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FOREWORD

The Uttarkashi earthquake of the 20th October, 1991 caused considerable
damage to life and property in the Garhwal Himalaya. In addition to the sufferings
of the people it rekindled controversy about the imminence of a still greater and
more devastating event as well as adequacy of aseismic design parameters for
major civil engineering structures in the region.

Geological Survey of India being the national organisation charged with the
responsibility of carrying out systematic scientific documentation of damages
leading to preparation of Isoseismal maps and related studies, true to its character,
mobilised its resources immediately and launched an extensive study of this event
from the very next day. Agroup of over 25 scientists drawn from different specialist
units located at Dehradun, Lucknow, Faridabad and Chandigarh were engaged in
the exacting investigation coordinated by two Directors under the DDG, NR. A
preliminary report of the investigation was prepared within one month of the event.
DDG, Geophysics, CHQ, also sent a party to record the post-earthquake seismicity.

I had detailed interaction with other concerned Government agencies like
Indian Meteorological Department, National Geophysical Research Institute, the
Central Water Commission etc. wherein consensus emerged about the necessity of
a consolidated volume documenting the event and its effects. A special publication
incorporating data generated by all the Government Organisations is now being
brought out in keeping with the GSI tradition of publishing information and results
of damage surveys of major earthquakes in the country. Excellent cooperation
received from the participating agencies is acknowledged with gratitude.

I do hope this volume will be of value to all concerned with Seismotectonics,
Seismology and Earthquake Engineering and would stimulate research to better
direct the efforts for mitigation of Natural Hazards due to earthquakes.

'ZA—-—-"\ T V"L_

(CP Vohra)
Director General
Geological Survey of India
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PART ONE

REPORT by GSI

MACROSEISMIC INVESTIGATIONS OF UTTARKASHI
,. . EARTHQUAKE OF 20TH OCT. 1991
BY
Officers of the
s - . Geplagippl Survey of Indlg. ,: -
Anhlysed. synthesised and compiled
by
P.L. Narula & S.K. Shome






MACROSEISMIC INVESTIGATIONS OF UTTARKASHI
EARTHQUAKE OF 20TH OCT.1991

SYNOPSIS

The Garhwal Himalaya in the Northern India was rocked by a 6.6 magnitude
earthquake in the early hours of 20th Oct. 1991. The officlal Information
indicates that 723 persons perished, and thousands were Injured by the
earthquake and about 36000 houses were partially or completely damaged In
Uttarkashi district alone. The instrumentally located epicentre of this shock lies
at latitude 30.76 N, longitude 78.86 E (IMD) and the depth of focus Is 12 km.
This earthquake was followed by a number of aftershocks, the eplcentres of
which lle in a linear belt of 40 km by 25 kms and the fast reduction in thelr
number with time is 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
isoseismals. For this purpose the Medvedev—-Sponheuer—-Karnik (MSK) intensity
scale (1964) has been utllised. The maximum Intensity reached on this scale in
the epicentral tract is IX which encompasses an area of about 20 sq.km. All the
isoseismals are oblong In shape with reference to the melsoseismal area. The
asymmetrical attenuation patterns of the Intenstty isoseismals could be related
to (i) Different lithocontrast materlals having brought In juxtaposition by some
transverse fundamental fracture. (11) By Involvement of more energy in the dip
direction of the source fault and/or (11i) Intensity accentuation in the
south—-eastern quadrant having resulted because of fault propagation in that
direction.

The damage surveys have also Indicated areas of isolated highs around Kunihar
and Timbi In Himachal Pradesh, Dehradun and Dugadda in Uttar Pradesh.
These isolated highs of intensity VI area located within isoselst V and are
located In the vicinity 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 empirical relationship to establish correlations. The authors
have oplned that the attenuation relations suggested by Campbell (1981) and
others are not consistent with the data generated by this earthquake.

It has also been suggested 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 tectonic lineament.
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1 INTRODUCTION

An earthquake of magnitude 6.8 (IMD) on open ended Richter scale struck the
northern hilly parts of Uttarkashi in Garhwal Himalaya at 02.63 hrs. of 20TH
October, 1991 causing heavy loss of 723 lives and numerous llvestock alongwith
complete damage of over 20600 houses and partial damage over 25000 houses in
about 400 villages in the districts of Uttarkashi, Chamoll and Tehri. The

districtwise detalls of damages, as furnished by the district authorities, are
given In the table below:

District—wise Damages

Districts Uttarkashi Tehri Chamoli Total

Deaths 663" 64" 6 723
Injuries 1436 387 16 1817

Houses completely 14644 4000 2000 20644
damaged (app.) (app.) (app.)

Houses partially 21221 3000 1000 256221
damaged

Note: The figures quoted appear to have been modified subsequently as
Ministry of Information & Broadcasting detall 768 kllled, 6086 persons Injurred,
20184 houses severely damaged and 74714 partially damaged.

*For village wise deaths see annexure II

The Garhwal Himalaya has well known and recorded seismic hilstory where large
magnitude earthquakes (+6M on Richter scale) have visited the tract between
Long. 78°-81° and Lat. 29.6° to 31° for 36 times in the last one and a half
century. The majority of the events have been interpreted to be of thrust type
of deformation and are clustered around the surface trace of the Maln Central
thrust. The event under report s also located in the vicinity of this reglonal
structural dislocation.

Consequent to the news flash on the AIR and Doordarshan regarding this
earthquake, the Director General, GSI, Instructed the Geological Survey of Indla,
Northern Region office, Lucknow to take stock of the situation and organise the
detailed Investigations Iimmedlately. As a first step officers of Engineering
Geology Division working In the Bhagirathl and Yamuna valleys were directed to
take up the damage surveys on priority basis from the 21St. October, 1991
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itself. In the meantime a speclalist group of ten officers from different
Engineering Geology Divisions and Landslildes and Seismotectonic Division of
Northern Region, having past experience of macroselsmic investigations, was
ldentifled and necessary logistic support arranged so that the partles could
leave on the 23rd October, 1991. The Investigating teams were led by Shril
P.L.Narula, Director, Landslides and Selsmotectonics Division, G.S.I., N.R.,
Lucknow and Shri S.K.Shome, Director, Engineering Geology Division II, G.S.1.,
N.R., Lucknow in Uttar Pradesh. The Investigations in Himachal Pradesh were
carried out under the guidance of Dr.0O.N.Bhargava, Director, H.P. Circle, G.S.I,
N.R., Chandigarh. The deployment of the parties was planned In such a way that
they could converge at Uttarkashi from different directlons. They covered
Lucknow Bareilly Pithoragarh Almora Karanprayag Gadolla Tehrl Uttarkashl;
Lucknow Moradabad Kotdwara Pauri Srinagar Tehrl Uttarkashi; Lucknow
Moradabad Nagina Hardwar Dehradun Mussour! Tehrl Uttarkashl; Dehradun
Rishikesh Narendarnagar Tehri Uttarkashi and Lucknow Delhl Sonepat Ambala
Paonta Saharanpur Dehradun. Such a step was essential to demarcate different
Isoselsmal boundaries and a rapid assessment of the damage patterns. In
additlon, to document the effect of the shock In Himachal and Punjab, a
separate group was organised.

In the first phase, completed by the first week of November 1991,the partles
concentrated on identifying 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 around Almora at Long. 79.8 and Lat. 29.8 by IMD and
flashed In the media. Another objectlve was examination of engineered
structures like Manerl concrete gravity dam located In the epicentral tract and
other ongoing hydroelectric projects in the Bhagirathi and Yamuna valleys.

The first phase of the investigation consisted of rapld assessment of the whole
of the U.P. Himalayas as well as Himachal Pradesh, Haryana and Delhi. The
deployment of officers for carrylng out the field investigations In different
sectors in this phase is tabulated on the next page.

In the second phase the investigations were continued by S/Shri S. Kumar,
Prabhas Pande, Y.P. Sharda, Geologists(Sr) and B.M. Galrola, Asstt. Geologist
between 13th Nov. and 6th December, 1991. During these investigations, S/Shri
P.L. Narula and S.K. Shome, Directors also inspected the area between 28th Nov.
1991 and 6th December, 1991 for final review of the investigations carried out.
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8] No Party Area Investigated Period
P.L.Narula & Coordinators 23rd Oct. to 3rd
S.K.Shome Nov., 1991

1 S.Kumar & Dehradun to Bhatwari 23rd Oct. to 3rd Nov.
Y.P.Sharda 1991

2 P.C. Nawan]), Tehrl as well as 21st Oct. to 6th Nov.
J.S. Rawat & Uttarkashl area 1991
R. Sanwal

3 R.B. Sharan & Pauri, Tehrl and 23rd Oct. to 3rd Nov.
Prabhas Pande Uttrkashli 1991

4 K. Sharma, Uttarkashi area 21st Oct. to 2nd
S.C. Srivastava & Nov. 1991
H.C. Khandurl

5 Sushil Kumar & Pithoragarh, Almora & 23rd Oct. to 3rd Nov.
V.B.Srilvastava Yamuna Valley 1991

6 R.S. Negi, Dehradun 21st Oct. to 3rd Nov.
S.K. Ghildyal, 1991
S.K. Tripathl &

H.C. Khanduri

7 U.S. Rawat & Yamuna & Tons Valley 23rd Oct. to 3rd Nov.
A K. Jaln 1991

8 Gurdev Singh, Punjab & H.P. 22nd Nov.1991 to
S.K. Hans, 26th Nov.1991 in
Prem Kumar & Punjab and 27th Oct.
N.K. Pun} 1991 to 3rd Nov.1991

in H.P.

9 P.M. Jalote & A.K. Sutle] Valley 24th Oct. 1991 to
Chaudhary 31st Oct. 1991

10 D. Srivastava & Delhi & Haryana 27th Oct. to 3rd
G. Dasgupta Nov. 1991

Srl S.N. Chaturvedi, Dy. Director General, Northern Region, Geologlical Survey of
India, Lucknow also inspected the worst affected area between the 29th and
31St. October, 1991.

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
covering sizeable portion of the Himalaya are of Proterozolc age. The status of
knowledge on varlous aspects of geology and structure have been well
documented in the proceedings of Himalayan Geology Seminar held at New Delht
during September, 1976 (GSI Misc. Pub. No.41 Pts. I to V). The data generated
subsequently, particularly on the palaeontological discoveries, geochronology,
tectonlcs iIncluding neotectonics metamorphism and magmatisms; has been
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discussed in detail In Geological Survey of India publication on Geology and
Tectonics of the Himalaya' (Spl. Pub. 26, GSI, 1989). The geological map of the
volume has been utilised as base map on which the Isoseismals of this
earthquake has been drawn.

The Himalayas are one of the most seismically active regions of the world where
numerous large magnitude earthquakes have occurred. The earthquake records
upto 1980 as obtained from the IMD have been classified and codified In relation
to magnitude as well as focal depths for appreciation of the seismicity patterns
of different domalns of the northwest Himalaya (Narula 1991). Data obtained
from the focal mechanism studies as well as the macroselsmic surveys conducted
by various workers has also been synthesised and incorporated with important
tectonic surfaces in Fig.1. The perusal of this map Indicates that the
earthquake events in Garhwal and Kumaon Himalaya are malnly clustered in and
around the surface trace of the Maln Central Thrust. Out of 79 major events
recorded from this region 26 earthquakes were of magnitude more or equal to 4
and less than 6, 26 were of magnitude more or equal to 5 and less than 6 and
10 events were those of magnitude more or equal to 6 and less than 7. When
converted to total energy release, the energy release in the area demarcated by
longitude 78° to 81° and latitude 29.5° to 31° has been of the order of 10%
ergs/decade. From the foregoing it is apparent that the domain visited by the
Uttarkashi earthquake of 20th October 1991 is known for its selsmic activity, in
terms of both historical as well as recorded information.

The reglon visited by this earthquake lles 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 predominantly the thrust type of fault plane mechanism
(Narula 1991 in press) (Fig.2). It has been interpreted by Narula (1991) that the
straln bulld up In different sectors of this domaln is taking place at different
locales and in the Uttarkashi-Kumaon sector, this is concentrated around the
MCT as evidenced by clustering of selsmic events in this subdomaln to be
around this structural dislocation. The selsmic status of MCT has been a subject
of Interest for quite some time, though direct geological evidences of its
neotectonic activity have not been recorded in the area of study. Geodetic
monitoring of this tectonic surface itn the vicinity of the Kumaltigad north of
Manerl and some sector iIn Central Nepal have Indicated contemporary
adjustments along this feature (Omura et al 1986).

A micro earthquake network was operated by the University of Roorkee in the
Uttarkashi Himalaya for monitoring of activity In connection with the Tehr! Dam
Project during 1572-80 and 1984-86. It defined a seilsmic belt extending over a
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distance of 140 km. from NW of Yamuna river to Alaknanda river (Khattrl et.al.
1989). The focal depths determined for these micro events are predominantly of
10 to 13 km. while for some it Is of the order of 23 kms. The focal mechanism
studles conducted for discrete events suggest thrust fault type dislocation
mechanism while some events also give strike slip mechanism.

3 DAMAGE SURVEYS

In order to prepare the isoseismal map of the area based on categorisation of
damage patterns in different type of constructions and terrain changes brought
about by the earthquake event, the investigating parties concentrated, in the
first phase, in the maximum damage areas. The assessment of damages In these
areas have been completed by carrylng out surveys by concentrating in
identified areas to collect the information on damage patterns. Over flve
hundred persons have been interviewed and the questionnaires (Annex. IV) got
filled up and supplemented by preparing orlented sketches and photo-
documentation by colour photographs and transparencles. For demarcating the
isoseismal boundaries the Medvedev-Sponheuer—-Karnik Scale (1964) (Annex. III)
has been utilised which identifies categorles of damages to constructlons of
various classes llke those of poorly constructed adobe structures, the brick
masonry structures and the RCC constructions, in conjunction with the terrain
changes etc. (Ref. Annexure-II1). The detalls are given below:

3.1 Terraln Changes

Consequent to the earthquake, numerous new landslides, landslips, boulder and
rock dislodgements, slope fallure Induced ground fissures on the roads and
roadside embankments as well as sharp vertical cuts In the steep river side
ends of the terrace flelds, fallure of even very small height breaks In the hill
slopes (less than 2m) Illke boundaries of the cultivated flelds have been
extensively recorded in the worst affected areas. In addition, numerous old land
slides have been found to be reactivated. The road formations have been
extensively damaged by wide open fissures along, and In some places across the
road, with fallures on the valley side retaining walls 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 landslides have
even uprooted large trees along their fallure route. Changes In the discharge of
water springs have also been reported at a number of places. Major landslides
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generated large dust clouds in their wake, often mistaken for smoke, in closed
valleys. Such features occurred even after eight days of the earthquake. The
Bhagirathi river water was reported to have become turbid after the earthquake
but 25th October onwards there was no marked change in the turbidity of the
river water. According to media reports the river Bhagirathi had been blocked
upstream of Uttarkashl, but evidence of such a blockade or its having been
cleared by blasting could not be ascertained. Apparently as a result of the
earthquake the Power House at Tiloth, of the Manerl 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
Uttarkashl and consequent ponding up of the water behind the Maneri dam.
Because of power fallure at Maneri Dam, there was nearly 12 to 14 hours time
lag between the tripping and the manual operation of the spillway gates at
Maneri Dam and resumption of water flow in the river downstream of Uttarkashi.
This was the reason for the local populace already 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, overburden
fallures, slumps, debris slldes, dislodgements of rock blocks in well defined
wedges formed by discontinuity surfaces and boulder rolling along steep slopes.
Sectorwise brief description of these landslides ls as under (for locations refer
Fig. 2B):

Tehri-Uttarkashi Sector

The first location of rock dislodgement between Dharasu and Dunda, primarily in
the blocky to highly jointed quartzites of Nagnl Thank formation, Is at a
distance of about 6 km from Dunda. These dislodgements continue upto Nakurl
beyond which the road is practically located on the terrace material on flat
slopes and dislodgements and landslips are not recorded. However, ground
fissures on the river side are occaslonally developed between Matli village and
Uttarkashl. One such feature with concentric cracks was recorded In the

overburden material, comprised of siity material, at a dlstance of about 1km
from Matll towards Uttarkashi.
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Uttarkashi-Kanauldia gad Sector

The road between Uttarkashl and Gangori is located on a flat terrace away from
the hill face but river side terraces show development of cracks and slump
fallure. From Gangorl to Bhatwarl there are numerous landslides developed in
the terraces composed of river borne material as well as in rock outcrops. A
number of rock slides have been observed in the steep slopes with quartzite
outcrops. On such slide at about a km short of Maneri is depicted in Photo 1.
The Intensity of these landslides progressively increases from Gangori to Maneri
and then declines upto Bhatwari, the maximum number being located in the
Ganeshpur—-Malla sector. A few Important slope Induced ground fallures have
been documented on Fig. 3A. Around Manerl almost all the slopes have failed
irrespective of the slope forming materials (Photo 2). A major rock slide has also
been recorded on the left bank road of the Maneri Dam between the dam body
and the tunnel intake (Photo 3). From Bhatwari to Kanauldia gad a number of
rock dislodgements 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 also got activated resulting In road
blockades.

In whole of this sector the formation cut of the road has been extensively
damaged, the maximum damage being between km. 6 from Uttarkashl and near
Pala village where slumps have taken place in the river slde slopes. Wide open
fissures have developed on the road which are allgned along as well as across
the road and numerous retaining walls and breast walls (Photo 3A) have
collapsed even on overall gentle slopes. In certaln reaches more than half of the
road formation as well as painted road surface has been damaged by these
flssures. A remarkable feature has been observed on the left bank of River
Bhagirathi near Heena where the T-3 terrace, the lowest one, has been shaved
for a length of about 400m. The nearly 16m high terrace has apparently falled
parallel to the river face as is evidenced by the fresh near vertical cut (Photo
4). Similar terrace shaving has also been observed near village Dedsarl.

Gangori—-Aghora Sector

From Gangor! to Sangam Chattl, 59 dislodgements and two major landslides have
been recorded in a distance of about 12 km. From Sangam Chattl to Aghora the
frequency of landslides has reduced. Some of the landslides have originated from
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upto 100m height from the nala bed and rolling of boulders and sliding caused
lot of dust clouds to rise in the horizon, often mistaken for smoke by local
people, In the closed valley of Aassl Ganga (Photo 5).

Dharasu—-Barkot Sector

On the Dharasu-Barkot sector there are no major damages to road nor there are
many slides or dislodgements initiated by this earthquake event. However,
between km. 34 and 36, some dislodgements have been observed. Simllar rock
dislodgements totalling 4 in number have been recorded between km stones 41
and 456.

Uttarkashi-Kishanpur Suknidhar Sector

In this road sector, 41 dislodgements have been recorded on the road between
the road bend near Kutaiti colony to Thalan village in additlon to 6 nos. of
landslides. Prom Thalan to Kishanpur the frequency of landslides has lncreased
though the back slopes have become gentler. Even very small height (less than
2m) boundaries of the cultivated terraced flelds have falled, giving rise to
almost uniform slopes near Kishanpur village. The river side edges of the road
along with high retaining walls have collapsed (Photo 6) and the river side
formation displays a number of fissures in the overburden. The approaches of
the Indravatl river bridge have falled over about 50m span (Photo 7). From thls
bridge to Suknidhar a number of dislodgements have been recorded but the
intensity and frequency of these dislodgements have considerably reduced. A
major retaining wall at the road crossing at Suknldhar has also failed.

Bhaldiyana—-8uknidhar-Dunda Sector

In this road sector no landslides or dislodgements are recorded between
Bhaldiana and Lambgaon but from Lambgaon to Dhauntrli a number of rock
dislodgements have been noticed. Between Lambgaon and 6km. beyond the Jalkur
nala bridge, 31 dislodgements of rock blocks varying In size from 1m? to 10m?
(Photo 8) as well as 10 rock slides have been recorded which have been caused
by this event. An old landslide on the left bank of a bridge near That! Remoll
has got reactivated. All these dislodgements and slides are located In the
Chamoli quartzites. Between Dhauntri and Suknidhar and the Dunda sector
similar dislodgements have been recorded. Between Chakone and Suknidhar a
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number of retaining walls have also falled. Ground flssures trending in the
NW-SE dlrection have been noticed along the painted surface of the road
opposite Bhatiyara village.

Dhauntri-Kamand Sector

The road connecting Kamand village with Dhauntri has also displayed a number
of slips mostly In the overburden material and some fissures on the river side
edges of the road have been recorded. One, 8 to 10cm wide flssure, parallel to
the road, has been recorded almost In the centre of the road. This fissure
trends in N60°E-S60°W and 1s located between village Ladhu and Thatl Bharkot
in the Barkot Gram Sabha. It was reported by the village Pradhan of Kamand
village that a number of fissures had developed on the surrounding hills. One
such locality near Kobla Nami top was examined. Some ground fissures located
on the overburden material at the nose of Intersection of a small nala joining
the Jalkur gad and related to slope fallure induced by the earthquake were
recorded. The longitudinal cracks at this location trend In the N45°E-S45°W
directions while transverse ones are oriented in the N25°W-S25°E direction. As a
result of this topographical setting and movement of the overburden material a
temple built in mud masonry with RCC top has collapsed. Similar ground fissures
located In overburden covered slopes have also been recorded from areas located
at high altitudes.

Kund—-Gaurikund Sector in Mandakani Valley

The Kund-Gaurlkund road sector has also witnessed a number of dislodgements,
a few small landslides and retaining wall fallures. These failures have been
noticed from a distance of 3 kms before Phata village, continuing upto
Gaurlkund. In fact, these terraln changes have been utilised to draw the
boundary of lsoselsmals VI and VII. Over a distance of about 16km from 3 km
before Phata upto Sonaprayag, eleven dislodgements, three small landslides and
two retalning wall fallures have been recorded. Between Sonaprayag and
Gaurikund, 6 dislodgements have been recorded in a space of about 5km. The
damages in the form of terraln changes are quite conspicuous on the Sonaprayag
Triyuginarain road sector on which 23 dislodgements and two retalning wall
fallures have been recorded. Two ground fissures one 1.5km before Phata
trending In N60°-S80°E direction and the other between Sonaprayag and
Gaurikund trending In N80°E-80°W direction have also been recorded.
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Tilwara—-Chirbatia Sector

The road sector between Tilwara in Mandakani valley and Chirbatia water dlvide
of Bhillangana catchment is marked by Isolated rock dislodgements. These
dislodgements, prominent between Tilwara and Mayall village, are confined to the
highly Jointed basic rock constituents within the gnelssic and granitic rock
complex. The dislodgement incldences Increase considerably from Mayall towards
Gorthl village and infact, in a distance of about 2km., more than 15
dislodgements have been seen in a baslc rock exposure near Mayall. Incidentally
the boundary of isoseismal VII passes very close to this location. Dislodgements
have also been seen In the gnelsses exposed in the vicinity of Gorthi village,
located on a spur (Photo 9).

Evaluation of Terrain Changes from Remotely Sensed Data

In order to quantify the incidences of landslides (specially in the inaccessible
higher altitude areas close to the eplcentral tract) and validate the incidences
of earthquake induced landslides the pre and post earthquake 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
(Fig.3).

On transforming this iInformation to a base of the Isoseismals and the
lineaments, the following broad observations could be made:

a) Most of the new and reactivated slides are bounded by isoselst VIII.

b) A majority of these are located in a nearly 2.6km wide linear belt
trending N60°W-S60°E from near Utra in the east to beyond to Saura In
the west and essentlally located on the southern slopes of the hills. This
fault can be picked up as a megalineament along the same trend
westwards into the Yamuna and Tons valleys as can be seen In the
imageries.

c) Incidentally this Utra-Saura fault is located about 4km north of the
epicentral tract and almost parallel to the longer axis of the lsoseismals.

d) Most of the slides In the area are of rock and debris slide type.

e) The higher density of the slides are in the closed valley around Agora
where the white quartzite of Nagni Thank Formations is well exposed.
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This may be the reason for the dense dust billowing out of the closed valley
near Agora belng persistently reported in the media and by the local inhabitants
as smoke. The close spaced new landslides near the course of the Pilang Gad
might have been responsible for the reported partial blockade of the Gad.

On a very conservative estimate the area occupied by each landslide identified
in the Imageries cannot be less than 6400m2 and assuming agaln on the
conservative side the thickness of the slided material to be 1m the least volume
involved works out to be of the order of +6000m? Therefore, the total masse
mobillsed by this earthquake in 63 slides works out to be of the order of
0.4Mm?. Incldentally the successive imageries have a 50% overlap in the area of
study. Making a stereopair the 3D view gives additional information on the
aerlal extent of the landslides and by this study the volume mobilised may be
as much as 10 times the value computed above. This estimation may be
rationalised by the Digital Image Processing that is being planned as a follow up
study.

However, analysis of the remotely sensed data by Digital Image Processing of the
landslide affected area coupled with parametric analysls is planned as a detalled
follow up for assessment and validation of the coselsmic events, if any, for the
Uttarkashi earthquake.

3.1.2 Ground Fissures

One of the most important modes of terrain damages witnessed during this
earthquake was the ground fissures, which were predominantly confined to the
debris and riverborne material covered slopes or the road sections where the
formation levels have been achieved by back filling with loose material. These
features have generally been restricted within the area encompassed by isoseist
VIIl. Isolated Incidences of formation of open fissures in the rocks, probably
along pre-existing joint planes with steep side slopes, Ilike the one near

Sangrall village have also been recorded. The detalled description of these are
given below.

Fissure in Bed Rock Near Sangrall Village

In Sangrall village three parallel sets of cracks over a width of about 30m have
been recorded, the most prominent of which is the one which has developed at a
distance of about 4.6m from the cliff face on which arenaceous phyllite of
Uttarkashl Formation is exposed. This crack has been recorded in the bed rock
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and has been measured to a depth of 9m (Photo 10). At an lsolated location the
width of this opening is about 50cm. Thls crack is orlented In the N-S direction
j.e. parallel to the cliff face. Because of the earthquake the unsupported side
i.e. the cliff face has lead to the opening of rock blocks along pre-—existing
joint surfaces which are probably the controlling features for development of the
clift face. A sketch demonstrating the mechanism of formation of this crack is
enclosed as Fig.7.

The localities, orientations, lengths and openings of ground fissures have been
summarised in following Table:

—

SPATIAL DISPOSITION OF GROUND FISSURES

8l. Location 1soseist orientation Length opening Remaris
No. (in ®.) {ila cm.) :
1 Kheres *v1 NE-SW 8-30 - 1-6 In vlctnltr of steep
(Doon Valley NW-SE unstgble slopes in
overburden material
(lerrace).
2 Gaseshpar +VITT NT0°E-BT0°W 4-3 1-2 In dobrll -.torhl on
I logfr slo “
n !Iu village
3 8 km NE_ of +VIN1 WNW~EBE 100 20-40 lo fill
mrnrkull (] ] cr af Brnp*ace-en!
Uitarkashi of the order of
Gangotri road to 90 ca. (nor-al)
(Photo 11)
4 l.pnr te +VIN NwW-BE 0-8 <« A number of crecks
ampar almost parallel to
ndravati river have
een noticed.
5 Baura-byale VI NE-BW 10 80 A oumber of fissures
Tlv & Male along the debris
!rn n left covared sjo
ba Maximum up.laoo-enl
llaolrntll :;)oo- noticed (Photo
¢ Besgrall v N-8 30 20 Three cracks,
m Sooih "oa M ohyilitic
Boundary rock mass above @
scarp face (Pbote 10).
7 Cavanagad *VIU NOU°W-S00°E b as
NW-SE 7 .0 Fill material I
NNW-BBE [} a
0 Maneri Dam - x NNW-88E 0.1-0.18 50 A number of fiasures
Jamak Section in fill material snd
debria covered slopes.
Maximum dl“r ?cclen!
t:’ll (aorma Photo
] smak-Namar +VIL NwW-8F & o 1-10 asumber of fissures
‘-cﬂol N-B on "the foot treck
etween Jama &'
c
,ocr{a -ﬂorﬂgr (Photo
10 Nald +VII N20°3-820°W 10 3 cover
°T'o 1] T“on-och
tn ion cracks {im
t 30m 20me.
11 0 ie Birer VI NT0°W-STO°E 30 20 In terrace & fill
' ' v material,
'tur l
‘l"t read

(Cent.)
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SPATIAL DISPOSITION OF GROUND FISSURES (Cont.)
sl. Locatfon Inscseist orientation Length opsnin Remoarks
No. (ia_m.) {in ca.
12 Oopposite +vI NW-SE 30 1 (Mex) overburdea m lorgl
oln ond bl
3“1""" 'or Garfece’ towards
Dhaunirl-
Chakon road
13 Between Lodhu [ VT NGO®E-~560°W 18 8-10 fn the conr% of
Theti Barkot : road om overburden
lllaurl on material,
aun
Namend road
14 Koble Newi neer sV NEO°W-G20°FE 8 1 Oon a nose covered
Kamand village N4O°E~B40°W 10 wlth rver urden
materisl, transverse
and longitudinal
cracks comnected
with slopes fallura.
15 Ghorkhur, Talate Reported - - - n similpr terrain as
| Bhan\‘m‘:l ! po ln 14 agovo. |
16 Aghora +VIIT N20°W~-820*E - Mimor Cracks im overburden
moaterial on steep
slopes.
I 17 Gorthi +VI1 WNW-ESE 9 1 0n rock occupied by I
overburden materiel.
18 Maneri Dom 1X ENE-WSBW 10-20 -] Fill snd overburden
:urnl cutting tho
ck to .nrfnco of
the road at oblique
angle (Photo 13).
19 Maperi- IX, +vVIlI NOO*E-560° 10 9-10 Numerous parallel,
Bhatwari oblique cracks amd a
E-W 9-20 5-20 few trapsverse to
the road have been
NW 20 20 glor.ved accompanied
y 8 g 8o
lnblldg%ce' of road.
I 20 Bheinge +vy N1D°*W-B195°F 10 1 overburden materiasl l
on & marrov spur.
21 Lamsbgeon opp. vl N20°W-B20°E 8o 10 on a flat ronnd
snl uilding adjeceat to' stee
sloap measured dopth
1.8m (Photo 14).
| 22 Z“n'n:a.fll!-. on [2) 11 NO3*W-860°F +10 0.5-2.9 Oblique 1o the road
Thayeli road l.n“?ﬁ:tnrdon l
23 A Ihr‘;“:::lll‘:"rd +VIX NIO*E-530° W +8 0.8 Qoverburden/terraced
Govlnd $180h fill materisl.
24 Slopes ve *VII N6O*E-E60*W 7.29 130 b 14
' Ao AT i fo Mol aitile
lcc penied
ng and
lement.
283 1.0km short (244 NEO*W-S60°E 12 1 Oon road in
I 41X AN c".‘:.; overburden mstertal, I
26 2.9%m from +vII NSO*E-860°W 10 1
2e Overburden
| © B rshe
Caurikend
l 27 Badethi VN - - 33 Subsidence sbout l

on the right ben
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It 1s seen from this table that the preferred trends of these filssures are
predominantly guided 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 detalled ground checks.

In addition to long fissures developed mostly along the road or track alignments,
at a number of localitles, particularly in area of Isoseist VIII, small topographic
breaks have also falled in the terraced flelds in Kishanpur and Manpur villages.
These fallures do not seem to have any genetic relationship with the source
fault because most of them are located parallel to the valley slopes and a few
are tensional openings In the overburden material.

39.1.3 Changes in the Discharge of Springs

It has been reported that the spring water discharges at various locations elther
increased considerably or reduced apprecliably. The villages from where such
reports have been recelved are as under:

1) At Gangor!i village the discharge In the springs has increased but at Saura
village the spring discharge has considerably reduced. Both these localitles
are In the intensity VIII in the Bhagirathi valley.

i) In Jalkur valley the discharge of spring at Timblichak near Balnga village
Increased after the shock.

111) In Bhilangana valley discharge of spring located in Tipri village increased.

iv)  In Nallchami valley, there was Increase In the spring discharges at
Muyalgaon and Titrana villages whereas in Gaurya and North east of Holta
village appreciable decrease in the spring discharge was reported.

v) The Assistant Engineer, Irrigation Department of H.P. at Theog reported
that a water spring had dried up at its usual location and had emerged
about 650m down the slope. At Rakcham It was reported that one spring
started emitting lukewarm water.

Hot Springs

Of the 62 thermal springs recorded In the Utter Pradesh Himalaya, 13 are
located In the Bhagirathl and Yamuna valleys, the area most severely affected
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by the quake. These hot springs are located on either side of the MCT in the
central crystallines and the Garhwal Group of rocks. Some of the hot springs
like Gangnanli Aungi are located very near to the epicentral tract and thus the
changes in the temperatures, discharges and chemistry of these springs have
been studied and brief resulte are given below:

In addition to the information collected by enquiry from the local people about
the changes In the spring water discharges, the temperatures were measured at
the known hot spring localities and compared with those measured earlier. At
Gangnan! the temperatures recorded on 19.11.91 was 656°C while those recorded
earller In the last 15 years, have varled between 61° and 64°. The
measurements made on 4th December, 1991 and 19th Jan. 1992 indicated
temperatures of 60° and 63°C, respectively. For Aungl hot spring located in the
epicentral tract a temperature of 34°C has been recorded which is comparable
with the ones recorded earlier. Later, on 20th January 1992, the Aungl 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 a
locatlon about 160m upstream of the original one, along the right bank of
Bhagirathl river. The reduced discharge now measures about 16 lit/min. From
these observations no conclusions could be drawn though it is reported at
certain locations that increase in temperature as well as discharge took place.
In addition to temperature measurements water samples were collected from
Gangnan! and Aungi hot springs for putting these waters to chemical analysis.
Results obtalned from these samples as well as those of August, 1989 (nearest
before the earthquake) are glven in the following table. The results so obtained
have been assessed mainly by Dr. Ahsan Absar of Geological Survey of India and
the same are discussed below:

Common features and the differences in the water samples collected after the
earthquake from Aungl and Gangnanl hot springs are:

Common features:
1) Decrease In TDS, HCO3-, Cl- and Na*

11) Increase in SO¢-
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Differences:
D Decrease In Si0: at Gangnani{ and an increase at Aungi.

it) Ca** shows a marked increase at Aungl whereas Mg** shows a decrease. At

Gangnanl Mg** tends to show an increase.

Gangnanl Aungl

Tons 4/12/91 Aug.89 4/12/91 Aug.89

(mg/1) PostE.Q. Pre E.Q. Post E.Q. Pre E.Q.
TDS 820 1040 806 980
HCOs5" 642 817 6827 771
Cl- 64 96 133 162
SO« 48 33 33 28
F- 6 6.6 3 3.5
Cat* 62 69 80 68
Mg** 11 5 49 64
Na* 210 280 176 220
K* 24 27 22 28
B 4 4 6 8
S102 70 0.95 42 31
Temp*C 60/66 62 34 39

The base temperatures (temperature attalned by water in its deep circulating
base) have been calculated utilising relationships suggested by Giggenback et al
1983, Glggenback 1986. Estimated base temperatures are given below:

Gangnanl Aungl
8102 K/Mg S0z K/Mg
Aug.89 116°C 100°C 64°C 69°C
(Pre—quake)
Dec.91 97°C 87°C 68°C 67°C
Post—-quake
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Mixing Relations at Gangnanl

An overall decrease In TDS at the expense of HCOs-, Cl-, Na* and K* could be
the result of mixing of hot and cold waters. The representative cold ground
water at Gangnani has Cl- and S10z2 values of 6 and 10 mg/l, respectively and
with the Cl- value of 6 the Cl- balance can be worked out as X(6) + (1-X)
96=64; x=0.348. Thus with Cl balance hot and cold water mixing ratlo works out
to be 65:35. For this mixing hypothesis to hold good the ratlo of 65:35 worked
out by balancing the mass of the conservative element Cl- should balance other

elements also. The calculated chemistry of other elements is as follows:

Chemical Calculated Measured Representative cold ground
species used concentration concentration water RGW (Sharma,91)
for mass (4-12-91)
balance Cl- 6 mg/l
Si0e 86 70 S10:2 10 mg/l
HCO3~ 543 642 HCOs" 85 mg/l
Na* 184 210 Nat 6 mg/l
K* 19 24 K* 3 mg/l
TDS 700 820 TDS 65 mg/l

A perusal of the above table suggests that except for silica which is within 5§
mg/l1 of the measured value all other species are far from being close to the
measured values. Though composition of the Cold Regional Ground Water (RGW)
varies from one area to the other depending on the country rock, depth of
circulation and seasonal varlations, 1s unlikely to Influence the mass balance to
such an extent. Alternatively, one may suspect the mixing ratio, calculated by
using Cl-. As mentioned earlier, Cl- is a conservative element added to the
solutlions only through rock water interaction, It cannot be suspected unless an
additional source of salinity i.e. salt beds or connate water has come in contact.
The possibility, therefore, exists that the water diluting the Gangnanl hot
spring is not similar to RGW but 1s more concentrated (higher TDS) deeper
ground water. Low Cl content of 64 mg/l suggests that the mixing water should
be characterised by low CI/HCOs ratlo. In addition, low S10z (70mg/cl) and lower
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TDS values (820 mg/1) suggest that the fraction of RGW of the type given in the
above table may be much smaller than assumed and following possibilities of
mixing could exist.

|} Aug./89 + a higher TDS low CI/HCOa ratio water.

i1) Changes In hot spring composition at deeper levels relative to Aug./89
com.+RGW.

i11)  Aug./89 water + High TDS low ClI/HCOs water + RGW.

Having considered various possibilities of mixing, relatlvely high values of SO«
and Mg** needs to be explained. An increase In SO4 - content may be explained
by assuming the presence of oxygenated water which would cause oxidation of
HiS present In the hot water. Mg** could have been picked up by solutions from
chloritic clays during thelr ascent through changed routes (after the quake), or
it could have been added to the solution at deeper levels (through possibility il
or iii above).

Mixing Relations at Aungi

Through Cl- balance, a ratio of 0.8 (Aug.89) and 0.2 (RGW) is calculated for
Aungl hot spring. By taking these ratios the calculated chemlstry of post
earthquake sample is as follows:

Chemical Species Calclated Measured
used for mass concentration concentration
balance mg/l mg/l
S102 27 42
HCOs- 824 627

Na* 177 176

K* 21 22

TDS 800 806

It 18 Interesting to find that except for Si0z, all other chemical species
including TDS show a perfect match between calculated and measured values if
it 1s assumed that the hot water component present at Aung! I{s similar to that
sampled in Aug. 89 except for having a relatively high SiOz content of 50 mg/l
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instead of 31mg/l. As concentration of dissolved silica Is directly proportional to
temperature, an increase in silica by 19 mg/l would correspond to a rise In

temperature by about 24°C at the reservoir level.

Increase In SO~ may be attributed, as in the case of Gangnani, to Increased
oxidation of HgS to SO« In the presence of oxygenated waters but increase In
Ca** Is a bit difficult to explain. This hot spring is normally characterised by
high Ca** and Mg.. content of 66 and 64 mg/l (Aug.89) which may be related to
rock water Interaction In the basic rocks in the vicinity. Alteration of
ferromagnesian minerals would result in leaching of Ca** and Mg**. It is thus
possible that circulation of fluid through newly created channels (as a result of
tectonic adjustments during the quake) under Increased temperature conditions
have resulted In varlation of Ca/Mg ratio in the solution. S102z and K-Mg
thermometris suggest decrease in reservolr temperatures (of post equilibrium) at
Gangnani and an increase at Aungi.

From the above discussions 1t could be concluded that:

1) The post earthquake scenario 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.

il) Aungi hot spring chemistry changes can be explained by mixing of regional
groundwater except the percentage of S10z content which Instead of
decreasing by mixing has increased considerably. This indicates that at
the hot water source level the temperatures have Increased. The mixing of
thermal waters with reglonal ground waters has taken place at Gangnani
also but the balance of the elements Is not possible by simple dilution

and it is likely that deeper ground water too has mixed with the thermal
waters,

3.2 DAMAGES TO ENGINEERED STRUCTURES

The relative degree of safety in bullt in the design of engineered structures is
dependant on (1) the importance and vulnerability of the structure and (i1) the
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capital outlay. 1t follows, therefore, that the capital intensive hydroelectric
project structures are more rigorously analysed and have a much more
conservative design as opposed to communication projects. This is amply borne
out by the fact that the Maneri Dam though located in the eplicentral tract
escaped without any structural damage while the Gawana Gad bridge located
about 6km downstream of the Dam was completely damaged. The descriptions in
the following paragraphs start with the well engineered structures followed by
less rigorously engineered structures like the girder and suspension bridges.

3.2.1 Maneri Dam

The 39m high concrete gravity dam across river Bhagirathi at Manerl has not
suffered any damage though located very close to the eplcentral tract. The
appurtenances of this dam including the high wing walled approach channel to
the intake portal of the head race tunnel has also escaped any damage (Photo
15). However, two builldings located on the right bank near the road and not
resting on the body of the dam have been extensively damaged (Photo 18). The
eastern side wall of the substation bullding In concrete blocks has completely
collapsed while the long wall sides display major cracks. The foundation
galleries of the dam have also been examined and it is noticed that the lower
gallery (foundation gallery) located at RL 1269m does not show any signs 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 gallery,
hair fine horizontal cracks are seen which may be restricted to outer surface of
lining. There Is no apparent change in the discharge through the drainage holes
but the same will have to be monitored to find whether there is any change in
the water seepage quantitles as compared to the corresponding perlods and
records already avallable. The wing walls of the approach channel which are at
least 10m high also do not show any distress. The backflll exhibits settlement
behind wing wall of the approach channel, without causing any structural
damage to the wing walls. Fissures in the backfill below the approach to the
Jamak village are quite conspicuous. A few rock block dislodgements and rock
falls near and upstream of the left terminus have been recorded which have not
caused any damage to the structure though some blocks have fallen on the dam
and on to the deck of the structure. On the right bank the approach to the dam
made in the flll material upstream of the dam axis show flssures. The parapet
walls made In masonry have cracked and high retaining walls on the approach
road to the colony have completely collapsed.
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The 90MW capacity Tiloth Power House of Maneri-Bhall Project Stage-1 is located
on the left bank of Bhagirathl river, opposite to the Uttar Kashl town. The
power house building is located on over alluvial terrace deposits with its longer
axis aligned in N26°E-S26°W direction, that is roughly parallel to the course of
Bhagirathi. The minor damages suffered by the power plant which resumed
generation after a pause of few days, are enumerated as under.

The construction and expansion joints of the bullding have opened at a number
of points. These appear as elongate cracks on panelling walls and celllngs, along
or parallel to the Joint faces. Their origin can be attributed to the differentlal
response of the components of the building to the vibrations induced by the
tremors. Peeling of plaster is also associated with some cracks. The first panel
of the western face of the non load bearing partition wall has tilted outwards
by about 1° The RCC pedestals of the generating units have developed 2cm to
16cm long vertical hair cracks. These features which appear to be restricted to
the surface only are reportedly being monitored by the project authorities.

There is a relative displacement of the order of 10cm between the front face of
the building and the outside concrete floor. This could be related to the ground
settlement. The damage pattern indicates that the direction of ground
osclllations would have been WNW-ESE,

3.2.2 Icharl Dam

it 1s a 55m high concrete gravity dam aligned in N16°E-S16°W direction with a L
shaped, 120m long extension at right angles to the dam axis for the treatment

of the left bank slide. The entire area of the dam exposes the Chandpur
phyllites.

The operating personnel on duty at the dam during the night shift felt the
movement parallel to the dam axis and observed swing of the hanging objects in
the same direction. Large splash waves (varlously estimated to vary between 1
to 2m) were reported to have developed in the reservolr.

The Inspection and drainage galleries within the body of the dam were examined
but were found to have escaped any damage. It is reported that the seepage
from the dralnage galleries ranged between 1.7 and 1.7§ 1ts./sec. prior to
earthquake but a rise has been reported 23 hours after the earthquake to 2.19
Its./sec. which has later on stabilised at 2.6 1ts./sec.
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In the non-overflow block 1A (located on the left abutment) an opening of
about 1mm. has been observed along a vertical construction Jjoint on the
downstream side face. Minor seepage through this joint has deposited a thin
layer of secondary carbonate over the lower part of this Joint. This layer has

developed a fresh, fine crack along the joint, indicating minor movement along
the joint.

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

The elevator lower shaft located towards the left terminal of the dam s about
30m high of which the bottom 20m portion is partly embedded in the body of
the dam and the rest projects in the air. This lower portion showed several
cracks on its southern (left bank side) and western (downstream side) walls. In
the lower part of the shaft attached to the dam two sets of cracks (<0.6mm),
one vertical and other horizontal, developed. Vertical cracks are more common,
somewhat Irregular and are either terminated or deflected by the horizontal
cracks. The horizontal cracks are along the Jjoints of concrete 1lift joints.
Cracking Is more pronounced on the southern wall. The enhancement of the
seepage in the drainage gallery may be attributed to opening up of the path of
percolation by readjustment of the material infilling the joint openings.

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

Some damage has also been reported in the residential colony at Kotl which is
nearly 3km 8SW of the dam on the basis of which the area seems to have
witnessed an intensity approaching VI due to the earthquake.

3.2.3 Chibbro Underground Power House

This is a 113m long, 18.6m wide and 32m high cavity housed wholly In the
Dhaira argillaceous limestone/slate Interbedded unit of the Mandhalls. The Power
House cavity Is nearly 70m laterally into the hill and 120m below the natural
surface. On the downstream, N-S aligned wall of the power house cavity 1 to 2
mm wide, three vertical and two oblique cracks have been observed abut 2.5
above the turbine level in the area between 1st and the 2nd turbine. Shotcrete
from about 0.6mX0.26m area along each of the oblique cracks (inclined at 40° to



Photo 1  Rock fall cum debris slide
initiated in quartzites upslope of
the road about a km before
Maneri. Note uprooting of a
telephone pole in the toe portion
of the slide.

Photo 2 Failure of buttressed breast wall
of the approach road to Maneri
colony. (Photo NGRI).

Photo 3  Rock fall in blocky quartites.
Note large rock blocks lying on
the approach road to intake
structure of the Maneri dam.




Photo 4

Shaving of the nearly 15 m. high

river terrace on the lefi bank of
river Bhagirathi at Kamar gad
confluence.

Photo 3A  Failure of breast wall leading to

Photo §

collapse of telegraph pole near
Gawana gad bridge.

Dust clouds bellowing out of the
closed Aasi Ganga valley as a
result of landslides.



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

Photo 7  Damaged approaches of the
bridge over river Indravati near
Kishenpur. See undamaged RCC
bridge of about 15 m. span.

Photo 8  Rock dislodgement on

Lambagaon-Rautaldhar ~ road
section.




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

Photo 1( 60 cm. open fissure, controlled
by master joints near Samgrali
village {(Photo-NGRI).

Photo 11 Open fissures in oberburden
material showing 50 cm. valley
side slumping, 6 km. upstream of
Uttarkashi on the road 10
Maneri.




Photo 12 NE-SW trending fissure on the debris
covered slope on the Saura Byala Tipri mule
track.

Photo 12 A 50 cm. open crack trending NNW-SSE
along Manerijamak foot track.




Photo ¥2 B Nearly 5 cm long open slump fissure in
the cultivated fields of Kamar village.

wto 13  Arcuate ground fissures cutting the black
top surface of road near Maneri.



Photo 15  View showing Maneri dam and
the  appurtenances  facing
downstream. Maneri colony in
the background.

Photo 16 Wall collapses and gaping
cracks in type B construction and
failure of retaining wall just
upstream of Maneri dam.

Photo 17  Collapsed Gawana gad bridge in
Uttarkashi Maneri road sector.




Photo 19

Upstream end intact base plate
on the Maneri end of the Gawana
bridge. Note rollers in place and
slipped roller plate and coupling
rod in the foreground.

Photo 18 Intact base plate of the rocker

on the Uttarkashi side of the
Gawana bridge.

kS (40 7

i,

. @

Photo 19 A Clockwise rotation of the

downstream end baseplate,
Maneri side of Gawana
bridge. Rollers and roller
plate not seen as they have
been thrown in the river
below.
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46°) have fallen down. These cracks have developed In the shotcreted surface.
In the control room area, horizontal to subhorizontal halr cracks were noted at
an uniform level of about 1.4 and 2.6m above the floor in most of the plllars of
the RCC frame structure. These cracks also traverse the marble slabs fixed on
the pillars. A number of prestressed cable anchor heads In the draft tube
operating gallery show cracks in their shotcrete 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 various components
of the anchor head. Occaslonally, however, the thick shotcrete over the heads
have also developed cracks, mainly normal to 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 Inaccessible
but the ones available for examination did not show any cracks. Besides these,
several cracks are present elsewhere in the PH complex but they lack freshness
and other signs of recent development or are known to be preexisting. Four
falling hammer type extensometers are installed on each wall (l.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
face) the hammer of one suchH extensometer located between the 1st and 2nd
turbines has fallen while in the other the gap Is of the order of 9mm. A
vertical crack In the shotcrete is present close to the fallen hammer. The
diagonal cracks detalled above are also within this area.

From the above following Inferences can be drawn:

1) The area exhibiting the cracks and fall of the hammer were pre—existing
areas of loosening (this is a common enough phenomenon In large

underground excavations) which have been subjected to the earthquake
shock.

2) The cracks and weaknesses were not pre-existing but have developed by
the earthquake.

However, the second inference is unllkely because the cracking (1) should have
been more pronounced in the approach adits or areas with much less stringent

support measures and (2) would not have been restricted in only one particular
segment of the PH cavity.

The stralnmeters installed in the roof segment of the PH and surge shaft do not
show any significant stress varlation correlatable to the earthquake.
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8.2.4 Khodri Power House

This 1s a surface power house founded on the alternating sandstone and
claystone of the Lower Siwallk. Opening of the vertical construction joint within
the twin columns of gantry crane was noted above the turblne floor. Openings
upto about 2mm. was found Iin columns on both sides of the PH. Though some
small cracks running across the concrete layer (about 2cm thick) present
between the twin pillars appear fresh, it could not be established whether the
Joints were open prior to earthquake or not. There is, however, clear evidence
of movement along them recently, in the form of chipping of plaster (10-15 em
long and 2-5 mm. thick pleces In some case) along some of these joints. On the
valley side wall in the 4th machine area, a horizontal 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 gallery. On
the uppermost part of the RCC columns of the elevator tower, vertical and
horizontal hair cracks with minor chippings are common.

Persons working in the power house during the earthquake reported Initial
mevement (about 5 seconds) parallel to the short axls (N36°W-S36°E) of the PH,
followed by mild movement (for about 10 seconds), and finally a strong
movement parallel to long axis (N56°E-S56°W) for about 25 seconds. One of the
engineers reported that he had observed about 16° tilt of the vertical columns
during earthquake.

3.2.6 Khara BRydel Scheme

This scheme Includes 13km. long water conductor system, a surface power house
and tall race channel and Is in an advanced stage of construction. It lles on
Siwallk rocks and recent fluvial deposits. Faults 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 neotectonic
activity where they are covered by civil construction in the power house and
power channel areas. In the inlet and outlet areas of the twin tunnels, which
are part of the water conductor system, openings of upto about 1.5mm. ls
present along the construction Joints between cut and cover section and the
majn tunnels. According to project engineers, these existed prior to the
earthquake, but any change In them due to the earthquake is not determinable.
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3.2.86 Gawana Gad Girder Bridge

The most conspicuous effect of the Garhwal earthquake of 20th October, 1991
has been on the Gawana Gad girder bridge, located at km 156.346 along
Rishikesh—Gangotri road, adjoining Ganeshpur village. The entire superstructure
has collapsed into the rivulet valley beyond redemption (Photo 17). The traffic
on the route remained totally disrupted for 3 days, until an alternative
temporary causeway was launched over the swifty flowing rivulet waters. The
Border Road Organisation was engaged in the task of construction of an
alternative, all season bally girder bridge to connect the strategically important
areas of Bhagirathi 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 N86°W-SB8G6°E. A map of the approach roads and abutment
plers has been prepared on scale 1:200 with the help of brunton and tape
(Flg.4).

The approach roads on either abutment have been constructed from fill material
comprising randomly dumped boulders and soll. The right abutment (Uttarkashl
end) approach road has developed three sets of fissures due to the earthquake.
The most prominent one trends E-W, that Is parallel to the road alignment. On
the southern edge, this set extends to a length of 26m with a maximum opening
of 0.66m. and minor displacement. Here a 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-SE and N-S directions. The former has a
maximum opening of 2.6cm and length of 7m. The latter Is fairly tight with a

length of 8m. The Jolnt of approach road and concrete abutment has opened up
by a few mm..

The left approach road is marked by an arcuate crack of 65.6m length, roughly
parallel to the northern edge. Part of the fill material In a 6.6m section on the
northern edge has also slumped. The bitumen coating, covering the approach
road—abutment pler Joint has bulged out in a 0.66m zone.

The concrete abutments of the bridge are found Intact. The two base plates
affixed over concrete pedestals in the right abutment do not show any 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.



28 Uttarkashl Earthquake 1991

i ; 2 o 2 4+ ﬁ (m)

RIGHT ABUTMENT

VERTICAL
RETAINING. WALL
CI»-EIE'D-O'NSUGHT BULGE)
MASONRY RETAINING  WALL (INTACT) A
FooT PATYH "94,’(
°
» ARV
D MEN
Qs .
'-vn PIER
L . . APPROACH_ROAD __ BEARING: N85°W-S85'E _ |
CRAC 2
—__’—Q'E_"’—_\ ‘“
: EN CRACK WITH PISPLACEMENT \R
b3
COLLAPSE LONE IN x FooT PATH
FItL MATERIAL (Sei, MASONRY RETAINING WALL ConcALTE
BULDERS) TOWARDS RETAINING

S410E DIRECTION WALL

LEFT ABUTMENT

VERTICAL

BASE

PLATS CONCRETE

INTAC RETAINING WALL

COLLAPSED

A —\ MASONRY RE TAINING WALL

—

GIRPER |
BRIDGE
STRUCTURE. '

BUL GING OF BITUMEN OF

ABUT ME NT- APPROACH ROAD
THRUS™ JOINT (0:65 m ZoNE)
- FOR.CE

Y

SUPERST (1
LoADd

GARWANA GAD

BASE PLATE
ROTATED BY

a5

CLOCK WISE.
THREE ANCHOR
BOLIS SNAPPED

PRABHAS PANDE AND B.M.GAIROLA

Fig. 4. Map of approach roads, Gawano Gad bridge ,Km. 155-386, Rishikesh -Gangotri road U P.



Geol. Surv. Ind., Spl. Pub. No. 30 29

In the left abutment, the upstream base plate with all the four anchor bolts and
the two rollers are fond in place (Photo 19). Only the steel plate atop the
rollers and the coupling rod have siided towards east.

The downstream base plate shows a rotatlon of about 26° in clockwise direction.
Three of the four anchor bolts have snapped away. The rollers, the roller plate
and the coupling rod have been thrown away down Into the rivulet bed where
the super structure lies. The edges of the two abutments have been partly
sheared off by the dragging effect of the superstructure.

An attempt has been made here to analyse the causes leading to the failure 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 bearings, because in
that event the base plate would not have rotated. It is visualised that the
sequence of fallure would have been as below.

1) gnapping of three of the four anchor bolts of the left abutment,
downstream end base plate under the Influence of transverse ground
oscillations related with earthquake.

i1) Rotation of base plate in clockwise direction under the action of a couple
of forces with the intact anchor serving as axis.

iii)  Slipping off of the rollers due to change in position of base plate.

iv) Decoupling of the super structure with its left abutment bearings, leading
to its slippage.

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

The direction of propagation of selsmic waves with respect to Gawana Gad bridge
appears to be E-W. The transverse ground particle oscillations created a thrust
force In N-S direction.

In addition to this, the weight of the superstructure aligned in E-W direction
applied a constant pulllng force. Thus the anchor bolts were acted upon by a
couple of forces, almost at right angles to each other. The intensity of peak
ground accelerations, in association with increased pulling force on account of
vibration of the superstructure would have exceeded the strength of the bolts
thereby resulting in their rupturing or uprooting. As such, the base plate
rotated clockwise by about 26° with the intact bolt acting as a pivot. In the
rotation of the base plate, some play in bolt fixing could have facilitated the
movement. Consequent to the change in the position of one of the plates, the
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rollers and the roller plate slipped off. The left abutment end of the super
structure thus got decoupled with its bearings and moved down into the rivulet
bed under its own load. The right abutment end on rocker bearings subsequently
got pulled down as a reaction, resulting in total collapse of the girder
structure.

3.2.7 Thalan gad Bridge

The RCC bridge of single span of about 16m, 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 flll
has also bulged towards west. There {8, however, no damage to the
superstructure.

38.2.8 Indrawatl Bridge Near Kishanpur

The approaches to the NW aligned, single span bridge across Indrawati nala near
Kishanpur constructed of fill material with dry masonry retaining wall have
failed In the eastern as well as western directlons but the masonry abutments
as well as the superstructure have, however, escaped any damage.

9.2.9 Suspension Bridges Between Uttarkashi And Bhatwarl Across
River Bhagirathi

There exist a total of five suspension bridges over river Bhagirathl between
Uttarkashl and Bhatwarl. The effect of the present earthquake event on these
suspension bridges has been only marginal with the exception of the bridge at
Dedsari (located In the epicentral tract) which has suffered considerable
damages. The damages to the structures are described below:

Siror Suspension Bridge

The 90m long, single span Siror suspension bridge aligned over river Bhagirathi
in NGE°E~S5°W direction has suffered damage In the top portion of the right bank
tower. The concrete siab enclosing the cables has been dislodged. The left bank
tower has not suffered any apparent damage. The structure is fully serviceable.
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Lata Suspension Bridge

The single span, 100m long foot suspension bridge at Lata, aligned in NW-SE
direction has suffered similar 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 portion and the concrete slabs enclosing the cables are
slightly dislodged (Fig.5). All the cables are Intact and the bridge is fully
serviceable.

DISLODGED MASONRY
AND CONCRETE
pLOCK S

FAILURE OF

RUBBLE
RE TAINING

WALL

Fig. 5 SKETCH OF LATA SUSPENSION BRIDGE SHOWING DAMAGES TO THE
ABUTMENT TOWERS (SKETCH BY P.PANDE)
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Dedsari Suspension Bridge

The 76.20m long Dedsari suspension bridge, constructed In the year 1979 has
been analysed In detail. The foot bridge has survived the earthquake but has
been damaged to some extent. The left abutment suspension tower constructed of
masonry has developed prominent shear cracks on the N17°W-S17°E trending
faces (Fig.6). The cracks which extend to a height of 3m from the ground have
maximum opening of llcm. A flne, vertical crack extending for about 1lm is also
seen at the top portion of the tower. The upstream, WNW-ESE trending face of
the tower shows a displacement of the order of 10 cm and bulging.
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Fig. 6 .SHEAR CRACKS [N THE LEFT ABUTMENT TOWER,DEDSARI
SUSPENSION BRIDGE (SKETCH BY P. PANDE)
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8.9 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 thie earthquake, detalled
damage surveys have been conducted around Uttarkashl. The localities for which
assessment has been made include Uttarkashi, Gangorl, Ganeshpur, Heena, Jamak,
Manerl, Aungl, Dedsari, Sangrali, Thalan Manpur, Kishanpur, Gainda,Kalyani,
Sainj, Godsalli, Jhakol, Fold, Chakone, Bhatiyara, Thatl Bharkot, Aghar
(Kam!apur), Medh, Bhatwari, Malla, Sabl, Aghora, Matli, Dhanl, Jakhol, Saura,
Byala Tiprl, Siror, Netala, Aleth and Kankrall. In addition to these
comprehenslve surveys sample surveys, were also conducted in order to draw the
tsoseismal VI and VII boundaries. The major localitles covered In this survey
were SBilyara, Chamyall, Budha Kedar, Kalynal, Brahmkhal, Bharkot, Gangori,
Kathnaur, Seana Chatti, Naogam, Bainga and Chaurangi. Sample surveys were
also conducted to draw the lesser intensity 1soselsmals. Brief descriptions of the
damage patterns In the epicentral tract and some of the localities on the basis
of which the lsoseismals have been constrained, are given In the subsequent
paragraphs.

3.3.1 Maximum Damage Areas
Uttarkashl Town

The main portlon of the town in which the district headquarters are located is
on the right bank of river Bhagirathl. The town limits have now extended on
the left bank, including colonies of Kotiara and Joshlara. In these 3 locatlions
falrly wide river terraces composed of boulders and pebbles with coarse sandy
material are avallable for the constructlon of the houses. Generally all the
bulldings in the area are founded on this overburden material. Earler,
construction in the area was restricted to single storey buildings but with the
growing demands 3 to 4 storey buildings have been constructed. At places, the
old bulldings have also been ralsed to higher stortes without altering the
foundation and design of the single storey buildings. The new buildings which
are coming up are of pillar structures. In the town more than 10% of the
bulldings have been badly damaged with wall collapses and wide open cracks
(Photo 20) while other bulldings have developed cracks on the walls In different
directions. The buildings In which river boulders have been used In the wall
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construction, have received more damages as compared to the bulldings which
are constructed of flat phyllitic quartzite boulders (Photo 20A). The damage in
some of the bulldings is discussed In the following paragraphs.

The buildings of the Police Lines are generally single storeyed, wlth stone
cement masonry wall and G.1 sheet roofs. All the buildings have developed open
cracks on the walls and, in some of the houses, wall and roof collapse 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 plllar (Photo 22).

The damage Iin the D.M's. residence comprises cracks In the outer walls and
complete collapse of the back walls. Similarly, a portion of the wall of the
Court building located at higher terrace level has also collapsed. The double
storey bullding of the Municipal committee which ls constructed of cement stone
masonry walls has developed open cracks. Fall of some stones and plaster from
the walls has also taken place.

The residentlal colony of Maneri—-Bhall Project Is located on a left bank terrace
in Joshiara Colony. 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 are reported to have been developed, such cracks
are more pronounced on the upper storey (Photo 23). Fall of any wall has not
baen reported In this area. A hotel building on this terrace has also developed
cracks on the walls, the cracks belng more prominent on the inside surface.

Dr. Unlyal's Residence is a 3 storey bullding where damage is seen on the
ground floor. The ground floor is constructed with mud stone masonry walls
having cement plaster. Subsequently, the 2 floors were ratsed on ptllars. Cracks
and settlement of the floor of the ground floor is noticed. In the upper storey
shear cracks on the walls have developed.

Birla Dharamsala is a double storey bullding with thick cemented stone masonry
walls and cement plaster. The walls have been constructed of phyllitic quartzite.

Cracks on all the walls with fall of plaster has been recorded, but no collapse
is seen.

Garhwal Mandal Tourist Hostel is a three storey building with cement stone
masonry walls and G.I. sheet roof. The long wall of the building is in E-W
direction. Open shear cracks and fall of plaster have developed in the entire
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building. A fall above the stalrcase has also taken place. Horizontal cracks on
the walls have developed more prominently. Leaning of one of the walls towards
east is noticed.

Vishwanath Temple Is one of the oldest structures in the town and s
constructed of flat slab of quartzite upto its dome level. A crack In the domal
arch, constructed of quartzite slabs has occurred due to tension. Another temple
constructed of stone masonry by the side of the old structure has also
developed cracks on Iits walls. In Shaktl temple, which 1s a stone masonry
structure, cracks have developed on the walls at higher level. The pillars also
show tllting towards N25°W direction.

The State Bank of India building was initlally a single storey structure of
cement mortar-stone masonry walls which was subsequently raised by another
two floors on pillars. The upper floors of the building have completely collapsed
(Photo 24) but the ground floor stands, though open cracks have developed on
the walls. The damage to the adjoining three storey building is in the form of
shear cracks in the walls.

Gangorl

Gangori village is situated at the confluence of Assiganga and Bharigathi rivers.
Oout of 193 houses/buildings in the village, 160 have elther collapsed or suffered
partial damage in the form of cracks and bulges. In most of houses with long
walls aligned In N-8 direction, the E-W trending walls have either collapsed or
developed shear cracks (Photo 26) and bulges towards north. In Dangwal
Provision Store, the light objects kept on shelves on E-W aligned walls fell
down. In Amar Bhawan, located on a terrace and aligned in N-S direction,
columns developed cracks and Joints between pillars and beams opened up.
Mud-stone masonry walls with RCC slabs had completely collapsed. The outer
wall of mud-stone masonry of 40cm thickness collapsed, but the RCC slab
remained Intact. The house is situated on the terrace with its riverside edge to
the east about 2.0m away from the cut. This edge of the terrace, held by dry
masonry wall, also falled with cracks that extend beyond the western boundary
of house. A hollow brick wall on the eastern side of the house also collapsed.
The retaining walls aligned both In N-S and E-W dlrections In the area
collapsed, resulting In development of slump cracks In the ground.



36 Uttarkashl Earthquake 1991

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 village, ground floors constructed of mud-masonry walls, have
suffered heavy damage. The damages are less pronounced on the upper floors
constructed of RCC pillars and slabs. Similarly, a public urinal constructed of
hollow cement bricks and cement-sand plaster, has also suffered complete
damage (Photo 26). Most of the kutcha buildings in the village have suffered
damage. Those of mixed kutcha-pucca type developed open cracks, and a few
buildings with RCC columns and beams have developed cracks in walls. The
mud-masonry houses located on slopewash and terrace deposits have suffered
more damage than those located near hill slope. But the buildings located close
to Assiganga river on the left bank have escaped with minor cracks and peeling
of plaster and occasional open cracks. The girder bridge across Assiganga has
withstood the shock without suffering any damage. The water discharge of a hot
spring located near Gangori village has been reported to have increased without
any change in the temperature.

Sangral

The village is located 2km north of Uttarkashi, at an altitude of 1720m on the
right bank of Bhagirathi rlver. The village stands over a 90m high steep scarp,
in phyllitic-quartzite of Uttarkashi Formation at the base of which lies Pata
village. No house in Sangrall collapsed, but shear fractures have developed on
E-W aligned walls. These cracks are open, and minor displacements (upto 2cm)
has also been observed alongwith bulges towards west. Peeling of plaster and
minor eracks were noticed In N-S trending walls. Most of the houses are of poor
construction A-type structures with a few mixed A&B type according to MSK
scale of Intensities (see Annexure-1i1). The temple under construction in the
village i a 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, and the exposed steel bars are
found buckled towards west.

The strong ground motlons 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 cracks (Fig.7).
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Maneri Colony

The residential colony of Manerl project is constructed on the right bank of
Bhagirathl river above Manerl dam on the upper river terraces at elevatlon
1360m. The houses are aligned in E-W direction. The approach to the colony has
been developed by constructing a number of retalning and breast walls whereas
the colony area was developed by cutting and filling the low areas especially
towards the western end of the restdential quarters. All the buildings are double
storeyed with walls constructed of concrete blocks, covered by cement plaster on
the inner surface only. Almost in all the bulldings vertical as well as cross
shear cracks have developed on the walls. Open cracks are more prominent in
the partition walls. The extent of the damage in some of the bulldings lIs
discussed below.

The Maner! Field Hostel is a double storey bullding constructed of cement bricks
with cement mortar and plaster on the walls. On all the walls shear cracks have
developed which are open with wide gaps at places (Photo 27). Fall of the
portion of a wall above the staircase has been notlced.
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The Manoranjan Kendra is a single storey building with GI sheet roof. Shear
cracks on the walls have developed prominently. Two pillars of the porch have
shown tilting towards the south.

The project temple, constructed at the eastern end of the colony above a steep
slope has been badly damaged. The structure is constructed on concrete pillars.
The walls have collapsed and the pillars have developed cracks whereas the
dome has remained 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 lies In N70°W direction.

In all the houses of the residential colony, shear and vertical cracks on the
walls are noticed. These become more prominent Iin the houses located at the
western end of the colony (Photo 28) as well as in the houses located close to
the steep slope on 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 a double storey structure, constructed of concrete bricks
and located at a lower level at the edge of the slope. Shear cracks with opening
and falling of bricks from the walls have developed In the entire building (Photo
29). In the Garage located 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 only shear cracks have developed. In the State Bank of
India bullding, cracks in the walls have developed, some of which show
openings. Falling of some of the bricks from the wall are also recorded. A
portion of the top parapet with GI sheet roofing has also fallen down. In the
shopping complex above the road, the retalning wall has collapsed causing a
number of slump cracks in front of the shopping complex and settlement of more

than 40 cms. Is seen on the ground. Shear and open cracks have developed on
the walls.

From the damages recorded in the colony it is seen that the buildings 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 locations. The western end of
the colony is reported to have been developed on fill material.
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The Aungl 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 minor damage (Photo 30). The
NW-SE aligned block of the Govt. Inter College has collapsed completely while a
smaller block though suffered category 4 and & damage but was not razed to the
ground (Photo 31).

Saind

The village 1s located about 76m above Uttarkashi-Gangotrl road on the right
side of Kasumpati nala at elevation 1400m. on a high level river terrace. There
are about 70 houses in the village and all are reported to have been damaged.
The houses are constructed of stone mud masonry and have developed cracks on
the walls and In few houses, fall of the walls is also reported. In a house
constructed of cement stone masonry with cement plaster on the walls, only
cracks in the plaster have developed. The school building which is a single
storey structure with mud 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 elevation 2000m on the left bank slope of
Kasumpat! nala where cultivated flelds have been developed on the slide
debris/hill wash material. In these villages the houses are constructed of mud
stone masonry with mud plaster on the Inner side of the walls which show
development of shear cracks. Though cracks on the walls have developed no
opening of cracks or fall of the walls, is seen at village Jonkhonl (Photo 32).

In Ghorsall village there are about 175 houses of which about 76 are reported
to have been damaged. The houses are constructed of mud stone masonry with
slate roof. Shear cracks have appeared on the walls and some very old
constructions show partial collapses. The houses are generally E-W allgned and

the northern walls are comparatively more damaged and show tilting towards
south.
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A motorable road between Ghorsall and Jonkhoni which is under construction has
developed slump cracks and dislodgement of rock blocks and debris mass. At
Jakhol, the school building and a house close to it located on a spur on steep
slope have suffered extensive damages. The walls of the school bullding have
collapsed (Photo 33) whereas the adjoining building, which is a cement stone
masonry construction, has developed cracks on all the walls as well as partial
collapses of small sections. A nearby temple which is under construction has
suffered only minor cracks. Although cracks are reported to have developed on
the walls in the other houses of the village wall collapse from only 2 houses is
reported. Shear cracks have developed in almost all the bulldings.

Agora-Kalyani

The village is 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
gnelsses of the central crystallines. Cultivated flelds have been developed on
the slide/hill wash material. The village dwellings are also founded on thick
slide debris material. The houses are constructed of phyllitic quartzite boulders
with mud plastering and slate roofing. In most of the houses Including the
school building, 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 building is located on a spur at the end of the village
where small retalning structures on 3 sides have been constructed to develop a
flat ground. The retaining structures have collapsed resulting in the
development of slump cracks on the ground. The bullding is a stone masonry
structure with GI sheet roofing. The walls of the buillding have collapsed
resulting in the caving in of roof (Photo 35). The 3 houses constructed on the
side of this buillding have also suffered damages, and cracks on the walls are
prominent. The chimneys over the houses have broken and have fallen to the
western side.

On the way to Agora in Assiganga valley, the B-type and A cum B type
bulldings at Kalyani have suffered damage of Grade 4&5. The damage to N-S
aligned buildings include open shear cracks, tilting of western walls, and
collapses and bulges on northern walls. Stmilarly, In the case of E-W aligned
buildings, even those with pillars 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 and minor displacements
in northern and southern walls. Collapses are more pronounced in NE and NW
corners in case of both E~W and N-S aligned structures.

Ganeshpur

The village Is located on the right bank of river Bhagirathi at an altitude of
1260m. The dwellings are clustered over an alluvial terrace which Is flanked by
steep hill slopes towards the north. The southern boundary of the village is
marked by a shallow valley of Gawana Gad.

The earthquake had a profound effect on Ganeshpur. It took a toll of 46 human
lives and left many others injured and homeless. A number of heads of cattle,
constituting the main source of livellhood for the villagers also perished under
the debris., One of the witnesses to the catastrophe described the event as
under.

"We were fast asleep 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 untensile and other loose objects and collapses of
walls and roofs. Those who survived or remained untrapped ran out in’ utter
panic and confusion.The entire village was engulfed In darkness and dust
generated out of fallen debris. The roaring sound of rock ruptures and rolling
blocks and boulders from neighbouring hill slopes amidst cries and wallings made
things still more fearsome. It took sometime to realise 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 despalr
in store."

The damages suffered by the village have been extensive. None of the houses
have remalned safe for habitation, forcing the Inmates to stay out. The village
houses are, in general, constructed of thick mud-masonry walls with slate roofs.
Some new constructions have used RCC slabs and columns and GI sheets. The
earthquake has resulted in partial or total collapse of most of the thick
masonry walls (Photo 37), particularly of the upper storey. Extensive, deep open
cracks have surfaced in number of walls and the plaster has peeled out (Photo
38). The low, dry masonry boundary walls have invariably falled. Similarly, the
terrace retaining walle have collapsed at a number of places. As per the MSK
Intensity scale, the type A structures have suffered grade 3 and 4 damages and
type B structures suffered grade 1 and 2 damages. In a well constructed house
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adjoining the left abutment pler of the collapsed Gawana gad bridge, cracks in
walls having a displacement of about 1 cm. towards north-west quadrant have
appeared.

Netala

The village 1s located at km. 8 along Uttarkashi-Gangotri Motor road, on the
right bank of river Bhagirathl over an alluvial terrace. Netala has a population
of 900 people subsisting mainly on agriculture and animal based economy. The
earthquake 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 habltation. As per the MSK Iintensity 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 fatlure 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 village presents an Interesting
case of study. The thick masonry walls of the structure have developed open
cracks and the plaster has peeled out at places. The pyramidal roof is more or
less intact. However, its spire has been thrown away by about 7m ln N70°E
directlon where it stands In the upright position (Photo 40). Both NE-SW and
NW-SE trending walls of the temple have developed shear cracks. The damage
pattern indicates that the directiop of wave propagation was roughly from SE to
NV¥. Fine cracks and peeling of concrete have occurred In poorly constructed RCC
celumns of an adjoining unfinished bullding.

The village is situated on the right bank of Bhagirathi river. The terraced
fields, sloping gently towards the river have been carved out in debris fan
deposits. The village has about 70 houses and a population of 700. The
earthquake took a toll of 29 human lives and injured 28 people. The basic cause
of this high magnitude of devastation was the strong ground motions acting
upon poor quality constructions. Almost all the inhabitants vacated 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
thick mud masonry walls have collapsed in a number of cases. The RCC slabs
and beams, supported on such low strength walls have also caved In. The
Primary School Bullding of the village aligned in the E-W direction (Photo 41)
has been examined in detail. The foundation and lower portion of the building
have moved by 6cm. towards north, apparently getting sheared from the upper
portion of the structure. 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 implies that the shaking was in N-S direction. As such,
the long walls, including the load bearing columns bulged, tilted or collapsed
towards the south. The N-S trending side wall developed prominent shear cracks
(Photo 43). The direction of seismic wave propagation was, therefore, from east
to west. The RCC beams have developed fine tension cracks. As per the
Intensity scale, type—A structures have suffered grade 4 and 5 damages and
type B structures, grade 2 damages. A few type C structures show grade 1
damage.

The village is located on the right bank of river Bhagirathi over fan deposits. It
consists of about 110 houses and has a population of 760 people. The
earthquake has resulted In deaths of 9 persons and injuries to 44 others. Some
cattles have also perished in the earthquake.

A number of houses of the village have suffered different grades of damages.
Some mud masonry walls, particularly of the 1St. or 2nd floor, have totally
collapsed, whereas, others have developed prominent open cracks. An old two
storey housing complex of conventional construction of thick mud mortar walls
has partially collapsed killing 6 persons In one room. The extenslons to this
house have been recently constructed with concrete slabs which have suffered
considerable damage but have escaped collapse (Photo 44). Some of the walis
have bulged or tilted towards south, indicating the direction of ground
oscillations. Some slump cracks with minor displacement were observed Iin the
slepes. Walls resting on such foundation have suffered much greater damage.
Most of the houses have become unfit for habitation, forcing the inmates to stay
out in make shift hutments.

A two storey type—A construction with its long wall oriented in N-S direction is
found to have developed a slight tilt towards south. Promirient shear cracks
have appeared on the long wall.
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Saura

The village is located on the left bank of Bhagirathi river over alluvial terrace
deposits. Saura has a population of 6560 people and has about 150 houses. The
earthquake took 8 toll of one human life and caused injury to 12 persons. A
number of cattle also perished or got injured in the earthquake.

The poorly constructed mud masonry walls of the village dwellings have
partially or totally collapsed In a number of cases. At places, the RCC sladb or
slate roof resting on such walls have also caved in (Fig.8). Almost all the
standing walls have developed deep, open cracks, rendering them unsafe for
habitation. In general, type A constructions have suffered grade 3 & 4 damages
and type B structures grade 1 damage. The dry masonry walls used as field
boundaries have failed at places.
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Fig.-8 SKETCH SHOWING EXTENT OF DAMAGES TO TYPE 'A' AND TYPE 'B' CONSTRUCTIONS
IN SAURA VILLAGE (SKETCH BY P. PANDE)




Photo 20 A view of collapsed house of Shri

Ram Lal, adjacent to the Nagar
palika building is Unarkashi
town.

Photo 20 A A view of damages suffered by

a conventional construction in

Uttarkashi  town.  (Photo
NGRI).

Photo 21  Collapsed back portion of the

house of Superintendent of
Police, Uttarkashi.




Photo 23  Shear cracks and partial
collapse of the first floor of a
house in  Tileth  colony,
Uttarkashi.

Photo 22 Collapse of pillar and beam of
the varandah of a house in Police
Lines, Uttarkashi.

Photo 24  Collapse of the first floor of
RCC, State Bank of India
building in Uttarkashi.



Photo 25  Shear cracks in the E-W aligned side wall of a house in Gangeri
village.

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



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

Photo 28  Collapse of single storey office complex in Maneri dam colony.



Photo 28 A Collapsed walls and buckled
shutters of the temple in
Maneri project colony. (Photo
NGRI).

Photo 28 B Shear cracks in one of the
houses in Maneri colony.

(Photo NGRI).

Photo 29  Wall collapses in the first floor
of the project engineer’s office
in Maneri colony.




Photo 30 Complete collapse of a house with RCC roof at Aungi village. Note
relatively much less damage in a house at the top 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
the policemen.



Photo 32  Shear cracks in the ground and
first floors of a house in Ghorsali
village.

Photo 33  Complete collapse of a school
building in Jakhol village.

Photo 34  Tilted window of a school at
Aghora and partial collapse of
partition walls.




Photo 36 Collapse of the northern wall of a school building at Kalyani.
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Jamak

The village is located on a high level alluvial deposit of an abandoned channel,
on the left bank of river Bhagirathl, at a distance of 0.5 km south east of
Manerli dam. Jamak bore the maximum brunt of the 20th October earthquake,
where 70 persons got killed and almost all the remaining were injured. The
intensity of ground motions was so high that nearly 90% of the dwellings were
efther razed to the ground or suffered heavy damage, making them unfit and
unsafe for habitation. The village thus bears a deserted look with all the
inmates having moved to the neighbouring fields in make shift hutments (Photo
46).

HIGH DENSITY DAMAGE TO

A CLUSTER OF TYPE 4 & 3

HOUSES,TAKING A TOLL OF
70 HUMAN LIVES

7 FounDATION STRATA : ALLUVIAL DEPOSITS

CAVING IN OF RCc SLABS
DUE TOo HEAUY CNLLAPSES
SUFFERED BY LOAD BEARING,
DRY-MASoaNRY WALLS

Fig. 9. DAMAGE IN JAMAK VILLAGE (SKETCH BY P.PANDE)

The majority of the houses were constructed of thick mud masonry walls of very
low strength, supporting slate or RCC slab roofs. At places, poorly cast RCC
columns and beams partlally replace (on one or two sides) the masonry 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 have reached upto 4 and 6 (Photo 47 and 48) and
in type-B structures upto 3 and 4. Some of the RCC beams and columns have
also developed cracks. The Intensity of damage Indicates that the village falls
right In the epicentral tract.

KAMAR

The village is located on debris slopes, 6 km. South-east of Manerl 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 places at different levels, with only a few lIsolated ones. Here a
population of about 400 persons resides. The 20th October earthquake had a
profound effect In the area leaving 8 persons dead and 14 of others injured.
Almost all the houses suffered different degrees of damages thereby forcing
almost everybody to stay out-doors in make-shift hutments.

The houses of the village, in general, are of poor quality. The thick walls are
made of random masonry, packed in mud mortar. For roofing, large stone slabs
have been used in old structures. Some new constructions have utilized RCC
slabs, beams and masonry columns, but without proper understanding of the
structure. The orientation of houses is found to be governed by slope conditions
with the frontage long wall aligned parallel to the valley.

The damages. to houses are qulte extensive and severe. The thick masonry walls
have suffered partial to total collapses (Photo 49). In most of the cases the
heavy stone or RCC roof slab, supported on masonry walls, have caved in. Open
shear cracks, accompanied with displacement and peeling of plaster are very
comfmon.

The house of Pushkar Singh Chauhan, located at the edge of a sloplng ridge has
been analysed In detall (Fig.10). The NE-SW trending long wall of the damaged
house has titled by 6° towards SE 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 Is also evident on the side wall.

As per the Intensity scale, the strong ground motions lasting for over 46
seconds caused grade 3 & 4 damages to most of type-A structures. The steeply
ascending foot track between Jamak and Kamar Is found to be riddled with a
number of rock falls and dislodgements. The Intensity has been such that many
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pine trees, coming in the trajectories of the shooting rock mass have snapped. A
huge quartzite block within the debris zone got partlally dislodged by the
earthquake and now hangs precariously over the northern fringe of the village.

Dedsarl

The village 1s located about 2 km upstream of Maneri dam on the left bank of
Bhagirathi river. The dwellings are situated over a gently sloping debris fan
whereas the extensive terrace deposits have been utllised for cultivation. The
village has a cluster of about 65 houses with a population of about 400
persons. The devastating earthquake took a toll of 45 human llves and Injured
many others in the village. The magnitude of destruction can be judged from the
fact that a strong stench, emanating from carcasses buried under house
collapses, still pervades the atmosphere, even after a month of the tragedy
(Photo 51). The entire village population has shifted In make shift hutments
near the Dedsarl suspension bridge. The extensive alluvial terrace deposits on
the left bank of river Bhagirathi have been utillsed for cultlvation. The fringe
of the low level terraces adjoining the river have been sliced away for a length
of 100m in a highly linear fashlon due to the earthquake and is similar to the
shaven terrace of Heena.

The houses of Dedsari village are constructed of thick mud-masonry walls with
slate roofing. Some new constructions have utilised RCC slabs or G.I. 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
60% 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 level of the
village Is a type B-structure (Fig.11). The walls of the sanctum are of masonry,
set In mud mortar. All around it, thick masonry columns and RCC beams support

a varandah slab of RCC. The pyramidal roof of the sanctum Is of RCC. The
building 1s squarish in plan.

The N565°W—866°'E trending faces of the sanctum walls have developed prominent
cross shaped shear cracks. The columns have invariably sheared near the beam
contact. A displacement of the order of 2cm towards N15°E direction has been
measured in one of the corner plllars. Open cracks have also appeared in the
floor, particularly around pillar contacts.
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Sanglai

The village is located 8 km NNE of Bhatwari along Uttar Kashl Gangotri road on
the right bank of Bhagirathli river. The dwellings lie over debris slopes with
crystalline rocks exposed In the road cuts. Sanglal is a hamlet of 14 houses,
clustered at 3-4 places. It has a total population of 60. The 20th October
earthquake took away 17 human lives and caused injury to almost every one
who survived. As the figures narrate, almost 30% of the population was wiped
out by the catastrophy.

The houses have been constructed of thick mud masonry walls with stone slab,
RCC slab or GI 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
N60°E-S60°W have suffered near total collapse (Photo 64). Here the direction of
fall is seen to be governed by the slope conditions. A cluster of type~A houses,

located on a N60°W-S60'F trending narrow ridge have suffered total destruction
(Photo 54A).

A Junior High School building has been studied in detall (Photo 68). The
structure is eonstructed of thick mud masonry walls with masonry columns in
front, supporting the varandah roof. G.I. sheets have been used for the roofing.
The long wall direction Is N-S and the side wall E-W. The southern end side
wall has developed shear cracks and has partially falled towards south. Some of
the front plilars have sheared and collapsed towards eastern side.

The tremors have caused fallures of edges of the terraced flelds. A few ground
fissures of limited extend have also been noticed. The steep banks of Bhagirathl
river north of Sanglal which are composed of alluvial terraces show slump
failures at number of places that are related to earthquake. In the

Sanglal-Sunagar road sector, rock slides and dislodgements are found to occur in
abundance.

Judging from the extent of damage to bulldings and ground slopes inflicted by
the tremors, the intensity of ground motions appears to have accentuated In the
Sanglal-Tiara area. This, therefore, seems to be an Isolated case of VIII
intensity, encircled by lower intensity level of VIl at Pala and Raithal in the
south and Sunagar and Gangnani in the north.
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Hurl Gangnani

The village is located 1 km SE of the famous Gangnani hot water springs. The
place is approachable from the main road by a steep gradient foot track. The
isolated village, has a tota)l of 60 houses with a population of 600. The slopes
have been converted Into terraced flelds for cultivation. All the houses are
clustered at one place, atop a flatter ground.

The 30th October earthquake took a toll of 3 human lives and Injured few
others. The Intensity of ground motions appears to be markedly less profound as
compared to the adjoining area to the south, along the Bhagirathl valley.

The lmitation of resources and skill have been responsible for poor quality
constructlon of houses In Hurl village. Thick, randomly packed masonry in mud
mortar with slate roofing are the most common types of constructions. In some
very old structures, timber has been freely used, both as structural and
non-structural components. Few others have used timber beams as
reinfoercements In between the masonry walls.

The earthquake of 20th October has caused partial collapses of 1st 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 quality, old type—A houses.
Buildings located near the edge of slopes have suffered more damages. Some of
the walls have bulged towards ESE direction.

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

The Gangnanl Hot Springs have remained unaffected by the Garhwal earthquake.
The temperature of spring water as measured on 27th November, 1991 was 85°C
which 18 comparable with the earlier record. However, an earthquake related
ground settlement has created an open fissure across the cemented floor of one
of the two pools. 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 discharge and temperatures are concerned.



82 Uttarkashi Earthquake 1991

Raithal-Kiar

Raithal village is located on an E-W trending spur and N-S trending slopes,
covered with hill-wash material. The thickness of overburden In the slopes
utilised for dwellings is less as compared to areas which have been converted
into fields. The village is situated at about 2000m elevation on the right bank
of Bhagirathi. The village has about 160 houses of which nearly 856% are Kutcha
houses constructed of stone masonry with or without binding material. The pucca
houses have been constructed with stone masonry, cement, RCC plllars and slabs.
One house has been constructed with hollow bricks and RCC slabs & pillars. The
houses are aligned either in N-S or E-W directions, dependidng upon their
location on slope. About 90% houses in the village have suffered damages of
different grades and 40% have collapsed. The collapses are confined to purely
kutcha dwellings where elther no binding materials have been used or mud
serves the purpose of mortar (Photo 668). The collapses are restricted to western
walls of E-W allgned houses and southern walls of N-S aligned houses. In case
of collapses in N-S aligned houses, the walls have suffered collapses In gable
portion as in the school bullding (Photo §7). However, here the cracks could not
be noticed. Twenty five casualties have been reported In this village due to
these collapses. The other 650% houses have developed cracks and peeling of
plaster. The damage In form of cracks Is more pronounced on western or
northern walls.

A group of old temples (about 1000 years old) has also suffered damage. Out of
4 temples, one has completely collapsed and Kalas on one has moved towards S
(Photo 57A). These are masonry structures constructed of dressed stones without
any cementing material and are of small height (upte 2m).

Although there was report of big cracks in Raithal village, none could be
observed either 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 landslide scars have been observed there In the NW part of the village on
other slope of nala. Similarly, In Klar, most of the houses have suffered damage
due to cracks. Even In bulldings constructed of stone masonry with cement
plaster & RCC slabs, wallsa have developed shear crackes. 6 Kutcha houses have

suffered wall collapses (Photo 658) which are confined to western and northern
sides in N-S aligned houses.
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Nald

Nald village is located NW of the epicentral tract on hill slopes, at an altitude
of about 1300m. It is a medium sized village with about sixty ho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>