip as in the northeastern quadrant
deeper portion of the soutece fault could have Eot activated resulting in more
ares to have experienced the influence in the down dlp direction. By similar
analogy It could be possible that the accentuation of intensiiy Im the SE
quadrant for main axis of the izoselsmals has resulted because of fault
propagation in that direction. )

8 INTENSITY ACCENTUATION

The fleld surveys have indicated that the {ntensity of damage has got
sccentuated ‘In certaln localities resulting in isolated -higher Intensity contours
within the lesser leval isoseists, It 1s well known that these accentuations could
take place I isolated locallties because of a particular geclogleal conditlon ke
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thick deposits of unconsclidated sediments over the bedrack on which
constructions have been made, topographic conditlons of isolated spurs or
mounds the time period of vibration of which could be different from the genersl _
ground condltiens. In fact, thase ground conditions coupled with the type and
orlentation of construction. accentuate the damages and in certain cases these.
damages gc beyond the limlts of & particular isoselst and thus it becomes
imperative to demarcate higher iIntensity contour. Some of the accentuations
could also be related to the source macharism characteristies.

The tntensity accentuation at Bhainga village of its having attained level of VII
intensity within VI lsoseist could be due to topographic as well as Hitholagical
conditions on a nose which is allgned almost In the direction of wave
propogation . {direction of wave approach} as established from Its locatien
vis—a-vis the epicentral tract location. Simliarly Intensity VHI has been
reached at a locality Thati Bharkoté on Dhauntarl - Kamand sector. in this
accentuation has been probably due to the topographic reasons as the maximum
damage Is conflned in the NW~SE allgned nose, the long axis of which is many

times motre than its width.

- Anomaloue Intensity Accentuations

1t has been discussed In the eatlier chapters thai within the isoseist V there

_are localised intensity highs around Dehradun and Dugaddz in U.P Himalaya and

around Xunihar and ‘Timbt in Himachal Pradesh. All these VI Intensity
tsoseismals follow NW-SE trend and are located almost zlong a line. These
intensity highs tannet be explained either by the lithological conditions or by
particular topographical conditions except the Dehradun area which has histery

ot glving localised Imtensity high.

The tntenslty high around Dehradun is located south of the Main Boundary Fault
(MBF} and the northern boundary of Intensity VI passes very _close to lts
surface trace and damages are alsé more near this boundary, particularly tn
Rajpur, Khera, Kuihan block, Rajpur~Thane—-Bhogpur block and
Dobhri—Sarna-Langha block. All these viliages are located in the vicinity of the
MBF. During the 1905 Kangra earthquake, a locsl high of Intensity VIII on Rossl
Forel Scale was assigned to thls area while the surrounding areas were of lower
‘Intensities. This local intemsity high could be zttributed to accentuations
because of the Doon valley 711! deposits overlying the Siwallk rocks.

in the Kotdwar-Dugadda séctor. simtlar intensity accentuation has taken place.
This anomalous Iniensity high of VI is also located between the MBF and the
Foot Hill Thrust and has a limited linesr extent.
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A locallsed Intensity high has been obmerved In the Himschal Pradesh avound
vilage Timbi and the extent of damages caused to the engineered structures In
the viclnity of Kotl dam, Chhibro. Power house and Khodrl Power: House. The
boundary of this accentusted intenstity is based on these damsage patterns.

Similar intensity high, a focalised one has been recorded around wiliage Kunihsr, -

These high areas are located north of the MEBP and cannot be explained either

. with respect te gaological environment or by topographic accentuation. These
could be related to localised release of stresses from ° the - asperity surfaces
where strain build up is takeing place. The Delhi isoselsmal high of Intonsity .v
within IV may possiblly ‘be explained by ltheloglcal accentuation caused by the
deep flood plain i1l of Yamuna. This fill has been designated by Sinha (1986}
as the Shahdara surracg covered within the Fgrldabad surface.

7 EPICENTRAL LOCATION

The Meteorological Department of Ind'la. in Its first report on the epicentral
location indleated that the eplcentre of this shock was located at Lat. 29.8
degree and Long. 79.8 degree east which falls in the Almora distriet (Kamble
'1991). The msgnitude of this earthquake which occured at 02 hrs. and 63 min.
IST was reported to be 6.1 on Richter scale. The detalls of the instrumental
record of this shock are included In a separsté_' paper in this volume,

The damage surveys. conducted by Gecloglcal Survey of india._ however, have
‘indfcated that the epicentral tract of this earthquake lles batween distances _l;)
km. NE of Uttarkashl to 15 km. East of Uttarkashi. The ends of this epicantral
tract are marked by polnts at Lat. 30.72 degree : Long. 7869 degree and Lat.
'30.78 degree : Long. 78.50 degree, -

The department of Earthquake Engineering, 'Universlty of Roorkee have
determined the epicentre at Lat. 30.8°N : Long. 78.6°E on the basis of strong
motlen records from the statlons in the vicinity, This location is reasonably
¢lose to the one demonstrated by the fletd surveys conducted.

The preliminary epicentral location determined by NGRI and the Geoécope Project
is Lat, 30.768 : Long. 78.56 and that by USGS 1s Lat. 30.73 : Long. 78.79.

The IMD have revised the earthquake parameters after the flrst detemihatlons
and the final parameters given by them are (Joul. Geo. Sur. Ind. 1991}

_within the epicentral tract {GS1) of the earthquake (Fig.40}.
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Epleentre ; Lat. 30.76°N : Long. 78.86°E"

Depth 12 km.
M : 6.6 (Wt. 10 stns)
o ", 21h 23m 16.4 sec. GMT (Wt 9 stns)

It 13 observed that the eplcentral location of this earthquake as determined by
various agencies has a good fit with the melzoselsmic area except for the ones

- suggested by the IMD and the USGS. The fleld surveys also corroborate that the

locstions suggested by Depi. of Earthquake Engineering, NGRI and GEOSCOPE fall

1t is observed by certain workers that the epicentral location may Rot always
colncida with the maximum damage areas explaining the same .elther by focusing
or by fault propagation which could result in maximum damage areas away from
the epicentre. It was reported In the media that even If the eplcentre was as
reported by IMP in the first report the damages c‘ou_ld take place ax far away as

Uttarkashl.

. 8 INTER-RELATIONSHIFS OF EARTHQUAKE PARAMFETERS

The consensus magnitude of this event has been computed as 5.6 on the Richter
scale as Indicated by India Meterclogical Department and the depth of focux as
12km.. The macroseismic studies conducted by the Geclogical Survey of India
have indicated that in locallsed area, an Intensity of IX has been reached in a
Iinear tract. The depth of focus can also be computed by using empirieal
relatlonships suggested by a number of researchers for _shallow focus
earthquakes. According to Gzovsky (1962) (1) the focal depth could be esleulated
by the relationship: : :
' ' : : - )
h .
=] SM-— . :
fo=1 15 :

and the same for this earthquake works ocut to be of the order _or 13.5 kms.
According to N. Shebalin's emplrical retationship (i1}

Fom E.SM~3.5logh+3 - M)

where. le 13 the eplcentral! intensity, W 1s the magnitude and h iz the focal
depth, the focal depth works out 1o be of the _order of 13.01 km.
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By uttiislng the differential areas cccupied by successlve isoseists and the radif
of these isoseists the focal depth could be calculated by the relationship -
b Al =~ Al .,

—h'
2
3 FimTia-t)

Where ATs 1s the area of a particular isoselst while Alss: t& the area occupled
by the next higher isoseist. 12, and rse1 are the mean radii of the successive

tsoselsts, Using lsoseismals VNI and IX the depth of the fous works out to be

1.7 km, for intensity VI and VI it works out to be 7.8 km. while for intensity
VII and VIT 1t works out to be of the order of 9.1 km. This simple relattonshlp
is free from the maximum intensity reached from a particular event and thus
would be relatively free from personal blas of- assigning the maximum intensity.
It is seen that the depth of focus frem the instrumental data zs well as that
determined from' macroselsmic epicentral tntensity felt areas in progresstve
tntensity scale, are comparable, -

A number of empirical = relationships have been suggested by researchers to

correlate the Intensities with the maximum graund accelerations and two such
relationships suggested by Gutenberg and Richter (1942) and Neumann ((955)
have been represented in Fig.28. The maximum ground sceelerations obtatned
from these relationship are as follows:

Intensicy Gutenberg (1942) Neumann (1955)
Max., Ground  Ace Max. Ground Acc
) in em/Sec? In cm/Sec2
i . 85 o 75
Vil 75 ’ 140
A4 1 H 140 - 260
X 300 _ 660

The lsoseismals drawn by the authors of this report have been compared with
the ground accelerations obtalned from the strong motion records
(Chandrasekhran & Das 1991), F‘rom these correlations fellowing Inferences have
been drawn. :

“Two statlons namely Tehri and Srinagar are located very near the isoselsmal V1.
The ground accelerations (Max.} at these locatlons are also comparable l.e. 0073
and 0.065, respectively. SImilarly the localitiés Barkot !n Yamuna valley and
Ghansall in Bhillangana valley which are located very near to the isoselsmal VIl
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_show .compa.rsble max. ground acﬁe]erations of 0.104g and 0,138g respectively.

out of these localltles Ghansall is located nearer to the lsoselsmal line WVII,
than that of Barkot and thus lttle higher values are explained. Uttarkashi and
Bhatwarl lie very close to the isoselsmal Hne VIII one on the southern slde and
the other of the northern side of the epicentral tract. These locations give
accelerations of - the order of 0.303g and 0.2739g. respectively. Thg above -
comparions . Indicate that the lsoseismals drawn on the basis of damage pattern
studies can be comparad well with the Instrumental accelerations.

The maxlmum ground accelerations obtained near the isoseismals VI, VII and VIII
have been plotted in PFig.38 on which the two empirical relationships suggested
by Gutenberg & Richter (1942) and Neumaznn {1964} have been plotted. It is seen _
that the instrumental data compare well with the relationship suggested by

Heumann (1954).
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Some of the empirieal formulae i’éported in the literature for attenuation of the
sccelerations at particular distances from the hypocentre with- given magnitude

‘of earthquake have baen used te calculate the accelerations at statlons wheére

different intensity contours are passing. In all these relationships certain
amount of attentuation has heen related with the hypocentral distance. In view
of the asymmetric pattern of the isoselsmals, and the elliptical shape of the

‘same it 18 clear that none of these relatiomships could be reasonably correlated
-with the isoselsmals. For example, the Isoseismal line of intensity VI passes

from very close to ‘Tehri as well as Srinagar but these statlons are located at &
distance of about 44km and ¢3km from the epicentre of thls earthquake.
According to the attenuation relationshlp suggested by Campbell (1981) : the
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expet_:ted accelerations at Tehri and Srinagar work out to be of the order of
| 87.26 cm/sect and 47.39 cm/secd which are not conslstent elther with the

Isosetsmals nor with the Instrumentaliy recorded values which are almost same -

at both these stations. The ‘Isoselsmal VIII passes close to Uttarkasht and
Bhatwarl which are located at distances of about 16km and S5km from the
epicentre with hypocentral distances of about 18km and 1ikm. These stations
would alse glve different accelerations based on sny of the empiricail
relatlonships. It has also been pointed out in” the chapter on lntensity decay
patterns that the attenuatlonr In the northwestern quadrant 1s much more than
that In the southeastern quadrant. Thus these empirical relationships do not
explain these characterisiles. As the Isoselsmals compare weil with the
instrumental data of aimost slmilar values of peak ground acceleratipns along
the Isoselsmal lines, it could be said that well constrained macroselsmic studies
have thelr own merit for estimating the ground saccelerations and cannot be
replaced by any empirical relationship and widespread strong motlon
instrumentation networks may be the only answer. Incldentaly the afea which
has been struck by this earthquake has been covered by a very good network of
‘strong motlon instruments.

"9 PATTERN AND DISTRIBUTION OF AFTER-SHOCKS

This earthquake was followed by a number of after shoeks the frequency of
shich has shown & rapid fall frem more than 150 on the 2ist Cctober, 1091 to
less than ten by the end of November. The stations located far away from the
epicentral tract have recorded lesser number of shocks. The after-shock decay

pattern at these stations 1s depipted In Pig.39. It is seen from this plot that

the stress drop Is very rapid, and near the epicentral tract the number of after
shocks have fallen from more than 160 on the first day after the main event, to
70 on the 4th of November, and 40 on the §th Nov. Within a period of about 3
w 5 weeks tne after—shock number has tallen to about 15 shocks per day. At
stations whieh are lecated at quite a distance the after shock number has fallen
down to 4 to & shocks per day.
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Only 1llmited dats Is avallable on the epicentral locatlon of the after shocks.
These eplcentral locations fall on the south-eastern and the northeastern side
of the epleentral tract as well as the Instrumental eplcentral locatien of the

maln sheck. The epicentral locations (various determinations} of the main shock
-and those of the aftershocks are depleted in Fig. 40. For 2 detailed evaluation
of the aftershocks refer Kayal et al In this volume.
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digplacement on- activated surface faults have been known for more than two
decades. The relationship of logarithm of fault tength to magnitude is the most

widely.used relationship particularly for those areas for which maximum probable . : Zig A1 IRELATION OF EARTHQVAKE WAGNITUBE 10 LENGTH OF FLuLT. ‘ :
earthquake estlmates have to be made for englneering purposes. The Flg.41 o ’ T
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summarises the straight line cortelations published by various workers. In these

stuydies the type of the deformation responsible for sets of events have also’

been classified and different empirical relationships have been suggested. It is
interesting to note that, these -average straight line relationships (considering
all types of deformations) give different values of fault lengths fnvolved for
generating a given magnitude earthquake. For example, for~a magnitude 6.8
earthquake (the case under study) the fault length which could have generated
this earthquake turns out to be about 4km. (Iida atl types), 10km (Tocher all
types), 20km (Slemmons, W.W. all types as well as Bonilla and Buchanan) and
32km (by Wyss and Brune as well as world wide strike sllp' of Bonllla and
Buchanan).' 1f the relationships for the reverse siip snd reverse obligue slip
detormations are considered the fault léngth which could have been invoived for
a magnitude 6.6 earthquake would be less than 10 kms. ' ’ :

The fleld surveys conducted by the authors did not reveal any manifestation of
surfacing of the source fault. It ls, therefore, very difficult to prefer any of the
relationships suggested above.
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Albee and Smith have trled to compare the fault length versus the magnitude
with those of the long axis of the after shock area and have suggested that the
shallow focus earthquakes without surface faulting fall on the same curve as
those which show surface fanlting (Fig.42)

From the epiéentral locations of the aftershocks based 1t could be lnterpretteq
that the aftershocks are located within a 28km. wide band the long axis of
which 1s zimost parallel to the epicentral tract and exiends to a distance of
about 40km. If this length of the long axls of after-shcok area is plotted in the

curve suggested by Albee and Smith the plot of this event with 6.6 magnitude
‘Hes very close to the limiting A curve. From thls it could be surmised that the

maxlmum fault length which could have been activated by a source for this
event may not have been more than 40 km. The other relations discussed earlier
give fauit fengths much less than this figure.

11 GEOTECTONIC SETTING AND SOURCE MECHANISM

The maximum damage area of this earthquake Is located Iln the Garhwal Group of

-rocks comprised of Nagni Thank formation, Shyalna fermation and Uttarkashi
-formation {Agarwal and Kumar 1973). The eplcentral tract iz predominently

located in the Gamri quartzites of Nagni Thank formation while the area
occupied by intensity VIII encompasses all the formations of the Garhwal Group.
The northeastern and eastern parts of this isoselst are located in the cenlral
erysizlliines comprised of migmatites and amphibolites. The Garhwal Group of.
rocks have been brought in juxtaposition with the Dudatoli Group of rocks along
a major tectonle surface. the Srinagar thrust (North Almora Thrust of Agarwal -
and Kumar 1973) which ls a steep angle (dip varylng between 45°-80°} rault
dipping in the northeast direction in Bhilangana valley and In the southwest
direction as encountered in the head race tunnel of Maneri-Bhall {stage-iI}
project. The Garhwal Group of rocks are juxtaposed with the older Central
Crystallines along a well known reglonal tectonle surface, viz., the Main Central
Thrust.The epicentral tract of the present sarthquake Is located about seven
km. south of the surface trace of this tectonic lineament. In addition to these
twe reglonal teectonle lineaments, the Garhwal Group of rocks have been
traversed by a namber of faults trending In the N-S direction llke Hinna faule,

- Kaldigad fault, Kawan fault and Panjala fault exposed north of the Bhagirathl

valley (Pig.42b). Another conspicuous set of faults trends In the ENE-WSW

direction and most of the N-S5 trending faults merge with this set of faults.
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Neaf the eplcentral tract one ENE trending fault passes below Jamak village and

- ‘another ls very conapicous in the vicinity of Aghora village ecutting across
Aastganga (Utron-Saurs fault), ' '

The record of earthquakes from Garhwal Himelaya Indicate that these are mainky
clustered slong the surface trace of the MCT. This domaln has not been
frequented by earthquakes of magnitude >4<5 but the earthquakes of magnitude
>§¢6 and >6<¢7 are much more frequent than other sactors of the Himalayan belt
and thus as far as total emergy release Is concerned this domain i1s comparadble
to the high concentration areas like that of Kangra, Kinnaur and Kashmir
Syntaxis. : '

. The tectonic flux map prepared on the basls of total energy release in 1%/2X1e/2
grid pattern by Narula (1991) has Indicated that there are three prominent
tectonic flux fauits, one west of Uttarkashi. other along the Alakananda valley
and the third In the vicinity of the Indo-Nepal border in Garhwal and Kumaun,

_ Himalaya. These Tfaults. trending In the NE to NNE direction have baen

interpretted as fundamental fractures. It has alse been contended by Narula

{1691) that, the Maln Himalayan Selsmotectonic Belt displaying the thrust type
of deformation styles could be dlvided Into sub—domalns because of the presence
ot transverse features aeross which contr_asi:lng geophysical atiributes are
interpretted to have brought crustal blocks of .different properties in
. Juxtaposition. It has also been argued that the domains of strain ‘build up in
different sectors 1s st différent locales with respect to the surface trace of the
tectonic features. it has been claimed that in Garhwal and Kumaon Himalaya the
strain bulld up is taking place in the vicinity of the MCT while In the adjaceﬁt
Hlmaqhal Himalaya the same is taking place fn the vielnity of the MBF. As far
as the tectonic model (steady state) suggested. by Sesber et al (1981) ‘and
supported by Nl and Barazangl (1984), the MCT, MBF and other thrusts loecated
* further south are concerned, they are all imbrications along & decollement and
merge In depth with a low angle northerly dipping 'detachment surface. Thus
any of these surtaces could be the domains of straln bulldup and siress release

tn -contemporary timee. In certaln sectors srtrain buildup seems to be taking .

place alomg MCT and -th others it §s in the vieinity of the MEBP. According to the
subdomains suggested by Narula (1991) the Garhwal earthquake of QOctober, 198}
falls In the Garhwal block constratned by Alkananda tectonlc flux fauit in the
east and the Kinnaur fault on the west. This domain contains znother tectonic
flux fault which 1s located wast of the locale of the present earthquake. It has
been discussed earller that there ls abrupt attenuation of Intensity In the
Yamuna valley as demonstrated by the Instensity VII. It is possible that the
Interpreted tectonic flux fault mentioned above could have been responsible for
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Ima abrupt damping as a madia having higher attenuatton characteristics might

have come In juxtapesition. It has also been contended by Narula (1991) that
1ocaies of stratn bulld up are In the vicinity of Interssction of the
;l:lerthrustins detachment surface and the tranaverse block boundaries. Ith:s
gsible that the source reglon for this sarthquake I3 in the wvicinity of this
r:tersectlon and the rupture propagation might have taken place in the south
aasterly directlon. It has been discusaed esrlier that the eplcentrel locatlon; o;
the after shocks are located in a 26km wide band which has a general tr::lt ;:
NG0*W—~SB0¢E. All these earthquskes, particularly those which have lm;nehatei
followed the maln shock are located in the south eastern direction of t atu:e
the main shock, located nesr Manerl and thus it is likely that the rup )

propagation might have taken place In the south easterly direetlod. Accentuation

of the isoselsmals In the southeasterly direction could slse be explalned by such
a reasoning. )

Prom the disposition of the epleentral trzet, the isoselsmal patterns and the
aftershock locations it could be Interpretted that the source testure is somehow
aligned in the N6O'W-SE0°E direction. The oniy regional feature in the vieinity .

“of the epicentral tract, having the above disposition 16 the Main Central thrust, _

though this has been modifted near the surface by transverse features. It is

. understood that the MCT ls dipplng in the northerly direction. If we take the

fauit plane to have been on the MCT, the epicentral tract should have bee‘n
located abont 15km further north of the location inferred from the macrogseismic
surveys. Thus, & simple correlation of this event with the MCT itself is not
possible. While discussing the seismiclty patterns In the Garhwal and Kum:c;r;
Himalaya it has besen mentioned by Narula {1991) as weil as Khattrl et al (lQCT
that the eplcentres of the past earthquake events are clustered around the M & .
Even the clusters of microseismic events obtalned by studles conducted 775;
Department of Earthquake Engineering during periods June (1974 to May 1386
and fater by Khattri et al (1989) between 1979-80 and agaln between 1984 ¢
ite predominantly south of the surface trace of MCT. it northerly dip of MCT is

" consldered, none of these events could be explained by MCT and the plcture

demonstrated by the present event ls no different. It 18, therefore, posslb_le tl::t
the bazement thrust front ie located south of the surface trace of MCT In the

Garhwal block (Fig. 43).

It is opined that the lower levels of the basement thrust regime is dissected t;y
a strike slip fault with minor thrust component, overisin by low angke
detachment surface. It is possible that the souvrce mechanism of this earthqua i
has both thiust and strlke silp components. it may, however, be. pointed ;:u
that the source fechanlam would become clearer when the focal mechanism
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studies for this earthquake are conducted. Howerver, a pfelimlnary fauit plane

solutlion (USGS) suggesting thrust type of mechanism with strike sllp component
has been included In the IMD report (this volume). I '

The macroseismic surveys, detalled eariler, have Indicated four isolated highs of
tntensity VI within . isoseist V allgned almosy para-llel.to the trend of the
reglonal thrust surfaces. As already discussed these cannot be sattributed to
tocal accentuations ke topography or geological environment except probably

for the Dehradun ares. Therefore, a genetic relationship with the source
mechanism could be attributed. : '

VALEWINT THRUST FRONT

Flp- 43 SCHEMATIC DIMCTION OF THE MECMANISM OF THE VY TANKESHI E4RTHOUAKE

»

12 GENERAL OBSFRVATION

This earthqueke has caused unusually high degree of terrain changes in the
form of a number of dlsicdgements, initiation of landslides, reacti§atlon of old
_ slides, generation of ground flssures (mostly Im the areas occupied by
overburden material). S8uch terrain changes are net unusual in the intensity VIil
and IX but the number of dislodgements even In the intensity VII and aome In
the Intensity VI sre also very high ‘though 't.hey are controlled. by. the

.llthologlcal .condltions_l':etng most pronounced in the highly lointed quartzites
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and basic intrusive bodles. Even in the lower levels of intensity VI, the loose
terrace materlal on low height slopes have been thrown out on the roxds as
evidenced In the Srinagar area where small pebbles were scaitered on the road
for considerable stretches. These unusually high incldences of dislodgements
could be related to the long duratlion of the shock which lasted for more tham
45 sec. The long duration shock would loosen the rock blocks or loosely packed
terrace material in the initjal wave propagation and with the centinued
movement dislodgements have taken place.

Accentuations sre expected to be higher at higher elevations In similar
lithologleal conditions and the constructions 'at higher elevations should show
greater damages. Contrary to this, the damages te the constructions, In certain
tocalities as in Uttarkasht town, ts much more In the open lower level terraces
than those hugging the hili slope at comparetively higher elevations, even In-
the houses of same category and of similar orientations. Such an anomalous
behaviour could be explained by the difference in the time perlods of vibrations.
The constructlons In the open spaces have vibrated with . their independant
periods while those hueging the hiils had their periods dampened by the nearby
hillmass. i : :

The damages to the constructions have got accentuated in the areas located onm
narrow spurs aligned in the direction of wave propagation as evidenced at
Jakholl, Gorthi and Bhainga. The extent of damages in similar spurs oriented
across the direction of wave propagation is compsaratively lesser. '

Damages to the constructions in the isoselsts VI and VII Is much more in the

- buildings, with the long walls oriented along the direction of wave propagation.
. In cases where the shortwalls are parallel to the wave propagation the damages

te the buildings are comparatively lesser. The square type of bulldings have
siffered much lesser damage except the slender one’s lke small dimensioned

“temples In which one set of walls have falled under shear. In fact what follows

s that if length (L) is greater than the width (W) the damages are more but as

. L reduces and approaches to W i.e. the bullding becomes square the damages get

reduced. However, -in smaller L=W type temples where helght (H is greater than
L or W, It vibrates like a plilar and 1s again prone to greater_damge.

The conventiconal constructions, made in mud mortar masonry with wooden braces
at the roof lewvels, small openings in walls, wooden bracings. wooden roof rafter
and relatively. lighter roof coverings by slates or G.1. sheets have suffered
lesser damage Inh the form of collapses than those bulit in mud masonry. thick

" walls with RCC roof siab. This has. been observed in most of the cases though
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-ﬂl‘! ﬂbe old conventional types &f houses  have alse collapsed but these
‘imilisgpenied only for very old comstructions wheretn the wooden members as
~Awe the walls have lost their strength. Contrasting slivations have been
st Wi the Bhagirathi snd Mesdakini valleys. -Im Bhagirathi vzlley in
imi Vi snd VIl many houses hswe been bullt In mud masonrry walls with
Mef sisb while in Mandakinl vsiley the conventlonal type of constructions
- ibmarz. In Mandakind valley the cases ot collapses are much less tham
-4t Bhagirathi vailey and though open shear cracks have developed in the
- 7iligie Ughter roolfs have not collapsed.

- e tnteresting observation ‘Is that whereever the leng axis of the houses
ssmmverss to the wave propagation the long walls have escaped damage and
‘ofgm the Junction of the walis mear vertical cracks have opened up from

-tk down o the [loor. Possitie explanstion for -this rather nnususl

Gl ix that the larger bearing sfea of the longwall has winimised the.

cullig capability bur In the shorter walls because of the thrust the contact
- suil'the corner has been under comecentirated thrust snd vertical cracks have

makap. Hewever, this Is only true for the area lying towards the lower side

" oSt 'n higher isoseismals both walls display shear type of fallure.
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: (Uttar- Pradesh) - o ';,"f C 37 Champawar = 20420'04%. © gosos'g1t
: . R o S P Chamyala =~ - 30°28°45° . © . . TBIT'50™
— —— — S _ ] - 9 Chandell : 30°51'06" 78°05°30"
_Loeallty. ' Latitude Longltude: : 1 40 Charma Bridge = 29°45'10" . sor16%10%
Agora - Y goes0ras" ¢ o TE29'00" ' ' 41 . Chatangs . . - 30%48'Ss" . 7814°30"
L Aleth _ 30°41°20" ¢ 78°29'05" 42 Chaukart - 29°50'25" - 80%02'09" -
Almora . ' 2986'00" 79°40'00% 43 Chinyalisaur . 30°35700" L 78*18'50"
© Ambart 30°29'47" . - 77448'50" . ' - 44 Chirpatiya Khal 30023'20" . 78950'15"
Augustmuni ¢ - 80%23'286% . - | 79°01'22% . - : I I Damta ©. 2038'83%. - . 7801167
' Aungl . o 300_45"0_1_"_ o T8°33'06" RER EEPE 46._:,-\ Darrplt. (Ti!l_:lll}. - 30e20°'40" : 7.794'2-40-'
sabugarh . soe27a3 77048'50% ;] . 47 Dedsarl L7 doaisen . 78°3315"
Badrinath . © 30°46'00" . 79e20°45" . . - : . 48 Dharmawals ., . 30°25'C0" © 774346
Badshalbagh - | 30°19°30" © 77°38'58" S b 49 Dhauntrl ° . 30036'12" . 7831or
 Bageshwar . 29%50'20" | 79°46716" 50 = Dibogl . 80°30"18" - : ?7059'T0"- :
" agt T aoea0iz00 . ggeatior DR B Didthat _ 29°48'06" 8on15'16"
Baijnath Vo 2ge5417 - o qeesssT ‘F 52 . Digadl _ 30°48'20" 78018'30"
Bandrani ; 30°48'35% . - 783620 ': ] 83 - Dikhad _30%39'28" .. 78°26'07"
~ Barkot . . C T s00aTsTT 78032°47" s 54 Dogalbltta”. - soe29'18" 7901032
+ Barkot - R 30048'43" - 78°12'48" : : . %8 Dumer . © . . 30°30°18" . L TTe50"50"
Birnigad P 30%3's0"  7geestoo” ' '_ 56~ Dunda - 30%42'20" - . 78021'00"
Barwala @ - 00°00°04" . 77°50'20" . I : 57 Fathehpur  30%28'64"  TTe44°10" -
"Baun e 30°45'55" 781231 . - .. S8 - Gadali - 30°51'26" . 78°12'06"
Berinag ‘ . 59946744" . : 30,03;21., . . 59 ~ Ganganl 30¢49'50" . 73«15'11?"
Bhalnga © 30e29'00" . . TB26'03" o - 60 Ganeshpur .. 30°45'20" . 78°28'15"
- Bhatgaon, . ' 30032'40"" 7836'55" . -~ 81 - +Gangnanl Hot Spring: 80°54'15" - .. 78%40'50”
-Bhattyara - ' 30°36'39° _ .78°30/39" o ' 62 Gangorl 30°45°25% - - 78°27°10"
Bhatwsr’v/ © 0 30048'30" 78937'15" I e Gangotri - 80°59'36" - . TB*56'40"
Bhatwart Dhanari, | 30°39'12" 78925'30" : . I G, Garur _ | 29°53'43" | 79°36%49”
phisangaon. L 3003515 . 78040'30" s 65 Gaurikund - _ 30°39"15". 79°01'26"
Bhudns .. zoeataen . 78es1'sBY . ' - 88 Ghat Bridge S EEesgloet 80%07"42% .
Bhukki | 30°51'50"  7s03g'30" S o g::f::“ T :g:ﬁ%;ﬁa fdbeindl
Srijnagar (Suklldang) 29409'40" 80°05°56" : : 69 cinda : C soearaee Rt
_ Byala Tlpri . 30°46'55" . 78*37'05" : C - . : _ o
Byas Bhud = . . | 30°32°05" . 77950'37" AU 70 Galarl Z 80°51'30" L TENIZ2L
‘Chagera: - 30°30'45" - 78035'27" ' n - Gopeshwar _ 30024607 79°19'20°"
Chakon ' .- 30ea0'10™ 78°26'30" . . - : -y ~ Gorsali <. 30%4T'05" .. 78035'30"
" chakrata sovazist 77951'48" . S | 73 Gorthi 30024767 . 7861557




146 : Uttarkashi Earthquake 1991 Geal. Surv. Ind., Spl. Pub. No. 30 147
74 Gana . . 20601 5" 78012'55" 112 Khalyan 30027'30" 78°44'45™
76 - Guptakashi 90°31'35" 79405'00" ] 118 Kharadi . 30°50'40" 78018'81°
76 Gyansu 30°43'42" 78¢06'30" i E 114 Khasonkyar! . 30ea3°'13" 77¢59'15"
77 Hanman Chatti . 20°55'51" 7802417 _ 115 Kishenpur - 30°42'50" 78°28°15" K
78 Hanuman Chatti © soearso” 79°30'62" . 116 Kisna : 30°47'64" 78°10'35"
{Badrinath) . : S 117 Kot _ 30°35"15" 78¢40'45"

79 Ranuman Chattl © . BO°55'50% 78°24'15" 118 Kotl 30°36'16" ' 78038'30"

' {¥Yamnotrl) : 119 Kumalti . 30*48'08" 78°35'45"
80 Harburtpur 30°26'20" TTe44'30 120 Kurura 20°53'16" _ 78404'31"
81 Harlpur 30°31'05" 77450'20" S 121 Kuthraur 30052'13"° 78018°20"
82 Harsile 31°22'30" 78%45'00" E : : 122 wuwa 30°44'00" 78%05'05"
83  Heema 30°44'35" 78°30'307 ) 123 - Lakhwar Dam Site : 30°30°'36" 77e56"'45"
84 Hudol ' 30°50'01" . 78°05'30" - 124  Lakhwar Village © 30°82'07" : T7955'30"
8% Huri - -~ 30°54'06" © 78°41'00" _ o . j25  Lakshman Pur 30°28'25" . 77047'00"
86 frak ’ 30°50'44" T8412'31" ‘ . ’ 126 Lambgacn ’ 30*30'50" 78020'50"
87 Jakh 30°22'37* 78945'55" : f 127 Lodara . 30°37'03" 78°30'30"
88 Jakholl ' 30°25'30" 78953'45" ; o . 128 Lohaghat 29923'50% - 80%05'39"
89 Jamak . 30°44'10° 78°31'45" : : ' 128 Maletha _ | 30°14'20" 78043'25"
0 Jaunkani 3046°47" 78°35'46" : : 130 Maila 30047'10" ' 78037°37°
91 Jhala 21°01'25" : 76°92°407 ' : : T 3 Maneri a0e49'40" :
92 Jiroli 29453'26" 79°35'63" : B | ' 132+~ Mannpur 10°41'55"
93  Jiwangart - 30029'30" 77°48'317 o 133 Marora 30+35'28"

© 94 Jokani 30°44'00" 78025'16"° 134 Mathi 30°44'30" 78023'00"
95 Joshimath 30033°30" 79+33'30" ' 135  Mathiyvasi Stte 3003118 78453°28"
96 Juddo | 80e31'i8” 77°66'01° 1 136 Mayali " 30°23'08" _ 78953'53"
97 Judaldi ' 30°46'06" : TRe22'02" B 137 Medh - aoeme'zot 78095'48"
98 Kabi 30°32'30" 78950°43" 138 Mussouri Bend 30°30'38" 78°00'00"
99 - Kalsk J0°32'22" . 17°50"50" ' 139 Muyzl Gaon : 30°26'45" 78°43'15"
100 Kalyanl Kaldya T 80°49'18" - 78°27'00" 140 Nainbag 30°35'26" " 78400'45"
10) Kamand ’ : 30238'00" - 78%34'00" . _ 141 Naingaon _ 30°36'31" . 78*00°55"
162 Kamar ' 20049'10" 7803230 - . 142 Nakuri 30°44'30" 78420'25"
102 Kameridevi | 29%50'50° 79°57'56" . 143 Naid . 80°46'10"  7a027'55°
104 Kanda - ’ a0ez2'58" ' 78°45'28™ . 144 Naugaon a0r47'14" 78%08'31"
105 Kansala - © 30°48'30" 78°47'30" 145  Naumana 29025'50" © g0c03'30"
106 Kansen 30°43'48" T T8025'457 ' _ | 146 Nayal _ o 30048'36" 78°12'01°
107 Karnprayag ) 30°15'50" T9°13'00" o 147 Hetala 20°45'05" 78°29'40°
108 ¥ata Pathar 30°30'44" - 77052'00" . ' 145 Niwatgson . 30%35'35" 78037'07" -
109 Kausanl 29950'53" . T9°35'36"7 : ' _ ~ 14%" Okhimath o 30°31'00" 79%05°45"
110 Kawan . - 30°47°16" 78923'30" . _ 156 Paint Bhawan 30°39°25" 78022°45"
111 Kedarnath 30°44'15" T9004'50" - _ _ 151 Paia 30°50°22" 78¢37'06"
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152 Panb 30e45"127 78°20°15" ) ' . 192 Thalan 042" 6" ) T78+28'10"

152 Panjaia ' 30036'25" . TAt2210” 193 Tharall o 30°04°22° 79430'16"
154 Panyaia 30°30'48" 78R28'35" 194 — Thatl Kathur 30°99°45” - 78°39'00"
155  Pata 30°44'S0” 78026'32" _ £ 196  Thayell 30428'40% 78441125
186 - Paunthi 30025507 T9°54'15" - -3 i96 Tilwara BOP20'26" 78°58'30"
157 Phalenda I0P25'557 78%41°20" 3 197 Timil a0022'19° 774320
158 Phiphiyari . a0e42°20 - Feooase” o 198 Trijuginarayan 30+38'36* 78968'50"
169 Phata 30°94'55" 79°02'30" ' T 199  Tupalka 3047'37" 78409'35"
160 Pillang 20°46'15" 78040'00" : 200 Ushara 20%30'00" - 79%05'45"
161 Pipal Khanda - 30°3718" 78021'20" ¥ 20t Uttarkashi 30°43'45" 78426'30"
162 Pithoragarh 29936037 80°10'40" ' £ 202 V. Bamanpar A0e8'44" 77047°50"
163 Pokhar 3Qe277457 78842°10" ' 203 Vikashnagar : 80°28"10" 77448'30"
164 Purola : - 50°52'30" ' 78°04'40" i 204 wardnol Banslpur aoe27'00" 77%46'25"
166  Raithal 80°49°05" 78%36'20" ; 205 wazrl 30054°22° T820'10”
166 Rajgarhi ' a0e50°30" Co 78*14°38" {cont.)
167 Rana 30055'14% .. TBYRIDO"

168 Rastar 20049'10" ' T8°14°45"

169 Rudra Pravag 30°14'37" 78°59'007

170 Saina Charttl- 30054'11" 78°21'43"

171 $ain) 30°46'00" 78*35710"

172 Sahiya : 30°32°50" 77°50°33"

173 sanglal : 30°51'43° 7803907

174 Sarigad 20°99'20" 78%05'00"

176" Sarendl 20°37°00" " 78e29'20"

176 Saura 90%45'50" - 78°36'50"

177 Sendul : 30°26'26" 78038'20"

178 siiia . 30046'14" . 78°38°05"

179 Sityara 3002725 78°38'25"

180 sirkot : 30°53'34" : 78005'22"

181 stroti . 28°49°64" 79250'35" .

182 Skror : 30044227 78029'25"

183 Son Prayag 30°38"10" - T9*00' 00"

184 Srinagar ’ 3ae12'00" TRe4T 007

185  Sukki . ' 3z°00'10" . 78%42'10"

186 ~ Suknidhar -30230'54" . 78°27'18"

187  Sunagar 30053'30" 18°4010"

188 Talwarl 30°02'15" 79°31'22" )
189 Tanakpur 29404'19" _ 80°06°55"

190 Tehri 20722°00% © 7Re29'00" _

191 That 29049'00" - . Boepa'ZE” E |
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LOCALITY INDEX

241 Ribba 91*35'20" TRU22'00"
{Himachal Pradesh}

242 Rispa 31+34'307 78*25'40"

243 Rohru . a1°12'00" T7°45'00"

S.No Locality Latitude Longlitude 244 Ranhat 3094645 77445 00"
"0g" 78°16'91"

206  Akps 31°35'00" 78023'46" i:‘: z::f:: : Z;:ig.gz. 77048'00"
207 arkl . 31%09'00 76°58°20" . 247 Shambuwala 30°31°30" 7701700
208 Atal 30°49'30" TTeAG 00" 248 Simla . ) 31°08'30" 77010°30"
‘208 Badsari 31°29°00" 78°21'30° 249 Slapper a125'00" 76951700"
210 Bhabu Nagar 31°33'36" TT58'54" 250 colan : " n0°55°00" 77908°00"
211 Bitaspur 3rr1gi3en 76°46'00" 251 Sunder Nagar . 81¢32'g0" 76°54'30"
212 - Chitkul 31e21'10" . 7B26'15° 252 Swarghat " 31014'00" 76042°30"
213 Dabling . 31°45°00" 78938'10" 83 Tabo o .. aoeust 7893200
214 Darlanghat206 : 76°54'00" 31%08'00" 284 Taprl 81071'30" _ 28°05'30"
215 Dhaula Kuan . 30430 00" ] . T7e30'007 255 Thanei : © aleaa'oo" 78%28°30"
216 Jhakri 31°29°30™ CTTe42 30" 558 Theog 31007°30" 77922'50"
217 Jubbai arosao” 77°40'00° 1 . 257 Timbl 30°39'20" 77089'00"
218 Jyorl 31°31°60" - 77°46'30" ' 258 Fanl o . 30056'30" 7796100"
219 Kalka 30°50'00" . 78°55'00" . : :
220 Kalpa 31°32'00" 78°15'00" 4
221 - Kamru 21°26°00" 78°15'35" 1
202 Khabd  sieasoo” 78°38'00" :
229 Khadrala - _ 3153'30" 77°39'30"
224 Khotkhai - 31°07'60" 77°33'00"
228 Kinnu 31°28'00" 77049'00"
2126 Korga 30°35°30° . 7Te35'30"
227 Kulty 31°67'30" ' © 770700
228 Kunihar TE°57°00* - 91%04'00"
229 Mandi : a1e42°30" 76966'00"
230 Morang ~ 31e35'45" : TBO27'00"
2at Nahan 30°33°00" 77417 J0"
232 Narkanda 31=t15'20" : 7727 30"
253 Nisang 31°34°30" 78°31'00"
284 Nogl! 31924'00° . 77°38'00"
235 Pannta Sahlb . 30°26°00" T7*33'00"
236 Pen : 31932'50° " 78°16'30"
237 Poo - : aM45'45" 78935'00"
238 Rakcham 31028'90" 78°21°20"
239  Rampur - 31°26°30" 77°38'00"

240 Rarang ) J1°36'007 78421'00"
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ANNEXURE IT 25 Kamar -do- " -do- 8 -
: 28 Blana -do- ~do- 8 5
CASUALITIES IN DIFFERENT VILLAGES 27 Aungt -do— ~do- 2 2
. : 28 Dausda -do- -do- 3 K]
Sl, No. Village Tehsil Dlstrict Deaths Injurries 29 Jakhole ~do— —do- 8 128
1 Sukkl : Bhatwarl  Uttarkashl 3 - 30 Nald (Godhar) —do~ " do- 3 5
2 Pala -do~ =do- - 7 15 a Heena -do- -do- 29 28
3 Sunagar -do- ~do- -8 - 32 Netals S -do- -do~ 44 120
4 Bhatwarl —do- —do- § 58 a3 Gavana {Ganeshpur) -do- -do- 45 29
5 Bandrani ~do- -do- 2 4 34 Nismaur -do- . =do-— 7 8
[ Jonkanl _ ~do- '_ -do- 1 10 35 Gaynsu —do= ~do- ‘ 14 a
H Nateen - ' —do= . —do~ 1 - a6 . Barahat {Uttarkashi} ~do- -do= - 2
8 Kyark - . . ~do- =-do- _ 1 39 .47 Bonga i -do~ . =do=- 18 43
9 Bayata Tlprl - =do- - =do- 2 i5 '33 Gangori (Sera) -da- ~do- . 1o 2'
10 Kumaltl -do- - —do-— 1 20 39 Sadaung -do~ -do- 4 8
11 Malla -do-  =do- 9 a B 40 Uttaro -do- —do- 4 -
12 Pillang - ~do= -do-~ 4 22 . ' 41 Maugaon -do- -do= 2 -
13 Hurl : -do- -de- . 3 5 ' 42 Gajolt : -do- -do~ 1 -
14 Salang =do- -do- 6 24 _ ' } 43 Salnku . . —do= ~do~ 1 -
15 silla ' ~-do= Zdo- 16 52 44 Basoonga . -do~ _ B B
16 Bhukki_ —do— =-do- i1 22 . 45 Bogadl _ . -do- . | S -
3t Ther -do- -do- - 29 43 _ I 46 - Kishenpur - -do- -do~ 19 a7
18 Ralthal ~do- ~do- © 28 196 a7 Mannpur ‘~do- -do- 19 29
19 Sagava . -do- -do- 9 18 48 Kansen ~do= ~do- z . -4
20 Saura . —do- ~do- 1 2 ] 49 Thalan -do- -do- 4« 46
21 Dedsari : -do~ _ -do- 45 58 &0 Ladharl -do- ~do- . 1 9
2 Manerl “do= - mdem 4 - F Total in Bhatwarl Tehsil o Tsee
23 Jamak | . ~do- —do- 70 - 35 - i _ . . i —_—
24 Sain] —~do- -do- 3 14 ' ' :
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&1 Panchar _ Dunda —-do- 8. 25 18 Paniyala ~do— . —do- ) -
: 62 Dikehol -do~ -do- 7 6 7o Bhagl T do- —do- 3 -
: 53 Bhatwarl Dhanard -do- -do- 3 9 30 Bhalnga —do- © -do- P -
64 Painl Bhawan -do~ =do- a - 81 Sondi ~do- ~do= 1 -
56 Pajaf ~do- ~do~ 8 4 82 Chamgora - Bhilangana -do- .6 -
! _ 66 Jugalnl ~do- ~do- 3 15 63 sendvt “do-  -do- 2 -
- 87 Chinakholi s ~do= 1 9 84 Agar ' —do~ —do- - 3 -
' 58 Panjyala =do— =do- 2 3 85 ) . Silysra P —-do— 1 -
89 - Baun : “do- ~do— 1 18 86 Kot " wdo- ~dg— T -
60 - Nakurl- Barsall  -do- -do- 1 V& Meagaon  -do- —do- 4 -
61 Matti -do-  -do- 10 - ; 88 Bhatgaon ~do- —do- 1 -
82 Kawan -do- ~do- 4 7 ‘:l 89 Nedh - ~do- -do- 1 -
63 Surkot -do~ ~do- 4 13 ' 90  Ghuttu  —do- —do- 5 _
64 Huldiyana ~de- ~do- 3 9 : : 91 Chamayala "_do_ " Gdo- 2 -
86 Kharawa - ~do~ -do- 4 7 i o2 Kanda -do- —do- 1 -
66 Par =do- ~do- I_ 10 ' l 93 Narora o Dhsuldhar - -do- 1 -
67 Saund =do- - -do- 1 = : ' . 94 Thats © Jhakholt ~do- - 3. -
68 Bhurkot Gajna -do— —do~ 12 - 05 Thala : —da- - —do- Ty -
69 Pipalkhanda ~do- ~do- o 7 o 96 . - Thayali —do— —do- D
70 Khalst D1l ~do-  —do- 1 9 - o7 ' Bhudna —do- ~do- 1 -
71 Matligajna ~do- -do- 1 - _ 98 Gorthi ' -do-  -do- 3 -
72 Lodara -do- ~do- . 5 6 : e ureli —do-  do- 2 -
73 Bhatyara ~do- ~ =do- 7T 6 : 100 “Chaura —do- ~do= - 1 -
76 _Slrigaen ~-do~ =do- 3 8 - _ | 101 Jakh. - —do- C do- ; -
76 Chakon =do— =do- . ! - ) : . 102 Kot -do- —-do=- ' 1 -
Total In Dunda Tehsil . 90 : A Total deaths In Tehr} District 64
76 Gadoli - Bharkot —do- 1 8 ' . Total'.deat_hs in Chamoli District ' 6
7 Lambgaon Pratapnagar Tehr! 1 = . : ’ : _' Total deaths reported ' : 727
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Uttarkachi Earthquake 1991

ANKEXURE I

INTENSITY SCALES

The Rossi-Forel Intensity Scale {1983)

Microselsmic shock =~ Recorded by a single selsmograph or by

seismographs of the same model, but not by several seismographs of

different kinds; the shock felt by an experienced observer.

Extremely Feeble shock — Recorded by several seismographs of dlfferent
kinds; felt by a small number of persens at rest.

Very feeble shock — Felt by several persons at rest; strong enough for

the direction or durstion te be appreciable.

Feeble shock = Felt by peréons 'n motion; dlsturbance of movable
objects, doors, windows cracking of cellings

Shock of moderate intensity - Pelt generally by everyone; disturbance
of furniture, beds, etc., ringing of some bells.

Falrly streng shock - General awakening of those asleep; general
ringing of belis; osciilation of chandeliers: stopping of clocks; visible
agitation of trees and shrubs, some startied persons leaving their
dwellings. )

Sirong shock — Overthrow of movable objects; fall of plaster: ringing of
ehurch bells; general panie without damage to buildings.

Very strong shock - Fall of chimneys; cracks in the walls of bulldings.
Extremely strong shock = Partial or total destruction of some buildings.

Shock of extreme Intensity - Great disaster; ruins, disturhance of the

strata, flssures in the ground, rock falls from mountains.

{Ref.: From Elementrary Seismology’ by Charles F. Richter)
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B. ‘The Modified Morcalll Intenmaity Scale (1966), with Cancani's Equivalent

Acceleration.
- {Note: These sre not peak acceleratlons as Instrumentally recorded)

_Degree - _ Description Acceleration
' mm/sect

1 . Mot felt - only detected by seismographs. : Less than 2.5

n Feeble - Felt by persons at rest, on upper flootrs, 2.5 to 5.0

or favourable places.

11 Slightly felt Indoors - Hanging . cbjects swing. 6.0 to 10
vibration llke passing of lght trucks. Duratlon
estimated. May not be recognised as earthquake.

v Moderste - Hanging objects swing. ‘Vibration like 10 te 235
passing of heavy trucks, or sensation of a joit llke
a heavy ball striking the walls. Standing motor cars
rocks. Windows, dishes, doors rattle. Glasses cllnk.
Crockery c¢lashes. In the upper range of IV wooden
walls and frame creak.

v Rather strong - Feit outdoors, direction estimated. 25 to 50
Sleepers wakened. Liqulds disturbed, some spllled. :
Small- unstable objects displaced or upset, doors
swlng. close, open. shutters and plctures 'moveA
Pendufam clocks stop, start, change rate.

Vi Strong - Felt by zll. Many trightened and ran 50 to 100
putdoors. Persons walk unsteadily. Windows, dishes,
glassware broken. Ornaments, books, etc., fall of
shelves. Pictures fall off walls, Furniture'moved or
overtutned. Wesk plaster and masonry eracred. “Smalt
bells ring {Church, school), Trees, bushes shaken
visibly or heard, to rustle.

L' £ Very. strong — Difficult to stand. Noticed b:-" drivers 100 to 250
of motor cars. Hanging oblects  qulver. Furniture ' '
broken. Damage to masonty D, inchudirg cracks.

Weak chimneys broken at roof line. Fall ¢f plaster,
losse bricks, stomes, tiles. cornices, alsc unbraced
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parapets and architectural ornaments, Some cracks
fn masonry C. Waves on ponds, water turbld with
mud. SmallsHdes and caving In along sand or gravel
banks. Large bells ring. Concrete trrigation ditches
damaged.

Destructive - Steerlng of motor earg affected.
Damage to masonry C, partlal collapse, Some damage
to masonry B, nohe to masonry A, Fall of stueo and
SO0Mme masonry walls. Twisting, fail of chimneys,
factory stacks, monuments, towers, elevated tanks.
Frame houses moved on foundations i not bolted
down, loose panel walls thrown out, Decayed piling
broken off. Branches broken from trees. Changes In
flow or temperature of springs and wells. Cracks in
wet ground and on steep slopes.

Ruinous = General panle. Masonry D destroyed,

masonry C heavily damaged, some times with

compiete collapse, masonry B serlously damaged.
General damage to foundatlons. Frame structures, If
Rot bolted, shifted off foundations. FPrames cracked,

serlous damage to reservoirs. Underground pipes -

broken. Conspleuous cracks In ground. In ailuviated
areas sand and mud efected, earthquake fountatjons,

sand craters,

" Disastrous — Most masonry and tfrazme structures

destroyed with thelr toundations. Some well buiit
wooden structures and bridges destroyed. Serioug
damage to dams, dikes, embankments. Large
landslides. Water t*rown on banks of canals, rivers,
takes etc. Sand and myd shifted horlzontally on
beaches and flat land. Rails bent sHghtly.

Very disastrous - Rails bent greatly. Underground
plpetines compietely out of service.

Catastrophic - Pamage nearly total, Large rock
masses displaced. Lines of sligh and level distorted.
Oblects threwn Into the air.

250 to 500

500 to 1000

1000 to 2500

2500 to 5000

Qver 5000

: 159
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Masonry A= Good  workmanship, wmortar, and deslgn; reinforced

% Hote! “laterally, and bound together by using steel, concrete,
ete.; designed to resist lateral forces.
] Masonry B- Good workmanshlp and mortar; -reinforced, but net
| designed In detail to resist lateral forces.

Masonry é- Ordinary workmanship and mortar; to extreme weaknesses
: llke.ralllng to tle in at corners, but neither reinforced
nor 'dsstgned agalnst horizontal forces.
| Masonry D= Weak materials, such as adobe; poor mortar; low

standards of workmanship; weak horizontally.
(Ref: "Elementary Seismology’ by Charles F. Richter)
c Medvedev-Sponheaer-Ksrnlk (MSK) Intensity Scale (1984)

~The description of this seale opens with definitions of terminology and
then proceeds to define the scale steps zs follows:

Types of Struckures: _
Structure A: Bulldings In field-stone, rural stroctures, adobe hou.ses. clay
houses.

‘Structure B: Otdinary brick buildings, buildings of the large .b]ock and
prefabricated type. half timbered structures, buildings 1n

natural hewn stone.

Structure C: Reinforced buildings, well bullt woeden structures.

Dennit'lon of Quantity:

Single, few ~ ~ aboutr 5%
Many ' = abour 50%
Most - about 75%
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" Classificatlon of Damage to Bullding:

Grade 1

Slight damage - Fine cracks in plaster; fall of small plecea of

Geol, Surv. Ind., Spl. Pub, No. 30 . 161

1L

Weak, partially observed only

The earthguake Is felt indoors by a few peaple, outdoors 'only

- a)
plaster. in favourable circumstances. The vibratioh is like that due to
Grade 2 Moderate damage - Small cracks in walls; fall of fairly large the passing of a light truck. Attentive observers notice a
pleces of plaster; pantiles skip off; cracks in chimneys; parts of siight swinging of hanging objects, somewhat more heavlly on
chimneys tall down, : upper floors.
Grade 3 Heavy damage - Large .and deep cracks In walls, fali of Widely ob d
chimneys. v. idely observe
Grade 4 . Destruction - Gaps in walls; parts of bulldings may collapse; 2) The earthquake is felt Indoors by many people. outdoors by a
separate parts of the bullding lose their coheslon; Inner walls -few. Here and there people awake, but mo one is frightened.
and filled-in walls of the frame collapse, The wvibration (s lke that due to the passing of a heavily
Grade 5 Total Damage - Total collapse of buildings. loaded truck. Windows, doors and dishes rattle. Floors and
walls creak. Furniture begins to shake. Hsnging_objects swing
slightly. Liquids In open vessels are slightly disturbed. In
Arrangement of the Scale: standing motor cars the shock 1s noticeable,
Introductory letters are used In paragraphs throughout the scale as follows: V. . Awakening
a) ' ~ Persons and surroundings; : : . a) The earthquake is felt indeors by all, outdoors by many. Many
b} Structures of all kinds;. ' sleeping people awake. A few run outdoor. Animals become
' : uneasy. Buildings tremble throughout, Hanging objects -swing
<) oo Nature considerably. Pictures Kknock against walls or swing out of
place. Qccasionally pendlum clocks stop. A few unstable objects
Intensity: may be overturned or shifted. Open doors and windows are
) : thrust open and slam  back again. Liquids spill in small
L Not notlcgable : o amounts from welfllled open containers. The sensation of
a) The Intensity of the abservation is below the f{imit of vibration is like that due to a heavy object falling inside the
- sensibility; the tremor Is detected and recorded by Jbuildings. '
seismographs only.-
b) Sight damage of Grade 1 In buldings of Aype A is possible,
1. Scarcaly noticeable o
Te) Sometimes change' in flow of springs.
a) Vibratlon is felt only by individual people at rest in houses, & pring
especlally on upper floors of bulldings.
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VL.

VIL
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Frightening

a)

b}

c).

Felt by most people indoors and outdcors. Many people
frighrened and run outdoors. A few persons lose their balance,
Domestic animals run out of their stalls. In a few instances,
dishes and glassware may break, books fall down. Heavy

. turniture may possible meve and small steeple bells may ring,

: Dan\age of grade 1 1s sustained In single buildings of Type B,

and In many of Type A. Damage in a few bulldings of Type A
i5 of Grade 2. ’

In a tew cases cracks up to widths of 1 cm possible in wet
ground; in mountains occaslonal landslips; change In flow of
springs and in level of well water is observed,

Damage to bullding

a)

b}

(3]

Mast people are frightened and run outdoors. Many find it
difficult to stand. The vibratton 1s notlced by persons driving
motor cars. Large bells ring.

In many buildings of Type C damage of Grade 1 s cacsed; In
many bulldings of Type B damage is of Grade 2. Many tulldings
of Type A suffer damage of Grade 3,a few of Grade 4. In single
instances landslips of roadway on steep slopes, cracks in roads,
seams of plpeline damaged, cracks tn stone walls.

Waves are formed on water, and water 1s made turbld %y mud

stirred up. Water levels in wells change, and the ‘low ér
springs change.ln a few cases dry springs have thzir flow
restored and existing springs stop flowing. In isolated i~stances
parts of sandy or gravelling banks slip eff. '

VIIL

IX.
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Destruction of bullding

al

b)

e)

Fright and panic, also persons driving motor ears are disturbed.
Here and there branches of trees break off. Even heavy
furniture moves. and partly overturns. Hanging lamps are in

part damaged.

* Many bulldings of Type C suffer damage of Grade 2, a few of

Grade 3. Mary bulldings of Type & suffer damsge of Grade 3,
snd many bulldings of Type A suffer damage of Grade 4.
Occasional breakage of pipe seams. Memorlals and monuments

" move and twist. Tombstone: overturn. Stone walls collapse.

Small -landslips In hollows and on banked roads on steep siopes;

cracks In ground up to wildths of several centimetres. Water in
lakes becomes turbld. New reservoirs come into existence. Dry
wells refill and existing wells become dry. In many cases

- change In flow and level of water.

Generzl damage to buildings

a.)

b}

c)

General panic; considerable damage to furniture. Animals ren to
and fro in confusion and cry.

Many bulldings of I'l‘ype' ¢ suffer damage of Grade 3, a few of
Grade 4. Many buildings of Type B shqw damage of Grade 4, a
few of Grade 5. Many buildings of Type A suffer damage of
Grade 5. Monuments and columns fall. Comsiderable damage to

. reserveirs: underground pipes partly broken. In individual cases

ratlway lines are bent and roadwavs damaged.

on flat land overflow of water, sapd and mud is often
observed. Ground cracks te widths of up to 10 cm., on slopes

~ and rlver banks more than 10cm.; furthermore a large number

of slight cracks In ground; fall of rock, many landslides and

earth flows. large waves on water. Dry wells renew thelr flow
and existing wells dry up.
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X1.

XIT.

Ref.:

Uttarkasht Earthgquake 1991

General destruction of bulldings

b} Many bulldings of Type € suffer damage of Grade 4, a few of
Grade 5. Many bulldings of Type B show damage of Grade §;
most of Type A have destruction category §; critical damage to

dams and dlkes, and severe damage to bridges. Railway lines

are bent slighily. Underground pipes are broken or bent. Road
paving and asphalt show waves, i

c) In ground, cracks upte widths of several tens of centimetres,

sometimes upto 1 metre. Broad fissures occur parallel to water
courses, Loose ground slides from steep slopes. From river

banks and steep coasts considerable landslides are possible.lnm

coastal areas displacement of sand and mud: change of water
level in wells; water from canals, lakes, rivers ete. thrown on
Jand. New lakes occur.

Catastrophe

b) Severe damage even to well buiit bufldings, bridges, waterdams
and railway lines; highways become useless; underground pipes
destroyed. ’

c) Ground considerably distroted by broad cracks and flssures as

well as by movement in herlzontal and vertical directions;
numerous landslips and falls of rock. The intensity of
earthquake requires to be investigated specially.

Landscape change

b) Praciically‘ all structuyres above and below ground are greatly
damaged or destroyed.

¢} The surface of the ground fis radieally c¢hanged, zonsiderable
ground cracks with extensive vertical and herizontal movements -
are observed. Falls of rock and slumping of river banks over
wide areas; lakes are dammed; waterfalls appear, and rivers are
deflected. The Intensity of - the earthquake requires to be
investigated specially.

Sponhever W and Karnlk V 1964 New Seismiche Skala (New
Seismic Scale) pp 69-76 in W Sponheuer, Ed, European
Selsmological Commission, 7th Symp. held at Jena, Sept.
24-30ch Sept, 1962, Veroff. nst. f. bodendyn. K. Erdbeber
forsch Jenaddeutchen Aentehen Akad. d. Wiss No.77.

L.

ili. Dlstrict or State

Geol. Surv. Ind., Spl. Pub. No. 30

EARTHQUAKE REPORT
{Proforma}

Place of Observation:

Town or village ii. Tehstl, taluka

:iv. Nearest Rallway Station

Date of earthquake
Time of occurtence

Number of separate shocks with time and

their duration.

"Situation of observer, whether in upper -
storey oF out of doors asleep or awske,
sitting or standing ete. ’

Type of bullding of observer's house, Le.
Kutcha, Kutcha—puéca pucca, one or Iore
storeys. When built.

Were any unusual  sounds heard elther
before, during or after the shock and what
did they resemble?

What was the nature of the movement and
did 1t appear to come from any particular
direction as ascertained from line of swing
of hanging lamps, movement of liquids in
cups, tubs or tanks.
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REFORT ON INTENSITY SURVEYS CARRIED OUT FOR
UTTARKASHI EARTHQUAKE OF OCTOBER 20, 1991

B.X. Rastogi & R.K. Chadha
National Geophysical Research Institute,
Ayderzbad~500007

SUMMARY

The esrthquake of body-wave magnitude 6.6 (IMD) and surface wave magnitude

7.1 (USGS) that rocked the Garhwal region of Uttar Pradesh for 45 seconds at
2.63 AM {IST) on October 20, 1991 has left behind a tratl of 76% deaths about
5000 injured persons and about 1 lakh damaged houses in Utrarkashi, Tehrt and
Chamoll districts. Damage to buildings was alse reported from Himachal Pradesh,
Chandigarh #nd Dethi. The earthquake was felt as far as in Jammu, Amritsar,
western Nepal and all oparts of Uttar Pradesh including Pithoragarh,
Shahjahanpur, Pilibhit, Lucknew and Kanpur upto dlstances of about 900 km,

Numerous landslides occurred in Uttérkashl knd adjoining  districts, -
Landslides,cracks and slumping of road were noticed all aiong the route between
Gangori and Gangrani tn Bhatwarl block. Landslides had broken telephone and
electrie poles disrupting communlcation and electric supply.

Gawana hbridge, located about 8§ ¥m from Uttarkashi on the road to Gangotri
collapsed. cuttlng off hundreds of villages. Because of zhis, rescue and rellef
teams could not reach the worst affected areas.for severy! ‘days. Approaches to
another bridge on Uttarkashl-Lambgaon road were also danaged

Cracks were observed in the mountain slopes in the vicitity of Agora, Sangrall,
Jamak, Didsari etc. in Uttarkasht distriet and at Phata In Thamoll district. These
cracks in the hill slopes Increased the chances of maj:* landslides and made
some villages sltuated -at the foot of such slopes uns:z*z. Wide cracks which
developed In the fields made titling difficult. Landslides accompanied by dust
clouds were occurring ever after 2 weeks of the earthquake, maklng road
journey a hazardous task.




168 _ Uttarkashi Earthquake 1991.

Because of shnrtage of firewood, people directly consigned the dead bodles in
the Bhagirathl river. These bodles were seen floating in the river for several
days. :

Direction of strong shaking and sound was reported by most people to be from
north to south in Urtarkashi district. The objects have also fallen towards
south. ’

After the earthquake people could not open thg doors and windows sand thus got
trapped inside the dweilings, After the sarthquake, people were scared due to
recurring aftershocks and a misleading declaration by some people that a great
earthquake is imminent. People had to sleep in the open even in the biting cold
and rain. i

The unusual observations reported Include fire balls, glowing of the mountabns,

eiectric shock and smolte.
. . .
Damage survey in the three affected districts of Uttarkashil, Tehri and Chamoll

were carried out. Based on our  observations and 1nterviews of people,
isoselsmals have been drawn using MSK scale. Isoseismals drawn had a fairly
good 1t with those drawn by Geological Survey of Indla and hence are not
reproduced. Similarly the photographs taken by MNGR1 party are not shown
separately and some of these are included in the GSI report. Trend of long axes
of the lsoseismals is NW-SE. The isoselsmals widen towards SE. We assign a

rmaximum intensity of 1X in an area of abour 10km X 7.5km from Gavanaz fto .

bidsart aleng Uttarkashl - -Gangotrl road. The isoselst VIH is in an ares
extending 40km X 25km between Uttarkashi and Pala on the same road.
Isoseismal VII passes through Dunda, Ghansali -Jakholl. between Guptkashi and

Phata and north of Gangnant hot spring encompassing elllpticai area having a .

tong axis and short axis of about 30km and 50km, respectively. Isoseismal VI
passes from noerth of Mussoorie and isoseismal V through Chandigarh and north
of Muzaffarnagar, Moradazbad and Pilibhit. Isoiated pockets of iniensity VI at
Dehradun and V from Delhi to Senepat have also been identified. '

Intensity !X has been assigned on the baslis of total destruction of hduées,
ground cracks with opening of more than 10cm., shaving of river banks and
broken water pipelne, :

Medvedev-Sponhearer—Karnlk (MSK} scale s broadly simtiar ‘to the Modifled
Mercalll {MM} scale. Advantage of the MSK scale Ls that in this the deseription
of damages are quantified in a better way. Hence, thls has been adopted. The
distinguishing features are described on next bage: ’ .

5 o € LR
T
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DISTINGUISHING FEATURES OF INTENSITY SCALES

_Modifted Mercalll Seale

Vi . Weak plaster and masoh:ry cracked.

Vi Damagé (partial collapse) to poor constructions including cracks.

Vit Partial collapse of better houses constructed with brieks.

[5:¢ Poor _constructlans' destroved, sometimes better houses made with

bricks also completely collapsed.

., Medvedet'—Sponheaer¥Ksrnik

Vi (a) Cracks In poor constructions.

{b) A few cracks upte widths of 1 em. in wet grounds. IN mountaing
occasional landsitps.

VIl {a} - Partial collapse in a few poor constructions

(b} In single (aboutr 5%) instances landsiips of roadway on steep slopes,
cracks in roads. )

VI (a) Many {about S0%} poor comstructions suffer partial ccllapse. .

(b} Small Iandslips on hollows. Landslips of roads on steep slopes. Cracks
on ground upto widths of several centimetres.

IX {a) Many poor constructions suffer total cotlapse. Underground pipes
partly broken. In individual cases ratlway lines are bent.

(b)  Ground cracks upio width of 10em., on slopes and river banks more
than 10cm., many landslides.

Detailed description of scales.1s given In the GSI report. In assigning the
intensittes both the factors concerning damage to houses and the ground el‘fec_:ts
have been considered. For example. in intemsity VIII area, besldes partlal
collapse of many poor comstructions there have to be many landslides and
ground cracks upto widths of several centimetres. Similarly in Intensizy VI,
besides partial collapse of a few poor constructions there have to be single
instances of landslides and cracks in the ground. Due to this reasen. though
partial cotl'apse of houses and some deaths have oceurred, the areas

- encompassing Sukhi and villages south of Ghansali and Jakholl have ‘been

assigned intensity VI because of absence of terrain changes.
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't INTRODUCTION

The earthquake of magnitude 6.6 (IMD} on Richter-scale, body-wsave magnitude
6.5 (USGS) and surface-wave magnltude of 7.1 {(USGS) that rocked the Garhwal

region of Uttar Pradesh Tor 45 seconds at 2.53 IST in the morning of October 20, -

1991 has left hundreds of people dead and several thousand injured In
Uttarkashi, Tehrl and Chamoli dlstricts. The worst affected was Uttarkashi
distriet. :

The Natlonal Geophyslcal Research Institute (NGRI} team carried “out damage
survey In the three affected distriets of Uttarkashl Tehrl and Chamoll by
visiting the affected areas, Interviewing people and scanning the newspaper
reports. ¥rom the newspapers we hsve drawn only the factusl Informations like
names of the affected places, location of ground cracks ete. Even then these
descriptions should be considered with cautlon.

2 DESCRIPTION OF DAMAGES
District-wise description of damages is as follows:
2.1 UTTARKASH! DISTRICT

The Uttarkashi district is divided into seven blocks, viz. Bhatwarl, Naogaon,
Dunds, Chinyalisaur, Purola, Mor] and Uttarkashl. The worst affected area
includes Bhatwarl, Punda and Naogaon blocks approachable through three roads
namely  Tehri-Uttarkashi road, Uttarkashi~Lambgaon road, and
Uttarkashi-Bhaldlyana road. Devastation In this whole area was wide spread.

It is reported that 97 villages of the Bhatwari block and. 83 willages of the
bunda block have been devastated where B80-90 percent houses have been
severely damaged. In other villages also about half of the total number of
houses have been severely damaged. The remalning houses have developed wide
cracks. A total of 653 deaths and 1535 injured persons are officially reported
from Uttarkashi distriet.
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2 1.1 DAMAGE DESCRIPTION TN CHINYALISAUR AND PUROLA BLOCKS
in Chinyalisaor block some villages have been damaged. There Is a report of one
death and over 50 injured {n this block. In Chinyalisaur town, the well built

" houses of the Trrigation Department have suffered only minor cracks.

The affected villages In the Purola block Include Kurado, Nandgaon, Sukhdals,
Mairana, Dhakara, Chandeli, Kamola and Netri. Garoll..

2.1.2 UTTARKASHI MUNICIPAL AREA

It t& estimated that 25% of the houses have been damaged In Uttarkashi
Municipal area. About 10% have been completely damaged. Important individual
buildings which have been damaged sre  residence of Dlstrict Magistrate,
residence of Superintendent of ‘Police, State Pank of India, Govermment Inter
Coliege and its hostel, Hospltal, Court and Inspection Bungaiow of Public Works
Department. Some of these damages are described below:

State Bank of India: Lime masonry, two storey bullding. The first floor of this

" bullding completely collapsed and the ground floor was seriously darmaged. The

pillars of lime masonry collapsed and RCC roof of the first floor came down on
the ground ftoor celling. The Bank Manager, Mr. V. Nataralan's family lving In
first floor mriraculously survived with injurles only.

Cracks have appeared In the courtyzrd and main gate ol ancient Viswanath’
Temple. Cracks have aiso appeared in “Shaktima’ temple situated opposite to
Viswanath temple.

District Magistrate's Restdence: From outside the house looks intact but Inside

the roof and some walls have collapsed.

Residence of Superintendent of Pollce, his office premises and police barracks:
All these buildings have collapsed partiaily ot fully. Master Himanshu Singh,

" fourteen vear old son of Mr. Uma Shankar Singh, §P is teported to have died
" due to cellapse of his resldence.

Post Office: Several crack's have developed In the post office 'bulld!ng which 1s a
RCC construction with load bearing columns and beams. Cracks are seem at the
contact of beam and a plilar. The external wall is- of stones and lime mortar

. which developed cracks on all the sides. Irreguiar cracks along the contacts of

the filler stones were noticed.

:
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2.1.3 DAMAGE IN BHATWARI, NAOGAGN AND DUNDA BLOCKS

During the earthquake and afterwards for more than a fortnight. rock blocks
rolted down the hills and there were numetous landslides from all the mountains
producing dust clouds. On the day of the earthquake, the whole area was
engulfed in dust. The road from Chinyalisaur to Gangotri was blocked ar
numerous places, mere frequently between Maneri and Bharward. Telephone and
electric wires as well as trees snapped due to landsildes. it was reported that

sparks generated by rock falls gave appearance as if the mountalns were on
fire. ' :

AT Agora and seversl other places people reported fire ball moving on hitl top.

It is reported that 210 out of 474 drinking water schemes were damaged and 104

schemes of frrigation Department were safso damaged. Several natural water
- sources also dried up. Damage to water schemes created drinking water crisis.

Changes In water springs occurred at several places such as in Naogaon block,
In- Manerl, Gangnani and at Sunara, Khadakyar and Eedak villages. In Marapa
- Kotd, amount of hot spring discharge has !ncreased but temperature of water
has decreased as reparted In the newspapers.

Gawana bridge on Uttarkashi-Gangotri road collapsed, cutttng oft 75 wvillages

from rest of the country.

In Bhatwarl block of Uttarkashi distriet, 97 villages out of a total of 112
suffered severe damage. Population of Bhatwari block s 32.000. The worst
-affected villages where large number of houses collapsed were Nakurt, Matli,
Nauld, Uttron, Naogaon, Cajoli, Bhankoll, Dasara, Dandalka, Shiren, Thalam,
Kishanpur, Manpur, Ginda, Ganeshpur. Netala, Hinna, Maneri, Jamak. Kamar,
Didsart, Lunthru, Bina, Salnj, Kumalti, Jakhol, Gorsali, Malla, Saur, Sila, Pilang,
Raithal, Syana. Pala, Salang, Bhukkl, Sunagar, Bhangeli, Sulki, Sukki, Kunjan,
Tilam, Tihar, Mandrawnl, Lativa, Kamarnth., Farsu, Mahldanda, Kirthu, Strui,
Bhatwari, Vasunga, Kallsain, Jugald), Panjyala, Bhailudi, Bhoga, Jaula, Barethi,
Pata, Panchan, Tekhla, Gyansu, Johra, Mandrany and ¥amarakh.

Uttarkashi—Gangotri; Up to Tekhala bridge. Skm from Uttarkashl, there wag no
severe damage but between Tekhala and Gangori (6km from Uttarkashi} heavy
damage Is observed in the form of landslides and collapsed houses. This heavy
damage continues upto Pala which is 20km from Uttarkashi,
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Most of the villages betwean Ganeshpur and Bhatwarl on Uttgrkashi ~ Gangotr{
road have tutned Inte ruins. These villages include Ralphal Pharsu, Malla,
Jawads, Ganeshpur, Gawana, Jamak, Didsari, Ralthsl, Kamar, Bhatwari, Lunthru,
Hinna, Netala and villages on the way to Dodital in Nsogaon black - Sekke,
Gajoli, Naogaon, Bankoli, Dandalka, Dasra and Agora. Terraced Tields 11_1 these
villages have developed fissures. Gawana Bridge 8km from Uttarkashi on the way
to Maneri eollapsed. This Balley brldge, constructed in 1973, is made of steel
girders with sbout 48m span. It has got concrete decking. The bridge is aligned

East—West.

The 23 villages devastated In Manerl ares include Kanth, Aungl, Majagaon,
Stikara, Ravars, Bhatuksur stc. The villages sltuated on highef hills were
difflenit to reach snd are approschable by narrow bridle paths.

The Manert duu has not suffered damage. But the watchman room and one or
two structares near the entrance of the dam suffered collnpse of walls.

Manerl Dam Colopy: Maneri colony has suffered severe damage. " One small temple,
ohe shop and one residential QqUATteT nhear the entrance of the colony have

suffered totsl collapse,

The office bulldings, the guest houze, main templs and numerocus resldential
quariers for lower category staff have been severely damaged. The better
constrected houses of RCC are less damaged. Damages to some of the individual
structures are described as rollows

M Retalning wall of the approach road to manerl colony has collapsed for &
length of more than 30m. :

. . A small temple near the entrance of the colony has totally collapsed. It
was made of stome masonry in lime mortar with RCC. roof. All the walls
have falten and the RCC siab collapsed.

. One shop bullt of stone masonry with lime mortar and roof of corrugated
" iron collapse. ' :

v One resldentlal quarter of stone masonry with reinforced pillars and
' celllng sur!ered a total collapsed.

‘ ' Wall of shed has collapsed.

* The celling and all the walls or the guest house are partlally collapsed.
There are diagonal, vertical as well as horizontal cracks in the walls.
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© . Al the walls of the sffice of the Executive Engineer are badly sheared by
dlagonal. vertical as well as horizontal cracks. ) i

ot First tloor room of the colony Division Office has shifted by 10cm.
towards south, '

* Ground floor of the adjblning biock has also shifted by 10cm. towards

south. '
. Wails of the Admlnistrative block are badly sheared.
" Most of the residential quarters meant for lower categ’ory staff are badly

sheared by wlde cracks in all the directions.

. The maln temple of the Maneri colony ls badly damaged and pariially

collapsed. The plllars situated all around the structures have failed. The
steel gates have got twisted due to weight of the celling falllng on them:

after the failure of the columns.

AR RCC slab used as roof of the priests’s house situatéd near the temple
ard close to the hill slope was thrown out towards south by about 25m

horlzontally and 25m vertically., This siab had been kept loose on the

walls and was kept slanting towards south or towards hill slope. Outer
edge of the slab of dimensions 7mX7m was at least 1.5m away from the
edge of the hilli slope. Hence, movement of the slab was at least 1.5m
from 1ts edge or 5m from its centre.

Jamak village situated on a hill near the dam suffered toral coltapse of houses.

It is the maxlmum damaged vilage and has turned into ruins where 70 peaple -

died. Rotting animal bodies trapped in the debris were giving unbearable fou)
smell. Many bodies were lined trapped even on the second day, '

In Jamak village almost al] the houses have stone and mud walls with heavy
RCC roofs. Cracks on the . hill slopes of Jamak village were observed 1o be
trending between N10°W to NIO'W. These cracks are parallel to hill slopes and
have been induced by slope fallures. ' '

The diversion tunnei of &m dlameter from the Maner! dam passes 90m below’

Jamak viflage. The blasiing for the tunnet was done during 1972-75. Resldents
of Jamak village blame that the greater damage to their village s because of
tunnel! passing below their village. However an opening of 5m diameter at g
depth of 90m will nor causge ampifteacion of acceleration. It is alse said that
biasts done some 18-20 years back had weakened the rocks which fatled. This

o b By, - -

S
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argument is alse not true as the rocks have fatled at a depth of 165km. The
third argument was that the relatlve vibratlons of the tunnel lining and the -
ground has produced extrz vibratlons which have caused more damage at Jamak
village. Whatever these extra lttle vibrations may be, they would dle out In.
90m. Hence, this argument Is alse not valid. Moreover, mearly equally damaged

'villages llke Didsart, Netala and Heena are situated away from the tupnel. More

damage in Jamak and nearby villages 1s due to nearness te the epicentre.

'mde..ari which i1s about 4km north of Maneri is the next most damaged village

after Jamak. There also almost alt the houses have collapsed. These houses are
poorly constructed with stone masonry In mud mortar. The village with a
population of 410 is situated on the hit} slope. A total of 45 people died and 71
got injured. On the same hiil slope two more viltages Lunthre and Bina, located
at higher elevations, have suffered less damage as compared to Didsari. Several

“eracks are also present on the hill slopes in this region.

In Sangrall village, 12km from Uttarkashi. z N-§ trending erack of about S0em.
width s observed near the top edge of the slope. The depth of this crack s
reported to be approximately 9m. This crack has’ developed in quartzite.

AT lteast 40 iandslides, each of about 10m? size are observed betwgen Maneri and
Bhatwarl. ’

The crack directions along and across the road between Maneri and Bhatwarl
ranges berween N70'W and N1O"E.. '

‘Landslides are frequent even north of Gangnani. For example a malor landslde

occurred at abont 6km north of Gangnani._ Majority of electri¢ and telephone
poles are brokenm between Bhukkl and Gangnani due to landsildes. South of this _

. stretch. i.e. starting from Gawana, many electric and telephene poles have been

damaged due to landslides. In a stretch, 10-15km south of Gangotrl, a few poles
are broken due to snapping of wires. Snapping of wires might have taken place
by shaking of poles as there were ne landslides. :

Netala Is one of the badly affected vlHages. This village 15 situated on a hill"
by the side of Uttarkashi-Gangotri road at a distance of about 8Xm from
Utcarkashi. One could reach the village after jumping over the boulders and
traes fallen durlng the earthquake. A total of 44- people died and 102 got
tnjured. In this wviltage, 155 Pamilies Mved and the population was about 1000
until the morning of the earthquake. Damages to the drinking water pipeline has
forced villbagers to fetch water from river Bhagirathl. The road to Netala village

was breached at several places.
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n the villages north of Bhatwar! all the houses did mot collapse. Dr. K.D. Paul
of Roorkee Universlty observed that at Bhukki, houses situated on hill top
collapsed but not fin the valley. According to Dr. Aswani Kumar of Roorkee
University, at Bhukki all the A type {poor quality) houses had developed cracks,
while 50% had collapsed. '

It ts reported that In village Banas, 50 houses were burled by a tandslide
during an Rhistorlcal earthquake. This village is at the foot of a hill stope. The
houses here are well reinforced by wood. Many houses are woodenframe
structures. They have small windows and doors minimising weak parts of the
walls. Because of these reasons these houses have suffered only minor cracks.
Hot springs situated 500m away from this village showed substantial lncrease in
discharge. A fall of about 2m in the water level of a well, located close to the
main read near Uttarkashi, has aiso been reported by Dr. Aswanl Kumar.

Local people believed the eplcentre to be near Agora because of wide crack In
the mountsaln, thick dust clouds appearing like smoke, the surrounding mountains
appegring ke on flre and observation of moving fire ball. Agora is surrounded
by high mountalns which are devold of wvegetation. Palling recks on  dry
mountaing produced wide spread sparks. The village is situated at about 22km

north of Uttarkashi at a height of more than 2300m. Fleld hostel of Porest

Department at Agora partially collapsed. Though this duilding is made up of
good material and lot of timber has been used but {t does not have earthquake
proof features, hence {t has been damaged as- opined by Dr. D.K. Paul of
University of Roorkee, o

There ware numerous cracks on the hill slopes. These were probably due to
slumping of hill slopes. These cracks were 2-15cm. wide and could be seen
extendlng for 8-10m, ‘ : ’ i

‘At the time of the earthquake an IAS Offlcer from Rajasthan and hls wife were
staying in the Flield Hostel described above. The couple told the villagers that
'they had seen a moving flre ball at the time of the earthguake. Basdev a
native of this viilage also saw the fire ball. He narrated that he had come out
of the room for taking water at about 2-3AM and heard a strange sound. When
he saw outstde, he observed a flre ball of football size moving from east to
west. As soon as this flreball disappeared behind the western hill, he heard the
stone falling [nside the house. On enquiry, Jeet Singh, told that he was
awakened by a sound and came cut to see. He observed a flreball moving from
" Dodital side towards Uttarkashi (i.e. North to South) No body is reported to
have died or seriously Injured at Agora.
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Dandalka and Dasra, the two villages are situnated within lkm of Agora. Three
children of a family (7 year old daughter, 12 and 16 year old sons} dled in
pDasra. The mother of these children too was serlously irjured. In Dasra, Indri
Devi, whose house was badly dsmaged also saw the fireball. Houses in Dasra
have been damaged more than those of Agora and Dandalka Peopia were living

- outside in all these villages.

gtarkasm-l.ambgaon- 12km from Uttarkashi, on Ufttarkashi-Bhaldiyana road, the-

area of Kishanpur, Manpur and Ginda villages 1s the most damaged after
Bhatwar! block. The two sides of the road to the bridge on Indrawati river,
situated opposite Ginda village have caved In causing disruption to traffic. The
destriiction caused tn Kishanpur and Manpur villages was tremendous. Manpur is
situated by the side of the main road, while Kishanpur is approachable by bridle
path at a distance of about Zkm.

Out of the two villages, Kishanpur is worst affected. No house was spared from
destruction. In some houses, though outer walls are Intact but everything has
fallen inside. All the members of five families died of house collapses caused by

this earthquake.

Villagera keep thelr cattle ln the ground floor of the houses, conapse of which
has buried a number of cattle.

On the. Uttarkasnl-Lambgaon road, after Saura village, heavy damage was Seen
in the villages of Thalam, Manpur, Ginda, Klshanpur, Kankari, Mustlk Saur, Kroll,
Aleth, Dhanpur and Baga, The a.ppraaches to the bridge near lla.npur Ginda have
collapsed.

2.2 TEHRI-GARHWAL DISTRICT

In Tehri-Garhwal district, th2 guake has affected 106 villages In Pratapnagar,
Jakholl and Bhilangana blocks. The official death tolli on October 26, was 64 and
the number of injured 367. The figure for number of deaths was later reported

to be 109. : N

. In Mayali. several rubble masonry houses with lme mortar have collapsed and

almost all the houses developed opeli eracks.

In Jhakoll, which is 8km from Mayall, severe damage i3 reported. Mr. B.5. Rawart,

Assistant B.D.0. Jhakoli reported that all the 107 Primary Scheols in ._ihakoli
biock had severely cracked and were [n precarious conditien. Dr. Kurll,
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Veterinary Doctor, Jhakell was seriously Injured as his ‘house coilapsed His
office building also collzpsed. The office bulldlng of the Block Cevelopment
Officer has developed open eracks.

In Jhakoli block, earthquake destroyed many villages tn which a large number of

houses collapsed and a few surviving structures have been deserted as It was.

feared that these houses could also collapse. Huge fssures developed in fields,
making tiiling difficult. As noted from the newspapers, wildespread destructlon is
Teported in Dhameli village (Dhamell could nrot be traced on toposheet. Daneli is
given in the toposheet). In this village, most of the houses were damaged. In
Kathur s large number of houses sither collapsed or developed wide cracks. In
Jhakall block, about 130 villages were affected znd about 7,000 persons were
rendered homeless, The heavily populated Gortl village showed the evidence of
destruction. In Burhana, a large number of houses developed cracks. A portlon of
Government Inter College, Burhana comprising four rooms was badly damaged.
Tables and chairs kept in these rooms were alse broken. Union Bank bullding
was also damaged. In Mamani and Dhankurall of Lasya area, several houses

cracked. In Chauran Paunthi of Silgarh srea and In Khaliyan and Muneghar of

Varsir Banger area, cracks have developed in most of the houses and a flssure
extending for sbout two hundred meter length developed on the hillock abeve
the villages. ’

The earthguake blocked the roads between 'I‘ilirara to Saurean Khala and Tilwara

© to Ghansall. : C

In 'old Tehri town it is estimated that more than 200 houses were seriously

,damaged and more than 500 dlsplayed cracks. Cracks have developed in almost

" all houses made of bricks In mud mortar. It was reported that In two Nouses,

portions of walls had collapsed. Restdents of Tehri town described that for the
main earthguake, the first shaklng was not very strong (P wave) then strong
shaking (S wave) was noticed 4 second after the first shaking accompanied by a
sound that resembled an explosion and appeared to be coming from north. An
aftershock on 27.10.91 at 6.50 PM (IST) was felt by B.X Rastogi in the =ame
manner. This aftershock was of magnitude 4 and was feit in the entire area of

.Tehrl and Uttarkashl diseriets. This ‘observation indicates that the maln shock

and . this aftershock are at a distance of about 35km from Tehrl town. Dobata,

“Sinral, Marora, Maali Dewal Uppu ete. villages had a large number of cracked

houses. It Is reported that In Marora viliage one woman Kiri Devi died due to
collapse of 2 house. Many families were rendered homeless In Marora and Slaral
villages. In Marora village many people. were llving In tents erected outside
their houses. : '
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Higher reaches of Tehrl district ke Khallyan, Barsil, and Banger villages have
also been affected. Most of the houses have heen damaged in Oradhar, Koti and
Paunthi villages. Amarsar, Laslyal and Kepars villages have suffered widespread

" damage. 1t ls reported that the Post Office bullding or_ Devidhar Mamron was

severely damaged.

in Ch.aunra.aud Vadiyargarh, houses were damsged and people lived outaide for
many days. In Chaunrz area, the damaged _vlllages were Thapll, Naut
Kalkileswar, Barkot, Sankarl, Mangsu etc. The devastating earthquake damaged
Government Inter College bulldlng of Vadiysr area. Another college in Chhatt
Gharlyél was also damaged. Several houses In Kandyalgaon and Saula of Kathar
area were damaged. Poul smell and crying survivors was the scenerio In Aagar
and Thati Kathur areas of Bhilangana block. The Pradhan of Asgar also died im

the tragedy.

There was massive damage in Siral, Dobra, Kholgarh, Mishrawan, Bhllun;a.
Lambgaon and¢ Bhajnga villeges under Pratapnagar and Thauvidhar development

bloeks.

. In village Bhalnga and Rsika érea of Pratapnagar block six persons of a r_amily

died.
In Lambgaon, sever#l houses  were dams.gec_t and Tehri—Lgmbgaon road was
blocked due to landsiides.

In Ghansyali area, severs! houses were damaged. In a small village, Changlora,
situated about 125km away from Manerl,8 people dled. .

2.3 CHAMOLI DISTRICT -

In Chameli district damage has occurred in Gaurikund, Ja.nzalchattl_andOkhlmath
- on way to Kedarnath. The bridie path to Kedarnath has been damaged due to .

subsidences at many places . In Gopeshwar ares, m_ol"e than 150 villages were
effected . , |

Official death toll in Chamoll district 1s 6 which has been personslly confirmed
-to us by District Administration. .

In Karanprayag town, several houses have cracked. In wupper Bazar, old ho_uses
have suffered more damage. in Tamata locality an inside wall of & house had
fallen. l'n the couniryside also several houses were reported to be padly

damaged.
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Karanprayag dispensary developed ¢racks on walls. This Is an RCC structure.

in Joshimath PWD Guest housge, cracks have developed around windows or doors.

In Badrinath, almost alt the Dharamshaias and g few hotels developed cracks in

the walls. Most of these cracks are dlagonal In nature.

In Gopeshwar (chamoll)' Mr. P.C. Sharmsa, D.M. reported hairline cracks in

numerous houses Including government hospital bullding. These cracks are minor
in nacure. :

Kedarnath ; According to news Papar reports, tn Kedarnath 4 - portion of the
Bilaspur Bhawan collapsed and two out of stx coolles who kad been engaged by
pilgrims from Doorg (Madhya Pradesh), dled. ' )

Several houses in Malkhanda and higher elevations are totally damaged.

Senprayag to Trijugt Narayan moterable road could be opened only after a few
days, ' '

Several houses have eollapsed in villages situated in the higher reaches like
TriJugt Narayan {2600 m.}), Tosl and Gaurikund {2000 m.), Sonprayag, Sitapur,

Rampur, Barasu, Serasi, a few houses were damaged in vllla_ge Vijrakoth of
Pokhari block of Chamoli distriet.

~ In Guptakashi cracks have developed in all 'the walls of almost every house byt
" collapses weére not noticed, Severe damage started only after Phata viilage which
Is about 7 km from Guptakashl on way to Kedarnath.

From Uttarkashi towards the east, severe damages in the form of landslides,
eracks on the hill tops and collapse of houses are. noticed upte Mandakini
valley, Further, east- of Kedarnath. Badrinath area has suffered comparatively
lesser damage in the form of cracks in the bulldings. In Joshimath, Chamoli,

Karanprayag, Rudraprayag, ‘Srinagar and Devprayag similar damage has been
~ noticed. : ' :

In Okhimath quite a number of houses made of stone masonry as well as RCC,
developed cracks in ail the walls. Pour houses are reported to have collapsed in
" Kellmath, 6km north of Ckhimath. Mr. Ravindra Godbole, SDM, Okhimath reported
several eracks In the ground in Pathalt village about 2 km. south of Okhimath,
On inspectlon these eracks were found to be along the slope of the hill and are
aligned in N70°E direction. People_ln the village sald that these cracks were
ftrst noticed on 14th OQctober 1981, and a part of the slip took place on 15th
Octcber when an earthquake of mild intensity ror about 5 seconds was- reported
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to be felt by severai people. Thlé colncides well with the foreshock of magnitu:e
4.3 which was recorded on 15th OQctober -19291. The landslides blocked the

Akashkaminl river for 2 to 3 days.

Mr. P.C. Sharma Dis'trlct Magistrate of Chamoll, told a Press__ reporter that :l;::
vi]‘lages of the district had been effected by the sarthquake, 225 houses

been completely destroyed and 1500 houses developed cracks. Maximum damage

has been reported from Maikhanda te Kedarnath in Mandakini valley. Six people
lost thelr lives In this district.

2.4 Dehraduﬁ, Rishikesh, Devprayag. Paurl, Srinagar, Rudraprayag,

Dehradun: About 25% buildings in Dehradun are reported to have developed
cracks. Some of the observations are described below :

1. In Mohitnagar colony opposite Wadia Institute a number of hou.se: ha:;:
developad cracks. All the & houses Iin one lane have cracks. In house No,

- Jane No.3 Mohithagar had vertical cracks on three walls. In a neighbouring

house belonging te Mr. Sanwal, the cracks on th_e tloor joln the eracks on
opposita walls. .
2.Several of ONGC buildings have developed cracks. The main plllar of eight

storey Geoplck bullding has cracked. Gulde frame of the lift of this buildilr:ig l:;i
got bent by which its alignment was disturbed and as a result the Iift d

work Tor a few days.
3. TV, of Mr. Sanwal living In Rajpur Road rell down.
4. In Mr. B.K. Verma's house, two dolls fell dowq,

5. in Wadia Institute Guest House, 15, Civil Lines, BDehradun, hairline grachs
were observed In the switchboard enclosure.

. ] | | 20
6. According ro "Amar Ujala® report of Get. 2t in DAV college, i’)ehradun‘ :11 ”
inch wide and 20 feet long *wall. collapsed. Three wide cracks were l'mtu:;aldi
‘I‘é]e—Cornmunthation Department building. Wide cracks developed in YMCA bu ng

" an Rajpur Road. South and west facing walls developed wide cracks. Plaster also

fell from the celling. Cracks were also seen in .three buildings of Surveyaor
India. St. Francis Church was also damaged. Plaster fell from ceiling and many
walls cracked.

' ' ade of
Cracks are observad in numerous houses in all these towrjs. Hou.ses ™
even rubble masonry have not collapsed.
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In Srinagar Industrial Tralning Institute diazgonal cracks were seem on the walls
ot RCC structures. North facing walls have prominent cracks. Tweo houses near
the Bus stop developed disgonal cracks on walls or vertical eracks near the
corners. i

in Bawal viilage of Rudraprayag Tehsl), emisslon of alr from some ground cracks
was reported by the villagers to Mr. Ashok Kumar, SDM Rudrapryag. A case of

water emission from the ground crack was reported from Nera Busia vlllage near
Augustmuni. In Paurl, some double storey RCC buildings developed comparatively

more c¢racks.

2.6 DESCRIPTION OF INTENSITY SURVEY CARRIED OUT TN AREAS AWAY PROM
GARHWAL '

Bareilly :Shock was not felt by all people. Mr. P.L. Anand, rettréd Rallway :
_Officer described that he was awakened as his bed shook but all the other

members in the house, wife and sons did not feel it.

Mr. G.5. GIll, Manager, Oriental Bank, Bareilly, said he also felt the -earthquake.
hur, when enquired from other employees in the bank, it was a mixed reply., some

felt and some did not even know about the earthquake till they heard rhe news

next day.

Hissar: Peit stropgly but no eracks have been noticed In any building as

reported by Prof. §. Narwal of Agriculture University.
Ghszlabad: No damage. Felt strongly.
Meerut: No damage. Felt strongly

Muzzafarnagar: No damage. Felt strongly

Kanpur: Some people felt and some did not. The movement wwas describéd a5
rocking on boal. ’ : .

Nainltal: Pelt strongly. Yo damage has been reported. Mr. P.K. Tripathl, an

engineer from Lucknow who was staying in a guest. house felt the shakirig as if
monkeys were jumping on the roof. First there was mild shaking, then stronger

Lucknow: Some people felt but some dld not. Movement was felr as rdcklng of a
. boat. : '

Fl
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rocking of bed. Shaking contlnued Intermittentlty for 2-3 minutes. A time plece
felt towards east. A boulder fell down from the China Peak and damaged & tree
completely

Manali: Naindas, Tachntcian of Wadla Institute of Himalayan Geolng&. who was at
Manali felt NNE-SSW movement for 4-5 sec. and reported that 11 people came
oitt. He did not see any crack.. ) : :

Delhi: Cracks in .2 few houses have been reported in Delhi. A few observations
are described below: ’

1. br. G.D. Gupta, PSO, Départm_ent of Science and Technology informed that in

- his wife's dispensary in Surnilght Colony In ‘Lalpatnagar, some cracks were

neticed after the earthguake.

2. Hindustan Times of 21.10:1991 showed photograph of a damaged 1ft In
Cannaught Place. ’

3. In Trans-Yamuna area of Shahdara, cracks were not reperted by any resldent '

though several were interviewed.

- 4. Bujldings were reported to be .shakén like cardboard boxes. Many sajd that

they had never experienced such -z quake in their life. High—~rise apartments and
bulldings rattled violently adding to all round panic. Women, children and men
rushed out of their houses into the open. -

5. The pendulum clock in Dr. Gupta's houée stopped at 2.55 AM. This is 2
e_:lasslcal description for Intensity V.-

6. Narendra Kumar of Delhi University, Department of Georesources described
that water was seen to be vlbrating in a half-filled glass bottle -first
continuously for 5 minutes then intermittently fer half-an—heur. This -
observation is typleal of intensity V. ' : :

7. Newspapers report quoting ﬁo]lce sources that a house had collapsa in Pushpa -
Vihar colonvy of South Delhl but our attempts to locate it talled.

8. Baleony of house no. D-389 in Kidwai Nagar collapsed lnjurlng an old lady
(Jan Satta 21.10.1981).

9. In Amar Co]nny of Lajpatnagar building of Sridharam Sanatan Dharma Senior
Secondary School was serlously damaged. Tower of the building has fallen and'
walls have cracked. After hearing the sound of fallen tower, several people came
tor rescile,however none was injured. Watehman Vidyadhar was sleeping inside.
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He 10ld that the bullding was intensely shaken and several walls had cracked,

Fallen plaster from ceiling showed steel rods from many places {Jan Satia
21.10.1991). : ' ‘

Rishikesh: Houses have been damaged in lndira.Colony.

Chakrata: As reported in rewspapers a few houses éollapsed. cracks developed In
sn@e other houses, trees fell and ground cracks were observed at severa] places,

Lakhwar: Road iwwas blocked due to landslide.

Mu.swor!e: Earthquake was felt strongly. Except for minor cracks in buildings no
mijor damage was reported.

Chandtgz_nrh: Mr. Narendra Kumar of Delht. University' was told by his
father-in-law that the Warehouse Corporation Buildlng at Kurali village 30 km
from Chandigarh had developed cracks. As reported in Jansatta (21.10.1991)
things started falling In the rooms. : ‘ :

Sonepat, Haryana: Felt strongly. Doors and windows rattled. (Jansatta,

21.10.1991).

Himachal Pradesh: One Person, Mr. Kunjilal died due to collapse of a house in
Sangla -village of Kinnaur district. In Timbi, Shillal, and Kamran 'viilages ot
Sirmaur district there are reports of collapse - of some houses. Hundreds of
houses have developed eracks in Kinnaur. Solan and Sirmaur districts.

Shahjshanpur, Ptthoragarh and Pilibhit: Sheck felt,

" Moradabad: Three or four shocks felt for 30 seconds in the early .mornlng‘ Tin
sheets of the roofs of a few hopses and electrie poles had failen down {Jansatta
21.10,1991). People came out of the houses for safety. ' :

. Almora: Almora city and nearby places suffered cracks in 2 few houses (Jansatta
- 21.10.1991). : DR ' :

Nepal: .ln Nepal 15-18 shocks were recorded uhtll the afterncon of 20.10.1391
These shocks were of mag. 3.5-6.1. Some were strong and some were weak. Some
shocks were reported to be felt In the bordering town of Dhangarhi In the
Kai_lali_ districe.

Sahgranpur: AL a 'plac::e called "Gango': 30 km from Saharanpuf towards. Delhl,
close to Yamuna river, eracks were reported in a house of in-laws of Mr. AD
Goel., Chiel Geophysletst, ONGC.
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Roorkee: Felt strongly. -~

3 LANDSLIDES AND CRACKS ON THE GROUND AND HILLS.

‘Apart from the damages to the bulidings, the most visible effect of this

earthquake s In the form of landslides and cracks.

3.1: PHAGIRATHI VALLEY

The reglon where most of the landslides occurred is along the Bhagirathi valley
and extent of the region atfacted by landslides ls between Bhagirathi - and
Alaknanda wvalleys. Between Chinayalisaur and Uttarkashl, at a few places
landslides were noticed. One landslide Is seen close to the Srinagar thrust. Here,
the rock type is quartzite, which is highly fractured and lointed. About 7 km
west of Uttarkashi Le. near Matli, huge landslides are seen at two places.
These are mostly rock boulders embedded in loose sand which have slipped. On
Uttarkashi-Gangotri road maximum number of landslides were seen. On this road,
the first landslide encountered is after the Gangori village, and then a series of
tandslides were seen upte Harsil passing through the villages of Ganeshpur,
Hinna, Netala, Maneri, Jamak], Bhatwari, Pala. Gangnanl and Harsil. Startlng from
.Gawana bridge major landslldes were observed at kms 155, 157, 158, 181, 162,
‘163, 165, 166 and 168.5 stone. These distances are from Rishikesh. '

About 5 km frem Uttarkashi, cracks along the road trending N70'W were
observed. Along these c¢racks a 15cm.. subsidence towards the slope was
measured. Just before Gawazna bridge, a crack trending E-W {the direction of the
bridge} was zlso observed. The crack was along the contact of the road and the
sloping ground. Just near .this crack there was another crack trending N70'W

direction.

After “the Gawaha bridge, near Netala village, simi’ar road cracks In N70°W
direci:ion were noticed. Similariy between MWaneri and Bhatwari several cra_cks
were noticed ofther alang or across the road. Mostly the direction varles
between N 10°E to N70°W f.e. either N-S or E-W.

Cracks in the ground or hill siopes are also cnnfined between the Bhagirathi and
Bhilangana valley. In several villages situated on high hills north of Uttarkashi
people reported occurrence of ground cracks. These cracks are mostly along the

hill slepes.
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Near Jamak village, after the Maneri Dam, two paralle] cracks trending N1O°W
were noticed in the valley. While climbing towsards the Dedsarl village, cracks
slong the slope In N20°W direction were noticed.

Fractures in Sangrali, Pata and Bagglalgaon: Sangrall village 1s siuiated about
2.5 km southeast of Mahidanda.{Patagaon and Bagglalgaon}. Rock types In the
area are’ guartzites. The average hill slope s 42' in east direction. Two
prominent sets of fractures are noticed as deseribed In the Report of UP Dept
of Geol. & MIN. More pronounced Is N-5 set. This crack is quite o]:}en wide and
persistent. Width of the crack wvarles from 0.5 cm. te over 40em. . Displacement
has occurred along the dip planes. As a result of this dlsplacement a great deal
of jointing, fracturing and formation of subsurface holes and cavities have

cceurred making the Inhabited slopes unstable. The fractured portion of hill

siopes of Sangrall village, which Is believed to be about 9m deep, hangs over
Pata village and poses a great danger to it.

3.2: ALAKNANDA VALLEY

No land slides due to this - earthquake were observed while proceeding from
Rishikesh to Badrinath via Devprayag, Rudraprayag, Karanprayag, Gopeshgwar,
Joshimath and Badrinath. On the Rudraprayag-Okhimath road alse no landslides
were observed. Thus the landslides were mostly confined between the Bhagirathi
and Bhilangana valley, except near Kedarnath.

4 ISOSEISMALS:

Based on our damage survey In the three dlstriet of Uttarkashi, Tehri-Garhwal
and Chamoll we have drawn the lIscselsmal trending NW-SE. We have assighed
Intensity values at different places on the basis of our observation and
" personal interviews. :

Description of different seale is glve'n_ln annexure III of report by Geologlcal
Survey of Indla. Untll a few decades ago Rossi-Forel scale was used. Modifted
Mercalll Intenstty Scale (1956) Is being used In India and western countries. For

some years Medvedev-Sponheaer—Karnik(MSK) iIntensity scale (1984) is belng

used in USSR and eastern European countries. Both MM and MSK scales are
stmilar, but the MSK scale Is better defined and Incerporates additlonal land
deformatian features. In view of this we have used MSK seale,

e g
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Intensity IX ls assigned to places which experience fotal collapse of houses,
water plpes are brokem and ground cracks of wl‘_ith upte 10¢m. on slopes and
mote than 10 om. on river banks are observed. All these features have been
observed In intensity IX area extending from Gawana bridgg to Didsarl in an
area of 10km x 7.5km Moreover shaving of river banks opposite Manerl village 1s

. g feature which would glve Intensity IX.

Intensity VIII has been assigned withln an area extending from Naogaon to north
of Thati Kathur and Uttarkashi to Pala. Wherein crack_s in the ground, upto
width of several ceniimeters. Changes In ground water flow have occurred and
many type A structures have suffered damage of grade 4 Le. partial collapse of

poor constructlons.

We have assigned Intensity VII to areas where 3 few houses or__ type A have
partiaily collapsed {damage of grade 4) and occaslonal landsiips on steep slopes
hai’e taken place such area Include Nakuri, Gangotri, .I(edarna.th. Guptakashl,

Jakholi, Pratapnagar ete.

In Intensity VI, brick bulidlngs { type B) get damage of grade 1 Le. cracks iIn
plaster or fall of plaster, and poor construction of type A get small cracks in

walls.

Intensity V is assigned in areas where plaster cracks are abgewed.
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INSTRUMENTAL RECORD OF UTTARKASHL EARTHQUAKE
OF OCTOBER 20, 1991

BY
INDIA METEOROLOGICAL DEPARTMENT

"SYNOPSIS

Uttarkashl earthquake of Oct. 20, 1991 (M=6.8) caused extensive damage to
property and killed 768 persors. The shock was wldely felt all over the northern
India. Hypocentral parameters ‘ot the earthquake have been determined by IMD
using the data of 26 seismie stations. The maln earthquake was presseded by 2
foreshocks and followed by a series of aftershocks. In the epicentral zone, the
Intenslty exceeded VIH on the MM scale. Accelerograph at Uttarkachi recerded
maximum ground acceleration of 30 percent of G

1 Introduction

1.1 An earthquake of magnitude 6.6 occurred in Garhwal Hills of Uttar Pradesh
In the early hours of October 20, 199! and caused widespread danmage In the
region. The shock was widely felt In the adjolning northern states of Punjab,
Haryana, Himachal Pradesh, Jammu & Kashmir and the Union Territery of Delhi
and caused extensive damage in the distriets of Uttarkashi, Tehrl and Chamoli
and minor damsage In the district of Nainital, Pauri-Garhwal, Dehraden and also
Sirmour district of Himachal Pradesh. Only 45 seconds of severe shakiig left 768
people killed, 5,066* persons injured, 20,184 houses severely damaged and 74.?1_4
partially damaged.!Though the shock was in the moderate category, it affected
2093 villages and caused extensive .damage to fauna and flora. The severity of
the shock was 50 high that 3,095 cattie heads perished and affected sn area of
1.47000 hectares and a population of 4.25 lakhs. The vigorous -staking also
affected agricultural lands severely and caused damage to about 89,00 hectares-
of coltlivable land. :

1 * {source - Ministry of Information and Broadcasting)
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1.2 The Government of India appointed an Interministerial reconndissance team
of experts to assess damage caused by the earthquake.* * The central team made
serlal and on ground surveys on the earthquake hit area on Qctober 21, 1991.

1.3 The area of damage as sassessed in the aerial ‘survey s shown in fig.-1.
Severe damage occurred In about 2100 sq. km area where as moderate and miner -
damage Jn an area of 7,000 and 12,000 sq. km, respectively. In the aerial
survey, number of siides were observed near Gopeshwar Town, the headquarters
of Chamoll dlstrict, which were caused due to heavy ralns earller In
- August-91.Though large number of siides were seen In the Bhagirathi, Indrawatl
" and __Bhllang'ana valleys, none caused blocked of the major tributaries of the
Ganges. Among the engineering structures which suffered maximum damage was
an Iron-span bridge at village Gawana {8 km away from Uttarkashl). damage and
. sinking of abutments caused due to severe agitation resulted In the failure of
roller bearings and subsequent collapse of the bridge. : '

INDEX
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Fig. 3 . DAMAGE CATESORIES IN THE AFFECTED £REA,
2 Pasat saismieity of the reglon

2.1 Table—1 showsz the parameters of past earthquakes between magnltude range
of 4 and 7 for the period ‘from 1816 to 1988. An earthquake of magnitude 7
occurred on 28 Feb 1906 In the region (Lat. 32.0 ¥, Long. T7.0'E) causing
damage to property. Great Kangra earthquake (M = B.0)of 1905 which killed
20,000 people and also caused extensive damage In the region. Out of the 7§ -

.2 * { Seurce — Minkstry of Agriculture, Department of Agriculture &
. Co=operation}. : .
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events 48 are within magnitude range of 4—5.' 256 between 5-& and 7 between
8-7. Pig.2 shows the map of the reglon bounded by latitude 29.0° -32.0" and
Jongitude 77" to B80°E In which past earthquakes have been plotted. The

© distribution of earthquake eplecentres shows a NW-SE trend along the trace of

the MCT. The earthquake activity is attributed to movement on the NCT and
other thrusts active In the area. . -

Dahradun

O

LEGEND
3 0=5E% Q
a0 =4 0O
se-ss O [°
so—ss (O

EPICINTAE OF 20™0CT. 21

0
s @ - 1m0

D usGH (REV.)

Fle. 2L PART SENENCOITY OF THE RCOION BOUADED BT LAT. ro-ai'n
awp Long. TT—wo’ e, '

3 Determination of Hypocentral parameters

3.1 As mentioned earlier the Uttarkashli earthquake was well recorded by the
national, agency and moblle networks. Phase data recorded at 26 stations were
used to determine the Hypocentral! parameters. Also data of seismic statlons

‘operated by the Wadla Institute of Himalasyan Geology (WIHG) Dehradun and Delhl

Unlversity {D.U.} were used. A llst of statlons and theilr coordinates are glven,
tn Table~2 and represented In Flg.-3,
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3 LOGATION OF 26 SEISMIC STATIONS USED 14 FINOING
a2 mwmmwmwvxmmmmmm-a

MGT : MAIN GENTRAL THRUST.
MOF : MAIN BOUNDARY FAIRT.

eveloped in IMD)} for the Himalsyan region was used in
; ters of the main earthquake. A
' ected in the

3.2 A velocity Model ( d e
the computer program for determining parame
three layered model, deseribed below, was tested for large d_at_a coll

#imalayan reglon and is in operation IMD over two decades:

Velocity .| “Thickness of Layer

{km/sec) o - {km)

*5.27 ' surface — 24
6.61 : 24 to 45
8.22 : ‘above 35

45 Using the above model Hypoceniral param
determined and are glven below: ) ) )
' ' 02 H 53 M 16.45 S IST On Oct. 20,1991

- . Origin time :

. " Latitude  30.757N

- Longitude - 18.86"E

Magnitude uh = 6.6

. . . Depth of focus 12 km. .

L : Ground. accelefat_lon 50 percentage of g at,Uttgrkasm
viip®

- maximum intensity

eters of the main earthquake were

Genl. Surv. End., Spl. Pub. No. 30 o . | ' 19

The reslduals (difference between actual and . cafculated transit times} were
afjusted te the miaimum. The R¥S (Root Mean horizontal (ERH) and vertical
(ERZ) as § and 3 km, respectively. The residuals at the near statiens were of
the order of 0.5 i.e well within the RNS value. {Table-3). The computer outpni
§s given in Table~4 giving detalls of computation. '

2.4 It is keosn that estimating the foezl depth is a difficult exercise. in order

te assess preper depth of focus, Hypocentral parameters were -alse determined
manually for different depths and results were compared with the computer
sclytion. The manual selution which ylelded focal depth of 12.5 i showed a
good agreement with the computer solution, The United States Geological Survey
{SGS) alse determined Hypocentral parzmeters independently which showed good
agreement wihth the Hnal sciutien Fig.2 shows the map of north Indla where borh
the locatioas have been piotted for comparison.’ :

B 7 llicro Leve] data

5.1 In order to assess correcthess of the compuier solution macrs level data,

 coliected Wy the fteld party, were used. Relying on their scorce of information
. media a5 well as few organisations reported eplcentre at differeat locations.
" popular among these were viliages of Agora and Jhamak, Maneri Dam site, and
" phatwari-t-wn. Tt sbould be noted that macro level data though importamt,

indicates n.pproximam locatlon ‘of the epicentral zone. While making Assessment

- an  the basis of macroseismic data, ‘the gemeral tendency is w place the

epicentre a3 the cenire of maximom damage, While damage to boiidings depends.

© . op several fact_c‘rs' wiz type of construction, pature of soil, intensity, bloek

movement ete. the epicemre' may be located hundreds of kilometer away from the

area. In the hilly mfal_n intensity falis rvapldly with distance. In view of these

Pactors the macroseismic data were analysed carefully for locating the epicentre.

" snalysis showed the eplcénu‘e jocation towards east of the maximum area of
. éamage. The macroseismic solution agrees well =with the compitter sofution.

5 Fault Piane Solutiok

5.1 Fig-d depicts zhe prellminary- faplt plane sclution as given by the USGS.
Nodal plame NP!'I_uis a strike of 332" N with a dip of 19" while the other noda!

plane (NP2} has a swike of 108"N with a stesp dip of 76" . The XPI soluticn s
seceptable and indicates a pradonilnant revgrﬁe type of faulking. The pressure '

" axis striking 208" N shows gopd agresment with the direction of movement of

*
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Indian landmass with respect to Eurasian. Several fault piane solutions_wprked
out earlier for other earthquakes occurring in the region also indicate thrusting
on a plane trending more or less in a north nerthwest direction. :

Fig. 4 @ USG5 FAU‘.T-PLANE SOLUTIONR OF UTTARKESS EARTH CLAKE 0.10.1991}
WP - Sirke 116° © Dip 8% 7 Sip 50 - :
NP2 : Strike 296 : Dip 5° : Sp 90

& Poreshocks and Aftershocks

6.1 The mailn earthquake preceded by'two foreshocks on 15th (19 H 11 ¥ 1.67 8
GMT) and 17th (08 H 01 M 54.42 S GMT) October,'sl which were recorded by the
seismographs of Ridge Observatory, Delhl. The main earthquake was followed by
more than 1000 aftershocks within a short period of about two menths. For
_ lacatlng the smaller aftershocks. local temporary network® was operated by
different nrganlsa'tions‘ Hypocentral parameters of 134 events were determined
by employing HYPO-71.using data generated by various organisations. A detailed
report on aftershock sequences of Uttarkashi earthquake is given’ in another

chapter of this volume,
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7 Intensity and Acqeleratlon due to Gravity '

7.1 Although the shock falls in the moderite category.it has given rise te a
maximum intensity of Vili* on MM scale in the epicentral zone.*? The maximum
ground acceleration recorded by Accelerograph operated by Unlversity of Roorkee
at Uttarkashl Is 30% of "g".'*1 A detailed -report on Isoseismals and.
Accelerograph recording of the main earthquake and subsequent aftershocks are
glven in other chapters of this velume. '

8 Conclusions

8.1 From the foregoing discussions the following conclusions are drawn:

{a) The Hypocentral pgrameters of the wmain earthquake have been determined
using 26 seismie stations operated by IMD, WHIG and. Delhi University by
employing HYPC-71 and are given below:

Ortgin time ’ 02 H 53 M 16.45 S IST on Oct., 1992
Latltude 20.75° N
Longitude B 78.86° E
Magnitude o Mh = 6.6
Depth of focus . 12 km
Ground Acceleration | 30% of "g"
Maximum intensity | VITI+

{h) The RMS {(Root Mean Sqﬁare) value of the residuals computed was 1.1 with
errors In horizental (ERH) and ver_'tical (ERZ) as 5 and 3 km respectively.

{¢) The preliminary fault plane solution given by USGS for the maln earthquake
shows teverse type of faulting on a nodal plana tr'endlng NNW-5SE directlon and
the pressure axis trending 208°N. . ' '

3 = ({(Source - Meeting Dt. 2.12.91 at WIHG} .

4 * {Source — DEQ . University of Roorkee)
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DATE

1816
1842
1843
1856
1902
1906
1906

1908 .

1930
1997
1945
1047
1949
1958
1958
1962
1962
1963
1963
1965

1967

1968

1968

05
03
04
04
06
02
06

05
10
06
08
02
12
12
o7
a7
04
11
03
ot

U N

[+1-]

D

26

08

11
o7
16
28
13
11
1

20

04
19
05
28

a1

13
14
12
27

30°
02
05

a1

e o o o o o o o

Past eeismicity of the reglon bounded by
latitude 29-32°N and longitude 77-80"E

ORIGIN

TIME

(G.M.T.)

-
g;-—-—

15

21

S22

22

0
0
0

o o o o0 9

30

23

-’58

34
45

58
a1

10.

a3
17
42

—

G.0
o0
0.0
0.0
0.0
0.0
0.0

0.0
36.0

46.0
65.0

6.0
20.0
38.0
15.0

6.0

54.0
28.0
89.9
iSJ
56.0
44.4

35.7

Table -1

LAT.
DEG.N

30.00
20.00
30.00
31.00
21.00
32.00
31.00
81.00
31,70
81.10
30.30
31.20
31.20
30.01
30.09
20.64
30.64
32,00
20.80
91.76
30.60
30.41
29.91

LONG.
DEG.N

80.00

80.00
80.00
77.00
79.00
77.00
79.00
79.00

C77.00

78.10

- 80.00

79.90
79.90
79.94
79.86
79.48
79.32
78.79

79.10

78.10 -

79.13

1 79.25
79,92

Uttarkashl Earthquake 1991

DEP.

| MAG.

6.5
5.5
5.0
5.0
6.0
7.0
5.0
5.0
5.5
5.9
6.6
5.9
5.5
6.3
6.0

5.5

5.5

5.4

8.1
4.5
4.7
8.0

5.0 °
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969 03

1971
1972

1974
_i974

1975

- 1975
1975

19735

. 1975

1975
1975

1975

1975
1976
19786

1876

1977
1977
1977
1977
1977
i973
1978

1978

1979
1979
1981

1981

0l

.08

02
o7
o1
LH
431
nM
03
04
05
07
11
02
o9
11¢]
Of
02

- 02

04

03

01

or

G1
03

12

05
bl

03
30
17

24

07
19
19
22

29
26
o1

11

19

06

06
29

03

28
19

19

12
20
07
15
i5
05
28

28

13

6
20
18
21
20

17
15

16

o
[ LI = -

—

—
RS N s ® o W th =3

20 21.0
15 40.9
i4 25.3
32 1.8
56 55.3
12 9.8
18 28.9
26 37.4
49 25.7
47 15.5
18 45.1
48 37.4
10 63.9
11 30.4
4 50.5
47 16.5
3 435
48 53.2

15 25.0

39 42.5
26 50.8

21 9.9

23 20.0
17 19.0
30 30.6
54 50.0
59 18.3
14 4.6
56 56.5

- .30.04

80.54
30.75
20.96
80.55
31.94
31.98

31.92

31.95

32.00

31.90

21.99
'31.95

29.61
31.24
31.83

31.82 -

31.42
31.80

B %!
31.99

30.49

-30.51

31.07
31.8%
30.23
30.82
31.83
31.82

79.84
78.97
78.42
78.47

78.48 -

78.53
78.51
78.44
78;64
78.40

78.39

78.68
78.59
77.87
T7.03

78.40

78.80
78.04
78.43
78.36
78.47
79.45
79.40

78.28
78.36

79.60
78.57

- 78.43

78.46

18
56
3a

96
49
33
51

a3

33
40
19

20
16
50
40
a3
33

35

a3

a3

.Ul

23

33

197
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J9R1 06 19 10 41 452 13044 78.89 64 4.5 TABLE—2
1981 08 10 10 58 244  3L.10 77.82 as 4.6 . GTATION COORDINATES
982 22 2 5. 80.37 78.58 33 4.1 ) :

‘o8z 06 o288 8t o SNo. STATION LATITUDE LONGITUDE
1982 07 07 22 86 247  30.91 7888 - © 4.4 R (OEGN) . (DEG.E)
1982 07 16 415260  30.89 77.68 67 a1 I ala PAL ' 80-50.50 | 8-37.76
1982 10 16 2 22 5.5 20.42 79.25 25 4.6 2. Tehri (TEH) 30-23.00 78-29.00
1982 12 14 23 57 29.6  81.39 ° 78.96 10 4.5 3. Narendranagar (NAR} 81-10.00 L 18-18.00
1982 12 29 0 9 176 30.05 29.89 21 4.7 4. Dehradun (DUN,WIHG) a0-19.71 78-00.78
yo83 05 20 1262 12  30.36 79.77 33 42 §.  Dehradun (DDN) . 30-19.00 78-03.00

. : - . 6. Kalagarh (KAL) 29-31.22 78-45.58
1984 05 03 13 18 0.6  30.54 78.56 59 4.5 >
: 7. Shimla (SML) © 81-07.00 77-10.00
a8 39 21 79. 3 a.4 .
1984 11 26 335299 802 12 63 8.. Pithoragarh (PTH) . 29-33.00 80-13.00
1984 12 16 10 54140 8127 . 77.61 63 a5 o. Ghaggar (GGR) 30-47.60 : #6-55.00
1385 03 11 14 36 10.1 31.39 77.26 41 4.7 10. Sundernagar (SDN) T 81-39.00 _ T6-54.00
1985 06 14 17 19 7.0  29.70 7940 33 38 11, Kullu (KUL) - 31-57.83 77-06.25
1986 03 28 18 & $0.9 30.65 78.21 :-aa 4.5 12. Rewalser (RSR) 31-37.00 : 76-50.00
1986 06 30 13 1 424 3180 78.70 38 4.5 13.  Kothi (KOT) : 32-18.48 77-12.00
: 14. New Delhi (NDI} . 28-41.00 . 77-18.00
j086 07 16 23 3 7.0 - 81.05 78.00 10 5.6 . .
. : i : : 15. Bhakra (BHK) 31-25.00 . 76-25.00
: 52 : 4 . : : :
1967 06 06 314249 30 79.22 o8 _ 16. Rohtak (RTK) . 28-54.00 76-36.00
1987 06 06 11 2406  30.36 7e.12 % - 49 ‘I 17, waadi (NaD) .  az-13.50 . 76-21.54
1987 07 18 16 29 178  31.00 7785 49 47 18. Ranital (RTL) ' 32-00.830 = . 76-21.54
1988 05 09 12 t1 513  30.52 79.19 4l 47 _— 19, Dhaulakual (DLK) 28-234.00  77-08.00
1988 07 14 353261 30-85 - 7828 33 4.3 ' 20. Sopipath (SNP) 28-59.00 77-00.00
1988 07 27° T 7 44.5 31.59 78.70 46 43 - 2. Dharamsala (DHM) ' L 32-13.00 : 76-20.00
B . : . 22, Nurpur (NUR) 32-18.00 75-52.00
1988 09 26 18 4 53.0  32.00 79.40 156 42 -
. : : 23. Dalhousie (DLH) 32-32.50 75-58.00
R . R 4‘ . : 3 . -
1988 12 26 1111124 3088 e 48 s . _ 24, Jyotipuram (JYP) 33-06.50 74-51.00
' 25.  Mukerian (MKR) = 31-67.00 : _75-37.00
" 26. Behralch (BRC}) 27-34.00 81-35.00
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TABLE ~ 3

Uttarkashi Earthﬁ[uake 1991

Station Resgiduals for P and § waves for earﬁhquakes

Station

Pala (PAL)

Tehri {(TEH)
Narendranagar (NAR)
Dehradun (WIHG) (DUN)
Derhadun (IMB) (DDN}
Kalagarh (KAL}
Shimla (SML)
Pithoragarh (PTH}
Ghaggar (GGR)
Sundernagar (5DN}
Kulle (KWL

Rewalsar (RSR)

Kethi {KOT)

New Delhi (NDI}
phakra (RHK}

Rohtak (ROH)

Naddi (NAD)

Ranttal {RTL)

New Dehll (8.C.) (DLK)
Sonepat (SNP)
pharamsala (DHL)
“Nurpur (NUR)
Dalhousie (DLH)
Jvotipuram (JYP)
Mukerlan (MKR}
Bahraich (BRC)

on 20.10.91 in West U.P. Hllls,

Distance (Km.)

23.2
54.8 -
84.8
93.7*
91.4
137.8
165.9
187.8
185.3
205.7
213.0
214.6
232.5"
279.4
234.5
299.9
287.2
274.4
294.7
286
288.7
331.0
387.5"
459.4
3349
442.6

« Qtation not considered In determination

*= Phases not considered

P-Residuals {Seec.)

-0.32
-0.94
-1.76

-3.25

+3.16

- -0.17
-0.22 -

-1.10
~0.50
-0.58
=0.86
+0.94

+4.76

+0.56
-0.58
-0.43
+0.311

+2.67
-0.30

-2.45
+0.92
+0.78
+2.99
-0.54
+1.30
+0.20

S—Residusis (sec)

+3.77*

+1.31
-3.52*"
+5.16%"
+2.68°"
-2.45(3-P) used
+1.84
-1.12
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COMPUTER OUTPUT OF MAIN SHKOCK

TABLE - »

CRUSTAL MODRL 1

VYELOCITY

DEPTH
G.000

5. 720
d.010
g.220

24,900 -
46, O0%

¥3 2 KNZAR IFAR POS

LOAR

LATE

IR IPRN CODE

1Q KHS XEM IPUN IMAG

0 600 ¢ 0.00

100

a2

L A

T430. 554,

o 15,

MAQ RO DM GAP M BM3 REH ERZ @ 9QD  ADJ Td WR  AVE LAR NH AVXM $DX HF AVPH SDFM I .

TN LOHG B
S@LLOLY 2123 18,72 J0-45.83 73-31. i3

QRIGIN

oAttt

‘DEPTH

§2. 481

25 23 $8T 1 1.0 5.3 3.4 DDIL2.49 N0 10-0.08 0,86 D b.0¢ 0.0 0 o0 0.09

+DT .

STH  DIET AIN AIM POEN BAnH P-SKC TPOBS TPCAL DLY/Hi P-REE P-WT AHX PRX CALX ¥ XHAQ ANX FUP FUAC SRLM 5-SEC TSOBS §-BES S-MT

0.0

ES 4 20.50 t1.78 .77

6.0 0.000
¢ 0 0,000

1.8
1.0%
¢

4.20 4.81 0,00 -0.32
DOW 91,7 239 95 EP 4 2123 30,00 13.28 i6.5) Q.00 -3.23 Q.00

PAL 22,2 293 118 EF O 2123 21. 0

TEH $4.0 220 103 EP 0 2123 25.80 B.88 $.82 0.00 -9.5¢

0 0.000
0 0 9.00140

Q

HAR 045 219 08 $P 0 2127 39.90 1318 L4 B4 0. 00 -1.70

0 0.000
o 0 0.000

a.0

1.8

E5 4 40,40 20.80

90 NP 4 2127 38.00 19,29 14,12 0.00 3,18 0.44

KAL 137.8 184 60 EP 0 2113 40.50 23.78 23. 9% 0.00 =017

TOH 9.4 237

1.08
1.08

0 ¢.000

SHL 198 9 204 &0 EP O 2123 44.70 27 48 20,30 0.00 6. 2%
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AFTERSHOCK SEQUENCE OF UTTARKASHI EARTHQUAXE
OF OCTOBER 20, 1991

By
I.R. Kayal ,V.P. Kamble and B.K. Rastogi
ABSTRACT

Uttarkashi earthquake of magnitude 5.6 {IMD) of October 20, 1921 was followed
by a serles of aftershocks. More than 1000 shocks were recorded within a short

-perlod of about two months. Most of these occurred within first few days and

within weeks time the number of fell to 5/6 shocks per day from about 80
shoeks In the first day. Initially the shocks were recarded by the permanent
selsmograph stations of IMD . Later on, for locating smalter aftershocks local
tempoerary networks weére operated tor “about two months by different
organisations. Data recorded by the permanent and temporary networks of the
IMD, GSI, NGRI are used in this report. Hypocentral parameters for 134 events
were determined. Most of the aftershocks are located around ‘the MCT and
majority of the events gave focal depths less than 15 kms.

1 Introduction

Oon October . 20, 1991 a moderate earthquake of magnitude 6.6 gecurred in the
Uttarkashi region with dlsastrous effects. The parameters of the main shock
determined by Indla Meteorologiucal Department {(IMD) are given separately In
this volume. This moderate earthquake developed a prominent aftershock

activity.

The aftershock activity for the Utrtarkashi earthquake lasted r'cr' more than twe

months which above average for a moderate earthquake in Himalaya. Some of the

aftershocks of larger maghitude were recorded at Delh and Bias Project Network
at epicentral distances of more ithan 250km . On the very first day eight
aftershocks jolted the ares strongly which sent local population fleeing out
doors. The [réquency of aftershocks during the first one week was so high that
it aiso caused panic among the local population. Some of these shoreks - falls
damage ‘to the structures which were badly shaken by the main shock.
attershocks which were strong enough to be felt at epicentral distances of over
50 km. widened old cracks and caused fresh ones in houses and other bulldings.

The high intensity as well as frequency of aftershocks caused anxious moments,
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and the local suthoritles were worried whether the activity may iead to & more
disastrous event. The strong aftershocks also caused landslides which were

actlvated by the main shock.

2 Field Operation '

Immediately after the maln shock the India Meteorological Department{IMD), the
Geological Survey of India (GSI}) and the Mational  Geophyslcal Research

Institute(NGRI) sent their parties to the earthqueke hit area for recording

aftershocks. The NGRI operated one station ar Chinyalisaur (CHL) from October
29 to 30 and then at Uttarkashi (UTK) from October 31 to Nov. 13. The GSI
commissioned three stations from Nov.3, 1991 at Bhatwari (BTW), Chinyallsaur
(CHL) and Barkot (BAK). After 156 days of recording the third station was shifted
Ghansall {GHL). Later, one more station was operated at Ghuttu (GTU). These
stations were in operation upto 4.12.91. The IMD established a network of three
stations at Tehri (TEH) Uttarkashi (UTK) and Bhatwari (BTW) from November 18,
1991 1o December 12, 1991. The UTK station was operated with both anazlog and

digital seismoghraphs, the later was subsequently shifted to Manerl dam site. -

The digital selsmograph data are not used in the analysis. The aftershocks were
also recorded al permanent observatory operated by the IMD. Detalls of the
seismograph stations are given in Table L In addition permanent seismograph
stations .were operated at Tehri and Nzrendra Nagar by U.P. Irrigation
pepartment and at Pala and Dehradun by Wadla Institute of Himalayan Geology
(WIHG). A temporary station at Dunda was also established by WIHG from 2.11.91.
These data are, however, not used in this report. ’

3 Determination of Hypocentral Parameters

The aftershock data collected by the above permanent and temporary networks
were snalysed by the GSI for the period 12.11.91 to 4.12.9% and by the IMD for
the rest of the perlod. Hypo—-71 Computer program of USGS was used for
determination of Hypocentral parameters. A three layered velocity model viz.
6.72 km/s from surface to 24 km. 6.6km/s from 24 to 45 km depth and 8.22 km/s
below 45 km .was used for computer analysis. At least three P-arrivals and two
S-arrivals were used for location. For stronger aftershocks Richter tormula was

used for determining the magnitude whereas magnltud_es of - the -smaller.

earthquakes were determined using the following empirical formuja:
Md = - 2.44 + 2.81 tog D,
where Md ts the duratton magnitude and D is the signal duratiun Both the
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stales are comparable the Hypocentral parameters determine for 134 évents are
listed in table II in chronological order. The RMS ( Root Mean Square) values
which indicate difference between observed and calculated arrival times, are.
within 0.6 second fer majority. of the locations. _Thé horizontal error (ERH) and
vertical error (ERZ) for most events are within 5 km.

Number of located events are more during the perlod when closed~spaced
temporary network was run in November and December. During the first fortnight
the aftershocks were recorded by the permanent network operating at larger

“distances. Though the aftershock activity was hlzher during this period, the

located events are comparatively less.
4 Results and Dlscnsslon'

Flgure 1 shows the epicentral d'lstributlo'n of the aftershoecks, mainshock and
surface trace of MBT and MCT. It Is interesting to note that the mainshock
oceurred to the east of aftershock area. The epicentral zone of 40 x 30 km as
defined by the aftershocks extends in NW direction. A cluster of epicentres is
seen to the east Uttarkasht (UTK). Though' depth of the main shock is° 12km,
those ‘of aftershocks varles from O to 15km for majority of the events, while for
a .rew of them the depth has between 16 to 30km depth range. Maximum number
of events are of shailower depth {<5 km). The largest aftershocks of M=5.2
occurred at the centre of the aftershock zone, on October 20, 1991 at 5 H 32 M
GMT,

Temporal variation of the aftershock sequence has been examined using the data
of permanent station at Shimia (SML) for which a complete data set was

‘avatlable. This station records all shocks of magnitude 2 or greater from

Uttarkashl area. Pigure 2 shows histogram of aftershecks which were recorded art
Shimla. Daring the rufs; week large number of earthquakes were recorded with
the highest number of 80 events on 20.10.1991. It may be menuoﬁed that a high
gzin permanent seismograph station was run by the WIGH at Pala near Bhatwari
which recorded about 150 aftershocks. on 20.10.91. (per. comm.). On the second
ang third day the frequency of aftershocks recorded at Shimnla, however. dropped
to 98 and 20 respectively and within a weeks time it dropped to an average of
5 10 6 altershocks per day,
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th‘;’s shows distribution of artershocks _at different depth intervals. It is _ s0] 80

ohsarved that about 60 percent shocks occurred within the top layer of 5 km »o

depth, 40 percent within 1§ km and only 6 percent below 15 km depth. Thus,

the foct of the aftershocks lay mostly within 15 km below the surface.
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The freguency of aftershocks with different magnitude range s shown 1n figure
4. Only one =aftershock was of magnitude greater than £ and four were of

magnitude between 4 to 5. It Is seen that only 4 shocks of magnitude less than

1 could be recorded Indicating that threshold detectlbility level of the network

was of the order of 1 magnitude. Except 9, all other aftershecks are In the

magnitude range of 1 to 4.
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In order to examine the energy release in the main shock the energy was
calculated using the formula: ’
S log E = 68 + 2.4 mb ' .

_ By putting the value of 8.6 for mb of the main shock, energy works out to be
4.96 x 1ot ergs. However, for aftershocks, energy was calculated using the
formuta _ e '

C logE =99 + 1.9 M - 0.024 W L

" Geal. Surv. ind., Spl. -Pub. No. 30 _ . 209

Using this formula the energy for the largest aftershock works out to be 1.352 x
101 ergs and for all the shocks In the first one week 1.664 x 10 ergs. in the
remalning perlod, the energy released is about 4 X 102? ergs which 1s twe orders '
less compared to the initial one week. '

" B Conclusion

From the foregoing analysls the following conclusions are drawn.
(i) The aftershock actlvity continued for more ‘than two months with maxlmum
aetlvity in the first week. : '
(i) Maximum magnitude of the aftershock was 5.2. ]
Within the first week, 4 aftershocks of magnitude between 4 to 6 and ¢

:arte'rshocks of magnitude range 3 to 4 occurred. In ‘the whole seguence 19
shocks of magnitude between a to 4 and 69 shocks of magnitude range to 3

eccutred. The temporary mleroearthquake network recorded more than thousand

aftershocks of magnitude 0.5 and above out of which 134 were located.

(i1} Most of the aftershocks were of very shallow origln Le. withitt a depth
range of 0 to 5 km. A good number of events were recorded within § to 15 km
depth, whereas only a few events Were recorded between 15 to 30 km. depth

range (iv) The majority. of the epicentres were located near MCT trending NW,

ih an area of about 40 km x 20 km. _
(v} The energy released in the malnshock was 4.365 x 10" ergs; where as In

the largest aftershock which occurred § hours after the main shock energy

released was 1.352 x 10% ergs. In rest of the sequence the energy released wes
two orders less than the largest aftershock.
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“Fig-5

_ PART OF SEISMOGRAM SHOWING SOME AFTERSHOCKS
"RECORDED AT BHATWARI STATION ON 16th NO\?%m _

Geol. Surv. Ind., Spl Pub. No. 30

SEISMIC STATIONS U

SNo.. Station

1. Chinysli-
saur{CHL)
3. Uttarkashi
(UTK)
a. Barkot
{BAK}
4. . Bhatwarl
{(BTW)
5. Ghansali
{(GHL)
&. Ghuttu
©(GTY)
7.  Tehri

{TEH}

9. Dehradun
(DDN)
" 10.. Shimla
(SML}

1t. Dalhousie
{DLH} .

12. Dharamsala
(DHM)

" Lat.(N)

30° 34.4%'

30° 43.62'
30* 43.68'

a0* 48.41'

30° 48.60"

30°-27.24'
30° 81.81"

30° 22.80'

30* 19.00'

30* 07.00'

35% 32.50"

32° 12.00'

TABLE -1

TEMPORARY NETWORK

Long.(E)

78" 19.49°

18°* 26.81%

78 27.00

78 11.89

78° 36.6'

78* 38.76

78* 47.52'

78 29.4'

PERMANENT NETWORK

78* 09.00°
77* 10.00
75" 58.00°

76* 20.00°

_ElLim}

1000

1109

1200

1600

960

1600

SED POR LOCATION OF AFTERSHOCKS

Perl_od of Operation

29.10.91
3.11.91

30.10.91
21.11.91

4.11.91
5.11.91
21,11.91
16.31.91

26.11.91

17.11.91

1o
to

to
w

to
to
to
to

to

to

30.10.91
4.12.91

13.11.91

10.12.91

15.11.91
5.12.91
12.12.91
4.11.91

4.11.91

9.12.91

21

Qrgn.

NGRI
GSI

NGRI
b
Gsl
Gsl
IND
GSl1

GS1

™D

18D

™D

IMND -

Mo
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DATE
YN D

griole
9131019
911019
211019
911019
911019
911019
211020
911020
511020

211020

911020

ol1i1020
911020
911020
211020
911020
911620
911020
911020

211020

TABLE -2

Uttarkash! Earlﬁhquake 1991

HYPOCENTRAL FARAMETERS OF AFTERSHOCKS

ORIGIN
(G.M.T.}

22 04 17.74
22 08 17.27
22 29 20.59

22 41 18.26

22 56 21.66

23 10 06,94

23 99 30.86 .

3] da 26.77
01 13 13.35
01 21 02.04
01 24 5983
03 34 29.21
04 20 27.87
04 31 90.28
05 32 27.58
05 54 42.83
05 §7 30.38
06 48 07.87
07 25 49.58
07 56 31.54

09 01 05.96

LAT N

30~46.27
30-37.84
30-87.38
30-40.23

30-41.90

30-43.03
30-42.26

30-41.59

80-50.60
30-44.53

30-39.86

- 30-46.00

30-43.57
20-40.87
30-43.93
30-52.21
30~62.26
30-45.05
30-36.82
30-39.90

30-32.85

LONG E

78-41.80

78-38.03
78-42.90
78-40.70
78-44.05
78-40.93
78-41.26
78~48.25
78-47.36
78-36.32
78-47.78
78-53.23
78-37.85
78-43.72
78-37.85
78-45.27
78-39.39
78-31.57
78-36.70
78-45.65

78-35.07

DEPTH MAG NO RMS

{Km.)

4.28

12.51

0.71
165.00
1.29
12.08
12.03
11.78
2.07
8.64
6.89
1.10

5.66
8.82

2.01

-3.65

2.62
15.00

11.45

20.95

(M)
8.4
2.4
*4.0
*4.7

*4.0

3.5

‘2.4
"2.3

‘4.2

R

3.0
3.6

5.2

3.1

2.9

3.5

2.7

16
14

23

11

135

18

i5

18

21

20
25 -

27
15

34

24

.]5

2g

11

{SEC)
0.68
0.75
176
1.94,
1.04
1.50
1.28

(.88

1.60
1.73
1.88

1.38

. L25

5.38
0.71
0.48
1.87
1.65

1.50

1.07

6.7

ERH
(Km.)

3.6
8.7
5.1
8.1
7.1
6.9
8.0

4.6

6.5

6.3
5.7
48 -
5.4

4.9

66

4.3
8.2
7.7
5.9

62 |

ERZ
(Km.)

3.3
2.0
4.8
77
5.0
3.5
4.7

3.9

4.4

4.5
4.8
4.5
3.2
4.8a
3.2
4.3
2.9a
4.8

7.0

4.5

7.4

Geol. Surv.

911020
911020
911020

211020

© 911020

211020
811021
911021
911021
911021

911021

- 911022

911022

911024

211024

911024

911024
_ 911025

911025

911027

. 911027

911027

911111

911111

C 913111

09

i0

10

11
21
23
14
14
14
18
22
06
11

a0

08.

19

20
i5
19
00
13
19
19
20

2]
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54

17

39

10

a8

58

02
28
38
44
32
39
15
04
11
21
40
22
09
40
19
29
43
fl3

01

05.10

£6.61

22.07

29.15

47.65

37.90
44.32
12.37

03.08

11.54

04.556

26.680

32.78

46.60

21.45

00.00°

04.00
43 .44
22,63
24.16
40.54
38,31

44.71

47.83

24,62

| 30-45.78
30-44.85

30-44.35

30-43.50

.30=-44.20
50-46.40
30-45.47
30-47.84

| 30-47.26
80~47.93
20-43.89
50-49.23

" 30-48.61
30-48.46
30-44.11
30-43.40
30-43.72
30-46.24
20-50.19
§0-4457
20-44.36
30-46.74
20-51.10
30-43.98

30-43.42

78-37.24
78-37.58
78-30.90
78-38.53
78—-42.82
78-34.88
78-48.21
78—3_3.48
78-27.23

78-37.98

78=-41.41

78-84.23
78-34.61
78-83.78
78-37.26
78-95.50
78-26.93
78-38.28
78-33.29
78-46.64
78-42.48
78-47.17
78-22.64
78-34.30

78-08.01

1.91
1.57
6.74
9.47
1.79
1.62

3.28

'5.83

0.25
4.05
0.43

5.21

4.39

0.03
2.92

11.78

1.87.

0.12

are

:_3.2'?

15.00

.28.48

7.48

0.86

2.7
2.7
2.6
2.7

2.4

- 2.7

*36

2.6

2.8

25

2.8 -
2.7 .
“3.4
2.5

2.9

2.7

"4.1

*4.0
2.7

2.38

2.1

1.85

12

11

19

10

13

16

12

13

10

19

13

12

&

1.23 |

1.04

Q.87

1.04
1.51

1.58
1.24
0.70
0.64
0.99
0.44
0.81
0.57
1.48

0.92

1.02

1.25
1.82
1.37
40
.16

.08

4.2
5.0
12.6
6.3
5.5
12.7
8.3
9.8
8.0
6.9
6.8
4.0
2.9
5.8
4.7
5.0

9.9

104

13.3

8.0 -

14.9
5.8
2.1

1.6
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4.0a

4.1

7.8

5.4

5.6

7.2

4.8 .
6.7
4.8
4.7

4.7

4.0

2.8
3.2 .
40
5.5
5.4
6.1-
3.9

8.7

8.8

4.6
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g11111
911112
911112
911112
§11113

911113

911113

911113

911114

911114

911114

911314

911114
911114
911114
911114
911114
911115
. 911115
911118
911115
911115
911115
91{116

011117

21

5

20

23

00

01

12

18

00

07

10

17
17
18
19
20
22
03
12
i3

15

18

20

0l

15

a5
03

28

50

31
a6
11
35
04
44
32
N
35
26
52

38

44
11
[+14
39

30

43

04

32

12.66 -

01.71
52.69
12.28
34.27
13.81
13.87
00.76
27.94
38.00
09.89

57.33

38.85

14.09

28.48

01,94
16.77
42.51

£1.84

16.83 .

'14.88
57.92

39.22

46.45

07.78

30-68.21
30-44.59
30-38.72
30-48.03
30-41.58

30-42.39

30-45.10"

30-42.13
30-36.65
30-42.25
30-43.47
80-33.78
90-44.36

80-40.47

20-40.81

30.43.46

30-43.41
30-40.07
30-41.59
30-45.15

30-41.89

80-41.74
30-30.75

30-34.456

30-44.55

- 78-21.10

78-38.01
78-38.56
78-37.13
78-38.82
Té—39.86
78-32.43
fsfasjs
78-49.21
78-36.13
78-36.09

78-38.78

78-33,58

78~41.02
78-86.62
78-38.20
78-35.20

78—45.56

78-39.99

78-36.58
78-37.08
78-35.42
78-29.22
§3—3939

78-35.98

1.94
0.88
L.60
0.59

7.82

1.34

0.31

0.50

0.99

1.41
'10.37
5.58
2.45
15,90
1.7

1.39
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2.05

1.89

1.97

2.66

2.76 -

2.55
2.88

2.73

1.99

2.82

2.61

2.02

2.29

1.44

1.55

2.58

1.88

2.43

1.04

1.50

2.95

1.76

22

29
.83
.07
17
.18
.31
.14

.30

18

20

~09

10
12
.19
.91

.08

14

.37
.04
07
A6
.34

.10

.14

2.1

1.1
71

141

2.7 .

2.0

2.7
19

3.4
2.6
1.1
1.6
11
2.0

1.8

9.4 .

0.9

2.4

0.9

1.0

0.4

9.2
0.9

1.8

911117
811118
gt1118
911118
911118
911119

911119

ati11e

911119

911119

911120

911120
911120
911120
911121
1112l
911121
911121

911122

911122

9ti123
911123
911123

911123

911123

18

0o

03

i5

16

12

14

15

19

21

a3

15

16

19

01

‘0T

15

19

20

04

18

18

18

19

44

19

22

18

09

03
as
11
43
50
o2
47
14
50
03
52
a8
54
52
48
52
45
46

53
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50.5¢

17.79

22.62

14.82

55.20

17.47
06.66
58.67
33.40
06.81
26.79
28.89
56.45
06.97
03.27

3.5‘72

15.97

03.62

24.21

29.95

07.47
26.28
02.44
59.‘20

30.12
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' 20-45.00
30-44.05
80-43.14
80-42.97
30-55.65
90-45.94
30-43.20
30-45.98
30-46.07
30-50.59

30-44.18

| 30-42.42

:30—29_.1 1
- 30-41.76
a40-40.41
30-46.19
30-42.09
30-49.49
30-43.55
30—39.?2
30-42.73
30-44.78
3_0-44. 14
50-39.09

30-41.05

78-37.43
78-03.48
78-87.97
78-85.48
78-17.31
78-83.87

78-35.62

78-36.67

78-34.99
78-24.40
78-33.98
78-86.81
78-33.10
78-44.59
78-36.15

78-29.88

78-36.86 O.

78-38.48

78-37.79

T8-40.16

-78-36.63

78§-28.92
78-28.77
78—45.51

78-40.51

7.84

0.37

1.08

0.89

10.46
11.61
2.91
1.16
0.93
8.55
1.34'
0.85
0.97

7.01

2.79

2.57

2.14
- 1,95

2.08 .

3.06

2.06

2.28

0.04

1.65 .

t.98

18

29

09

. 2.8

1.4

0.4

0.1

8.1 -

3.7

3.17

1.6

2.7
3.5
0.6
1.2

0.9

4.9

1.0

2.2

1.2

2.1

0.4

2.1

1.4

2.1

0.9

1.0
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5.4

2.2

10.0

1.2

3.3

8.7

8.7

2.2
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911201 16 02 86.31 90-39.6% 78-53.10 5.43 204 5 1.71  14.4 -

911123 19 52 44.44 30-42.57 78-32.08 1.06 132 6 .30 1.5 - _ _

911123 20 35 03.83 50-45.74 78-36.56 051 166 & 26 3.7 - 911201 1619 1127 80-43.46 78-37.75 1.20 146 6 .07 0.6 8.6
911123 21 22 07.49 30-42.46 78-3671 1.63 159 6 .08 0.2 .2.6 $11208 01 36 27.74 00-48.49 78-36.44 7.62 2.46 8 29 32 3.2
911124 01 02 47.15  50-40.68 76-38.75 9.60 2.62 & .31 3.3 92 | 911203 03 04 §1.47 30-46.50 78-35.26 624 225 & .06 0.8 15
911124 06 18 40.24 30-48.27 78-39.65 5.51 - 6 6 19 82 | 911203 06 04 32.13 20-37.01 78-27.10 8.87 220 6 063 85 -
911124 13 19 40.91 30-45.59 78-2B.77 O0.86 2..81 8 05 0.3 - T.4 $11208 18 54 33.17 30-40.95 78-58.15 08.30 1.95 7 0.97 2.7 5.8
911124 23 31 09.48 50-40.06 78-38.34 023 136 6 28 a7 _ 911205 00 01 06.39 80-40.60 78-43.82 9.36 1.96 6  0.18 213 6.7
911125 14 29 49.80 50-41.76 - T&-37.68 0.34 372 8 29 1.9 - -911205 03 12 46.56 30-39.38 75-43.26 10.95 2.1!? & ¢.04 0.8 0.3
911125 18 59 47.40 30-42.64 7.8—35‘05 2.69 440 68 a5 1.7 - - 911206 11 31 43.29 30-48.70 78-34.07 8.54 242 8 0.49 4.2 2.6
911125 19 36 12.80 30-51.41 78-29.64 1.9 242 6 .84 1.8 _ 911207 00 19 38.12 80-42.87 78-37.90 8.96 176 6 019 1.4 6.1
911125 21 31 01.96 30-43.48 78-36.78 2.02 1.18 6 @ 6.0 - 911207 01 08 04.33 30-47.07 78-33.46 601 181 6 025 11 17
911198 07 02 16.38  80-40.55 78-41.49 14.95 2.35 8 s 65 - 911207 17 16 18.68 30-41.70 78-39.44 15.00 214 7 040 3.7 . 2.3

_ 911126 08 21'44.42 30-43.05 78-37.95 10.44 180 6 .06 07 16 911208 15 46 31.79 30-~42.64 78-86.70 1025 3.17 13 0.91. 50 2.3
911126 10 82 25.37 230-46.84 78-39.26 9.18 247 8 A9 19 24
' RMS - Root Mean Square
_ _ ) . . ERH - Horizontal error in epicentre
911128 05 01 28,12 30-50.23 78-25.92 7.68 278 8 .21 24 3.2 o FERZ ~ Vertlcal error in depth
) i MD - Duration Magnitude

. 911126 18 01 17.46 350~45.06 78-24.07 1.13 048 6 37 2.8 -

911128 22 13 26.68 30-45.68 78-34.51 0.60 3.28 . 8. 25 2.2 - + - Richter magnitude
91112% ©1 B3 04.70 30-47.25 7T8-33.27 10.46 1.40 6 ' 28 3.8 5.6 : ' .

. _ Note : Duration magnitude calcutated by IMD for the month of October is based
911129 23 47 46.01 30-39.72 78-38.76 0.20 2.61 6 14 1.2 - : on the USGS formula: o
911130 0C 09 20.27- .30-47.56 78-34.50 0.70 1.78 & 23 8.4 . - i

. Md = - 0.87 4+ 2 log (T) + 0035 R
$11130 12 20 26.34 20-44.56 7TE-52.45 10.12 2.24 8 03 0.2 0.4 _ .
) . . ~ Where T is single duration and R is the eplcentral distance, Duration méagnitude

91“39 13 01 60.54 30-43‘51 78-32.89 0.72 239 ¢ .10 0.8 - a determined by the formula imentlonmed in the text is less by about .5 unit as
$L1130 21 22 32.98 30-39.32 78-30.66 1.36 2.03 § 23 0.3 83 ' compared to the USGS formula for magnltude upte 3.0. '
S11130 21 29 16.68 30-43.65 78-39.64 1.24 1.3_8 ] i ] 1.1 -

911201 15 18 07.44 30-47.04 78-40.24 12.81 1.66 § A6 1.6 1.6
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FPage No. Linz No. Instead of P, read ax
189 7 G 'y
190 5 ‘Whert as’ ‘whereas’
o s ‘miner* ‘mingr”
10 ‘blocked” “blockage’
13 “‘damage’ ‘Damage’
3 10 *Hypocentral® “hypocentzzl’
193 18 ‘Jhamak’ " *Jamak’ .
2 332° with a dip of 19° 116° with a dip of 85°
30 " 108° with dip of 76° 296" with a dip of 5°
0 © NPL. o NP2
3 Predominant reverse type of faulting  pure thrust without a sirike
' slip componieas
194 5 add ‘was'
_ ‘11 . add *and’
195 : “WHIG* “WHIG'
203 17 - add iy’
205 1 ‘the" “The”
*Hypoceatral® *bypocentral’
. ‘determine’ -+ determined”
206 3 ‘40 per cept within 15 km’ *34 precent betwsen 5 to 15 km'
08 12 range 10 3 range 2 10 3




