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F O R E W O R D  

The Uttarkashi earthquake of the 20th October, 1991 cawed considerable 
damage to life and property in the Garhwal Himalaya In addition to the sufferings 
of the people i t  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 a t  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 ofthe 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, t h e  
Central Water Commission etc. wherein consensus emerged about the necessity 01 
a consolidated volume documenting the event and its effects. A speeial publication 
incorporating data generated by all the Government Organisations is now being 
brought out in keeping with the GSI tradition of publishinginformation and results 
of damage surveys of major earthquakes in the country. Exoellent 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 be t te~  
direct the efforts for mitigation of Natural Hazards due to earthquakes. 

( C  P Vohra ) 
Director General 

Geological Survey of India 
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MACROSEISMIC INVESTIGATIONS OF UTPARKASHI 
EARTHQUAKE OF 20TH OCT.1991 

SYNOPSIS 

The Carhwal Hlmalaya In t h e  Northern Indla was rocked by a 6.6 magnitude 
earthquake In t h e  early hours of 20th Oct. 1 9 9 1 .  The offlclal lnformatlon 
lndlcates t h a t  723 persons perlshed, and thousands were lnJured by t h e  
earthquake and about 36000 houses were partlally or completely damaged In 
Uttarkashl dlstr lct  alone. The instrumentally located eplcentre of t h l s  shock l les 
a t  la t l tude 30.76 N, longltude 78.86 E (WD) and t h e  depth of focus la 12 km. 
Thls earthquake was followed by a number of aftershocks, t h e  eplcentres of 
whlch lie in a llnear belt  of 40 km by 25 kms and t h e  fas t  reductlon in thel r  
number with tlme is suggestlve of a rapld s t ress  drop. 

The Geologlcal Survey of Indla has  carried out  t h e  damage surveys  in t h e  
affected areas  for evaluatlng the  extent  of damages to the  constructions and 
the  terraln changes brought about by t h e  earthquake for drawing t h e  
IsoseIsmals. For th ls  purpose the  Medvedev-Sponheuer-Kamlk (MSK) ln tensl ty  
scale (1964) has  been utlllsed. The maxlmum I n t e n ~ i t y  reached on t h i s  scale 1n 
the  epicentral t r ac t  Is IX whlch encompaeeee a n  area of about 20 sq.km. All t h e  
Isoselsrnals are  oblong In shape with reference to  t h e  melsoselsmal area .  The 
asymmetrical a t tenuat lon pat terns  of the  !nt,enslty Isoselsmals could be related 
t o  (1) Different Ilthocontrast materials having brought In juxtaposltlon by some 
transverse fundamental fracture.  (11) Ry Involvement of more energy In the  dlp 
dlrectlon of the  source faul t  and/or (111) Intenslty accentuatlon In t h e  
south-eastern quadrant havlng resulted because of faul t  propagatlon In t h a t  
dlrectlon. 

The damage surveys have also lndlcated a reas  of Isolated highu around Kunlhar 
and Tlmbl In Hlrnachal Pradesh, Dehradun and Dugadda in Uttar Pradesh. 
These isolated highs of h t e n s l t y  VI a rea  1ocat.ed withln isoselst V and are 
located In t h e  vtclnlty of MEW In a crlistal block bounded by MBF In the  north 
and t h e  Foot Hlll th rus t  ln t h e  south. An anomalous ln tensi ty  hlgh of V v l th in  
lsoselst IV has  also been recorded around Delhl. The instrumentally recorded 
ground accelerations In t h e  vlclntty of t h e  lsoselsmal boundarles have been 
compared wlth the  emplrlcal relatlonshlp t o  establish correlations. The authors 
have oplned t h a t  t h e  at tenuatlon relations suggested by Campbell (1981) and 
others are  not conslstent wlth the  da ta  generated by th is  earthquake.  

It has also been suggested t h a t  the  source mechanlsm of th l s  shock h a s  both 
th rus t  and s t r lke  sllp components and th ls  source faul t  i s  located south of t h e  
surface trace of the  northerly dlpplng MCT, a rnaJor tectonlc llneament. 
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An earthquake of magnltude 6.6 (IMD) on open ended Richter scale struck the  
northern hllly par ts  of Uttarkashl in Garhwal Hlmalaya a t  02.63 hrs. of 20TH 
October, 1991 causlng heavy loss of 723 lives and numerous llvestock alongwlth 
complete damage of over 20600 houses and part lal  damage over 25000 houses In 
about 400 villages in t h e  dlstr lcts  of Uttarkashl, Chamoll and Tehrl. The 
dlstrlctwlse details  of damages, as turnlshed by t h e  dlstr lct  authorltles, are  
given in t h e  table below: 

District-vise Damages 

'For vlllage wlre deaths  see  annexure 11 

- 
Dlstrlcts 

Deaths 

InJurles 

Houses completely 
damaged 

Houses part lal ly 
damaged 

The Garhwal Hlmalaya has  well known and recorded selsmlc hlstory where large 
magnltude earthquakes (+6M on Rlchter scale) have vlslted the  t ract  between 
Long. 78'-81' and Lat. 29.6' t o  31' for 36 tlmes In the  l a s t  one and a half 
century.  The maorl ty  of the  events have been interpreted to  be of thrus t  type 
of deformatlon and a re  clustered around the  surface trace of t h e  Maln Central 
th ru r t .  The event  under report 1s also located 1n the  vlclnlty of th ls  reglonal 
s t ructura l  dlslocatlon. 

Consequent t o  t h e  news flash on t h e  AIR and Doordarshan regardlng th ls  
earthquake,  t h e  Dlrector General, GSI, lnstructed the  Geologlcal Survey of Indla, 
Northern Reglon offlce, Luckmw t o  take stock of t h e  sl tuatlon and organlse the  
detalled lnvestlgatlons lmmedlately. A s  a f irst  s t ep  offlcers of Englneerlng 
Geology Dlvlslon worklng In t h e  Bhaglrathl and Yamuna valleys were dlrected to  
t ake  up the  damage surveys on prlorlty bas18 f'rom the  21St.  October, 1991 

Note: The figures quoted appear to  have been modlfled subsequently a s  
Mlnlstry of Information & Broadcastlng detall  788 kllled, 6086 persons lnJurred, 
20184 houses severely damaged and 74714 partlally damaged. 

Uttarkashl 

663' 

1436 

14644 

2 122 1 

Tehrl 

64' 

387 

4000 
(app.) 

3000 

Cham011 

6 

16 

2000 
(app.) 

1000 

Total 

723 

1817 

20644 
(app.) 

2622 1 
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SI No Party Area Investigated Period 

P.L.Narula & Coordlnators 23rd Oct. to 3rd 
S.K.Shome Nov., 1991 

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

2 P.C. Nawanl, Tehrl as well a s  21st Oct. to 6th Nov. 
J.S. Rawat & Uttarkashl area 199 1 
R: Sanwal 

3 R.B. Sharan & Paurl, Tehrl and 23rd Oct. to 3rd Nov. 
Prabhae Pande Uttrkashl 1991 

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

5 Sushll Kumar & Plthoragarh. Almora & 23rd Oct. to 3rd Nov. 
V.B.Srlvastava Yamuna Valley 1991 

6 R.S. Negl, Dehradun 21st Oct. to 3rd Nov. 
S.K. Chlldyal, 199 1 
S.K. Trlpathl & 
H.C. Khandurl 

7 U.S. Rawat & Yamuna & Tons Valley 23rd Oct. to 3rd Nov. 
A.K. Jaln 199 1 

8 Curdev Slngh, Punjab & H.P. 22nd Nov. 1991 to 
S.K. Hans. 28th Nov.1991 In 
Prem Kumar & PunJab and 27th Oct. 
N.K. Punj 1991 to 3rd Nov.1991 

In H.P. 
9 P.M. Jalote & A.K. Sutle~J Valley 24th Oct. 1991 to 

Chaudhary 31st Oct. 1991 
10 D. Srlvestava & Delhl & Haryana 27th Oct. to 3rd 

G. Dasgupta Nov. 1991 

Srl S.N. Chaturvedl, Dy. Dlrector General. Northern Reglon, Geological Survey of 
Indla, Lucknow also lnspected the worst affected area between the 29th and 
31St. October. 1991. 

The reglon exposes sequences wlth long hlstory of sedlmentatlon, magmatlem and 

tectonlsm vhlch got lnvolved ln the Himalayan orogeny. The oldest sequences 
covering slzeable portlon of the Himalaya ere of Proterozoic age. The s tatus  of 
knowledge on varlous aspects of geology and etructure have been well 
documented In the proceedlngs of Hlmalayan Geology Semlnar held a t  New Delhl 
during September, 1976 (GSI Mlsc. Pub. N0.41 Pts. I to V). The data  generatsd 
subsequently, particularly on the palaeontologlcal dlscoveries, geochronology, 
tectonics including neotectonlcs metamorphlsm and magmatlsms; has been 
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dlscussed In detall  In Ceologlcal Survey of India publlcatlon on Geology and 
Tectonics of t h e  Hlmalaya' (Spl. Pub. 26, GSI, 1989). The geologlcal map of t h e  
volume has  been utlllsed as base map on whlch t h e  laoaelsmale of th le  
earthquake has  b w n  drawn. 

The Hlmalayas a re  one of t h e  most selsmlcally act lve  reglons of t h e  world where 
numerous large magnltude earthquakes have occurred. The earthquake records 
upto 1980 a s  obtained from t h e  IMD have been classlfled and codlfled In relatlon 
to  magnltude as well a s  focal depths for appreclatlon of t h e  selsmlclty pat terns  
of dlfferent domalns of t h e  northwest Hlmalaya (Narula 1991). Data obtained 
from t h e  focal mechanlam studles a s  well as the  macroselsmlc surveys  conducted 
by varlous workers has  also been synthesised and incorporated wlth important 
tectonic surfaces In Fig.1. The perusal of th l s  map lndicates t h a t  t h e  
earthquake events  in Garhwal and Kumaon Hlmalaya are  malnly clustered In and 
around the  surface t race  of the  Maln Central Thrust .  Out of 79 m a o r  events  
recorded f'rom th l s  reglon 26 earthquakes were of magnitude more or equal t o  4 
and less than 6, 26 were of magnltude more or equal to  5 and less than  6 and 
10 events were those of magnltude more or equal t o  6 and less t h a n  7. When 
converted to  total  energy release, the  energy release In the  a rea  demarcated by 
longltude 78' t o  81' and lat l tude 29.5' t o  31' has  been of t h e  order of 10m 
ergsldecade. From t h e  foregoing I t  1s apparent t h a t  the  domaln vlslted by t h e  
Uttarkashl earthquake of 20th October 1991 1s known for Its selsmlc actlvlty,  in 
terms of both hlstorlcal a s  well a s  recorded Information. 

The reglon visited by th l s  earthquake lles In the  Maln Hlmalayan Selsmlc Zone 
demarcated by the  MBF In the  south and down dlp lnfluence zone of the  MCT In 
the  north, demonstratlng predomlnantly t h e  th rus t  type of fau l t  plane mechanism 
(Narula 1991 In press) (Flg.2). I t  has  been lnterpreted by Narula (1991) t h a t  t h e  
s t ra ln  bulld up In dlfferent sectors of th i s  domaln 1s taking place a t  different 
locales and In the  Uttarkashl-Kumaon sector, th ls  1s concentrated around t h e  
MCT a8 evldenced by clusterlng of selsmlc events  In th i s  subdomaln t o  be 
around thls structural  dlslocatlon. The selsmlc s t a t u s  of MCT has  been a subject 
of Interest for qulte some tlme, though dlrect geologlcal evldences of its 
neot.ectonlc actlvlty have not been recorded In t h e  area  of study. Geodetlc 
monltorlng of th ls  tectonlc surface In t h e  vlclnlty of the  Kumaltlgad north of 
Manerl and some sector In Central Nepal have lndlcated contemporary 
adJust,mentn along th ls  feature  (Omura e t  a1 1986). 

A mlcro earthquake network was operated by the  Unlverslty of Roorkee in t h e  
Uttarkashl Hlmalaya for monltorlng of actlvlty ln connection wlth t h e  Tehrl Dam 
ProJect during is:$-80 and 1984-86. I t  defined a selsmlc belt extendlng over a 
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distance of 140 km. from NW of Yamuna river t o  Alaknanda rlver (Khattrl et.al. 
1989). The focal depths determined for these  micro events a r e  predominantly of 
10 t o  13 km. whlle for some I t  1s of the  order of 23 kms. The focal mechanism 
s tudtes  conducted for discrete events suggest thrus t  faul t  type dlslocation 
mechanlsm whlle some even t s  also glve s t r ike  sllp mechanism. 

3 DAMAGE SURVEYS 

In order t o  prepare t h e  lsoseismal map of the  area  based on categorisatlon of 
damage pat terns  in different type of constructlons and terraln changes brought 
about by t h e  earthquake event,  t h e  investigatlng partles concentrated, In t h e  
f l r s t  phase, In the  maximum damage areas.  The assessment of damages In these 
a reas  have been completed by carrylng out  surveys by concentrating in 
Identified areas  t o  collect the  lnformation on damage patterns.  Over flve 
hundred persons have been interviewed and t h e  questlonnalres (Annex. IV) got 
filled up and supplemented by preparlng oriented sketches and photo- 
doc~~menta t ion  by colour photographs and transparencles. For demarcating the  
lsoselsmal boundarles t h e  Medvedev-Sponheuer-Karnlk Scale ( 1964) (Annex. 111) 
has  been utlllsed which identifies categorles of damages to  constructlons of 
various classes llke those of poorly constructed adobe structures,  the  brlck 
masonry s t ructures  and t h e  RCC construct.lona, In conJunctlon wlth the  terrain 
changes e tc .  (Ref. Annexure-111). The detalls  are given below: 

3.1 Terraln Changes 

Consequent to  t h e  earthquake,  numerous new landslldes, landslips, boulder and 
rock dlslodgements, slope failure Induced ground flssures on the  roads and 
roadside embankments a s  well a s  sharp vertlcal cuts  In the  steep river side 
ends of t h e  terrace flelds, fallure of even very small helght breaks In the  hlll 
slopes (less than  2m) Ilke b o ~ ~ n d a r l e s  of t h e  c i~l t lvated flelds have been 
extenslvely recorded In t h e  worst affected areas.  In addltlon, numerous old land 
sl ides have been found t o  be reactlvated.  The road formations have been 
extenslvely damaged by wlde open flssures along, and ln some places across the  
road, wlth fal lures on t h e  valley slde retalnlng walls and hlll side breast walls. 

In certaln reaches more than half of t h e  formatlon a s  well a s  the  palnted road 
surface ha6 been damaged by these  fissures. Some of t,he maJor landslldes have 
even uprooted large t rees  along thelr  fallure route. Changes In the  dlscharge of 
water sprlngs have also been reported a t  a number of places. MaJor landslldes 
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generated large dust  clouds in thei r  wake, often mietaken for smoke, in closed 
valleys. Such features occurred even a f te r  elght days of t h e  earthquake.  The 

Bhaglrathi river water was reported t o  have become turbid a f t e r  t h e  earthquake 
but 26th October onwards there was no marked change In t h e  turbidlty of t h e  
river water. According t o  media reports t h e  r iver Bhagirathi had been blocked 
upstream of Uttarkashl, but  evldence of such a blockade or its having been 
cleared by blastlng could not be ascertalned. Apparently a s  a resul t  of t h e  
earthquake the  Power House a t  Tlloth, of t h e  Manerl stage-I had tripped as 
provided In the  designs. After tripping of t h e  powerhouse t h e  water flow in t h e  
tunnel automatlcally stopped leadlng to  drying up of the  r lver downstream of 
Uttarkashl and consequent ponding up of t h e  water behind t h e  Maneri dam. 
Because of power fallure a t  Manerl Dam, there  was nearly 12 t o  14 hours tlme 
lag between t h e  trlpping and the  manual operation of t h e  spillway gates  a t  
Maneri Dam and resumptlon of water flow In t h e  rlver downstream of Uttarkashl. 
This was the  reason for the  local populace already irlghtened by t h e  
earthquake, to apprehend t h a t  t h e  r lver had blocked by landslldes upstream of 
Uttarkashl. 

3.1.1 Landslldee 

The earthquake has  induced numerous landslldee of rock fall  type,  overburden 
fallures, slumps, debrls slldes, dlslodgements of rock blocks in well deflned 
wedges formed by dlscontlnulty surfaces and boulder rolllng along s teep slopes. 
Sectorwlse brlef description of these landslldes 1s a s  under (for locations refer 
Flg. 2B): 

Tehri-Uttarkaahl Sector 

The first locatlon of rock dislodgement between Dharaau and Dunda, prlmarlly in 
the  blocky to hlghly Jolnted quartzl tes of Nagnl Thank formation, 1s a t  a 
dlstance of about 6 km from Dunda. These dlslodgements continue upto Nakurl 
beyond whlch the  road 1s practlcally located on t h e  terrace materlal on f l a t  
slopes and dlslodgements and landsllps are  not recorded. However, ground 
flssures on the  river side are  occasionally developed between Matll vlllage and 
Uttarkashl. One such feature wlth concentric cracks was recorded In t h e  
overburden materlal, comprised of s l l ty  materlal, a t  a dlstance of about l k m  
from Matll towarde Uttarkashl. 
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Uttarkmhl-Kanauldta gad Sector 

The road between Uttarkashl and Gangorl la located on a f l a t  terrace away from 
t h e  hill face but  r iver slde terraces show development of cracks and slump 
failure. From Gangorl t o  Bhatwarl there  are  numerous landslldes developed in 
t h e  terraces composed of r lver borne material a s  well a s  In rock outcrops. A 

number of rock sl ldes have been observed In t h e  s teep slopes with quartzi te 
outcrops. On such slide at about a km shor t  of Manerl 1s deplcted In Photo 1. 
The lntenslty of these  landslldes progresslvely Increases from Gangori to  Manerl 
and  then decllnee upto Bhatwarl, t h e  maximum number belng located In the  
Ganeshpur-Malla sector. A few lmportant slope induced ground failures have 
been documented on Fig. 3A. Around Manerl almost a l l  t h e  slopes have falled 
lrrespectlve of t h e  slope formlng materials (Photo 2). A major rock sllde has also 
been recorded on t h e  lef t  bank road of t h e  Manerl Dam between the  dam body 
and t h e  tunnel  ln take (Photo 3). From Bhatwarl t o  Kanauldla gad a number of 
rock dlslodgements have been recorded whlle on the  other bank some maor  
sl ldes have also developed. Some s t re tches  between Manerl and Gangnani which 
a r e  known old landslide s t re tches  have also got activated resulting In road 
blockades. 

In whole of th i s  sector the  formatlon c u t  of t h e  road has  been extensively 
damaged, t h e  maximum damage belng between km. 6 from Uttarkashl and near 
Pala vlllage where slumps have taken place In t h e  rlver slde slopes. Wlde open 
flssures have developed on t h e  road whlch are  allgned along a s  well a s  across 
t h e  road and numerous retalnlng walls and breast  walls (Photo 3A) have 
collapsed even on overall gentle slopes. In certaln reaches more than  half of the 
road formatlon a s  well a s  palnted road surface has  been damaged by these 
flseures. A remarkable feature  has  been obeerved on the  left  bank of River 
Bhaglrathl near  Heena where t h e  T-3 terrace,  t h e  lowest one, has  been shaved 
for a length of about 400m. The nearly 16m hlgh terrace has  apparently failed 
parallel t o  t h e  r lver face a e  i s  evldenced by the  fresh near vertlcal cut  (Photo 
4). Slmllar terrace shavlng has  also been observed near village Dedsarl. 

Cangori- A g h o n  Sector 

From Gangorl t o  Sangam Chattl,  69 dlslodgements and two m a o r  landslldes have 
been recorded In a dlstance of about 12 km. From Sangam Chattl to  Aghora the  
frequency of landslldes has  reduced. Some of the  landslides have orlglnated from 
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upto lOOm height from t h e  nala bed and rolllng of boulders and slldlng caused 
lot of dust  cloud8 to  r ise In the  horizon, often mlstaken for smoke by local 
people, In the  closed valley of Aassl Ganga (Photo 6 ) .  

Dharuu-Barkot Sector 

On t h e  Dharasu-Barkot sector there are  no major damages t o  road nor there  are  
many slldes or dlslodgements lnltlated by th ls  earthquake event.  However, 
between km. 34 and 36, some dlslodgements have been observed. Slmllar rock 
dlslodgements totalllng 4 In number have been recorded between km stones 41 
and 45. 

Uttarkaahi-Klshanpur Suknldhar Sector 

In th l s  road eector, 41 dlslodgements have been recorded on t h e  road between 
t h e  road bend near Kutaltl colony t o  Thalan vlllage In addltlon t o  6 nos. of 
landslldes. From Thalan t o  Klehanpur t h e  frequency of landslldes has  Increased 
thouph t h e  back slopes have become gentler. Even very small height (less than 
2m) boundarles of t h e  cultlvated terraced flelds have falled, glvlng rlse to 
almost uniform slopes near Klshanpur vlllage. The rlver slde edges of the  road 
along wlth hlgh retalnlng walls have collapsed (Photo 6) and t h e  river slde 
formation dleplayr a number of fleeures In the  overburden. The approaches of 
t h e  lndravatl  river brldge have falled over about 60m epan (Photo 7). From thls  
brldge to  Suknldhar a number of dlslodgernents have been recorded but the  
lntenslty and frequency of these dlslodgements have considerably reduced. A 

major retalnlng wall a t  t h e  road croeslng a t  Suknldhar has  also falled. 

In th ls  road sector no landslldes or dlslodgernents are  recorded between 
Bhaldlana and Lambgaon but from Lambgaon to Dhauntri a number of rock 
dlslodgemente have been notlced. Between Lambgaon and 6km. beyond t h e  Jalkur 
nala brldge, 31 dlslodgements of rock block6 varylng In slze from lma to 10m3 
(Photo 8) a s  well a8 10 rock slldee have been recorded whlch have been caused 
by th l s  event. A n  old landsllde on the  left  bank of a brldge near Thatl Remoll 
has  got reactlvated. All these dlslodgements and slldes are  located In the  
Cham011 quartzites. Between Dhauntrl and Suknldhar and the  Dunda sector 
slmllnr dlelodgemente have been recorded. Between Chakone and Suknldhar a 
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number of retalnlng walls have also failed. Ground flssures trendlng In t h e  
NW-SE dlrectlon have been notlced along the  palnted eurface of t h e  road 
opposlte Bhatlyara vlllage. 

Dhauntrl-Kamand Sector 

The road connectlng Kamand vlllage wlth Dhauntrl has  also dlsplayed a number 
of sllps mostly ln the  overburden materlal and some flssuree on the  rlver side 
edges of the  road have been recorded. One, 8 t o  lOcm wlde flssure, parallel t o  

the  road, has  been recorded almost In t h e  centre of t h e  road. This f lssure 
trends In N6O0E-S60°W and 1s located between village Ladhu and That1 Bharkot 
in the  Barkot Cram Sabha. I t  was reported by t h e  vlllage Pradhan of Kamand 
vlllage t h a t  a number of flssures had developed on t h e  surroundlng hllls. One 
such locallty near Kobla Naml top was examlned. Some ground flssures located 
on t h e  overburden materlal a t  the  nose of lntersectlon of a small nala  jolnlng 
the  Jalkur gad and related to  slope fallure Induced by t h e  earthquake were 
recorded. The longltudlnal cracks a t  th l s  locatlon trend in t h e  N46.E-S46.W 
dlrectlone whlle transverse ones are  orlented in the  N2SoW-S2S0E dlrectlon. As a 
result  of th ls  topographlcal sett lng and movement of t h e  overburden materlal a 
temple bullt In mud masonry wlth RCC top has  collapsed. Slmllar ground flssures 
located ln overburden covered slopes have also been recorded from areae located 
a t  hlgh altitudes. 

Kund-Gaurlkund Sector In Mandnkani Valley 

The Kund-Gaurlkund road sector has  also wltneesed a number of dlelodgements, 
a few small landslldes and retalnlng wall fallures. Theee failures have been 
notlced from a dlstance of 3 kms before Phata vlllage, contlnulng upto 
Caurlkund. In fact ,  these terraln changes have been utllised t o  draw t h e  
boundary of lsoeelemals VI and VII. Over a dlstance of about l6km from 3 km 
before Phata upto Sonaprayag, eleven dlelodgements, three  small landelldes and 
two retalnlng wall fallures have been recorded. Between Sonaprayag and 
Caurlkund, 6 dlslodgemente have been recorded In a space of about 6km. The 
damages In the  form of terraln changes a re  qul te  conaplcuoue on t h e  Sonaprayag 
Trlyuglnaraln road sector on whlch 23 dlslodgements and two rstainlng wall 
fallures have been recorded. Two ground flssures one l.6km before Phata 
trendlng ln N60°-S60°E dlrectlon and t h e  other between Sonaprayag and 
Gaurlkund trendlng In N80°E-60.W dlrectlon have aleo been recorded. 



Uttarkashl Earthquake 1991 

Tllvam-Chlrbatla Sector 

The road sector between Tllwara In Mandakanl valley and Chlrbatla water dlvlde 
of Bhlllangana catchment 1s marked by lsolated rock dlslodgements. These 
dlslodgements, promlnent between Tllwara and Mayall vlllage, are  confined t o  the  
hlghly Jolnted baslc rock constltuents within the  gnelsslc and granltlc rock 
complex. The dlslodgement Incidences lncrease conslderably from Mayall towards 
Gorthl vlllage and lnfact, in a dlstance of about 2km., more than 15 
dlslodgemente have been seen In a baslc rock exposure near Mayali. Incldentally 
t h e  boundary of lsoaelsmal VII passes very close t o  th ls  location. Dlslodgements 
have also been seen In t h e  gnelsses exposed In t h e  vlclnlty of Gorthl vlllage, 
located on a spur (Photo 9). 

l3valuatlon of Terrain Changes from Remotely Sensed Data 

In order to  quantlfy the  lncldences of landslldes (speclally In the  lnaccesslble 
hlgher al t l tude area8 cloae t o  the  eplcentral t rac t )  and validate t h e  lncldences 
of earthquake lnduced landslldes the  pre and post earthquake lmagerles of the  
area  on IRS LISS 11 FCC of 4/10/91 and 28 & 27/10/91 have been vlsually 
lnterpretted In the  PGRS Laboratory by S/Shrl R.V. Iyer and R.S. Mlsra. They 
report t h e  presence of 47 new landslldes and reactlvatlon of 16 old landslldes 
(Fig.3). 

On transforming thls  lnformatlon t o  a base of the  lsoselamala and t h e  
llneaments, the  following broad observatlona could be made: 

a )  Most of t h e  new and reactlvated slldes are bounded by lsoselst VIII. 

b) A maJorlty of these are located In a nearly 2.6km wlde llnear belt  
trendlng N8O'W-S6O'E from near Utra in the  eas t  t o  beyond t o  Saura In 
the  west and essentlally located on t h e  southern slopes of the  hllls. Thls 
fault  can be plcked up a s  a megallneament along t h e  same trend 
westwards Into the  Yamuna and Tons valleys as  can be seen In the  
Imagerlea. 

C)  lncldentally th ls  Utra-Saura fault  1s located about 4km north of t h e  
eplcentral t rac t  and almost parallel to  the  longer axle of the  lsoselsmals. 

dl Most of the  slldes In t h e  area a re  of rock and debrls sllde type. 

el The hlgher denslty of the  elides are  ln the  cloeed valley around Agora 
where the whit-e qr~ar tz l te  of Nagnt Thank Formattons is well exposed. 
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Thls may be the  reason for t h e  dense dust  blllowlng ou t  of t h e  closed valley 
near Agora belng persistently reported In t h e  medla and by t h e  local inhabi tants  
a s  smoke. The close spaced new landslldes near  the  course of t h e  Pllang Gad 
mlght have been responslble for the  reported part lal  blockade of t h e  Gad. 

On a very conservative estlmate the  area  occupled by each landsllde Identifled 
in the  lmagerles cannot be less than 6400mP and assuming agaln on the  
conservatlve slde the  thickness of the  sllded materlal t o  be lm t h e  l eas t  volume 

lnvolved works out  to  be of the  order of +6000m3. Therefore, t h e  total  mass 
moblllsed by th i s  earthquake In 63 slides works out t o  be of t h e  order of 
0.4Mma. Incldentally t h e  successive lmagerles have a 6091 overlap in the  area of 
study. Making a stereopalr the  3D view glves addltlonal informatlon on t h e  
aerlal extent of the  landslldes and by th l s  s tudy t h e  volume moblllsed may be 
a s  much a s  10 tlmes t h e  value computed above. Thls estimation may be 
rationallsed by the  Dlgital Image Processlng t h a t  1s belng planned a s  a follow up 
study. 

However, analysis of t h e  remotely sensed d a t a  by Digital Image Processlng of t h e  
landslide affected area  coupled wlth parametrlc analysls is planned as a detalled 
follow up for assessment and valldation of t h e  coselsmlc events ,  if any,  for t h e  
Uttarkashl earthquake. 

3.1.2 Ground Fissures 

One of t h e  most important modes of ter ra ln  damages witnessed durlng th l s  
earthquake was the  ground flssures, whlch were predomlnantly conflned to  t h e  
debrls and rlverborne materlal covered slopes or t h e  road sections where t h e  
formatlon levels have been achleved by back fllllng wlth loose materlal. These 
features have generally been restrlcted wlthln t h e  area  encompassed by isoselst 
VIII. Isolated lncldences of formatlon of open flsrures in t h e  rocks, probably 
along pre-existlng joint planes wlth s teep side slopes, like t h e  one near  

Sangrall vlllage have also been recorded. The detalled descrlptlon of these  a re  
glven below. 

Fleeure In Bed Rock Near Sangrali Village 

In Sangrall vlllage three  parallel s e t s  of cracks over a width of about 30m have 
been recorded, the  most prominent of which 1s t h e  one whlch has  developed a t  a 
distance of about 4.6m from the  cllff face on whlch arenaceous phyllite of 
Uttarkashl Qormatlon 1s exposed. Thle crack ha8 been recorded In t h e  bed rock 



14 Uttarkashl Earthquake 199 1 

and has  been measured t o  a depth of 9m (Photo 10). A t  a n  lsolated location the  

wldth of th ls  openlng la about 60cm. Thls crack 1s orlented In t h e  N-S dlrectlon 
1.9. parallel to  the  cllff lace. Because of t h e  earthquake t h e  unsupported slde 
1.9. t h e  cllff face has  lead to  the  opening of rock blocks along pre-exlsting 
jolnt surfaces whlch a re  probably the  controlling features for development of the  
cllff lace. A sketch demonstratlng the  mechanlsrn of lormatlon of th i s  crack is 
enclosed a s  Flg.7. 

The localities, orlentatlong, lengths and openings of ground fissures have been 
summarlaed In followlng Table: - 

SPATIAL DISPOSITION OF GROUND FISSURES 

81. Loortloo IMaa1.t orlontatlom Lamoth Op0111ne Remark8 
NO. (to m.) (18 c..) 
I Khorr 4VI WE-SW 8-30 - I d  In vlcinltv of s t eep  

(Dm. VaIImv NW-St onat ble elopes lo 
ooor%urdom matortal 
( t e r r ace ) .  

I 
a 6 m W E  or 4 vxn WIIW-CBE 100 

o t t a r k u b i  om 
Uttarkanbl 
Cmneotri road 

I 4 W D  pnr to tnn IW-8t 0 4  
~ls.m.pmr 

IW-8E & 
N-B 

I 10 I m L 1  4 vm IW8-BZOW 10 

A number of crocks  
ara l le l  to ii%Jscr20r have I 

A number of f i u u r a r  
along the debrls 1 
cov -rod a op 
n.xImum dtspfjclameat 
of 0.8. noticed (Photo 
12). I 
Thr 0 crack. 
m.xTmua m.a;urod 
depth Bm tn pbyllltlc 
rock maw rbova a 
s c a r p  f ace  (Photo 10). 

A number of ftmwrao 
n tho oot t ack 

letwol ~ .maE . 
a:grSL :at':~~TC:rhoto 
IOB). 

20 ZbrP eY::c'b%o 
fao%lon cracks  to 
about mm 20.a. 

In t o r r  00 L f1Il 
m o ~ a r l r f  

I 
I 
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SPATIAL DISPOSITION OF GROUND FISSURES (Cant.) 

Sl. Locetlon Iwrrlmt Orlentatlon Length :rn::!J I l r m e r b  
NO. (1. m.) 

+PI1 WW-BE 30 1 (Urn.) 

Cbekon road 

( 15 Cbor bur, Talato Reported - 
Bban!an 

I 
10 Wrnerl Dam I X  EWE-WBW 16-20 

19 Uanr r l -  
Bbatwsr l  

I N  V I I I  W8O.f-660. 10 

E-W 8-20 

NW 30 

82 7km rtone on 4VI1 Ia5.W-s60.f 
C enral l -  4 10 
T a v r l l  road I L 

24 Sloper 
Agar viIk:: N6O*E-S6O*W 

E-W 7.28 

I 28 1.Bkm abort 0 4 V I I  W60.W-660. E 
 bat on =be!- 12 
Caurtkund road 

26 2.5km from tV11 N60.f -86WW 10 

- 
Wlaor 

I n  t b r  c e a t r  of 
road on overgardea 
mator ie l .  

on a noso covered 
wi th  v r r  urdan 
mrter!a~, \ I ranrverre 
end longi tudinal  
c r scku  e o ~ n e c t e d  
wl tb  sloper fa l la ra .  

Cr c k r  l a  overburden 
ma7erta1 on r t eep  
.lopea. 

On rock  occup ed by 
ovr rburden ma\rr ia l .  I 
rill and ov rburdan 
g p r r i a l  c d t i n g  the  

eck t o  ao r fac r  of 
the  road 'a t  oblique 
an910 (photo la). I 

Ovrrbnrden mater la l  
on r narrow rpu r .  1 
On a f l a t  ground 
adJecrat to  s t r e p  
r loap meerurrd d r p t b  
1.8m (Pb0t0 14). I 
Obllqur to  the  road 
l o  ovarbnrden 
mater la l .  

Overborden/ ter racrd  

I 
f l l l  ma t r r l a l .  I 
rn :!rb:td:f ,,:z'~FP 
:,"r panlad by 

no end 
re1Rement. I 
On road I n  
ov r rbu rd rn  matarlal. I 
Ov r b n r d r n  
mr!rri.l. I 
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I t  1s seen from th i s  table t h a t  t h e  preferred trends of these  flssures a re  
predominantly gulded by the  topography a s  well a s  the  physlcal characteristics 
of t h e  materlal In whlch they have developed. There had been a few 
exaggerated reports of large and long flssures. These could not  be verlfled even 
by detalled ground checks. 

In addltlon t o  long flsaures developed mostly along t h e  road or track alignments, 
a t  a number of localltles, partlcularly In area  of lsoselst VIII, small topographlc 
breaks have also falled In the  terraced fields In Klshanpur and Manpur vlllages. 
These iellures do not seem to  have any genetic relationship wlth the  source 
fault  because most of them are  located parallel to  the  valley slopes and a few 
a re  tenrlonal openlngs In t h e  overburden materlal. 

3.1.3 Changer in  the Dlscharge of Sprlnge 

I t  has  been reported t h a t  the  sprlng water dlscharges a t  varlous locatlons elther 
lncreased conslderably or reduced appreclably. The vlllages from where such 
reports h i v e  been recelved are  a s  under: 

1) A t  Gangori vlllage t h e  dlscharge In t h e  sprlngs has  lncreased but a t  Saura 
vlllage t h e  spring dlacharge has  conslderably reduced. Both these  localltles 
are  In t h e  intensity VIlI In the  Bhaglrathl valley. 

11) In Jalkur valley the  dlscharge of sprlng a t  Tlmbllchak near  Balnga vlllage 
lncreaaed af ter  t h e  shock. 

111) In Bhllangana valley dlscharge of sprlng located in Tlprl vlllage lncreased. 

lv).  In Nallchaml valley, there was increase In the  sprlng dlacharges a t  
Muyalgaon and Tltrana vlllages whereas in Gaurya and North eas t  of Holta 
village appreclable decrease In the  sprlng dlscharge was reported. 

v) The Aaelstant Engineer, Irrigatlon Department of H.P. a t  Theog reported 
t h a t  a water sprlng had drled up a t  i t s  usual location and had emerged 
about 60m down the  slope. ' ~ t  Rakcham I t  was reported t h a t  one spring 
s tar ted emlttlng lukewarm water. 

Hot Bprlngr 

Of t h e  62 thermal sprlngs recorded In the  Utter Pradesh Himalaya, 13 a re  

located In the  Bhaglrathl and Yamuna valleys, the  area most severely affected 
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by the quake. These hot sprlngs are located on elther slde of the  MCT In the 

central cryrtalllnes and the Garhwal Croup of rocks. Some of the hot eprlngs 

llke Gangnanl Aungl are located very near to the eplcentral t ract  and thus the 

changes In the temperatures, dlschargee and chemistry of these sprlngs have 

been studled and brlef results are glven below: 

In addltlon to the lnformation collected by enqulry from the local people about 

the changes in the sprlng water dlschargee, the temperatures were measured a t  

the known hot spring localities and compared wlth those measured earller. A t  

Cangnanl the temperatures recorded on 19.11.91 was 66'C whlle those recorded 

earller In tho last  16 years, have varled between 61' and 64'. The 

measurement8 made on 4th December, 1991 and 19th Jan. 1992 Indicated 

temperatures of 60' and 83'C. respectlvely. For Aungl hot aprlng located ln the 

eplcentral tract a temperature of 34'C has been recorded whlch 1s comparable 

with the ones recorded earlier. Later, on 20th January 1992, the Aungl hot 

spring gave a temperature of 37.O.C. It  1s reported tha t  after the earthquake, 

the orlglnal source has completely drled down. The spring now emerges from a 

location about 16Om upetream of the orlginal one, along the right bank of 

Bhaglrathl rlver. The reduced discharge now measures about 16 llt/mln. From 

these observations no concluslons could be drawn though It  18 reported a t  
certain locatlons tha t  lncrease In temperature as  well as  dlscharge took place. 

In addltion to temperature meaaurements water samples were collected from 

Oangnanl and Aungl hot springs for puttlng these waters to chemical analysis. 

Results obtalned from these samples a s  well a s  those of August, 1989 (nearest 

before the earthquake) are glven In the followlng table. The results so obtalned 

have been assessed malnly by Dr.  Ahsan Absar of Geological Survey of Indla and 

the same are dlscursed below: 

Common  feature^ and the differences In the water samplee collected after the 

earthquake from Aungl and Gangnanl hot sprlngs are: 

Common features: 

1) Decrease ln TDS, HCOI-, C1- and Na4 

11) Increare In SOc- 
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1) Decrease In Slog a t  Cangnanl and an lncrease a t  Aungl. 

11) Cat+ shows a marked lncrease a t  Aungl whereas Mgt+ shows a decrease. A t  

Cangnanl Mg4+ tends to  show an increase. 

The base temperatures (temperature at talned by water In Its deep clrculatlng 
base) have been calculated utlllslng relatlonshjps suggested by Clggenback e t  a1 
1983, Glggenback 1986. Estlmated base temperatures are  glven below: 

Ions 
(mg/l) 

TDS 

HCO3- 

C1- 

sod-- 
F- 

Aungl 

Aug.89 
(Pre-quake) 

Dec.91 
Post-quake 

4/12/9 1 
Post E.Q. 

806 

627 

133 

3 3 

3 

Gangnanl 

Mg4* 

Na4 

Kt 
b 

B 

Sl Oz 

Temp'C 

Aug.89 
Pre E.Q. 

980 

77 1 

162 

28 

3.5 

4/12/91 
Po8tE.Q. 

820 

642 

6 4 

48 

6 

Aug.89 
Pre E.Q. 

1040 

817 

9 6 

33 

5.6 

11 

2 10 

2 4 

4 

7 0 

60/66 

Cangnanl 

6101 

1 16'C 

97'C 

Aungl 

5 

280 

2 7 

4 

0.95 

6 2 

K/Mg 

1 OO'C 

87'C 

Sl02 

64'C 

68'C 

K/Mg 

69'C 

87'C 

L 

49 

176 

22 

6 

42 

3 4 

6 4 

220 

26 

8 

3 1 

3 9 
A 
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Mlxlng Relations a t  Gangnanl 

An overall decrease In TDS a t  the  expense of HCOa-, C1-, Na* and Kt could be 

the  result of mlxlng of hot and cold waters. The representative cold ground 

water a t  Cangnanl has  C1- and SlOz values of 6 and 10 mg/l, respectlvely and 

wlth the  CI- value of 6 the  Cl- balance can be worked out a s  X(6) + (1-X) 
96=64; x=0.348. Thus wlth CI balance hot and cold water mixlng ratio works out 

to be 65:35. For th ls  mixlng hypothesls t o  hold good the  ratlo of 65:35 worked 

out by balancing the  mass of the  conservatlve element CI- should balance other 

elements also. The calculated chemistry of o ther  elements is a s  follows: 

A perusal of the  above table suggests t h a t  except for silica whlch is  wlthln 5 

mg/l of the  measured value all  other specles a re  far  from belng close t o  t h e  

measured values. Though composition of t h e  Cold Reglonal Ground Water (RCW) 

varies from one area t o  the  other dependlng on the  country rock, depth of 

clrculatlon and seasonal variations, 1s unllkely to influence t h e  mass balance t o  

such an extent.  Alternatively, one may suspect the  mlxlng ratlo,  calculated by 

uslng C1-. As mentloned earlier, C1- 1s a conservatlve element added to  the  

solutions only through rock water lnteractlon, I t  cannot be suspected unless an 

addltlonal source of sallnlty i.e. sa l t  beds or  connate water has  come in contact. 

The posslblllty, therefore, exist6 t h a t  t h e  water dllutlng the  Gangnanl hot 

sprlng Is not rlmllar to  RCW but 1s more concentrated (hlgher TDS) deeper 

ground water. Low Cl content of 64 mg/l suggests t h a t  t h e  mlxlng water should 

be characterlsed by low CI/HC03 ratlo. In  addition, low Sl0z (70mg/cl) and lower 
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TDS va lues  (820 mg/l) suggest  t h a t  t h e  fract lon of RGW of t h e  t y p e  glven in t h e  

above t ab l e  may be much smaller t h a n  assumed and following poeelbllitles of 

mlxlng could exls t .  

1) Aug./89 + a hlgher TDS low Cl/HCOa ra t io  water. 

11) Changes In hot  sprlng composltlon at  deeper leve ls  r e l a t lve  t o  Aug./89 
cam.+RCW. 

111) Aug./89 water + Hlgh TDS low CI/HCO3 water  + RGW. 

Havlng aonsldered var lous  posslbllltles of mixlng, re la t lve ly  hlgh va lues  of SOc- 

and big4+ needs t o  be explalned. An increase in  Sod-- content  may be explalned 

by assuming t h e  presence of oxygenated water  which would cause  oxidation of 

HIS present  In t h e  hot  water.  Mg4+ could h a v e  been picked up  by solut ions from 

chlorltlc c lays  durlng the l r  ascent  through changed routes  ( a f t e r  t h e  quake),  or 

I t  could h a v e  been added t o  t h e  solutlon a t  deeper levels  ( through posslblllty 11 

or  111 above). 

Mtxlng Relatlons at  Aungl 

Through C1- balance, a ra t io  of 0.8 (Aug.89) and 0.2 (RGW) Is calculnted for 

Aungl hot  sprlng. By taklng these ra t los  t h e  calculated chemistry of post 

ear thquake  sample Is a s  follows: 

I t  1s Interesting to tlnd t h a t  except  for SIOZ, all  o the r  chemical species 

Including TDS show a perfect match between calculated and measurrrl v ~ l u ~ s  if 

I t  1s assumed t h a t  t h e  hot r a t e r  component present  a t  Aungl Is slrnllar t o  t h a t  

sampled In Aug. 89 except  for having a relat lvely high S i O l  cont.ent of 50 mg/l  
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Instead of 31mg/l. A s  concentratlon of dlssolved slltca 1s dlrectly proportional to  

temperature, an  lncrease In slllca by 19 mg/l would correspond to  a rlse In 

temperature by about 24'C a t  t h e  reservolr level. 

Increase In SO,-- may be at tr lbuted,  a s  In t h e  case of Gangnanl, to  lncreased 

oxldatlon of HnS t o  SO4-- In the  presence of oxygenated waters but  lrlcrease In 

Cat+ Is a blt difficult t o  explaln. This hot  spring Is normally characterlsed by 

hlgh Cat+ and Mg++ content  of 66 and 64 mg/l (Aug.89) whlch may be related t o  

rock water lnteractlon In the baslc rocks In the  vlclnlty. Alteratlon of 

ferromagneslan mlnerals would result  In leaching of Ca4+ and Mg4+. I t  1s thus  

posslble t h a t  clrculatlon of fluld through newly created channels ( a s  a resul t  of 

tectonlc adus tments  durlng the  quake) under lncreased temperature condltlons 

have resulted In varlatlon o f  Ca/Mg ratlo In the  solutlon. SlOz and K-Mg 

thermometrls suggest decrease In reservolr temperatures (of post  equlllbrlum) a t  

Gangnanl and an lncrease a t  Aungl. 

From the  above dlscussions I t  could be concluded tha t :  

I) The past earthquake scenarlo suggests t h a t  there  has  been mlxing of t h e  

ground water wlth the  hot sprlngs In dlfferent  proportions and t h e  mlxing 

of low TDS groundwater8 has  given lower TDS waters t h a n  those recorded 

In the  samples collected before the  earthquake.  

11) Aungl hot sprlng chemistry changes can be explalned by mlxlng of reglonal 

groundwater except the  percentage of SlOn content  whlch lnstead of 

decreasing by mlxlng has  lncreased conalderably. This lndlcates t h a t  a t  

the  hot  water source level the  temperat,~lres have Increased. The mixing of 

thermal waters wlth reglonal ground waters has  taken place a t  Gangnani 

also but  the  balance of the  elements Is not possible by slmple dllntlon 

and I t  1s llkely t h a t  deeper ground water too has  mlxed wlth the  thermal 

waters. 

3.2 DAMAGES TO ENGINEERED STRUCTURES 

The relat lve degree of safet.y In bullt In the  deslgn of engineered s t ructures  Is 
dependant on (1) the  importance and vulnerablllty o f  the s t ruc tu re  and (11) t h e  
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capl ta l  out lay.  I t  follows, therefore,  t h a t  t h e  capl ta l  i n t ens ive  hydroelectric 
proJect s t ruc tu re s  a r e  more rlgorously analysed and have  a much more 
conserva t ive  deslgn as opposed to  communlcatlon projects. This  is amply borne 
o u t  by t h e  f ac t  t h a t  t h e  Maneri Dam though located In t h e  epicentral  t r ac t  
escaped wlthorlt a n y  s t ruc tu ra l  damage while t h e  Cawana Cad bridge located 
about  6km downstream of t h e  Dam was completely damaged. The descript ions In 
t h e  following paragraphs  s t a r t  wlth t h e  well englneered s t ruc tu re s  followed by 
less  rlgorously englneered s t ruc tu re s  llke t h e  glrder and suspension bridges. 

3.2.1 Maneri Dam 

The  39m hlgh roncre te  gravl ty  dam across r lver  Bhaglrathl at  Manerl h a s  not  
suffered a n y  damage though located very  close t o  t h e  epicent ra l  t r ac t .  The 
appur tenances  of t h l s  dam including t h e  hlgh wlng walled approach channel  t o  
t h e  ln t ake  p o r t ~ l  of t h e  head race tunnel  h a s  also escaped a n y  damage (Photo 
15). However, two buildings located on t h e  r ight  bank near  t h e  road and not  
res t lng  on t h e  body of t h e  dam have  been extenslvely damaged (Photo 16). The 
e a s t e r n  slde wall of t h e  subs ta t lon  bulldlng In concrete blocks h a s  completely 
collapsed while t he  long wall s ldes display m a o r  cracks.  The  foundation 
galleries of t h e  dam h a v e  also been examined and I t  is notlced t h a t  t h e  lower 
gal lery (foundatlon gal lery)  located a t  RL 1269m does not  show a n y  slgns of 
d ls t ress .  The upper gallery a t  RL 1279m however exhlbl ts  very  mlnute openlng 
of t h e  block 6-7 Jolnt .  In addltlon, nea r  t h e  le f t  out le t  on t h e  upper gal lery,  
ha i r  f lne horizontal c racks  a re  seen which may be restr icted to  ou te r  sur face  of 
Ilnlng. There Is no apparent  change in t h e  discharge through t h e  drainage holes 
but  t h e  same wlll have  t o  be monltored t o  flnd whether  t he re  i s  a n y  change in 
t h e  water  seepage quant l t les  a s  compared to  t h e  correspondlng perlods and  
records already aval lable.  The wlng walls of t h e  approach channel  whlch a r e  a t  
l ea s t  10m hlgh also do not  show any  d ls t ress .  The  backflll exhib i t s  se t t lement  
behlnd wlng wall of t h e  approach channel ,  without causlng a n y  s t ruc tu ra l  
damage to  t h e  wlng walls. Flssures In t h e  backflll below t h e  approach to  t h e  
Jamak vlllage a re  qul te  consplcuoris. A few rock block dlslodgements and rock 
fa l l s  near  and upstream of t he  lef t  termlnus have  been recorded whlch have  not  
caused any damage t o  t h e  struct-ure though some blocks have  fal len on t h e  dam 
and on to  t h e  deck of t h e  s t ruc ture .  On t h e  r lght  bank the  approach to  t h e  dam 
made in  t h e  flll materlal upstream of t h e  dam ax l s  show fissures. The  parapet  
walls made In masonry have  cracked and high retaining walls on t h e  approach 
road to  t h e  colony have  completely collapsed. 
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The 90MW capaclty Tlloth Power House of Manerl-Bhall Project Stage-I Is located 
on the  left bank of Bhaglrathl rlver, opposite t o  the  Uttar Kashl town. The 
power house building 1s located on over alluvlal terrace deposlts wlth Its longer 
axle allgned in N26.E-S26'W dlrectlon, t h a t  1s roughly parallel t o  t h e  course of 
Bhaglrathl. The mlnor damages suffered by t h e  power plant whlch resumed 
generatlon af ter  a pause of few days, a re  enumerated ae  under. 

The constructlon and expanslon jolnts of t h e  bulldlng have opened at a number 
of polnts. These appear a s  elongate cracks on panelllng walls and celllngs, along 
or parallel to  the  jolnt faces. Thelr orlgln can be attr lbuted t o  t h e  dlfferentlal 
response of the  components of the  bulldlng to  the  vibratlons lnduced by t h e  
tremors. Peellng of plaster le also aesoclated with some cracks. The f i rs t  panel 
of the  western face of the  non load bearlng partltlon wall has  t i l ted outwards 
by about 1' The RCC pedestals of the  generatlng unlts  have developed 2cm t o  
16cm long vertlcal halr  cracks. These features  whlch appear t o  be restricted t o  
t h e  surface only are reportedly belng monltored by the  project authorlt les.  

There 1s a relatlve displacement of the  order of lOcm between t h e  front face of 
t h e  bulldlng and t h e  outslde concrete floor. Thls could be related t o  t h e  ground 
settlement. The damage pattern lndlcates t h a t  the  dlrectlon of ground 
osclllatlons would have been WNW-ESE. 

3.2.2 Icharl Dam 

I t  la a 66m hlgh concrete gravlty dam allgned In N16°E-S160W dlrectlon wlth a L 
shaped, 120m long extenslon a t  rlght angles to  the  dam axls for t h e  treatment 
of the  lef t  bank slide. The entlre area of t h e  dam exposes t h e  Chandpur 
phyllltes. 

The operatlng personnel on duty a t  the  dam durlng the  nlght shl f t  fel t  t h e  
movement parallel to  the  dam axls and observed swing of the  hanglng objects In 
t h e  same dlrectlon. Large splash waves (variously estimated t o  vary between 1 
to  2m) were reported to  have developed in the  reservotr. 

The lnspectlon and drainage gallerles wlthln t h e  body of the  dam were examined 
but were found to  have escaped any damage. I t  1s reported t h a t  t h e  seepage 
from the  dralnage gallerlee ranged between 1.7 and 1.75 lts./sec. prlor t o  
earthquake but a rlse has been reported 23 hours af ter  the  earthquake to  2.19 
Its./eec. whlch hae later  on stablllsed a t  2.6 lts./sec. 
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In t h e  non-overflow block 1A (located on t h e  left  abutment) a n  openlng of 
about lmm.  h a s  been observed along a vertlcal construction Jolnt  on the  
downstream slde face. Minor seepage through th l s  Joint has  deposlted a thin 
layer of secondary carbonate over t h e  lower part  of th is  Jolnt. Thls layer h a s  
developed a fresh, fine crack along t h e  Jolnt, lndlcatlng mlnor movement along 
t h e  jolnt. 

To monltor t h e  stabil l ty of t h e  left bank, 21 targets  on th is  bank are  belng 
perlodlcally surveyed by t h e  proJect authorlt les from 2 s ta t lons  on t h e  dam 
structure.  No change In t h e  pattern of t h e  readlngs could be described from t h e  
pre and post earthquake readlngs. 

The elevator lower ehaft  located towards the  left termlnal of t h e  dam 1s about 
30m hlgh of whlch t h e  bottom 20m portlon is  partly embedded In the  body of 
t h e  dam and t h e  res t  projects in the  alr .  Thls lower portion, showed several 
cracks on Its  southern (left  bank slde) and weetern (downstream side) walls. In 
t h e  lower part  of t h e  shaf t  attached to  t h e  dam two s e t s  of cracks (<O.Smm), 
one vertlcal and other horlzontal, developed. Vertlcal cracks a re  more common, 
somewhat Irregular and a re  el ther terminated or deflected by t h e  horizontal 
cracks. The horlzontal cracks are along the  Joints of concrete lift jolnts. 
Cracking 1s more pronounced on the  southern wall. The enhancement of the  
reepage In the  dralnage gallery may be attr lbuted to  opening up of the  path of 
percolation by readjustment of the  materlal lnfilllng the  Jolnt openlngs. 

There 1s preponderance of horlzontal crack a t  and around the  polnt of hlnge of 
t h e  elevatlon tower whlch suggeete t h a t  the  cracks might have been developed 
as a result  of the  lnteractlon and lnterference of dlfferent modes of vlbratton. 

Some damage has  also been reported in t h e  resldentlal colony a t  Kotl whlch 1s 
nearly 3km SW of the  dam on the  basls of whlch the  area  seems to have 
witnessed an lntenslty approaching VI due to  the  earthquake. 

3.2.3 Chlbbro Underground Power House 

Thls i s  a 113m long, 18.6m wlde and 32m hlgh cavlty housed wholly In the  
Dhalra argillaceous llmestone/slate lnterbedded unlt of the  Mandhalls. The Power 
Houee cavity 1s nearly 70m laterally Into the  hill and 120m below the  natural  
rurface. On the  downstream, N-S allgned wall of the power house cavlty I to 2 
mm wlde, three vertlcal and two oblique cracks have been obeerved abut  2.5 
above the turblne level In the area between 1st  and the  2nd turblne. Shotcrete 
from about 0.6mX0.26m area along each of the  oblique cracks (Inclined st 40° to  
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460) have fallen down. These cracks have developed In t h e  shotcreted surface. 
In the  control room area ,  horlzontal t o  subhorlzontal halr  cracks were noted at 
an  uniform level of about 1.4 and 2.6m above the  floor in most of t h e  plllars of 

the  RCC frame structure.  These cracks also t raverse  the  marble slabs fixed on 
the  pillars. A number of prestressed cable anchor heads In t h e  draf t  tube 
operatlng gallery show cracks In thelr  shotcrete cover. Cracks have been found 
mostly where the  shotcrete over t h e  anchor plate Is th in  and t h e  exposed lron 
surface has conslderably rusted. Cracks run mostly along t h e  varlous components 
of the  anchor head. Occaslonally, however, t h e  thick shotcrete over t h e  heads 
have also developed cracks, mainly normal t o  the  anchor. Sometlmes t h e  cracks 
appear fresh but  In many cases thei r  recency could not be establlshed. Most of 
the  correspondlng anchor ends In the  power house (PHI cavlty were lnaccesslble 
but the  ones available for examlnatlon dld not show any cracks. Besldes these. 
several cracks are present elsewhere in the  PH complex but they lack freshness 
and other slgns of recent development or a re  known t o  be preexlstlng. Four 
falling hammer type extensometers are  installed on each wall (1.e. eas tern  and 
western wall) of the  PH cavlty.  The hammer 1s deslgned t o  fall when the  space 
between the  knife edges exceeds some preset  value whlch ln th l s  part lcular case 
was 6mm. In the  eastern wall (whlch Is Incidentally t h e  one closest t o  t h e  free 
face) the  hammer of one SUCH extenaometer located between t h e  1 s t  and 2nd 
turbines has fallen while In the  other t h e  gap 1s of the  order of 3mm. A 
vertlcal crack In the  shotcrete 1s present close to  t h e  fallen hammer. The 

diagonal cracks detailed above are  also withln th ls  area. 

From the  above following Inferences can be drawn: 

1 )  The area exhlbitlng the  cracks and fall of t h e  hammer were pre-existing 
areas of loosenlng ( th ls  i s  a common enough phenomenon in  large 
underground excsvatlons) whlch have been subjected t o  t h e  earthquake 
shock. 

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

However, the  second lnference is  unllkely because t h e  cracklng (1) should have 
been more pronounced ln the  approach adl ts  or areas  wlth much less  str lngent 
support measures and (2) would not have been restrlcted In only one part icular 
segment of the  PH cavlty. 

The stralnmeters installed In the  roof segment of t h e  PH and aurge s h a n  do not  
show any elgnlflcant s t ress  varlatlon correlatable t o  t h e  earthquake.  
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8.2.4 Khadrl Power House 

Thls 1s a surface power house founded on t h e  al ternating r rndstone and 
claystone of the  Lower 6lwallk. Openlng of t h e  vertlcal constructlon Jolnt wlthln 
the  twln columns of gantry crane w a s  noted above t h e  turblne floor. Openlngs 
upto about 2mm. WM found In columns on both sldes of t h e  PH. Though some 
small cracks running across t h e  concrete layer (about 2cm thlck) present 
between the  twln plllars appear fresh, I t  could no t  be establlshed whether t h e  
Jolnts were open prlor t o  earthquake or not. There 16, however, clear evidence 
of movement along them recently, In t h e  form of chlpplng o t  plaster  (10-15 cm 
long and 2-6 nun. thlck pieces In some case) along some of these  Jolnts. On t h e  
valley slde wall In t h e  4th machlne area,  a horlzontal crack was also noted 
about 2m above the  generator floor. The gantry column crack wae traceable 
downwards In one case, In t h e  upper half of the  maln Inlet valve  gallery. On 
t h e  uppermost part  of t h e  RCC columns of t h e  elevator tower, vertlcal and 
horlzontal hair  cracks wlth mlnor chlpplngs are  common. 

Persons worklng In t h e  power house during t h e  earthquake reported lnlt lal  
movement (about 5 seconds) parallel to  the  short  axls (N36'W-S36'E) of the  PH, 
followed by mlld movement (for about 10 seconds), and finally a strong 
movement parallel to  long axls (NS6.E-S66'W) for about 26 seconds. One of the  
englneers reported t h a t  he  had observed about 16O t i l t  of t h e  vertlcal columns 
durlng earthquake. 

3.2.6 Khara Rydel Scheme 

Thls scheme lncludea 13km. long water conductor system, a surface power house 
and tal l  race channel and 1s In an advanced stage of conatructlon. I t  lles on 
Slwallk rocks and recent fluvlal depoelts. Faulte wlth Recent actlvlty are  
present In the  project area.  

No damage related to  earthquake was found In t h e  s t ructures  examlned, and no 
slgn of movement was observed along the  faul ts  wlth establlshed neotectonlc 
actlvlty where they are  covered by clvll constructlon ln the  power house and 
power channel areas. In the  Inlet and outlet  areas  of the  twln tunnels, whlch 
are part  of the  water conductor system, openings of upto about 1.6mm. 1s 
present along the  constructlon Jolnts between cut  and cover sectlon and the  
main tunnels. Accordlng t o  project englneers, these existed prlor t o  the  
earthquake, but any change ln them due t o  t h e  earthquake 1s not determlnable. 
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3.2.6 Gawana Gad Girder Brldge 

The most coneplcuous effect of the Garhwal earthquake of 20th October, 1991 

has b e n  on the Gawana Gad glrder brldge. located at km 166.346 along 
Rlshlkerh-Gangotrl road, adjoining Ganeshpur vlllage. The entlre superetructure 
has collapeed into the rivulet valley beyond redemptlon (Photo 17). The t r a m c  
on the route remained totally dlsrupted for 3 days. untll an alternatlve 
temporary causeway was launched over the swlfty flowing rlvulet waters. The 
Border Road Organlsatlon was engaged in the task of constructlon of an 
alternatlve, all season bally glrder brldge to connect the strategically important 
areas of Bhaglrathl valley. 

The Gawana Gad glrder brldge 1s located across Gawana rlvulet, a rlght bank 
tributary of Bhaglrathl rlver. I t  was a class A-A structure wlth a slngle span of 
63m and bearing of N86OW-S86.E. A map of the approach roads and abutment 
plers has been prepared on scale 1:200 wlth the help of brunton and tape 
(Flg.4). 

The approach roads on elther abutment have been constructed from flll materlal 
comprlslng randomly dumped boulders and soll. The rlght abutment (Uttarkashl 
end) approach road has developed three sets  of fissures due to the earthquake. 
The most promlnent one trends E-W. tha t  1s parallel to the road allgnment. On 
the southern edge. thls se t  extends to a length of 26m wlth a maxlmum openlng 
of 0.66m. and mlnor dlsplacement. Here a 12m sectlon of the road has slumped 
down towards the free southern face, thereby, leavlng a promlnent scar. The 
other two flssures trend In NW-SE and N-S dlrectlons. The former has a 
maxlmum openlng of 2.6cm and length of 7m. The latter 1s falrly tlght wlth a 
length of 6m. The Jolnt of approach road and concrete abutment has opened up 
by a few mm.. 

The left approach road 1s marked by an arcuate crack of 6.6m length, roughly 
parallel to the northern edge. Part of the flll materlal In a 6.6m sectlon on the 
northern edge has also slumped. The bltumen coatlng, coverlng the approach 
road-abutment pler Jolnt has bulged out in a 0.66m zone. 

The concrete abutments of the brldge are found lntact. The two base plates 
afflxed over concrete pedestals In the rlght abutment do not show any dlstress. 

The anchor bolts a s  well as  the rockers are lntact (Photo 18). The counterpart 
plate6 attached to the collapsed super structure are also found lntact. 
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In the  left  abutment, t h e  upstream baee pla te  wlth al l  t h e  four anchor bolt8 and 
t h e  two rollerr are fond In place (Photo 19). Only t h e  s teel  p la te  atop t h e  
rollers and the  coupllng rod have ellded towards eaet .  

The downstream base plate shows a rotatlon of about 26. In clockwlse dlrectlon. 
Three of t h e  four anchor bolts have snapped away. The rollers, t h e  roller p la te  
and the  coupllng rod have been thrown away down lnto t h e  rlvulet  bed where 
the  super structure lies. The edges of t h e  two abutments have been part ly 
sheared off by t h e  dragging effect of the  superstructure. 

An attempt has  been made here t o  analyse t h e  causes leadlng t o  t h e  failure of 
t h e  brldge. I t  does not seem probable t h a t  durlng the  earthquake t h e  super 
structure vibrated t o  such an  extent  t h a t  it slipped off \ t s  bearings. because In 
t h a t  event  the  base plate would not have rotated. I t  1s vlsualised t h a t  t h e  
sequence of fallure would have been a s  below. 

1) Bnapplng of t h m e  of the  four anchor bolts of t h e  lef t  abutment, 
downstream end base plate under t h e  influence of t ransverse  ground 
oeclllatlons related wlth earthquake. 

11) Rotatlon of base plate ln clockwlse dlrectlon under t h e  actlon of a couple 
of forces wlth the  ln tact  anchor servlng a s  axls. 

111) Sllpplng off of t h e  rollers due t o  change In posltlon of base plate.  

lv) Decoupllng of t h e  ruper structure wlth I ts  left  abutment bearlnge, leadlng 
t o  Its slippage. 

V)  Dlsbslanclng of t h e  entlre superstructure,  resulting In to ta l  collapse. 

The dlrectlon of propagatlon of selsmlc waves wlth respect t o  Gawana Gad brldge 
appears to  be E-W. The transverse ground partlcle osclllatlons created a th rus t  
force In N-S dlrectlon. 

In addltlon to  thls,  t h e  welght of the  superstructure allgned In E-W dlrectlon 
applied n constant  pulllng force. Thus the  anchor bolts were acted upon by a 
couple of forces, almost at rlght angles t o  each other.  The Intensity of peak 
ground acceleretlons, In assoclatlon wlth lncreased pulllng force on account of 
vlbratlon of the  superstructure would have exceeded t h e  strength of t h e  bolts 
thereby rerultlng In thelr  rupturlng or uprooting. As such, t h e  base plate 
rotated clockwlse by about 26. wlth the  ln tact  bolt actlng ae  a plvot. In t h e  
rotatlon of the  base plate, some play In bolt fixing could have facllltated t h e  
movement. Coneequent t o  the  change In t h e  posltlon of one of t h e  plates,  t h e  
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rollere and t h e  roller plate slipped off. The lef t  abutment end of t h e  super 
etructure thus  got decoupled with Ite bearings and moved down Into t h e  rivulet 
bed under I ts  own load. The rlght abutment end on rocker bearlngs subsequently 
got pulled down ar a reaction, resultlng In total  collapse of t h e  girder 
structure.  

3.a.7 Thdan gad Brldge 

The RCC brldge of slngle epan of about 16m, aligned In t h e  N-S dlrectlon ehowe 
slgns of dlstress. In t h e  eouthern slde masonry parapet wall t h e  top elab has  
rotated by about 10' towards west and t h e  boulder maeonry has  cracked and got 
displaced towards west. The southern slde approach wall made in dry boulder ill1 
has  also bulged towards west. There Is, however, no damage t o  the  
superstructure.  

3.2.1 I n d m r a t l  Bridge Neu Klshmpur 

The approaches t o  t h e  NV allgned, slngle epan brldge acroea Indrawatl nala  near 
Klehanpur constructed of flll materlal wlth dry masonry retaining wall have 
failed ln the  eastern a s  well a s  western dlrectlons but t h e  masonry abutments 
a s  well a s  t h e  superstructure have, however, eecaped any damage. 

3.a.9 Surpenslon BrIdger Betreen Uttarkashi And Bha t ra r l  Acmes 
Rlver Bhaglrmthl 

There exlst  a total  of five suspenslon brldgee over rlver Bhaglrathl between 
Uttsrkarhl  and Bhatwarl. The effect of the  present earthquake event  on these 
suspenelon brldges has been only marglnal wlth t h e  exception of t h e  brldge a t  
Dedsarl (located In the  eplcentral t rac t )  which has  euffered conelderable 
damagee. The damagee t o  t h e  structures a re  described below: 

The 9Om long, slngle span Slror silspennlon brldge aligned over r iver Bhaglrathi 
In N6'E-S6.W dlrectlon has  suffered damage In the  top portion of t h e  rlght bank 
tower. The concrete s lab encloelng t h e  cables has  been dislodged. The left bank 
tower has not suffered any apparent damage. The structure Is fully servlceable. 
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h t a  Suapenalon Brldge 

The single span. lOOm long foot. suspension bridge a t  Lata, aligned in NW-SE 
direction has  suffered slmllar damages a s  t h a t  a t  Slror but t h e  intensity of 
ground motlons here appears to  be more. The masonry tower a t  t h e  lef t  bank 

has  collapsed in the  top portlon and t h e  concrete slabe encloslng t h e  cables a r e  

sllghtly dislodged (Flg.5). A l l  t he  cables a re  ln tact  and t h e  bridge i s  fully 
serviceable. 

Fig 5 :SKETCH O F  LATA SUSPENSION BRIDGE S H O W I N G  DAMAGES TO T H E  

ABUT M E N 1  TOWERS ( S K E T C H  B Y  P .  PANDE 
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Dedamrl Suepenalon Bridge 

The 76.20111 long Dedsarl suspenslon brldge, constructed ln t h e  year  1979 has 
been analysed In detall.  The foot bridge h a s  survlved t h e  earthquake but has 
been damaged t o  eome extent.  The left abutment suspension tower constructed of 
m u o n r y  has  developed promlnent shear  cracks on the  N17'W-S17'E trendlng 
faces (Fig.6). The cracks which extend t o  a height of 3m from t h e  ground have 
maxlmum openlng of l lcm. A flne, vertical crack extendlng for about l m  1s also 
reen at t h e  top portlon of t h e  tower. The upstream, WNW-ESE trending face of 
t h e  tower shows a displacement of the  order of 10 cm and bulglng. 

BULGING OF MASONRY 

Fig. 6 :SHEAR CRACKS IN  THC L E F T  ABUTMENT TOWER,DEDSARI 

SUSPENSION BRIDGE (SKETCH BY P. PANDE)  
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8.3 DAMAGES TO CONSTRUC110NS. SEM'LEMENTS AND DWELLINGS 

Keeping In view the  objectlve of dellneation of the  eplcentral t r ac t  and 
assessing t h e  damages ln t h e  worst affected areas  of th l s  earthquake,  detalled 
damage surveys have been conducted around Uttarkashl. The localltles for whlch 
assessment has  been made lnclude Uttarkashl, Gangorl, Ganeshpur. Heena, Jamak, 
Manerl, Aungl, Dedsarl, Sangrall, Thalan,Manpur, Kishanpur, Galnda,Kalyanl, 
Salnj, Godsall, Jhakol, Fold, Chakone, Bhatlyara, That1 Bhatkot. Aghar 
(Kamlapur), Medh, Bhatwari, Malla, Sabl, Aghora, Matll, Dhanl, Jakhol, Saura, 
Byala Tlprl, Slror, Netala, Aleth and Kankrall. In addltlon t o  theee 
comprehenslve surveys cample surveys,  were also conducted In order t o  draw t h e  
lsoselsmal VI and VII boundaries. The m4or  localltles covered in th l s  survey 
were Gllyara, Chamyell. Budha Kedar, Kalynal, Brahmkhal, Bharkot, Cangori. 
Kathnaur, Seana Chattl,  Naogam, Balnga and Chaurangl. Sample surveys were 
a l m  conducted to  draw t h e  lesser lntenslty lsoselsmals. Brlef descrlptlons of the  
damage patterns In t h e  eplcentral t r ac t  and some of the  localltles on t h e  basle 
of whlch the  lsoseismals have been constralned, are  glven In t h e  subsequent 
paragraphs. 

3.5.1 Maxlmum Damage Areas 

Uttarkashl Tovn 

The maln portlon of t h e  town In which tho dlstr lct  headquarters a r e  located i s  
on the  right bank of rlver Bhaglrathl. The town limits have now extended on 
the  left bank, lncludlng colonles of Kotlara and Joshlara. In these  3 locations 
falrly wlde rlver terraces composed of boulders and pebbles wlth coarse sandy 
material are  available for the  constructlon of the  houses. Generally all the  
bulldlnge In the  area  are founded on th ls  overburden materlal. Earller, 
constructlon In the  a rea  was restrlcted to  slngle storey bulldlngs but wlth t h e  
growing demand8 3 to 4 storey bulldlngs have been constructed. At places, t h e  
old bulldlngs have also been ralsed to  higher storles wlthout al tering t h e  
foundation and deslgn of the  slngle storey bulldlngs. The new bulldlngs whlch 
are comlng up are  of plllar structures.  In t h e  town more than 10% of t h e  
bulldlngs have been badly damaged with wall collapses and wlde open cracks 
(Photo 20) whlle other bulldlngs have developed cracks on t h e  walls In different 
dlrectlons. The bulldings In whlch rlver boulders have been used In the  wall 
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construction, have received more damages a s  compared t o  the  buildlngs whlch 
are  constructed of f l a t  phyllitlc quartzi te boulders (Photo 20A).  The damage In 
some of the  bulldings Is discussed In the  following paragraphs. 

The bulldlnge of t h e  Pollce Lines are generally slngle storeyed, wlth stone 
cement masonry wall and (3.1 sheet  roofs. All t h e  buildlngs have developed open 
cracks on t h e  walls and,  In some of the  houses, wall and roof collapse has  also 
been seen (Photo 21). The 1int.els provided above the  door and window level 
have helped In retardlng the  complete collapse of the  walls. In one of the 
varandahs of a house a b e ~ m  supported over columns has broken due t o  collapse 
of the  plllar (Photo 22).  

The damage In the  D.M1s. residence comprises cracks In t h e  outer  walls and 
complete collapse of t h e  back walls. Slmllarly, a portion of t h e  wall of the 
Court bulldlng located a t  hlgher terrace level has  also collapsed. The doiible 
storey bulldlng of the  Munlclpal committee whlch 1s constructed of cement stone 
masonry walls has  developed open cracks. Fall of some stones and plas tm from 
the  walls has also taken place. 

The resldent,lal colony of Manerl-Bhall Project Is located on a left bank terrace 
In Joshiara Colony. The residential quarters are  constructed of cement brlcks 
with plaster on the  inner slde of t h e  walls. In all the  ho i~ses  cracks on the 
walls In different dlrectlons are reported to  have been developed, such cracks 
are more pronounced on t h e  upper storey (Photo 23). Fall of any  wall has  not 
been reported In th ls  area. A hotel bulldlng on th is  terrace has  also developed 
cracks on the  walla, the  cracks belng more promlnent on t h e  lnslde surface. 

Dr .  Unlyal'r Rerldence Is a 3 storey bulldlng where damage 1s seen on the  
ground floor. The ground floor Is constructed wlth mud stone masonry walla 
hovlng cement planter. bubeequently, the  2 floore were ralsed on pillars. Cracks 
and settlement of the  floor of the  ground floor ts notlced. In t h e  upper storey 
shear  crocks on the  walls have developed. 

Blrln Dharamsala is  a double storey bulldlng wlth thlck cemented stone masonry 
walls and cement plaster. The walls have been constructed of phyllltlc quertzl te.  
Cracks an 811 the  walls wlth fall of plaster has  been recorded, bu t  no collapse 
Is Sean. 

Carhwel Mandal Tourist Hostel i s  a three  storey bulldlng wlth cement etone 
masonry walls and (2.1. sheet  roof. The long wall of the  bulldlng 1s In E-W 
direction. Open shear cracks and fall of plaster  have developed In t h e  entlre 
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bulldlng. A fall above t h e  etalrcase h a s  also taken place. Horlzontal cracks on 
t h e  walls have developed more promlnently. Leanlng of one of t h e  walls towards 
e a s t  1s noticed. 

Vlshwnnath Temple 1s one of t h e  oldest structures in t h e  town and is 
constructed of f la t  s lab  of quartzi te upto I t s  dome level. A crack In the  domal 
arch, constructed of quartzi te slabs has  occurred due t o  tension. Another temple 
constructed of stone masonry by t h e  slde of t h e  old s t ructure  h a s  also 
developed cracks on I ts  walls. In Shakti temple, whlch 18 a s tone masonry 
structure,  cracks have developed on the  walls a t  hlgher level. The plllars also 
show ti l t lng towards N25'W dlrectlon. 

The Sta te  Bank of Indla bulldlng was lnltlally a slngle storey s t ructure  of 
cement mortar-stone masonry walls which was subsequently ralsed by another 
two floors on plllars. The upper floors of t h e  buildlng have completely collapsed 
(Photo 24) but the  ground floor stands,  though open cracks have  developed on 
t h e  walts. The damage t o  t h e  adJolnlng three  storey bulldlng i s  in t h e  form of 
shear  cracks In t h e  walls. 

Cangori 

Gangorl vlllage 1s s l tuated a t  t h e  confluence of Asslganga and Bharlgathi rlvers. 
Out of 193 houees/bulldIngs In t h e  vlllage, 160 have elther collapsed or  suffered 
partlal damage in t h e  form of cracks and bulges. In most of houses with long 
walls allgned In N-S dlrectlon, the  E-W trendlng walls have e i ther  collapsed or 
developed shear cracks (Photo 26) and bulges towards north. In Dangwal 
~ r o v l s l o n  Store, t h e  light objects kept on shelves on E-W aligned walls fell 
down. In Amar Bhawan, located on a ter race  and allgned in N-S dlrectlon, 
columns developed cracks and Jolnts between pillerr and beams opened up. 
Mud-atone maeonry walls with RCC elabs had completely collapsed. The outer 
wall of mud-rtone masonry of 40cm thickness collapsed, but  t h e  RCC s lab 
remalned Intact. The house la rrltuated on t h e  terrace wlth i t s  rlverslde edge t o  
the  e a s t  about 2.0m away from the  cut. Thls edge of t h e  terrace,  held by dry 

masonry wall, also falled wlth cracks t h a t  extend beyond t h e  western boundary 
of house. A hollow brick wall on the  eas tern  slde of the  house also collapsed. 
The retalnlng walls allgned both In N-S  and E-W dlrectlons In the  area  
callapaed, resulting In development of slump cracks In the  ground. 
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In t h e  adjolning houae, bulglng ln t h e  western wall i s  observed towards the  
west. The wlndows have also t i l ted towards south. In case of double storey 
houses of the  vlllage, ground floors constructed of mud-masonry walls, have 
euffered heavy damage. The damages are  less pronounced on t h e  upper floors 
constructed of RCC plllars and slabs. Simllarly. a publlc urinal constructed of 
hollow cement bricks and cement-sand plaster, has  also suffered complete 
damage (Photo 26). Mdst of the  kutcha baildings In t h e  village have suffered 
damage. Those of mixed kutcha-pucca type developed open cracks, and a few 
bulldlngs wlth 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 t h e  bulldlngs located close 
to  Asslganga rlver on t h e  left bank have escaped with minor cracks and peellng 
of plaster and occaelonal open cracks. The glrder brldge across Asslganga has  
wlthstood the  shock without suffering any damage. The water discharge of a hot 
aprlng located near  Cangorl village has been reported t o  have lncreased wlthout 
any change In the  temperature. 

The vlllage i s  located 2km north of Uttarkashj, a t  an alt l tude of 1720m on the  
right bank of Bhaglrathi rlver. The vlllage s tands  over a 90m hlgh steep scarp. 
In phyllltlc-quartzite of Uttarkashl Formatlon a t  t h e  base of whlch Ilea Pata 
vlllage. No house ln Sangrall collapsed, but shear  fractures have developed on 
E-W allgned walla. These crack6 are  open, and mlnor displacemente (upto 2cm) 
h a s  also been observed alongwlth bulges towards west. Peellng of plaster and 
minor cracks were noticed In N-S  trending walls. Most of t h e  houses a re  of poor 
constructlon A-type etructures wlth a few mlxed A&B type according t o  MSK 
scale of lntenalties (see Annexure-Ill). The temple under constructlon In the  
vlllage 16 a RCC structure with a frame of RCC columns and beams. A few 
columns mnd beams have developed cracks, or have ruptured. The cement 
concrete material of the  columns has broken, and the  exposed s teel  bars are 
found buckled towards west. 

The strong ground motlons have dlslodged or dlsplaced some of t h e  rock blocks 
or  wedges, partleularly those located near the  scarp face, thereby glvlng rise to 
t h e  appearence of ground cracks (Flg.7). 
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F I g .  7 :  C I I A C I S  I N  SAMOIIALI  V I L L A G E  

Maneri Colony 

The resldentlal colony of Manerl project 1s conetructed on t h e  rlght bank of 
Bhaglrathl rlver above Manerl dam on t h e  upper rlver terraces a t  elevatlon 
1360m. The houeer a re  allgned In E-W dlrectlon. The approach t o  t h e  colony has  
been developed by conetructlng a number of retalnlng and breas t  walls whereas 
t h e  colony area was developed by cutt lng and Illllng t h e  low areas  especially 

towards the  wertern end of the  resldentlal quarters. All the  bulldlngs are  double 
storeyed wlth walls constructed of concrete blocks. covered by cement plaster on 
t h e  lnner surface only. Almost In al l  the  bulldlngs vertlcal a s  well a s  cross 
shear cracks have developed on t h e  walls. Open cracks a re  more prominent In 
the  partltlon walls. The extent  of t h e  damage in some of the  bulldlngs Is 
dlscusmd below. 

The Manerl Fleld Hostel i s  a double storey bullding constructed of cement brlcks 
r l t h  oement mortar and plaster on the  walls. On all  the  walls shear  cracks have 
developed whlch are  open wlth wlde gaps at places (Photo 27). Fall of the  
portion of a wall above t h e  stalrcase has  been notlced. 
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The Manoranjan Kendra 1s a single storey building wlth GI shee t  roof. Shear 
cracks on the  walls have developed promlnently. Two plllars of t h e  porch have 
shown t i l t ing towards t h e  south. 

The project temple, constructed a t  the  eas tern  end of t h e  colony above a s teep 
slope ha8 been badly damaged. The s t ructure  i s  constructed on concrete plllars. 
The walls have collapsed and the  pillars have developed cracks whereas the  
dome has  remalned Intact. The hut  of t h e  temple priest ,  constructed a t  the  edge 
of the  slope has  sllded down the  slope for more than  10m dlstance.  A lma  

capaclty steel  water tank kept on cement plllargl a t  the  slde of the  temple has  
experienced a rotation of more than 20'. One edge portlon of t h e  tank,  
orlglnally In NW dlrectlon now lles In N70'W dlrectlon. 

In all the  homes  of t h e  resldentlal colony, shea r  and vert ical  cracks on the  
walls a re  notlced. These become more promlnent in the houses located a t  the  
western end of t h e  colony (Photo 28) as well a s  in the  houses located close to  
the  s teep slope on t h e  r lver slde. The houses on the  western end show 
settlement a s  well a s  fall of portlon of t h e  walls. The chimney slabe of some of 
the  house8 have been rotated by about 20' antlclockwise. 

The offlce bulldlng Is a double storey s t ructure ,  constructed of concrete brlcks 
and located a t  8 lower level a t  t h e  edge of the  slope. Shear cracks with opening 
and falling of bricks from t h e  walls have developed In the  ent l re  bulldlng (Photo 
29). In the  Garage located on the  edge of the  slope, the plllars have come out 
wlth more than 8cm gap. Open cracks a r e  more prornlnent on t h e  southern walls, 
whlle on the  E-W walls only shear  cracks have developed. In the  S ta te  Bank of 
India bulldlng, cracks In the  walls have developed, some of which show 
openlngs. Falllng of some of the brlcks from the  wall a re  also recorded. A 

portlon of the  top parapet  wlth GI sheet  rooflng has  also fallen down. In the  
shopplng complex above the road, the  retaining wall has  collapsed causlng a 
number of slump cracks In front  of the  shopplng complex and sett lement of more 
than 40 cms. Is eeen on the  ground. Shear and open cracks have developed on 
t h e  walle. 

Prom the  damages recorded In the  colony I t  I s  seen t h a t  the  bulldlngs whlch are  
located on the  western end, a s  well a s  close to the  s teep slopes have been 
damaged to  a greater extent  than those a t  ot.her locations. The western end of 
t h e  colony Is reported to have been developed on flll material. 
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The Aungi village located just  upstream of t h e  dam and below t h e  project colony 
on the lower terrace has  suffered extensive damage. The constructions near  t h e  
road are allgned NE-SW. Many houses with RCC slabs have completely collapsed 
though a few of slmilar type have escaped with mlnor damage (Photo 30). The 
NW-SE aligned block of the  Govt. Inter College has  collapsed completely whlle a 
smaller block though suffered category 4 and 6 damage but was not razed t o  t h e  
grollnd (Photo 31). 

The village Is located about 76m above Uttarkashl-Gangotrl road on t h e  right 
side of Kasumpatl nela a t  elevation 1400m. on a high level r iver terrace. There 
are  about 70 houses In t h e  village and a l l  a re  reported t o  have been damaged. 
The houses a re  constructed of stone mud masonry and have developed cracks on 
the  walls and In few houses, fal l  of t h e  walls 1s also reported. In a house 
constructed of cement stone masonry with cement plaster on t h e  walls, only 
cracks In t h e  plaster have developed. The school building whlch i s  a single 
storey structure with mud stone masonry walls and GI  sheet  roof has  developed 
cracks on the  wall a s  well a s  fall of t h e  plaster. Some of the  cracks show 
openlng. A temple constructed on plllars has  completely collapsed. 

These villages a re  located a t  elevatlon 2000m on t h e  left bank slope of 
Kasumpatl nela where cultivated fields have been developed on t h e  sllde 
debrls/hlll wash material. In these vlllagee t h e  houses are  constructed of mud 
stone masonry wlth mud plaster on t h e  lnner side of the  walls whlch show 
development of shear  cracks. Though cracks on t h e  walls have developed no 
openlng of cracks or fall of the  walls, 1s seen a t  village Jonkhonl (Photo 32). 

In Chorsall village there  are  about 176 houses of whlch about 76 a r e  reported 
to have been damaged. The houses a re  constructed of mud s tone masonry with 
s la te  roof. Shear cracks have appeared on the  walls and some very old 
constructions show partlal collapses. The houses are  generally E-W allgned and 
the  northern walls are  comparatively more damaged and show ti l t lng towards 
south. 
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A motorable road between Ghorsall and Jonkhoni whlch 1s under constructlon has  
developed slump cracks and dislodgement of rock blocks and debrls mass. ~t 
Jakhol, the  school bulldlng and a house close t o  i t  located on a spur  on steep 
slope have s u m r e d  extensive damages. The walls of the  school bullding have 
collapsed (Photo 33) whereas the  adjolnlng building, whlch is a cement stone 
maronry constructlon, has  developed cracks on all the  walls a s  well a s  part lal  
collapses of small sections. A nearby temple which is  under conetruction has 
euffered only minor cracks. Although cracks a re  reported to  have developed on 
the  walls In the  other  houses of the  vlllage wall collapse from only 2 housee is  
reported. Shear cracks have developed ln almost all the  bulldings. 

Agom - Kalyuri 

The vlllage Is located a t  elevation 2200m, about lOOm above Assi Ganga rlver 
on I t s  rlght bank. The village lles a t  t h e  foot of a steep scarp, composed of 
gnelsses of t h e  central  crystslllnes. Cultivated flelds have been developed on 
t h e  sllde/hlll wash materlal. The vlllage dwelllngs are aleo founded on thick 
allde debrle materlal. The houses are  constructed of phyllltlc quartzi te boulders 
wlth mud plasterlng and s la te  rooflng. In most of the  houees lncludlng the  
school bulldlng, only cracks on the  walls have developed. Fall of a portlon of a 
wall above the  wlndow level 1s seen and leanlng of wooden wlndows towards 
north Is recorded (Photo 34). 

The Forest Rest House bulldlng Is located on a spur a t  t h e  end of t h e  vlllage 
where small retalnlng structures on 3 sldes have been constructed to  develop a 
f l a t  ground. The retalnlng structures have collapsed resultlng In the  
development of slump cracks on the  ground. The bulldlng ie a stone masonry 
s t ructure  wlth GI sheet  rooflng. The walls of the  bulldlng have collapsed 
resultlng In t h e  cevlng in of roof (Photo 36). The 3 houses constructed on the  
alde of th l s  bulldlng have also suffered demagee, and cracke on t h e  walls a re  
promlmnt. The chlrnneys over the  houees have broken and have fallen to  t h e  
western 6ide. 

On the way to  Agora In Asslganga valley. t h e  B-type and A cum B type 
bulldings a t  Kalyanl h ~ v e  suffered damage of Grade 4&6. The damage to  N - 9  
allgned bulldlnas lnclude open shear cracks, tlltlng of western walls, and 
collapaer and bulges on northern walls. Slmllarly, ln the  case of E-W allgned 
bulldlngs, even those wlth plllars and cement plasters, t h e  N-walls have 
collapsed (Photo 38). The Forest Rest House 1s badly damaged, wlth shear cracks 
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in western wall and peeling off of plaster ,  open cracks and minor dleplacementr 
In northern and eouthern walls. Collapses are  more pronounced In NE and NW 
corners in case of both E-W and N-S allgned structures.  

Ganeshpur 

The vlllage Is located on t h e  right bank of r iver Bhaglrathl a t  a n  a l t l tude of 
1260m. The dwellings a re  clustered over an  alluvial terrace whlch 1s flanked by 
ateep hill slopes towards the  north. The southern boundary of t h e  vlllage i s  
marked by a shallow valley of Gawana Cad. 

The earthquake had a profound effect on Ganeshpur. I t  took. a toll of 46 human 

lives and left many others LnJured and homeless. A number of heads of ca t t le ,  
constltuting the  main source of llvellhood for t h e  vlllagers also perlshed under 
the  debrls. One of t h e  witnesses to  the  catastrophe described t h e  even t  as 
under. 

"We were fas t  asleep In the  f l rs t  floor of our house when some unaeen force 
woke everybody up. The groud first  heaved then shook violently for almost a 
mlnute resultlng In falling of untensils and other loose objects and collapses of 
walls and roofs. Those who survlved or remalned untrapped ran out  ln '  u t t e r  
panic and confuslon.The entire village was engulfed in darkness and dus t  
generated out of fallen debrls. The roaring sound of rock ruptures and rolllng 
blocks and boulders from nelghhorlring hill slopes amldst cries and walllngs made 
thlngs stlll  more fearsome. I t  took sometlme to  reallse what exactly had 
happened and the  extent  of devastation left behlnd. After recovering from t h e  
shock, the  able ones began the  rescue operations and helplng and consoling each 
other.  The night passed somehow and a futureless day began with much despalr 
in store." 

The damages suffered by t h e  village have been extensive. None of t h e  houses 
have remalned safe for habltatlon. forclng t h e  inmates to  s t ay  out.  The vlllage 
houses are,  in general, constructed of thick mud-masonry walls with s l a te  roofs. 
Some new constructions have used RCC s labs  and columns and GI sheets.  The 
c ~ r t h q u a k e  has reeulted in p ~ r t l a l  or to ta l  collapse of most of t h e  thick 
masonry walls (Photo 37). pnrtlcularly of the  upper storey. Extenslve. deep open 
cracks have surfaced in numher of wall8 and the  plaster has  peeled out (Photo 
38). The low, dry masonry boundary walls have Invariably falled. Simllarly, the  
terrace retalning walls have collapsed a t  a number of places. As per the  MSK 
Int.cnslty 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 construct.ed hollse 
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adJolnlng t h e  le t t  abutment pler of t h e  collapsed Gawana gad bridge, cracks In 
walls having a displacement of about 1 cm. towards north-west quadrant have 
appeared. 

The vlllage i s  located a t  km. 8 along Uttarkashl-Cangotrl Motor road, on the  
rlght bank of r iver Bhagirathl over an  alluvial terrace. Netala h a s  a populatlon 
of 900 people subslstlng mainly on agrlculture and animal based economy. The 
earthquake has  caured the  death of 44 persons and lnfllcted injuries to  120 
others, affecting some 180 famllles. A number of heads of ca t t l e  have also 
perished. 

Most of t h e  thick mud masonry walls alongwith the  roofs have suffered partial 
or to ta l  collapse. Others have developed wlde, open cracks maklng them unsafe 
for habltatlon. A s  per the  MSK Intenslty scale,  type A s t ructures  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 t h e  RCC slabs has  been essentially due t o  failure of load bearing 
walls and occaslonally the  slabs have also suffered damages due to  t h e  Impact 
al t h e  fall (Photo 39).  The old temple of t h e  vlllage presents a n  lnterestlng 
case of study. The thick masonry walls of t h e  structure have developed open 
cracks and the  plaster has  peeled out at places. The pyramldal roof 1s more or 
less Intact. However, Its splre has  been thrown away by about 7m In N70'E 
dlreetlon where I t  s tands  In the  uprlght posltlon (Photo 40). Both NE-SW and 
NW-SE trendlng walls of t h e  temple have developed shear  cracks. The damage 
pat tern  indicates t h a t  t h e  direction of wave propagation was roughly from SE to  
NIP. Plne cracks and peellng of concrete have occurred In poorly constructed RCC 
ce1umns of an adJolnlng unflnlshed bulldlng. 

The vlllage Is sl tuated on the  right bank of Bhaglrathi rlver. The terraced 
flelds, sloplng gently towardr the  r lver have been carved out In debrls fan 
deposlts. The village har  about 70 houses end a populatlon of 700. The 
earthquake took a toll of 29 human llves and Injured 28 people. The basic cause 
of th ls  high magnltude of devnstatlon was the  strong ground motlons acting 
upon poor quallty conatructlons. Almost a l l  the  lnhabltants vacated thelr  
dwellings and were staylng out In make r;hift hutments. 
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The destruction of the bulldlngs by the  earthquake has been qulte complete. The 
thlck mud masonry walls have collapsed ln a number of cases. The RCC slabs 
and beams, supported on such low strength walls have also caved ln. The 
Prlmary School Bulldlng of the vlllage aligned In the E-W dlrectlon (Photo 41) 
has been examlned in detall. The foundation and lower portlon of the  bulldlng 
have moved by 6cm. towards north, apparently gettlng sheared from the  upper 
portion of the  structure. The abrupt force has  made all the  non-load-bearlng 
and structural masonry walls, and part of the  RCC roof, t o  collapse towards the  
mouth (Photo 42). Thls Implies tha t  the  shaking was ln N-S dlrectlon. A s  such, 
the long walls, lncludlng the load bearing columns bulged, tllted or collapsed 
towards the south. The N-S trending slde wall developed promlnent shear cracks 
(Photo 43). The dlrectlon of selsmlc wave propagatlon was, therefore, from east  
to  west. The RCC beams have developed flne tension cracks. A s  per t he  
lntenslty scale, t y p o - A  structures have suffered grade 4 and 6 damages and 
type B structures. grade 2 damages. A few type C structures show grade 1 
damage. 

The vlllage la located on the right bank of rlver Bhaglrathl over fan deposlts. I t  
conslsts of about 110 houses and has  a populatlon of 760 people. The 
earthquake has  resulted In deaths of 9 persons and injurles t o  44 others. Some 
cattle8 have also perlshed In the earthquake. 

A number of houses of the vlllage have suffered different grades of damagea. 
Some m d  maeonry walls, partlcularly of the 1st. or 2nd floor, have totally 
collapsed, where-, others have developed promlnent open cracks. An old two 
storey houslng complex of conventlonal constructlon of thlck mud mortar walls 
has partlally collapsed kllllng 6 permons In one room. The extenslons t o  this  
houae have been recently constructed with concrete slabs whlch have suffered 
considernble damage but have escaped collapee (Photo 44). Some of the  walls 
have bulged or tllted towards south, indlcotlng the dlrectlon of ground 
osclllatlons. Some slump cracks wlth mlnor displacement were observed In the  
elopes. Walls restlng on euch foundatlon have suffered much greater damage. 
Most of the houses have become unfit for habltatlon, forclng the inmates to  r t ay  
out In make shItt hutments. 

A two storey type-A construction wlth i ts  long wall orlented In N-S dlrectlon 18 
found to have developed a sllght t i l t  towards routh. Promlfient shear cracks 
have appeared on the long wall. 
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The village is  located on t h e  left  bank of Bhaglrathl r iver over al lnvlal  terrace 
deposits. Saura has  a population of 660 people and has  about 150 houses. The 
earthquake took a toll of one human llfe and caused 1nJury t o  12 persons. A 

number of ca t t le  also perished or got inJured In the  earthquake. 

The poorly constructed mud masonry walls of t h e  village dwellings have 
pertlally or totally collapsed In a number of cases. A t  places, t h e  RCC slab or 
s l a te  roof resting on such walls have also caved in (Fig.8). Almost al l  the  
standlng walls have developed deep, open cracks, rendering them unsafe for 
habltatlon. 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 a t  places. 

Fig. 8 : S K E T C H  S H O W I N G  E X T E N T  O F  D A M A G E S  TO T Y P E  'A' A N D  T Y P E  '0 '  C O N S T R U C T I O N S  
I N  SAURA V I L L A G E  ( S K E T C H  B Y  P .  P A N D E )  
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Jamak 

The vlllage 16 located on a high level  al luvial  deposi t  of a n  abandoned channel ,  
on t h e  le f t  bank of r lver  Bhaglrathi,  at a d is tance  of 0.5 km sou th  e a s t  of 
Manerl dam. Jamak bore t h e  maxlmum brun t  of t h e  20th October ear thquake ,  
where 70 persons got  killed and almost a l l  t h e  remaining were i d u r e d .  The  
in tens l ty  of grorind motlons was s o  high t h a t  near ly  90% of t h e  dwellings were 
e l ther  razed to  t h e  ground or  suffered heavy  damage, making them unf i t  and  
pnsafe for  habl ta t lon .  The  vlllage t h u s  bears  a deserted look with a l l  t h e  
lnmates having moved t o  t h e  neighbourlng f ields in make sh i f t  hutments  (Photo 

46). 

HIGH D E N S I T Y  L P M A G F  T O  

r O o N ~ , + ~ , ~ ~  S T R A T A  : A L L ( J v I S L  DEPOSITS 

I 
C A V I N G  IN OF R C C  S L A B 5  

DUC TO H E A V Y  C O L L A P S E J  

, T U F F  E R E D  B Y  LOAD BEARING,  

D R Y - M A S O N R Y  W A L L S  

Fig. 9 .  D A M A G E  I N  J A M A K  V I L L A G E  ( S K E T C H  B Y  P .  P A N D E )  

The maJorlty of t h e  houses were constructed of thlck mud masonry walls of very  
low s t rength ,  supporting s l a t e  or  RCC s l ab  roofs. A t  places, poorly c a s t  RCC 
columns and beams partially replace (on one or two sides)  the  masonry walls.  
The collapse of t he  walls by the  s t rong ground motlons h a s  resulted In cavlng 
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1n of t h e  RCC structures,  (Photo 48) a s  well (Flg.9). In general, t h e  grades of 
damages In Type-A s t ructures  have reached upto 4 and 6 (Photo 47 and 48) and 
In type-B structures upto 3 and 4. Some of t h e  RCC beams and columns have 
also developed crackr. The lntenslty of damage lndlcates t h a t  t h e  vlllage falls 
rlght ln t h e  eplcentral t rac t .  

KAMAR 

The vlllage Is located on debrls slopes, 6 km. South-east of Manerl dam a t  an 
alt l tude of 2000 m. A low, sloplng quartzi te rldge 1s exposed In the  upper 
perlphery of t h e  settlement. The vlllage has  about 60 houses mostly clustered a t  
two three  places a t  dlfferent levels, wlth only a few lsolated ones. Here a 
populatlon of about 400 persons resldes. The 20th October earthquake had a 
profound effect In t h e  area  leavlng 8 persons dead and 14 of others 1nJured. 
Almost all t h e  houses ruffered dlfferent degrees of damages thereby forcing 
almost everybody to s t a y  out-doors In make-shift hutments. 

The houses of t h e  vlllage, In general, a re  of poor quallty. The thlck 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 utlllzed RCC 
rlabm. beams and masonry columns, but wlthout proper understandlng of the  
structure.  The orlentatlon of houses i s  found t o  be governed by slope condltlons 
wlth the  h n t a g e  long wall allgned parallel t o  the  valley. 

The damages. t o  houses a re  qulte extenslve and severe. The thlck masonry walls 
have suffered part lal  t o  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 wlth displacement and peellng of plaster  are very 
comhon. 

The house of Pumhkar Slngh Chauhan, located a t  t h e  edge of a sloplng rldge has 
been analysed In detall (Flg.10). The NE-SW trendlng long wall of the  damaged 
house has  t l t led by 6' towards SE dlrectlon. The NW-SE trendlng slde wall of 
mud masonry has  suffered partial collapse. Part of the  s l a te  roof and the  
wooden beam rert lng over the  collapsed slde and partltlon walls have thereby 
caved In. Shear cracks and peellng of plaster  1s also evldent on t h e  slde wall. 

AS per the  lntenelty scale, the  strong ground motlons last lng for over 46 
seconds caused grade 3 & 4 damages t o  most of type-A structures.  The steeply 
ascendlng foot track between Jnmak and Kamar Is found t o  be rlddled wlth a 
number of rock falls and dlslodgemente. The lntenslty has  been such t h a t  many 
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plne trees,  camlng In t h e  traJectorles of t h e  shootlng rock mass have snapped. A 

huge quartzite block wlthln t h e  debrls zone got partlally dlslodged by the 
earthquake and now hangs precarlously over t h e  northern fringe of t h e  vlllage. 

The vlllage 1s located about 2 km upstream of Manerl dam on t h e  left  bank of 
Bhaglrathl rlver. The dwelllngs a re  s l tuated over a gently sloping debris fan 
whereas t h e  extenslve terrace deposlts have been utlllsed for cultlvatlon. The 
village has  a cluster  of about 66 houses wlth a populatlon of about 400 
persons. The devaetatlng earthquake took a toll of 45 human llves and lnjured 
many others in t h e  vlllage. The magnltude of destruction can be Judged from the  
fact  t h a t  a strong stench,  emanatlng from carcasses burled under house 
collapses, st i l l  pervades the  atmosphere, even af ter  a month of the  tragedy 
(Photo 61). The entire vlllage populatlon has, shifted In make shift  hutments 
near  the  Dedsari suspenslon brldge. The extenslve alluvial terrace deposits on 
t h e  left  bank of rlver Bhaglrathl have been utillsed for cultlvatlon. The frlnge 
of t h e  low level terraces adJolnlng the  river have been sliced away for a length 
of lOOm In a highly llnear fashlon due t o  t h e  earthquake and i s  slmllar to  the  
shaven terrace of Heena. 

The houses of Dedsarl vlllage are  constructed of thlck mud-masonry walls wlth 
s l a te  rooflng. Some new constructlons have utillsed RCC slabs or G.I. sheets and 
have demonstrated high grade of damage (Photo 52). A few old houses which 
have survlved t h e  shocks have used only timber for structural  and 
non-structural components wlth s la te  rooflng. A s  per the  tntenslty scale almost 
60% of type-A s t ructures  have suffered damages of grades 4 and 5 (Photo 63 8 

63A). The damage ln type-B structures 1s of grade 2 and 3 wlth development of 
open shear  cracks (some wlth dlsplacement), bulglng and t i l t .  

The Kallnag Temple located on a f l a t  ground towards the  top level of the  
vlllage 1s a type B-structure (Flg.11). The walls of the  sanctum are  of masonry, 
s e t  In mud mortar. All around I t ,  thick masonry columns and RCC beams support 
a varandah s lab of RCC. The pyramldal roof of the  sanctum 1s of RCC. The 
buildlng 1s squarish In plan. 

The N6S0W-S66*E trendlng faces of the  sanctum walls have developed prominent 
crmn shaped shear cracks. The columns have lnvariably sheared near the  beam 
contact. A dlsplacement of the  order of 2cm towards N15'E dlrectlon has  been 
measured In one of t h e  corner plllars. Open cracks have also appeared in the  
floor, partlcularly around pillar contacts. 
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Fig.  I I  : DAMAGE TO KALINAG TEMPLE, DEDSARI VILLAGE (SKETCH BY P. PANDE 
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Sanglal 

The vlllage 1s located 8 km NNE of Bhatwarl along Uttar Kashl Gangotrl road on 
the right bank of Bhaglrathl rlver. The dwelllngs lie over debrls slopes wlth 
crystalline rocks exposed In the road cuts. Sanglai 1s a hamlet of 14 housee, 
clustered a t  3-4 places. It has a total populatlon of 60. The 20th October 
earthquake took away 17 human llves and caused Injury to  almost every one 
who survived. As the flguree narrate, almost 30% of the populatlon was wiped 
out by the catastrophy. 

The housee have been constructed of thlck mud masonry walls wlth stone slab, 
RCC slab or GI sheeet roofings. The lntenslty of damage to houres located a t  
lower levels 1s found to be less severe than those located at hlgher levels. A 

cluster of poorly constructed type-A buildings havlng long wall dlrectlon as  
N5O.E-S60.W have suffered near total collapee (Photo 64). Here the  dlrectlon of 
fall 1s seen to be governed by the slope condltlons. A cluster of type-A houser, 
located on a N60'W-S60'E trending narrow ridge have suffered total  dertructlon 
(Photo 54A). 

A Junlor High School bulldlng has been studled In detall (Photo 66). The 
structure 16 constructed of thlck mud masonry walls wlth masonry column8 In 
front, supportlng the varandah roof. G.I. sheets have been used for the roofing. 
The long wall dlrectlon 1s N-S and the slde wall E-W. The southern end rlde 
wall has developed sherr  cracks and tias partially falled towards routh. Some of 
the front plllars have sheared and collapsed towards eastern side. 

The tremors have caused fallures of edges of the terraced fleldr. A few ground 
fissures of llmlted extend have also been noticed. The steep banks of BhoglratM 
rlver north of Sanglal whlch are composed of alluvlal terraces rhow dump 
fallurea a t  number of places that  are related to earthquake. In the 
Sanglal-Sunagar road sector, rock slldes and dislodgement8 are found to occur ln 
abundance. 

Judglng from the extent of damage to bulldlngs and ground dopee lnfltcted by 
the tremom, the lntenalty of ground motlons appears to have accentuated in the 
Sanglal-Tiara area. Thls, therefore, seems to be an Isolated core of VIII 
lntenslty. encircled by lower Intenslty level of VII a t  Pala and Ralthal In the 
south and Sunagar and Cangnanl In the north. 
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Burl Crngnani 

The vlllage 1s located 1 km SE of the  famous Cangnanl hot water springe. The 
place 1s approachable from the  maln road by a s teep gradient foot track. The 
Isolated vlllage, has  a total  of 60 houses with a populatlon of 600. The slopes 
have been converted lnto terraced flelds for cultivation. All t h e  houses a re  
clustered at one place, atop a f l a t t e r  ground. 

The 30th October earthquake took a toll of 3 human l lves and injured few 
others. The Intensity of ground motlons appears t o  be markedly less profound a s  
compared t o  t h e  adJolnlng area  to the  south,  along t h e  Bhaglrathl valley. 

The llmltatlon of resources and sklll have been responsible for poor quall ty 
constructlon of houses In Hurl vlllage. Thlck, randomly packed masonry in mud 
mortar wlth s l a te  rooflng are  the  most common types of constructions. In some 
very old structures,  timber has been freely used, both a s  s t ructura l  and 
non-structural components. Few others have used tlmber beams a s  
mlnf@rcements in between the  masonry walls. 

The earthquake of 20th October has  caused part lal  collapses of 1 s t  floor 
masonry walls. As per t h e  lntenslty scale. grade 2 and 3 damages a re  common In 
type-A structures and grade 3 and 4 In very poor quall ty,  old type-A houees. 
Bulldlngs located near t h e  edge of slopes have suffered more damages. Some of 
t h e  walls have bulged towards ESE dlrectlon. 

The llghter wooden s t ructures  and those  provlded wlth wooden beam 
relnforcements have remalned undamaged or damaged t o  a much lesser extent .  
Heavy s la te  roofs have also contributed t o  t h e  damage, particularly of t h e  gable 
portlon. 

The Cangnanl Hot Springs have rernalned unaffected by t h e  Carhwal earthquake.  
The temperature of sprlng water a s  measured on 27th November, 1991 was 65'C 
whlch le comparable wlth t h e  earller record. However, an  earthquake related 
ground settlement has  created an  open flssure across the  cemented floor of one 
of the  two pools. Thls has  rerulted In t h e  dralnlng out  of t h e  accumulated water 
In the  pool thereby rnaklng It  dry. The source remalne unaffected and unaltered 
as fa r  a s  t h e  dlachsrge and temperatures a r e  concerned. 
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Ralthal vlllage is located on a n  E-W trendlng spur  and N-S trending slopes, 
covered wlth hlll-wash materlal. The thickness of overburden in t h e  slopes 
utlllsed for dwellings 1s less a s  compared t o  a reas  whlch have been converted 
Into fields. The vlllage Is sl tuated a t  about 2000m elevation on the  rlght bank 
of Bhagirathl. The village has  about 160 houses of whlch nearly 86% are  Kutcha 
houses constructed of stone masonry wlth or wlthout blndlng material. The pucca 
houses hove been constructed wlth stone masonry, cement, RCC plllars and slabs. 
One house has  been constructed wlth hollow brlcks and RCC slabs & plllars. The 
houses are  allgned e l ther  In N-S or E-W dlrectlons, dependldng upon their  
locatlon on slope. About 90% houses In t h e  vlllage have suffered damages of 
dlfferent grades and 40% have collapsed. The collapses are  confined t o  purely 
kutcha dvelllngr where el ther no blndlng materials have been used or mud 
serves the  purpose of mortar (Photo 66). The collapses are  restricted t o  western 
walls of E-W allgned houses and southern walls of N-S allgned houses. In case 
of collapses in N-S aligned houses, t h e  walls have suffered collapses In gable 
portlon a s  In the  school bulldlng (Photo 57). However, here the  cracks could not 
be notlced. Twenty flve casualt les have been reported In th ls  village due t o  
the re  collrpsea. The other 60% houses have developed cracks and peellng of 
plaster. The damage In form of cracks 1s more pronounced on western or 
northern walls. 

A group of old temples (about 1000 years old) has  also suffered damage. Out of 
4 tempks,  one has  completely collapsed and Kalas on one has  moved towards S 

(Photo 57A). These are  masonry structures constructed of dressed stones wlthout 
any  cementing materlal and are  of small helght (upto 2m). 

Although there  was report of blg cracks In Ralthal vlllage, none could be 
obsewed elther ln the  vlllage or on the  slopes above It.  Some slump cracks 
mlght have developed whlch probably later  got filled up due to  raln.  However, a 
few landslide m a r s  have been observed there  in the  NW part  of the  vlllage on 
other elope of nala. Slmllarly, In Klar, most of t h e  houses have suffered damage 
due t o  cracks. Even In bulldlngs constructed of stone masonry wlth cement 
plaster  & RCC slabs, walls have developed shear  crackes. 6 Kutcha houses have 
sutfered wall collapses (Photo 68) whlch a re  conflned to  western and northern 
sldes In N-S allgned houses. 
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Nald 

Nald vlllage 1s located NW of the  eplcentral t r ac t  on hlll slopes, a t  an  a l t i tude 
of about 1300m. It  1s a medium slzed vlllage with about sixty houses. Buildlngs 

are  mostly double storey constructed of locally avallable stones,  mud and tlmber. 
Some of t h e  houses have cement plaster  and RCC slabs. The vlllage 1s located 
on thin overburden ranging in thickness from 1 to  2m. The damage pat tern  

studles In th ls  vlllage reveal t h a t  most of t h e  houses have escaped wlth cracks, 
bulglng and dlsplacernent and t l l t  in walls and plllars. Collapses were nelther 

reported nor observed In th ls  vlllage In contrast  to  surroundlng vlllages llke 
Gangorl, Ganeshpur, Netala etc. The terrain has also suffered extenslve damage 

1n the  form of landslldes, rock slldes etc.  Some of the  blg landslldes have been 

observed to  have occurred on hill slopes located, NE, E and SE of th l s  vlllage 
resultlng In generatlon of dust  and sparks,  giving an lmpresslon of fire. The 
cracks in the  overburden ln the  west slope (36') are mostly In en-echelon 
pattern,  extndlng tor lorn In N20'E-S2O0W dlrectlon and 6crn in width. However, 
no s e t  of cracks could be traced for a length more than 30m Thelr formation can 
be attrlbuted to  sllght movement of t h e  slope formlng materlal. 

,Most of the  houses In t h e  vlllage are  aligned with their  long walls el ther In 
N20'-26'W-S20'-26'E dlrection or in N70'-7SeE-S70'-76'W direction. Slnce no 
house has suffered collapses, the  damage Is restrlcted t o  development of shear  
cracks, vertical cracks etc. In walls and bulges and t l l t s  In plllars. The crack, 

are open wlth openlng golng upto 5.0cm In some cases. 

The house of Shrl Surat  Slngh 1s a Kutcha house constructed from stone masonry 
wlth mud plaster and s la te  roof (Flg.12). The plllars In t h e  varandah a re  also of 
mud stone masonry etructures. The walls have tlmber partltlon. The long wall of 
the  house 1s allgned In N20'W-S20'E direction. The NE-SW trendlng wall has  

developed vertlcal. open cracks. The pillars In t h e  varandah have t l l ted towards 

N70"E and dlsplacement a t  t h e  top la of the  order of 10cm. The cracks 

developed on long wall are of open nature and plaster has peeled off at number 
of places. Slight dlsplacernent and some bulge were noticed In th l s  wall. No well 

has  collapsed but both structural  elements (plllars) and non s t ructura l  elements 

(walls) have suffered damage. However, t h e  north eastern and south western 

walls have emcaped wlth'mlnor cracks. 

Slmllarly, the  house of Shrl Ram C h a n d r ~  wlth long walls aligned In N20"W-S20'E 
dlrectlon and constructed with mud-masonry and cement plaster has  developed 

shear cracks on NW walls and bulge In north-eastern walls (Flg.13). The plllars 
restlng on RCC slab on flret floor have t l l ted towards N70'E. The house of Shrl 
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Prem Slngh, constructed of mud-stone masonry wlth slate roof and allgned In 
N70'E-S70.W dlrectlen has escaped wlth open cracks whlch are vertical and 
lncllned on both N70'E-S70'W and N20'W-S20'E allgned walls (Flg.14). Theee 
cracks are open but no bulglng was observed In the bulldlng except for small 
dlsplacements in S wall. Thle dlsplacement was also towards N70'E. 

It has been obeerved tha t  thls vlllage has suffered relatlvely less damage as 
compared to other nelghbourlng vlllages In the area. The terraln around the 
vlllage has ruffered conslderable damage In form of slope fallures, rock rlldes, 
etc. The vlllage 1s located on gentle slopes with a thln overburden and 1s the 
reason that  the foundatlone of most of the houses go down to bed rock. The 
masonry stones used In the construction are platy In nature addlng to the  
stablllty of structures. T h e ~ e  factors, coupled wlth the use of timber could have 
resulted In relatlvely less damage to structures in the vlllage. 

Bhatwarl 18 a tehsll headquarter and an important town on the  
Uttorkashl-Cangotrl Road. The vlllage 1s located on both the banks of Bhaglrathl 
river. The habltatlon on rlght bank 1s located on hlll slopes wlth overburden 
comprising slope oaeh materlal and small fluvlal terraces whereas tha t  on the 
left bank 1s on rlver terraces. Klar vlllage 1s located on hlll slope6 and terrace 
of a nala flowlng south, about 0.6 km north of Bhatwarl. The altitude difference 
between the two vlllaages 18 about 100m. 

In care of Bhatrarl, the bulldlngs allgned in E-W dlrectlon on both rldes of 
Uttar Kaehl-Cangotrl Road have suffered less damage and escaped wlth mlnor 
cracks on long walls as  compared to those whlch have been conetructed on 
flatter elopes In relatlvely open areas. The Govt. Inter College, located on a 
fluvlal terrace on left bank of the rlver, PWD Rest house, Residence of 
Executlve Englneer, PWD and other houses In the vlllage sltuated above the 
hlghway fall have also experlenced greater lntenslty of damages In some houses 
the RCC slabs have fallen l n t w t  on the collapsed walls (Photo 59). 

The PWD Reet house, wlth long walls allgned In NE-SW dlrectlon appears to  be 
lntact If vlewed from outslde (Flg.16). However, closer look reveals tha t  the NE 
well (nllgned NW-SE) has been cracked badly wlth openlng golng upto 6.0cm. The 
cracks extend to a helght of 3m on thin wall. The cblmney located on NE slde la 
also badly cracked and upper slab of thls has fallen down (Photo 60). The 
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blocks supportlng th l s  s lab  have also been thrown out  of place and are  lylng on 
GI sheet  roof. Slmllarly, t h e  SW wall has  also suffered cracks. The partltlon 
walls have collapsed In gable portlon renderlng I t  unfit for occupatlon. 

In case of Govt. Inter College located on a terrace on left  bank of Bhaglrathl, 
t h e  gable portlon of western and southern walls has  suffered collapses (Flg.16). 
Thls N-W allgned bulldlng is  a two storey complex constructed with hollow 
brlcks and cement. 

SLIGMl TILT 
TOWARDS M E  

OPEN CRAC 

f I S .  1 5 :  P W D REST HOUSE, IHATWARI  

WALLS MADE Of 
PRECAST I I I C K S  

SHEAR CRACKS 

There are  cracks In northern wall. Slmllarly, few houses In t h e  vlllage havlng 
thel r  long walls allgned elther In E-W dlrectlon or  in NW-SE dlrectlon have 
suffered collapses In short  walls and open cracks In long wall ln a few cases. 
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In case of Klar vlllage, the  damage 1s of similar nature.  A few very old temples 
(about 1000 years old) a r e  located In the  north eas t  portlon of t h e  vlllage. Out 

of four such structures constructed fkom stone masonry, three  have wlthstood 
the  shock. One of them has  collapsed and there 1s sllght t l l t  towards NW In the  
Kalash' of one of these  temples. These are  s t ructures  of low helght and have 

rquare base ra ther  than  elongated ones. Thls may be t h e  reason why these  low 
helght old structures devoid of any cernentlng materlal have wlthstood t h e  
shocks without much damage. 

Out of 44 houses in the  vlllage, damage ln form of cracks Is In all t h e  
structures.  Eight of t h e  houses have suffered collapses of walls resultlng in one 
casualty. The houses in the  village are  mostly aligned in N-S t o  N40'E-S40'W 
dlrectlon. The houses allgned wlth long walls In above mentioned direction have 
suffered collapses on western and northwestern walls and open cracks on 
northeastern walls. The partitlon walls of such houses have also suffered 
collapses. In case of Pawar Sadan, a NE-SW allgned s t ructure  constructed of 
stone masonry walls and RCC slab, t h e  NW wall h a s  collapsed part ial ly where a s  
shear cracks have been observed ln SW wall. Also, t h e  jolnts between walls and 
lintel have opened upto 1.0m. 

A simllar pattern of damage has  been observed in case of Ralthal vlllage whlch 
is  sl tuated north of Klar. 

Pala village Is sl tuated on hlll slope on rlght bank of Bhaglrathl a t  about 
2000m altltude. There a re  about 30 houses in t h e  village. These are  mostly mud 
stone masonry structures wlth s l a te  roof. There are  a few houses whlch have 
RCC r o o h  and cement plastered walls. The damage In the  vlllage Is comparable 
to  tha t  In Ralthal resulting in seven casualltles. The damages to the  bulldlngs 
conslst of crack, both vertlcal and of shear  type wlth openlng and dlsplacement 
and wall collapses. Some damage to  the  ter ra in  has  also been observed In t h e  
vlllage in the  form of small cracks wlth openlng upto 7.5cm and extenslon upto 
10.0m on the  edges of terraced fields. These are  allgned In N60'E-S60.W 
dlrectlon. 

The houses are  mostly conrtructed wlth thel r  long walls allgned ln N6O0E-S60bW 
dlrectlon. The damage pattern Indicates t h a t  south eastern walls (walls allgned 
NE-SW) have suffered damages in form of intense cnrcklng and bulglng towards 
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SE where-as collapses have been observed in the  NE walls. This pattern of 
damage 1s lndlcated In the  house of Shrl Sahdev Singh & Cyan Chand and 
Prlmary School buildlng (Photo 61). 

The house of Sahdev Singh and Cyan Chand has  i t s  long wall allgned in 
N60-E-S60-W dlrection (Flg.17 and Photo 62).  I t  i s  a stone masonry house with 
RCC slab roof. The house 1s double storeyed with t h e  s t a i r  case located outside. 
The southeastern wall ha8 suffered damage in t h e  form of open cracks (upto 6 
cm) whlch are  more pronounced near the  wlndows and extend towarde the  edges. 
Bulge towards SE was also noticed below the  window in th is  wall. Slmllarly, the  
projectlons on th is  wall like s ta i r  case have also suffered cracks. The NE wall 
(allgned NW-SE) has  suffered more damage in the  form of part ial  collapse and 
development of open cracks. The collapse 1s more pronounced a t  upper portion of 
buildlng a s  compared t o  lower. Slmilar damage, but of lesser intensity has  been 
notlced ln a number of houses. 

R C C  S L A B  

O P L n  CRACKS 

OPEN CRCKS 

BULOINO TOWARD8 S E  

f I 9 .  I T :  HOUSE Of JAHDCV BINOH AND OVAN CHAND, PALA 

The Primary School building, located on a small terrace i s  a single etorey, mud 
atone masonry structure wlth 01 sheet  roof (Flg.18). I t  has  also Its long wall 
aligned In N60'E-S60'W dlrectlon. The failure of NW and SE corners has  resulted 
in complete collapee of NE wall (Flg. 18). A closer examinatlon lndlcates the  
damage of wall mlght have lnitlated In the  gable portion. 
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Two village temples ai tuated on a NE-SW trendlng rldge over looking t h e  vlllage 
have been razed t o  t h e  ground. These were masonry s t ructures  of low height 
with shlkhar' about 3-4m above the  ground. The collapse of these  s t ructures  
rnlght have resulted because of topographlcal accentuatlon on t h e  narrow rldge. 
A few bulldlngs llke Patwarl Chowkl allgned parallel t o  the  Prlmary School have 
escaped any damage. 

Earall- Jhala-Gangotrl 

In Harsll, t h e  constructlon Is mostly conflned on the  right bank terrace. The 
bulldlngs In th l s  vlllage have developed cracks whlch a re  e l ther  vert lcal  or 
horlzontal in both N - 9  and E-W walls. In case of one shop allgned in  E-W 
dlrectlon, a few cracke were notlced a t  the  floor. These could have resulted due 
to  foundatlon settlement a s  a result  of t h e  earthquake shock. 

Slmllarly, the  PWD Rest House. whlch 1s mud stone masonry bulldlng wlth walls 
having cement plaster end GI sheet  roof has  been partlally damaged and 
declared unflt for oecupatlon. Cracks have developed on t h e  northeastern walls 
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and partltlon walls have partially collapsed. Most of the  buildings In the  vlllage 
have euffered damage In the  form of open cracks in t h e  walls and partlal 
collapse of Kutcha walls, near t h e  top levels. 

The wlde open valley In the  sectlon beyond Jhala and meanderlng course 
through the  alluvlal flll ln t h e  upstream dlrectlon lndfcates blockade of rlver 
Bhaglrathi probably by a n  ancient landsllde downstream of Jhala.  

In Jhala  vlllage, located on hlll slopes on rlght bank of Bhagirathl Jus t  upstream 
of r lver blockade s l te ,  t h e  damage 1s restricted to  development of fine cracks on 
t h e  southeastern walls of NE-SW allgned stone masonry bulldlngs whlch a re  few 
in number and these  escaped major damage. Most of t h e  houses have used tlmber 
a s  constructlon materlal. The school bulldlng located about 20m above rlver bed, 
developed a few vertical cracks on SE wall and slight dlsplacernent In pillars 
towards SE has  been noticed. This bulldlng is  allgned In t h e  N30bE-S30'W 
dlrectlon. The plllars have developed horlzontal cracks in an Isolated case, the  
Jolnt  wlth l lntel  has  opened and the  pillar has  tllted towards SE. 

In Gangotrl, a pllgrlmage centre,  constructlon has  come up on moderately steep 
hlll slopes on both t h e  banks of Bhagirathl rlver. Generally t h e  houses donot. 
show any damages except the Gangotrl temple wherein halr  fine cracks have 
developed on western and southern walls a s  a result  of openfng up of Joints 
between masonry stones (Photo 63). 

Sukl 

Sukl vlllage 1s located on hlll slopes, on rlght bank of Bhaglrathl rlver a t  an 
alt l tude of about 2500m, occupied by debrls of a dormant land sllde. The 
bulldlngs In the  vlllage are el ther Kutcha mud stone masonry houses wlth s la te  
roofs or pucca mud stone masonry walls wlth cement sand plaster and GI sheet  
or s l a te  roofs (Plgs.19,20&21). A few wall collapses and wlde open cracks were 
observed ln Kutcha houses. The bulges and open cracks are  confined to  
northeastern short  walln of N30.E-S30'W allgned houses. In  t h e  school bulldlng 
open cracks (upto 6.0cm) wlth sllght bulge towards NE have been recorded (Flg. 
19). The long wall of th l s  bulldlng 1s allgned In N30'E-S30'W. The other walls 
of th ls  hulldlng have escaped damage. In case of Kl~tcha houses with long wall 
allgned ln E-W dlrectlon. a few partlal collapses on northern walls were 
observed (Fig. 20). The northern walls of these houses have bulged towards 
north. 
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In case of houses constructed uslng mud stone masonry walls with sand and 
cement plaster  and GI sheet  or  s l a te  roofs, damage is  confined to  development of 
hal r  fine cracks and peellng of plaster of southwestern walls. The projections 

llke t h e  stalre,  have suffered more damage in form of opening up of Joints and 
development of open cracks (Fig. 21). 

The village 1s located on t h e  left bank of Bhaglrathl over an  alluvial terrace 
deposlt. I t  has  a populatlon of 600, llvlng in congregatlon of 114 houses. The 
earthquake caused lnjurles t o  26 persons in th i s  village. 

The houses, In general, a re  constructed of mud masonry walls with s la te  roofs. 
Some of t h e  old constructions with tlmber columns and beams embedded in 
mud-mortar have been severely damaged by shear  cracks but have escaped 
collapse because of greater flexibillty (Photo 64). Tabular blocks of quartzl te 
have been used in t h e  masonry. Thls has  Imparted much greater shearing 
strength (Interlocking pr0pert.y) to  the  walls whlch under condltlons of strong 
ground motion8 have either cracked along stone lnterfaces or bulged but not 
collapsed (Photo 6 5 ) .  Some of the  cracks show displacement.of more than 5 cm. 
AS per the  lntensity scale, the  type B and A structures have suffered grade 2 

and grade 3 damages respectlvely. 

A newly built,  well constructed RCC and RBC temple structure,  located by the  
side of rlght abutment pier of Slror suspension bridge on river borne sedlments, 
does not show even t h e  slightest damage though the  adjolning semi-Pucca 
constructions have been severly damaged. 

Mannpur 

The village Is located on the  rlght bank of Indravatl river along 
Uttarkashl-Kishanpur road. Mannpur has  a population of 800 people. The 
earthquake kllled 19 persons and lnJured many more in t h e  vlllage. A total  of 
16 catt le8 also perlshed. 

The damage to  houses includes partial collapse of a number of mud masonry 
wells and open cracks In almost al l  types of conetructlons. As such, the  houses 
have become unsafe for llvlng forcing most of the  inmates to  s t ay  out. In some 
lnstences poorly constructed RCC columns have developed fine cracks. 
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Though all  the  types of constructlons have suffered damage, t h e  most severely 
are  the  ones whlch a r e  made of load bearlng mud masonry walls with BCC roofs. 

In many of these  houses the  slabs have fallen ln tac t  on the  collapsed walls 
(Photo 66). The conventional type of constructlons though have been badly 
damaged but  have escaped complete collapse (Photo 67). The walls whlch a r e  
allgned in  WNW-ESE dlrectlon have developed shear  cracks. 

Clnda & Klshenpur 

Ginda and Klshanpur villages are  s l tuated on the  left  bank of Indravati  r lver on 
hill slopes on the  Uttarkashl-Lamgaon Road. Clnda 1s located about 50m above 
the  road level. Klshenpur village lles over debrls slopes, about 200m above t h e  
road. 

Ginda has  32 houses of A and A cum B types.  A11 the  houses have suffered 
damages of Grades 4 & 6. The damage comprises shear  cracks wlth openlngs upto 
IOcm, buiges In walls, peeling of plaster  and collapses in walls of mud and 
stone masonry wlth RCC slabs. A total  of 12 two storey houses of poor type-A 
constructlons have completely collapsed. The ground floor walls have suffered 
maxlmurn collapses. In the  houses allgned in N60'W-S60'E directlon, the  SE 

corners have suffered maxlmum damages. The northeastern end walls have 
collapsed and southwestern end walls have developed shear  cracks and bulges. 

One llned Irrlgatlon channel has  suffered damages In t h e  form of set t lements 
and collapses. The terraced cultivable flelds supported a t  places by retalnlng 
walls of lm to  4 m  height, have suffered damage due t o  collapses of dry masonry 
walls. In a few cases,  the  resultant  cracks developed due t o  slumplng of slopes 
extend up t o  50m. causlng extenslve loss of cultivable land. 

In Klshenpur vlllage, there  a re  about 200 houses. These a r e  e l ther  A-type or 
A+B-type constructlons. A few B type houses a re  also there.  In the  B-type 
houses allgned In N30.W-S30.E directlon. NW end walls have developed open 
shear cracks. The northeastern' walls have collapsed resulting In cracklng or 
buckllng of RCC slabs. There 16 displacement In Jolnts between beams and 
columns and tlltlng of pillars towards NE. 

The damage to  all types of constructlons Is extensive and heavy.  Most of the  
retalnlng walls to  support the  terraced fields have collapsed and slopes of even 
1.0m height have failed. Electrlc poles In the  vlllage have got t l l ted due t o  
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elope fallures. The damage t o  bulldlngs In these  villages can be compared wlth 
these  at Ganeshpur etc.  but  here the  ground has  euffered greater extent  of 
damage. 

Sada vlllage 1s s i tuated along Uttarkashl-Lamgaon road, about lkm. from 
Mannpur. The main habltation 1s located between the  road and Indravatl  rlver. 
Both A and B type bulldlngs In the  vlllage have suffered damages. The vlllage 
temple (B or C type),  Panchayat Char and school have been razed to  the  ground. 
These a re  all well constructed structures.  In case of A type, two storey houses, 
allgned In E-W dlrectlon, upto 7.6cm open cracks wlth displacement and bulglng 
a re  more pronounced In the  western slde walls. N-S allgned walls have 
collapmed. Bulglng 1s more frequent towards west In N-S aligned walls. In case 
of one house, cracks were observed in RCC columns. 

In t h e  area near t h e  rlver, ground cracks wlth openlng upto 6.0cm and allgned 
parallel t o  slope have developed near Panchayat Char, school and temple 
bulldlnge whlch have collapsed completely. In caae of school bulldlng (allgned 
N-S), t h e  RCC slab forming roof supported by columns has  sllpped by 2m towards 
west and columns have fallen towards north. 

The vlllage falls  on the  right bank of Indravatl rlver, a tr lbutary of Bhaglrathl 
r lver,  along Uttarkashl- Klshenpur- Lambgaon motor road. The vlllage has a 
cluster  of 100 houses wlth a population of 600 people. The earthquake took a 
toll of 4 human llves and caused lnjurles to few others. 

For constructlon of houses tabular masonry blocks, s e t  In mud mortar have been 
used. Rooflng of s la te  slabe Is common and have suffered damage In the  form of 
collapse and bulging of load beerlng masonry walls resultlng in cracklng, sagglng 
and collapre of RCC elabr (Photo 68). The sloplng topography h a s  accentuated 
damager. Most of type-A houses have auffered damages of grades 3 and 4. 
Development of open shear cracks and partlal collapse of masonry walls, 
particularly of t h e  upper floors are  found In most of the  bulldlngs. A s  such, the  
houses have become unsafe for habltatlon, forclng the  vlllagera to  s t ay  out In 
make shlf't settelments. 
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A poorly constructed type A double storey house has  i t s  long wall oriented In 
E-W dlrection. The long wall has  developed shear  cracks and t h e  upper comer  
of this wall has  collapsed towards south (Photo 69). 

Etyala Tlprl 

The village 16 located on the  left  bank of Bhaglrathi rlver over terrace deposits. 
The vlllage has 6 1  houses wlth a population of 260. The earthquake took a toll 
of 2 human llves and caused InJurles to  fifteen persons. A number of animals 
also perished in the  quake. 

The old houses constitutlng almost 7096 of the  village dwelllngs a re  constructed 
of masonry walls wlth mud mortar and s la te  roofing. Such s t ructures  have 
suffered grade 3 and grade 4 damages In form of partlal collapses, open cracks 
and bulging of walls (Photo 70). Some of t h e  new constructlons have replaced 
masonry with pre-cast concrete brlcke and t h e  s l a te  roof wlth RCC slab. In such 
houses the  fallure of t h e  aide walls has  led to  partlal collapse of t h e  roof s labs  
which have acqulred a t e n t  or a hu t  llke shape when viewed from a dlstance 
(Photo 71). The damages in f irst  floor have been found t o  be more severe t h a n  
the ground floor. 

G y ansu 

Cyansu vlllage is  located a kilometre downstre8m of Uttarkashl town on t h e  
rlght bank of Bhaglrathi river a t  a n  alt i tude of 1100m. 

The vlllage 1s si tuated over slope wash material, composed malnly of s la te ,  s la ty  
quartzlte and quartzi te boulders ln a sl l ty matrlx. The earthquake took a toll of 
14 human lives In t h e  vlllage. 

Over 50% type-A houses are  essentially of poor quality, being made of 
undressed stone masonry eet  ln mud mortar. One of such houses had suffered 
damage of Grade 4 (Photo 72). I t  1s clearly seen from t h e  photograph (Photo 73) 
of the  house t h a t  the  back and side walls of the  ground floor have completely 
collapsed. The hack and side walls of the  back portion of f l rs t  floor has  almost 
dislodged from the  main bulldlng and hanglng In air ,  leavlng a zlg-zag crack 
wl th  R gap of approx. 40cm. The shear crack s t a r t s  from the  roof level of t h e  
wall and extends down to  the  floor of t h e  room dlssectlng the  balcony. Also 
approx. 6cm wlde open cracks running parallel to  t h e  junction of back wall wlth 
the roof slab have been notlced. The RCC roof has  remalned Intact. 
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Other 'A' type houses In t h e  vlllage have suffered less damage (Grade-2). In 

some houses wlth GI sheet  rooflng t h e  walls have partlally collapeed. Shear 

cracks, r tar t ing from t h e  door level and contlnuing down t o  t h e  plinth level 

have appeared resultlng In peellng of plaeter. The 'B' type s t ructures  made of 

pre-fabricated cement brlcks wlth cement plaster  on t h e  walls have suffered a 

demage of Grade-3. In one such house (long wall trendlng N-S), deep open 

crack s tar t ing f'rom t h e  pllnth level and traverslng through t h e  mid of the  wall 

and extendlng to  t h e  side wall was notlced. 

The Mat11 vlllage i s  located 1Okrn. downstream of Uttarkashi town on t h e  rlght 

bank of rlver Bhaglrathl, a t  an al t l tude of about 1090m. The vlllage la sl tuated 

over rlver terraces whlch a r e  being extensively used for cultlvatlon. 

The large vlllage has  a populatlon of 1700 persons (approx.) llvlng In 600 

houses. As per t h e  officlal records, t e n  persons dted and 16-20 persons got 

1nJured durlng t h e  20th October earthquake. 

Most of the  houses In t h e  village are  of A-Type. In general, t h e  houses have 

been constructed uslng undressed stone maeonry wlth mud mortar, tlmber beams 

and s la te  roofs. Approximately 16-20 houses have completely collapsed (damage 

of grade 4 or even 6). In most of t h e  houses one of the  walls has  el ther 

partlally collapeed or  major shear  cracks have developed along and acrose the  

walls. In n case where t h e  mud masonry walls were eupportlng on RCC slab, t h e  

alab has  collapsed on t h e  northwestern concern. The collapse has  resulted In 

cracklng of t h e  s lab (Photo 74). In some cases vertical cracks have developed 

along t h e  corners of t h e  room, leavlng a gap In between t h e  walls. A few houses 

made of btlcks and cement (Type-B) have suffered mlnor damage. The demage 1s 

In form of fine surflclal cracks restrlcted to  the plaeter only. Mlnor cracks, a t  

t h e  Junctlon of RCC beam wlth the  supportlng pillars, have been notlced In such 

constructlono. 
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3.3.2 LeSSER DAMAGE AREAS 

To study macroselsmlc effects In the  area around Tehrl Dam ProJect, selected 
traverses were taken by S/Shrl P.C. Nawanl, R. Sanwal & J.S. Rawat in dlfferent 
sectlons/sectors In Bhaglrathl valley, Bhllangana valley, Jalkur valley. Balganga 
valley and Nallchaml valley. A total  of 400 llne km. were covered by these 
traverses on 1:250,000/50,000 scale. The dlrect fleld observatlons, collected 
lmmedlately followlng t h e  earthquake occurrence on 20th October, 1991, have 
been utlllzed to  lnterpret  damages t o  relate them wlth MSK lntenslty scale. The 
fleld observatlons are  supported by photo documentatlon. The traverses Ln the  
above sectlons/sectors were completed between 2 1 st October 199 1 and 15th 
November, 1991. 

The summarlsed account of the  fleld observatlons 1n dlfferent sectors 1s glven 
below and detalled descrlptlon of a few lrnportant localltles, where slgnlflcant 
damages were recorded a re  given In the  la ter  sect,lons of th l s  chapter. 

TEHRl AREA 

Tehrl T o r n  

S1. Type of Locatlon Effects/ Remarks 
No. Structure Damages 

I ' A lrqt ot b r i  &P Dob m I  11 Crmde 2 Op 8100 of ~ona t rmc t l o  Mlmt 
A a a r t  no  l a (war% "0.3) a p L  1.0 cm. No camsm~~ty. I 
looma of Ba mm P r  mmd 
PanamH, AE\.~lk.~r  nobaltm 
(Ward W0.3) 

I " A Ilonma o f  6 r l  T.P. Cblldlvel. Crmde 2 Small crrckm (vert lcml/  
Satyamhwar Mohsllm arcmate). l o  cuaml l lv .  I 

I A l o u l f  o t  S r i  D y l  Pra  ad Credo 3 
~ a u  y r l  t n r  an ) ot  sb r i *  
L n m l  Nmravsn TemvIm 

I A louae o t  B r l  vlsbau Pd. 100 a r  old oume Ver t lca l  
Pmndmv. Ilaabanstb WohaIIa cr CG "a& tntrt ;f wal l  

8';rn~~ 0:' acb: !'ka 
cammmlltv. I 

I " A shop/loume ot M B I tabea Grade 4 Plrmt mtorey of the bel ld lng 
mamar soma (ibemlm0 totaly collapsed. I 

7 B loume of S r l  Goam Wand Grade 2/3 Crscka (upto 3 cm) obervmd l a  
UnlvaI, Abalkar l  Mohallm wsl l r  Dm age l n  i l r m t  r t o rev  10 

upto ' ~ r m r e  3. 
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- 
S1. Type of Location Effects/ Remarks 
No. Structure Damages 

Bouse of Smt. Permesbwerl 
Devi. Abelkar i  Mobella 

Bouae of s r i  J.P. Kbenduri. 
Abe lker l  Mobells 

Bouse of 6 r i  R.P, Kukrel l .  
Abe lkar i  Mobella 

louse of S r i  Kundan singb 
Aawal. Rgbuneth Mobells 

Govt. G i r ls  I n t e r  Colleuo. 
Tsb r i  

louse of S r i  Verendre Datt 
Beklonl. ~ d v o c e t e  

motel River vtew 

Grade 2 

Grade 2 

Grede 2 

Grade 2' 

Credo 3 

bsede 1 

Grede 1 

6rade 1 

Ver t ica l  creche on wells upto 1 
cm. Conetructlon Joints opened. 1 

crecks on I 
Vert tcal  cracks (opening 1 to 
3-2.) i n  walls. I 
Ver t ica l  crecks, movement along 

i oints, d i rec t ion  of movement 
owards N4O.W. I 

New bui ld ing of college bee 
sut fered more damages. Crecks 
borizont I to ver t ice l ,  boundary 
wall col!apsed. I 
Old crecks opened. f ino  crecks 
d@vtlopsd. I 
f i n e  crecks developed i a  wells. 1 
Cine crecks ve r t i ca l  and 
borlzontel. I 

C Ste l Bank of Indie, Purena Grade 2 
barbor  

n inor  crecks i n  wells. Perspot 
walla demeged, crecka I n  
c e l l i  g. n eroua. Vart ice f ino  
c r n c I  i n  \ r e  suppr t lmg 100. 
of road f loor w i  b 4 r  
ConPinultY. 

I 17 C Poat Oft lce (n r i n )  Tobr i  Gredo 1 f lne cracks davelopad. I 

I le 
C Clock Tower, Tebr l  (bu i l t  I n  - l o  demago aeen. 

?Em) I 
19 C Magar e l  k O f f b e  (bullding Gredo 1 

near crock 9owor1 
Cln crecks (borizo to1 
vo r l i cev  wit) contrnui/y upto j 
1.-31, a11 o piece of plester. 

Tehrl Dam Site 

No Damage has been observed In the already constructed appurtenant structures 
(HRTs, dlverslon tunnels, approach adlts to power house and dam foundatlon). No 
slope movement has been observed even In the exlstlng sllde mass. 

Seansu-Chlnyallsaur Seetlon 

- 
S1. Type of Locatlon Effects/ Remarks 
No. Structure damages - 

f o r u l  Reat Bamse, Soenau Cracka I n  wolla, f a l l  of plaatar. 
Rotation of cb imao~.  I 
small c rack r  1. walla, and f a l l  
of p l ~ t o r .  I 

a C Rest Bomro o t  Bbmktlpnrom 3 ~ s r g a  end doap roo tbro  gb 
ope i ng  of the gomatructqe. 
join?a. Mumorour c r r c  r on tba 
well b f e l l  of p l  a lar .  numty on 
3rd  f loor bad 8nmoged. Drma9a 
of perep.t wslla. 
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Jalkur Valley 

Bhdnga Vlllage 

~ h l s  vlllage, SW of t h e  eplcentral area is  located on a hlgh level terrace of 
Jalkur gad on a nose formed by bend ln the  maln rlver and a small tr lbutary 
nala. Two levels of terraces have been observed a t  th l s  locatlon overlylng 
phyllltes of Chandpur Formation whlch dlp a t  steep angles towards the  rlver. 
The "Srlnagar Thrustn,  whlch 1s a s teep angle faul t  in th l s  a rea  i s  located Jus t  
upelope of th ls  vlllage. The only bullding located at the  lower terrace is  t h a t  of 
Middle school t h e  long wall side of whlch i s  aligned In t h e  NW-SE dlrection. 
Thls bulldlng supported on pillars 1s about 1Sm. long and t h e  slde walls are  
about 6m. long. In t h e  end walls of th l s  building cracks h a v e .  developed and 
near the  SE end wall t h e  horlzontal beam has  cracked under tenslon. The rooms 
on elther slde of t h e  varandah of t h e  bulldlng show shear cracks near the  
window openlngs on the  walls allgned In N45'W-S45'E direction. Thls 1s 
comparatlvely a new bulldlng whlch was constructed In the  year 1990 (Flg.22). 

The vlllage proper 1s located on the  upper terrace and 1s a conglorneratlon of 
mud masonry houses and a few cement masonry houses some of whlch are  with 
conventlonal sloplng r o o h  wlth t i les and others wlth RCC slabs on masonry 
walls (Flg.23&24). All t h e  mud masonry and old mud adobe houses have suffered 
the damage In form of open cracks and a few partltlon walls have collapsed. 
One houslng complex belonging t o  four brothers Ja taru  Lal, Slrdaru Lal, Uttam 
La1 and Tara La1 allgned In the  N6O0E-S60'W has  collapsed taking a toll of 6 

lives. This house is  located near t h e  vlllage Primary School which 1s allgned 
across the  dlrectlon of long wall side of t h e  collapsed house. The Primary School 
bulldlng has also suffered major damage In t h e  form of collapse of partition 
walls. A flssure trending in N16.W-S15'E dlrectlon has  developed In the  school 
compound. 

An lnteresting observation made In t h e  B type constructlon of the  house of 
Gram Pradhan at the  highest level of the  village was t h a t  the  northwestern end 
wall slde room displayed cracks which have broken even t h e  quartzi te slab put 
a6 rack partitlon in t h e  almirah, under tenslon. Thls vlllage has  demonstrated 
damages whlch a re  quite near 'to intenslty VII a s  some overburden covered 
slopes show development of cracks near steep slopes. Thls Isolated village 
demonstrating damages of lntenslty VII Is located on a nose covered by two 
level terraces a n 4  It  i s  posslble tha t  local accentuation of acceleratlons has  
taken place because of topography alded by thick overburden cover. 



Uttarkashl Earthquake 1991 

( b )  

RACKS 

SHEAR CRACKS SHEAR CRACIS N r e'c 

f19.22:(m) I A I N O A  SCHOOL I U l L D l N G  SHOWINO SHEAR CRACKS, I N  THE C U I I C L E S  ON THE 

S IDES Of T H E  V A R A N D A H . ( b )  ELEVATION Of N W  SIDE W A L L  S H O W I N 8  STEEP 

CRACKS I N  T H E  S A M E  BUILDINO.  

PRIMARY SCHOOL PARTITION WALLS COLLAPSED 
SIDE CUBICLES FAILED UNDER t n c A n  

BOTH INTRACT 

0 0  - 
S JO'L 

TERRACE MATERIAL 

r t Q . 2 3 :  SKETCH SECTION O r  THE NOSE ON WHICH M l N G A  V I L L A G E  I S  LOCATED. (~ )COLLAPSED 

PORTION o r  rnc NI-sw A L I Q ~ E D  nolrsc BUILT IN rue M o n T r n  A N D  STONE 

( SHALE) P A C I I N O .  L I V E S  LOST I N  T N l 8  C O L L A P S E .  

/ - 
BHAINOA V I L L A O E  

F l Q . 2 4 .  SKETCH OEOLOOICAL SECTION THROUOH BHAINOA V I L L A O E  
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Chaundhar Vlllage 

SI. Type of Locatlon Effects/ Remarks 
NO. s t ructure  damages 

I 0 Primary Bchool 3 Largo deep r i a  tbrbooh c rack r  
(d goeel Ad ve r t i ca l )  t o t a l  
ce\frp.a o t  reef (PC=) I 

I )  Eight  houses of A Type have partlally or fully collapsed. No deaths  
have been reportzed but there  a r e  minor lnjurtes t o  about a dozen 
persons. 

11) Cracks on t h e  ground of primary school measuring 7-8m in length and 
about one cm wide, have developed. 

Lambgaon - Rautaldhar Section 

SI. Type of Location Effects/ Remarks 
No. Structure damages 

I 
B PWD ant Ilooaa Lamb ao 4 

(belg%t 11- above f 6 ~ !  

I ' A Covt I n t e r  Coll 00) 3 Total c o l l r m e  of the r t roctmra. 
L.1.c.. i l o r t e~ ,  ~rmbgrom I 

I D C.I.C. Maim bulldim9 2 l o  3 Bulglng of walle. f e l l  of p l a r te r  
I e r  a  reap  0 en c r a c k  r tr; 1 
wal!e end t l l t ~ n g  of wlndowr. 

I = 
0 La bgaoo market r op of Bb r l  - I a e r  t o ta l  c o l l a p a  of a l l  

. ~ s b t ~ a r  61110b ~ s r m t  th ree hourss,/bu I iogr  ( ~ b o t o  79). 
Thakor Mabevtr SlnOb 
A t t r r  fingb, 
i l o r l i cu  u re  ~ f f ~ c a  I 

6 C S.B.I. ~ u i l d i a g .  Lrmbgron P Var t lce l  c racks  I n  wsl l  sad 
opbnlng of C O O S ~ ~ ~ C ~ L O D  Jolnta. 
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I )  Cracks have been observed on the  ground In PWD res t  house, G.I.C. campus 

(length + 15m. opening 1-2 cm) and on the  road in front of SBI building 

(trending N20.W-S20bE, length about 50m and opening upto 10cm. measured 

depth 1.6m). 

11) Between PWD rest  house (Lambgaon) and Rautaldhar, several lend 
sllps/slldes have occurred along the  road leadlng t o  road blockade. 

111) Five deaths have been reported from villages Huldyan and Maltl. 

Iv) A t  Ranihar the  veterinary hospital Is also partly damaged. 

V )  RaJ Rajeshwarl Temple (about 80 years old) on Lambgaon - Rautaldhar 
sectlon has  also been damaged. 

I.ambgaon - Pratapnagar Sectlon 

S1. Type of Locatlon Effects/ Remarks 
No. Structure damages 

Bbop of B r i  B o l k r i ~ b n a  10 
Thar ldbr r  v i l lage 

2 Bn 1119 and open j01nt8 i n  
wr19m. I 

B Bbom of B r i  Rburb Ram I I l r t i  2 Large o on k l n t r  mad bulglng of 
Rem Bacbnn l o  b end walk. 
l b a i v a l  ( ~ r a d t e 8  Budhl Ram, 
i n  Mazev vi l lage I 

Bhllanganga Valley 

Tehri-Chansall Sectlon 

S1. Type of Location Effects/ Remarks 
NO.  s t ructure  damages 

B MrbrraJa'r  Dono Mob.1, 1 Lor  l drop  v e r i l c a l  
8 Imam on Ibo l e f t  bank of walfo, t o l l  of p la r to r .  
Batl.ng.aa. 

I B l o u r  on i ba  r o r d  rid. a La l deep v e r i l c o l  c r r cka  
~ a d o ~ i e  w sf.. 1 

I a A A00.a ~ l l l O g 0  4 ~ r l g l l g  mad po r t l a l  co l l rme  I 

2 Br v o r t t c r l  deep c r c l u  or  tbo 
wah mrd opening 07 unmt r r r t t oa  1 
J.@1.fr. 



Ceol. Surv. Ind., Spl. Pub. No. 30 

S1. Type of Locatlon Effects/ Remarks 
No. Structure damages 

I ' 0 o r  at  bn l lag  on the r l b t  4 tmr t l a l  csll8p.m of wmlb 
t s n t  of ABongmnm, opporhe deep c r a c k .  
Cbmnmmll tow. 

8 c 3 r to reyed botel  I n  Cbmoamll I Time crmclu  1. l b a  wnlb. 
market I 

1) A s  reported by people. in the  area  t h e  ground motlon was In N70'E-S70W' 
dlrectlon 

11) As reported by t h e  vlllagers, the  dlscharge of sprlngs In Tlprl vlllage has  
Increased appreclably, af ter  t h e  quake. 

111) Rolled rock blocks of quartzites, were seen a t  several  places on t h e  road, 
between Pllkhl and Ghansall vlllage on 21st October, 1991. 

Iv) I t  was lnformed a t  Chansall t h a t  t h e  ground motlon durlng t h e  quake was 
strong enough t o  dlsplace house hold artlcles. 

Chansali-Chuttu Section 

Left Bank of Rlver Bhllangana -- 
t 

S1. Type of 1,ocatlon Effects/ Remarks 
No. S t r u c t ~ ~ r e  damages .. 

I = 
B of B r l  8mkml 81ngb. I Totml collapse o f  two r to reged Ilt:;TB v i ~ ~ m g e  houem - reoult lmg I m  atme 

demtbm. I 

I = 

C t C l 1. wmllr md d plmceme t ar tp comtact J r0ePm.d wmfim. 
Bert 08, mom0 otber  bommem bmvm 

f 1.0 developed mnbvmrtlcml and 
ortzontal c r a c k .  I 

I B Eouma of I r l  lwalm Prmmbmd 
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Rlnht Bank of Rlver Bhllangana 

SI. Type of Locatlon Effects/ Remarks 
No. Structure damages 

A rem .hop of 8r1 rmra s ln  b 4 Pmrtlml collapne of wmllr. 
Bmrmt vlllmgr Pokbmr on qbr 
road kid.. I 
TO s t  port m t  v1ll.g. 
~ o E f  m r .  ::igl"pO;r tPmlm'ZPPepa 

t r r n d  of ground mot(l0n r r p o r t r d  
18 M-6 

A Vt. I&t:; f011.g. 0lldln9, 
~b0pnrdk.r) I D opmr 

D &vt 1nt.r calla r main 
bullding, ~bopmrd1.r. 

I '" c Tbror r t w e y r d  hour* of e r l  a Damp crmo om t e * m i l  o ~ . m b g  
Devrmerd Bemrel (war t .  tW2) ot wnrtrnktlom kf imt . .  I 

10 c r r w  v comrtrmctrd Crrbwm a ~ l a e  crm L, o t l r m  l 
.mmam~ Torr l r t  ~ o d  r, cbu\to. oprmirm o f  consfrmchom k1.L. '" 
lo.. r o f  I / B  1 ~ m % r r b r r r  

C prmmtad, 8ur.r 6lmmb Ismdmrl 2 r b r r r  doable mtoreyed bosrar 
Lave doveloped t i m r  cracks. 

I )  Rock slldes In quartzl tes,  on the  road sectlon have been observed a t  

vlllage Phalenda, Thayll, upetream of Kotl-village on the  left  bank and a t  

several places between Phokhar and Chuttu. on the  right bank of river 

Bhllangana. 

1 1  A t  about 7km stone on Chrrnsall-Thayll open crack (0.6 t o  2.6 cm wlde 

and +10m length) trending N65.W-S66'E oblique to  the  road, has been 

obeerved. 

111) As reported by persons from Carhwal Ja l  Sansthan, Water tanks and 

plpellnes have got damaged In vlllages Hulanakhal (Jakholl block). Thattl 

and Domna (Bhllanagana block). 

lv)  Deokharl, Kharsoll and Devlang, located upstream of Chuttu, have suffered 

relatlvely more damages, a s  reported. 
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Jakh vlllage is  located on left  bank hlll slopes of Ola Gad, a t r ibutary  of 
Bhllangana, a t  about 1400m elevation. The vlllage 1s located on moderately 
sloplng valley sides wlth overburden comprlelng slope wash material. The vlllage 
1s falrly large one wlth about 200 houses. Most of t h e  houses In t h e  vlllage are  
Kutcha houses constructed In mud etone masonry wlth mud plaater and e la te  
roofs. A few houses have been provided wlth cement sand plaster  on walls. 

Clg .  2 5 :  DAMAOL OF UUTCHA HOUSE, JAMH 

Out of 200 houses In t h e  village, 28 houses are  reported t o  have suffered 
damage In the form of cracks in the  walle and slx of them have suffered wall 
collapses. 

Open cracks wlth openlngs upto 3.0cm were observed on southwestern walls of 
houses wlth long walls allgned In NW-SE dlrectlon (Flg.26). In case of Kutcha 
houses allgned In t h e  same dlrectlon, peeling off of plaster and halr  fine cracks 
were observed on lnner partltlon walls. But damage appeared t o  be relatlvely 
more on southeastern and southwestern walls compared t o  t h e  northern walls. 
Slmllarly, in case of mud stone masonry houses wlth thelr  long walls allgned In 
E-W dlrectlon, bulglng was notlced on southern wall. Cracke were notlced on 
southern walls of about 90% houses but these were Jus t  hair  i lne  cracks. Open 
cracks were observed In 60% of such housee. Walle callapees were observed In 
very old houses. In one case wlth long wall allgned In N30'W-S30'E dlrectlon, 
Pnrtlnl c o l l ~ p s e  was suffered by SW wall and open cracks wlth bulge towards 
S30'E by southeastern wall. 
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In thls case collapses are relatively more on western and S-W walls and cracks 
on aouthern or SE walls depending on orlentation of building. But damages 
Involving collapses and open cracks are conflned to Kutcha houses which are 
very old. 

Bnlganga Valley 

S1. Type of Location Effects/ Remarks 
No. Structure damages 

8 l o m  0 l a  B i lvare  v l l lege aad 
mar le l .  . 

Tet  rbog a o r r  l bo  bridge, 
80 bake o r .  

Two r to royod r op of v l l lege 
Prsdbaa 0e.r h e  brldge. 

weer t o i a l  co1lap.e o mam9 
oars. 0tb.n eve cfevelopmd 

3esp ;ma c r a c L  I 
Deep c e n a t r u c t ~ o ~  c r  cka, ~ f ' n l e ,  o enln %a?~:tdof 

mad wal l r  ovarde 110. 
B1O.W. I 
Floe cracks  i n  tbe  bulldinge. I 

L e r  l open crackr,  f a l l  of 
p1ar1.r. 

f l s o  crso*. l a  ws l l r  mod minor 
opening r t  the coortruct lon jotnt. l 
Wear i o l e l  col1ap.s of recoed 
1 oor of two r l o reysd  bui ld 
s\lgaod l a  WW*W-SXPE. OD \%s 
grommd f loor do p open crecke 
mmd tiltiao at Jmr t rmro l a  I - -c ,& - - - - - . - - - 

a m  r e  0 g I 
Ieaglb of ground floor. 

r l a o  wort  c s l  l d orlzomte 
crachr .o\~c.d 7, he templo aaa 
;'p'ow,.",.lldd~a dr;;f~:,dm~i).~;@~.W. 

f~~:tr~~Yo:,&I",!,,~,"!-b e l  rOQf 
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I )  In Sllyara and Chamlyala villages, whlch a re  perched on large alluvlal 
fans,  t h e  lntenslty of damage 1s relatlvely more In t h e  vlclnlty of 
Balganga river. Deaths reported from these village 1s 2 and 4, 

respectlvely. 

li) Between Sllyara and Ri~dakedar, road blocked due t o  fall and dlslodgement 
of rock blocks a t  several locations. 

HI)  On the  slopes above Agar vlllage, open cracks (1-30m wlde, 7.25m length) 

trendlng NGO'E-S6OW0 to E-W are  recorded In old sllde debrls. Besldes, 

deep local cavlt ies and cracks have developed In t h e  overburden mase, 
posslbly due t o  settlement of matrix, at tendent t o  t h e  shaking effect, 
induced by ground motloh. 

iv) North of Agar vlllage, near t h e  hlll top maeelve slides have been 

generated following the  earthquake on October 20th. The blocks have even 
rolled down to  Agar vlllage, a s  a result ,  about hundred t rees  have been 

uprooted. 

Thatl Kuthur (Budha Kedarl-Kot Sector 

Rudha Kedar 

The vlllage of Thatl  Kuthur I s  located a t  t h e  confluence of Bal Canga and 

Brahma Gangs rlvers whlch are  the  two maor  tr lbutarles of Bhllangana rlver. 
The effect of t.he 20th earthquake was dlstlnctly fel t  along t h e  Bal Canga 
valley. The vlllages, surveyed along the  rlver couree Include, Thatl  Kuthur; 

Dalla, Dadorl, Blshan and Kot. 

The anclent temple of Budha Kedar has  suffered only mlnor damages. The thlck 
mud masonry walls have been provlded wlth evenly spaced horizontal tlmber 

beams servlng a s  relnforcernents. The temple has  s la te  roofing. The other poor 
constructlons of the  vlllage have developed wlde open shear  cracks (Photo 80). 

There has been bulging and partlal collnpses of thlck masonry walls toward8 NE 
dlrectlon. Some collapses have also occurred In NNW dlrectlon. 

Damages of sllghtly hlgher lntenslty than  a t  Budha Kedar have been obeered a t  
Dalla and Dodorl vlllages. 
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The next  vlllage on t h e  rlght bank of Balganga rlver 1s Bishan. The village is 
located at the  foot of a hlll over debrls slopes. I t  has  a population of about 

300 persons who reside in 64 houses. A few people were reported t o  be injured 

by t h e  20th October earthquake. 

The houses are  constructed of thick masonry walls with mud mortar, supporting 
s l a t e  rooflng. Some new constructions wlth RCC slabe, beams and columns have 

also come up. In general, t h e  houses a re  two storeyed and t h e  quallty of 

constructZon 1s good. 

Shear cracks, some of whlch are  open, have developed in most of the  type-A 
houses and In some of type-B constructions. Some walls at upper storey, 
partlcularly of t h e  gable portfon, have collapsed partlally towards west or south 

west quadrant.  I t  1s reported t h a t  the  area  has been experiencing mlld after  
shocks ever stnce 20th October a s  a result  of wh!ch the  cracks have widened. 

Kot 

The village Is 1ocat.ed on the  right bank of Balganga rlver southeast  of 
epicentral t rac t .  The dwellings and cultlvated fields lie a t  two dlfferent levels. 
The l n w ~ r  level Is occupled by alluvial terraces and the  upper one by slope 
debrls materlal. The earthquake of 20th October took a toll of 5 human lives. 

The upper level of the  vIllage has about 70 houses. Here t h e  quality of 
c-onstructlon of type A and B structures Is good and well dressed masonry blocks 

set In mud mortar with s la te  rooflng have been used. Shear cracks wlth openlng 

of few rnm to  few centlmetres have appeared In most of the  walls of these 

houses. 

A cli~st.er of 35 houses, located a t  the  eastern end of the  village a t  a lower 

elevatron over a saddle have been constructed of poor quallty materlal. Maximum 

damage and  loss of Ilfe have occurred a t  th l s  location. Partial collapses of 
mud-masonry walls and roofs, partlcularly of the  upper floor ia seen In most of 
t h e  houses. Collapse of all the  walls (Grade 4) has been recorded In three 
house6. 

Agonda 

Agonda village is  located on left bank terraces of Dharamganga rlver a t  an  
altltilde of ~ b o l l t  1700m. I t  1s located southeast  of the  eplcentral tract ,  just 
eas t  o f  Kotl and almost north of Budha Kedar. Most of the  h o u ~ e s  in the  vlllage 
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a r e  mud stone masonry constructlons wlth s l a te  roofs (Flga.26,27&28) and a few 

masonry houses wlth cement sand plaster  and GI sheet  roofs. About 80% of the 
houses have suffered damages ranging from cracks In walls to  wall collapses. 

In case of mud s tone masonry houses wlth s l a te  roofs and long walls allgned In 
N-S dlrectlon, open shear  cracks (upto 5mm openlng) have developed on the 
southern short  walls (allgned E-W) and collapses have occurred In eastern long 
walls. These collapses a re  part ial  and mostly conflned t o  upper storey and upper 
portlons of ground floor. Partitlon walls have also collapsed in some cases. 
Houses with long walls allgned In E-W dlrection, have withstood the  shock. 
However, In E-W allgned slde walls, particularly the  eastern ends have suffered 
damage In t h e  form of cracks whlch extend from gable portlon t o  the  base of 
t h e  bulldlng. In some cases the  cracks a r e  more lntensely developed near the 
openlngs in the  walls like windows etc.  But long walls in such cases have 
escaped wlthout any damage. The protrudlng portlons llke s ta l rs  have suffered 
more damage In form of cracks when located on southern side of E-W allgned 
houses. Cracke were also observed on northern walls of similarly allgned houses 
ln few cases. 

Slmllar damage 1s suffered by t h e  houses wlth walls havlng cement sand plaster. 
In case of houses with long axls allgned in  NE-SW dlrectlon, the  outer walls 
have escaped wlth cracks but  partltlon walls allgned In NW-SE direction have 
suffered wide open cracke and collapses. 

In case of school bulldlng whlch 1s a mud stone masonry buildlng wlth GI sheet  
roof and long wall allgned 1n almost N-S dlrectlon, there a re  open cracks on 
western walls and minor coHapees In plllars located on western slde. The cracks 
a r e  open upto 2.0cm. The eouthern wall (allgned E-W) also shows sllght bulging 
towards south. The partltlon walls allgned In E-W dlrectlon falled a t  upper 
levels and collapsed. 

Nallchual Valley 

S1. Type of Location Effects/ Remarks 
No. Structure damages 

0 C m o m r m r  o f  8brl Ram C b m m d r m  1 F l m r  c r m e k m  In w m l l r ,  t m l l  o f  
f 

(Cont.) 
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S1. Type of Locatlon Effects/ Remarks 
No.  Structure damages 
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1) General feellng of the  people In Chansali-Chlrbatla area  1s t h a t  the  

ground motlon was in E-W dlrectlon. 

li) Increase In t h e  dlscharge of water springs has been reported In Muyal 

gaon and Tltrana vlllages, where a s  In Caurya and NE of Holta vlllage 
appreclable decrease In Spring dlscharge 1s reported. 

111) Cracks on t h e  maln road measuring +5m in length and 6-10cm wldth, have 

been recorded near Corthl vlllage. Open crack (wldth 2cm) extendlng for 

about half km. has  been reported In Chirbltlya village, on t h e  overburden 

mass. 

Iv) Mlnor damages t o  water plpellnes, notlced In Chlrbatla and Muyalgaon, 

malnly because of rock falls. 

V) Presh land sllps and rock falls a re  reported from areas  near Gorthl, 

Muyalgaon and Holta. 

Gorthl 

The village falls  In Jakholl Block of Tehrl dlstrlct. I t  Ig located along 
Tehrl-Tllwara road over a rldge. Here granlte gnelss 1s exposed In road cuttlngs. 
The dwellings and cult lvated flelds lle over debrls mass. The vlllage has  about 

120 houses wlth a populatlon of 800. The 20th October earthquake took a toll 
of 3 human llves and caused Injuries to  2 persons. Over 54 houses suffered 

different d e ~ r e e s  of damage where a s  7-8 houses collapsed (Photo 81 and 82). 

The usual type of constructlon In t h e  vlllage 19 of thlck mud-masonry walls 
wjth s la te ,  RCC or GI sheet  rooflng. The quallty of constructlon material 1s 

generally poor. A s  per the  lntenslty scale, damages of grades 2 and 3 are 
evldent In most of the  type-A constructlons wlth cracklng and partlal collapses 

of walls and cavlng of roof In a few. 

Two bulldlngs of the  vlllage have been analysed In detall.  The flret  bulldlng 
has  Its slde walle nllgned In E-W dlrectlon and the  long walls In N-S dlrectlon 
(Flg.29). The southern par t  of the  house has  RCC slab a s  rooflng where a s  the  

northern portlon has  the  conventional s la te  rooflng. The slde wall has developed 

very promlnent shear cracka some of whlch have wlde openlngs (Photo 83). The 
masonry a t  the  s lab junctlon has  collapsed a t  places. The long wall has suffered 
partlal collapse towards t h e  western slde. The south western corner of the  
bulldlng shows part lal  collapse of the  outslde face of the  masonry wall under 
tenslonal force. 
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Fig. 2 9  : PATTERNS OF DAMAGE TO A HOUSE I N  GORTHI V ILLAGE TEHRl DISTRICT, 

(SKETCH BY P. PANDE 1. 

The Baslc Pathshala Bulldlng has  also suffered conelderable damage. The poorly 
constructed maeonry walls have partlal'ly collapsed. The bottom portion of two of 

the  masonry plllars eupportlng t h e  verandah have been shlfted by about 1 t o  

2cm towards N20'E dlrectlon. 

Jakholl vlllage la located on the  southwestern and eastern slopes of a ridge 
trendlng N30-W-S30.E at an alt l tude of about 1600m. The Government bulldlngs 

llke Block offlces and resldences of Block offlclals have suffered considerable 
damagee where as houses and bulldlngs located on southweetern slopes of th l s  
rldge have escaped wlth mlnor damages llke halr  llne cracks and peellng off of 
plaster in upper portlons. 
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C l g . 8 0 :  VETERINARY WOBCITAL - JAI I I IOLI  

,I,, aI: .MI* V ~ ~ P L C ,  J.IMOLI SMEAR C~.CIIS ON W A L L  A L I G N E D  NIO'E - S I O " W  
*&.@W. BWITTCD TOWAIDS I I ~ O ~ E  8 Y  a C Y .  
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The office bulldlngs like Veterlnary Hospltal, resldence of Veterlnary Doctor, 

resldence of BDO and a few other resldentlal Quarters located on rldge line 

show heavy damages, lncludlng shear cracks and collapses of walls (Fig.30) 

(Photo 84, 86). 

The Veterlnary Hospltal, a mud stone masonry bulldlng wlth GI sheet  roof 

allgned in N60'W-S60'E dlrectlon; the  S-Western end wall lncludlng the  partltlon 

walls have completely collapsed (Photo 86). The southeastern end of th l s  

bulldlng has  developed open cracks In wall corners whlch run almost from top to  

bottom. The opening a t  top Is of the  order of 6.0cm and narrows down towards 

bottom. Shear cracks were also obeerved to  have developed on th is  wall. The 

cracks were concentrated more towards t h e  openings like windows and 

ventllators. Thle wall also Indlcated slight bulge towards SE In the  gable 

portlon. An anteroom, projecting out of t h e  maln bulldlng also Indicated slmllar 

damage on SE wall. The resldence of BDO has  been razed to  ground and Chlmney 

of one house has  been thrown towards NE dlrectlon. 

A temple located NW of block offices on top of the  same rldge has  wlthstood t h e  

shock without collapse but prominent shear  cracks have developed on SE wall 

and Shlkhar portlon (Flg.3). The cracks are  wlde open and extend down t o  the  

base. The kalash' of t h e  temple Is shlfted by 2cm. towards NE (Flg.31). 

In Government Inter College, a two storey bulldlng, allgned In N30'W-S30'E 

dlrectlon, t h e  damage comprlses appearence of fine cracks and peeling off of 

plaster on SE wall and In the gable portlon of f lrst  floor. The examinatlon of 

damage of bulldlngs on top of the  ridge indlcates damages a s  compared wlth 

those lower down In t h e  same vlllage. 

YAMUNA VALLEY 

The Yamr~na valley, extending for a length of over 240km between Hanuman 

Chattl In the  north e a s t  and Badshahl Bag in the  South west was surveyed In 
detail for aseesslng the  effect of 20th October Uttarkashl earthquake. Traverses 
were undertaken In Harlpur-Chakrata and Naogaon road eectors and more than 
60 locnlltles vlslted besides to  Intervlewlng a number of pereons. The 
descrlptlon of dlfferent sectors is glven in the  followlng paragraphs. 
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Hanuman Chattl-Kharadl Sector 

The vlllages covered in th l s  sector include Hanuman Chattl,  Rana, Salna Chattl, 
Wazrl. Kuthnor and Kharadl which a re  located on the  banks of Yamuna rlver, 

having a NE-SW course. Hanuman Chatti i s  the  northern most vlllage located a t  
an alt i tude of 2400m. I t  1s the  motor road termlnus for Yamunotrl glacier and 
has  only limlted number of buildlngs. In t h e  early hours df 20th October, 'the 
inmates fe l t  three  dlst lnct  shocks. Almost everybody ran out in u t t e r  panic as 
t h e  tremors lingered for over 45 seconds wlth a rumbling sound. The direction of 
wave .propagation was reported as E-W. The houses, constructed, In general, of 
masonry walls wlth mud mortar have developed minor cracks. The Chauhan 
Tourlst Hotel, with i t s  long wall aligned In N600W-S60°E direction 1s a B Type 
s t ructure .  The walls of t h e  building are  constructed of brick and cement mortar. 
The celllng Is supported over columns and RCC beams. The damage to  the  
building includes appearance of fine shear  cracks on the  slde walls trendlng 
N300E-S300W and rupture of one of t h e  columns near the  beam Junction. In the  
Anand Bhawan Hotel, t h e  plaster a t  places has  peeled out  and t h e  construction 
Jolnts have opened up. People have reported rock falls from the  slopes of Durbll 
vlllage, located on the  right bank of Yamuna. 

In other vlllages of the  sector, t h e  damages t o  clvll s t ructures  Include 
appearance of cracks, bulges, peeling of plaster  and collapse, t i l t  of walls and 
columna (Photo 87). Wazri, located on the  right bank of Yamuna seems to  be the 
most. affected place with nearly 20% type A constructions showlng partial 
collapse of masonry walls. Low intensity but perceptible af ter  shocks have been 
reported to  be occurring In the  area frequently. 

Ganganl Sector 

The effect of Uttarkashi earthquake in the  Yamuna valley has  been most 
conspicuous In th l s  sector. In the  Ganganl village, located 8km. NE of Barkot 
along the road t o  Hanuman Chattl a t  an alt l tude of 1300m, most of the  houses 
belong to  type A category of thick mud masonry walls and cement plaster. The 
sloping ground comprises debris and fluvial terraces. Almost 2091 of t h e  houses 

have been damaged to a great extent.  Partial collapees of roofs and walls and 
development of shear  cracks of varying dlmenslons are common. Maximum damage 
has  been observed in buildings founded on unconeolldated sedlments a t  the 
edges of Rteep slopes. Landslides have e i ther  been lnltiated or reactivated 
around Gangonl In fluvial terraces and loose deposits. The extent  of damages 
lndlcates t h a t  the  lntenslty of ground motions would have been V11 on MSK 
scale. 



Ceol. Surv. Ind., Spl. Pub. No. 30 8 7 

A few of t h e  type B structures are  located by t h e  slde of t h e  road. The space 
for constructlon of these  houses has been won by constructing retalnlng walls. 
Many of these houses have collapsed due t o  fallure of retalnlng walls. (Photo 
88). A two storey house constructed of mud-masonry walls wlth wood beams and 
columns shows complete collapse of f l rs t  floor slde wall trendlng E-W (Photo 89 

and 90). An old construction allgned In N-S dlrectlon dlsplays consplcuous t l l t  
of about 15' towards eas t  of the  eas tern  end long wall. The collapse of t h e  
partltlon wells of th l s  house has  caused 1nJurles to  few persons (Photo 91). A 
few conventlonal houses constructed a t  t h e  lower terrace In th l s  village also 
show partlal collapse of the  walls and cavlng In of the  roof (Photo 92). In 
Nandgaon and Mashalgaon, comprlslng some 300 type-A structures,  a to ta l  of 12 
houses show major collapses of thlck mud masonry walls. 

An analysls of damage pat tern  In a house of Canganl village has  been made. 
The type-A s t ructure  wlth long wall trendlng N36°E-S350W has  suffered part lal  
collapses and bulglng. Open shear  cracks and peellng of plaster  a re  eeen In t h e  
long wall. I t  appears t h a t  t h e  ground osclllatlons were in NE-SW dlrectlon and 
the wave propagation was from SE t o  NW. 

Raster-Sarlgad Sector 

In thls sector, a to ta l  of 10 vlllages have been surveyed. Barkot 1s located on 
the left bank of Yamuna at an alt l tude of 1260m. Here the  ground comprlseis 
alluvial terraces and debrls slopes. The vlllage fe l t  3-4 tremors and ran  out  of 
doors for safety.  The extent  of damage spreads to  almost all t h e  bulldlngs In 
some form or the  other. 

The slngle storey PWD Rest House bulldlng a t  Barkot 1s allgned in N60°E-S60°W. 
I t  has masonry walls wlth RCC roof. Flne shear  cracks have appeared In the  
eastern slde long wall. A few multlstorey bulldlngs of RCC frames showed deep 
cracks. These s t ructures  are  located on falrly steep slopes In overburden 
material wlth pre-exlstlng valley ward dlpplng flssures. The damage t o  t h e m  
bulldlngs, therefore, appears to  be due to foundatlon fallure. 

In other v\lleges of th ls  sector, development of shear  cracks 1s common on most 
of the masonry walls. In some cases bulglng or partlal collapses of walls and 
roofs Is evident. 

A glrder brldge, constructed In June, 1990 across Pathar gad is located about 7 
km from Barkot. The rlght abutment approach road Junctlon 1s marked by the  
dcvolopment of a f ine N360W-S360E trendlng ground flssure. The rlght abutment 
retalnlng wall Is also found damaged. 
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In Cham1 village, a house trendlng in N20°W-S20°E dlrectlon has  partially 

collapsed. The house 1s a double storey s t ructure  wlth thlck mud masonry walls 
and s l a te  rooflng. The northern portion h a s  suffered the  damage whereas the  

southern par t  remalns unaffected (Photo 93). 

Sarlgad - Badshahl Bag Sector 

In th l s  sector, extending from Sarlgad in the  north eas t  to  Badshahibag in the 

south west, a total  of 28 vlllages were surveyed. Maorlty of the  houses 

observed were of type-B. From Sarigad t o  Barwala, the  bulldings mostly stood on 
sloplng ground on loose or compact soil. Downstream of Sarlgad damage was 

found t o  be of mlnor nature .  The type of damage was In the  form of th in  cracks 

open upto 2mm. Mostly the  pre-existing flne cracks, specially along the 

construction Jolnts were found to  have opened. At times i t  became dlfflcult to  

establlsh the  relationship of cracks wlth the  earthquake. 

The movement dlrectlon was found t o  be N400W-S400E to  N660W-S6S0E, 

NIOOE-SIOOW to N300EOS300W and N600E-S600W to  N800E-S800W. At Juddo area 

movement was reported to  be fe l t  In two dlrectlons by two different persons on 

ground and a t  f i rs t  floor, vlz. N200E-S200W and N650W-S660E. 

The movement was reported t o  be accompanied by sounds resernbllng storm, 

blowlng wlnd, s tar t lng of engine, heavy ralns,  runnlng crowd, galloping horses, 
etc.  

Naogaon-Purola Sector 

This sector,  lnclilding a to ta l  of 5 vlllages of Naogaon, Kansola, Hudoll, Chandell 
and Purola extends along SSE flowing Kamola r ivulet ,  a right bank tributary of 
Y ~ m u n a  rlver. The northern most Purola town 1s located 20km from Barkor, In a 

wlde valley a t  an  al t l tude of 1400m. The vlllage dwelllngs a re  a cluster of 
pucca and seml pucca houses where the  long axes a re  ~ l l g n e d  mostly In NW-SE 
dlrectlon with some havlng NW-SE trend.  I t  Is obaerved t h a t  seven of the 

houses have suffered part lal  collapsee (Photo 94). A type-B construction has 

developed promlnent ehear cracks on E-W trending side wall. The double storey 
o m c e  bulldlng of Executlve Englneer, PWD has  developed cracks. As per the 

ln tens l ty  scale, grades 2, 3 and even 4 damages have occurred In the  type-A 

constructlons. I t  1s note-worthy t h a t  some of the  old houses conat.ructed of 
masonry wlth wooden beam relnforcernents have remalned unaffected. The 
granarles, constructed of tlmber have also not suffered any damage. In Purols. 
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the  dlrectlon of movement of hanging objects was reported as N16.W-S16.E. 
Durlng the  earthquake,  sounds resembling t h a t  of speeding automoblles, 
thunderlng, storm, etc. were descrlbed by t h e  resldents. 

Harlpur-Chakrata Sector 

The villages surveyed In th l s  sector lnclude Harlpur, Byas Bhud, Kalsl, Sahlya 
and Chakrata whlch a r e  allgned in N-S dlrectlon. Along th l s  t raverse ,  well bullt,  
cement brick/stone and masonry houses have been notlced. Most of t h e  houses 
have been founded on compact sol1 except a few on rocky foundatlons. Sllght 
damage in form of cracks In plasters was noted In stronger houses whlle weakly 
bullt houses suffered cracks in walls. Part lal  collapses were noted In a few 
cases of weak (dry stone masonry or very poor & old mud maeonry) houses. Some 
bulldlngs escaped any damages and t h e  movement a s  reported by few persons 
was malnly In N60°W-S60°E dlrectlon. At Chakrata, a n  additional movement In 
N30%-S30°W dlrectlon was also reported precedlng t h e  above movement. The 
unusual sound durlng t h e  shock were reported t o  be like those of moving t ra ln  
and strong hlsslng sound comlng from nearby forest/hllls. In Sahlya area,  two 
mlld af ter  ehocks were fel t  by some persons a t  about 6 A.M. on 20/10/91 and a t  
a b o i t  11 A.M. on 21/10/91. 

The ground surveys lndlcate t h a t  a narrow belt encompassing Canganl has  
hlgher earthquake lntenslty of VII. The surveyed area to  t h e  north of Canganl 
comes In lntenslty VI. Stmllarly, t h e  area  to  the  south of Canganl upto Damta 
can be lncluded In lntenslty VI. 

DOON VALLEY 

The Uttarkashl earthquake of 20th October, 1991 had a conspicuous effect In 

the  Doon valley whlch becomes evldent from the  damage pat tern  eurvey and 

lntervlew of number of persons. A summary of locallty wlse observatlons 1s 

glven ln the  followlng paragraphs. 

RaJpur-Khera-Kulhan Sector 

The vlllages covered In h l s  sector are  located ln the  northern trlnge of t h e  
valley. They Include Rajpur, Khera, Kuthalgate, Sanola, Nagal, Kulhan, CuJrara 
and Jakhan. The Khera-Coplwala hamlet conslstlng of 14 houses show 
conalderable damages t o  almost 60% of the  structures. Caplng cracks wlth 
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openlng of O.lcm t o  4cm, part lal  collapse of masonry walls and peeling of plaster 
a re  common In type A structures.  However, no perceivable damage was notlced to  
well constructed houses. 

The Khera village Is located on a spur of a wide alluvlal terrace where actlve 
eroslon by two nalas  has  glven rlse t o  t h e  development of s teep escarpments. 
Such slopes have shown evidences of fallure in t h e  past .  The strong ground 
motlons related with t h e  present earthquake appear t o  have accentuated the 
faillng tendency of t h e  crltlcal slopes. As such a number of cracks with openlng 
of lcm t o  6cm and length of 6m to  30m have appeared In t h e  cultivated fields. 
The trend of these  cracks i s  NE-SW and NW-SE. 

An assessment of t h e  damage pat tern  lndlcates t h a t  the  shear  cracks have, In 
general, appeared In N-S trendlng walls. Falling of objects llke table fan, water 
drum, etc.  and swlnglng of hanging pleces have been reported by most of the 
resldents. 

Ralpur-Thano-Bhogpur a c t o r  

Thls sector wlth Barkot In the  eas t  and Ralpur In t h e  west extends for about 
20km length. The villages surveyed lncluded Ralpur, Thano,Bhogpur and 
Ranlpokharl. The sett lements are located over Quaternary flll deposlts. In the 
Ralpur Industrlal area ,  well constructed multlstorey bulldlngs have developed 
extensive cracks In t h e  walls and along constructlon jolnts. Bulglng and buckling 
of face stones have been observed ln one of t h e  bulldlngs. 

In Thano, Bhogpur and Ranlpokharl. areas,  some of the  poorly constructed houses 
have suffered part lal  collapse. The dlrectlon of propagatlon of waves 1s 
estlmated t o  be E-W or NW-SE. Reactlvatlon of old slldee has  taken place In t,he 
area .  

Dobhrl-Soma-Langha Sector 

The sector lles In t h e  western part  of Doon valley and spreads all along the 
foot of the  Outer Himalayas. The area conslsts of alluvlal fan deposlts and 
Recent fllls. Partlal collapses of few houses and development of shear cracks 
and bulglng of masonry walls have been wltnessed In a number of cases. 

Dolrala- Jollgrant-Sherpur Sector 

The sector 1s located In t h e  central part  of Doon valley wlth the  ground 
comprlslng unconsolldated gravels, boulders and sl l t  of Quaternary age (Doon 
Gravels). The damages t o  structures Include appearence of f lne cracks In walls 
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and peeling of plaster. However, no collapse has  occurred anywhere ln th le  
sector whlch Is lndlcatlve of a lesser lntenslty of ground accelerations as 
compared wlth t h a t  of Ralpur and Rajpur sectors. 

Clementom-Subhaah Nagar-Dat Sector 

The area lles in t h e  southern part  of t h e  valley along Saharanpur road. The 
damages to  type A and B bulldlngs includes cracks ranglng from 0.1 t o  3cm in 
thlckness. The foundation material comprises Doon Gravele wlth fairly thick 
layers of s l l t  and clay. 

Arkadla Tea Estate-Prem Nagar-Sahaspur 

This sector, comprising the  western par t  of Doon valley ehowe varled earthquake 
intensity patterns. In t h e  Arkadia Tea Esta te  t h e  bulldlngs have developed halr  
llne to  open cracks (maxlmum openlng 6cm). In the  adjolnlng Prem Nagar locallty 
no dlstlnct damage 1s In evidence. Here, even poorly constructed type A 
structures do not show any appreclable damage. 

IIP Complex-Joglwala-Harrawala Sector 

The sector 1s located In the  central par t  of Doon valley. Here t h e  damages t o  
civll structures lncludes fine cracks In walls. At Indian Ins t l tu te  of Petrollum 
(IIP), Mohakampur, an  E-W trendlng Kuchha wall has  tllted towards south. This, 
t o  some extent  glves the  dlrectlon of wave propagatlon a s  E-W. 

Dehradun Town 

Forest Research Instl tute Bullding 1s a double storey s t ructure  wlth I t s  longer 
axls trendlng E-W (Photo 95). The maor  crack In th ls  bulldlng hae developed 
along E-W dlrectlon all  along the  junctlon of t h e  porches with t h a t  of t h e  maln 
bulldlng. The wldth of t h e  crack varles between 1.6 and 2.0 cms. Simllarly on 
tho upper storey, the  floor of the  E-W runnlng varandah has  got eeparated by a 
few mm from the  walls, and the  brick made arches of t h e  varandah have 
developed promlnent cracks trendlng E-W (Photo 98). I t  has  been noticed t h a t  
the  arches towards t h e  western half of the  varandah have suffered more damage 
RS 1s also evident from the  dlslodgement of brlcks from t h e  lower portions of 
these arches (Photo 97). Slmllar damages are  also seen In the  brick made arches 
of N-S trendlng varandehs. Several halr flne and surflcial cracks are  seen on 
the  celllng of the  convocatlon Hall, except for a N-S trendlng m a o r  vertlcal 
crack rlght from the  top (roof margln of t h e  bulldlng) to  t h e  bottom of l t e  
northern outer wall. 
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The fall  of t h e  thlck plasters from t h e  celllng and dlalodgement of a few brlcka 
h a s  also been notlced f h m  t h e  a reas  of con~t ruc t lon  Joints between t h e  porches 
and t h e  maln bulldlng. 

Hllton Hotel i s  located on Harldwar Road, near  Araghar. The N26'E-S26'W outer 
wall has  developed cross-cracks, one of whlch trends N60'W-S60'E wlth a dlp of 
60' towards N30'E; whereas t h e  other  one dips towards S30'W at an  angle of 
66'. The contlnulty of these  cracks through t h e  wall could not be ascertalned 

for want of approach t o  t h e  other  side. 

Halr flne cracks were notlced In a wall trending N76.E-S75'W a t  the  very 
entrance t o  t h e  Receptlon Hall (Photo 98). A 0.5cm wide crack along constructlon 

jolnt of t h e  above wall wlth t h a t  of t h e  celllng (a par t  of the  porch) 1s notlced. 
Another wall just  opposite t h e  receptlon counter has  developed a crack trendlng 
NBO'E-SBO'W (same as t h e  trend of t h e  wall) wlth a wldth of 0.2 cm to  l.Ocm. 
The upper block wlth reference t o  th l s  crack has  shlfted or dlsplaced towards 
south ,  relat lve t o  t h e  lower block, by about 3-4mm. Several small sympathetic 

fractures (very slmllar t o  feather cracks) were also observed whlch are  dlpplng 
towards N80°E, folnlng t h e  maln fracture along whlch t h e  displacement has taken 
place. The wldth of th ls  main crack 1s lncreaslng upto lcm towards N80'E and 1s 
mlnlmum towards the  opposlte end (S80'W). A wall whlch trends N16'W-S16'E and 
jolns t h e  above mentioned wall h a s  developed crls-cross cracks, one of whlch 
dlps towards N18'W and t h e  other towards S18'E wlth same trend 1.e. 
N72'E-S72.W and dlps a t  46'. The stalrcase In t h e  basement chamber has 
developed a crack trendlng N-S and dlpplng towards E. In the  kltchen hall of 
th l s  basement, southern block of t h e  floor has  eubslded by 1.Ocm along 
N65'W-S66'E trendlng glass-llnlng of t h e  mosalc floor. 

Natlonal Instl tute for Vlsually Handlcepped (NIVH) bulldlng Is sl tuated on the  
Rqjpur Road some 4.6 km. NNE of t h e  Clock-Tower. Cracka have appeared In the  
bulldlng In t h e  upper floor rooms. 

A crack In t h e  Director's Room and Semlnar Hall, trendlng N16.W-16'E (same 
trend a s  t h a t  of wall) has  developed along the  constructlon Jolnt of wall and 
celllng. The wldth of th ls  crack Is between 6-10mm. Further, the  southern half 
of t h e  N-S trendlng beam has  tllted downwards, and the  southern wall of the  
room has  developed an  E-W trendlng halr  fine crack. Two constructlon folnt 
cracks trendlng E-W and N-S have developed between the  wall end celllng of 
the  semlnar Hall also. A N16'W-Sl6'E trendlng crack along the  Jolnt of celllng 
of Establlshment Sectlon end western wall of E-W extendlng Hall was notlced. 
Almost all the  vertlcal plllars have developed halr flne cracks. North-South 
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extending beams of t h e  nor thern  half (of t h e  E-W trendlng Hall) h a v e  developed 

cracks t rending N80bE-S80'W and dlpplng 70' towards SIO'E. However, t.hese 

cracks a re  s t r lc t ly  conflned t o  t h e  beams only and a r e  not, t r ave r s lne  throilgh 
the  lntervenlng port lons of t h e  celllng between two beams. Accordlng t o  t h e  

s ta f f  members, a wall-clock hanglng along a N-S trendlng wall was seen  havlng 

been shlf ted towards South by about  16' from Its maln position. 

The Account Sectlon Hall Is trendlng In E-W dlrectlon. Two s e t s  of cracks,  
t rendlng In N-S and E-W dlrectlons, wlth a wldth of Imm a r e  noticed In t h e  

ceillng. Almost all  t h e  beams of t h e  en t i r e  Hall h a v e  developed ha l r  f lne  t o  lmm 
wide small cracks whlch a r e  dipplng towards North In t h e  Southern half portion 
of t he  celllng and towards south  In t h e  nor thern  half portion of t h e  ceiling, a t  
an  angle of 60-65'. Besides, several  vert,ical pl l lars  of t h e  Hall, have  developed 
randomly oriented ha i r  f lne  cracks.  

The East-West, trending old boundary walls of Dayanand RrlJendra Swaroop (DRS) 

Postgraduate College and nayanand Anglo Vedlc D A V  (PG) College have  collapsed 
due t o  tremors. The  debrls  was seen havlng fallen towards North. 

Das Motors Rullding on Railway Stat ion Road nea r  L.axml Cinema Hall is a douhle 
s torey s t ruc tu re  wlth Its roof and pj l lars  bn!lt up  of RCC. Vertical cracks 
t rendtng N16.E-SIS'W were seen In northern wall of t h e  hall on t h e  ground 
floor. The o ther  two s e t s  of t h e  cross-cracks, In t h e  same wall, a r e  dipplne a t  

46'-60' towards N6A'W and S6Fi.E wlth a s t r l ke  dlrectlon of N25'E-S25'W. 

The cracks on the  f i r s t  floor, along t h e  construct ion joint of t h e  RCC ceillne and 
non-RCC wall a r e  t.rendlng N80.W-S80'E (same a s  t h e  t rend  of t h e  urall). 

The  glass panes of t h e  wlndows on t h e  ground floor a s  well as on t h e  f i r s t  floor 

have  been broken due  to  t h e  vlbrat lon.  Breakage of glass  panes,  however, h a s  

not  been frequent  In t h e  o ther  h ~ ~ l l d l n g s  surveyed.  

Hot.el Drona, a mllltlstorey bl~l ldlng Is located very  near  t h e  Roadways B i ~ s  

Stand.  At t h e  Western end of t h e  hotel a vert lcnl  crack,  (most probably along 
some const.ructlon Jo ln t )  of 1 t o  3 m m  wldth contlnulng from ground floor t.o t op  

floor was observed, however t,he w1dt.h of thls  constri~ct.!on-jolnt crack Is f o i ~ n d  
lncreaslng toward6 t,he top where i t  has  herome I.Ocm wide. Slmtlarly, t h e  

spacing along the  Joint  of floors of t h e  E-W runnlng Varandah and t h e  southern  
wall has  Increased by 1.0 to  2.00 mm. Also. a few random cracks  were notlced 

on t h e  s ta l rcase  towards t.he western end of t,he hotel .  The fall  and chlppjng 
out  of t.he p las te rs  from t h e  walls and  construction joint a r eas  Is also reported 
from t h e  same end.  
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A minor ha i r  f ine  crack of zig-zag na tu re  roughly of N35'E-SBS'W trend h a s  
a l so  been notlced In r.he conference room a t  t he  second floor of t h e  hotel.  

The St.. Francis  Church Is located nea r  t h e  main Branch of SBJ on Convent Road. 
Two s e t s  of cracks. t rending  NW-SE and NE-SW were notlced In t h e  fa lse  ceillng 
nf t h e  Prayer  Hall. A ver t ica l  crack t rending  NW-SE was recorded in a wall 

(trending N35.E-S35.W) in which 1s s e t  an  idol of Chrlst.  Thls  crack i s  
penetrat,ing across t h e  whole th ickness  of t h e  w-all. In t h e  same wall i s  s e t  a 

small almirah/wardrobe, which was seen  a s  having been part ial ly detached 
towards NW due  t,o t h e  tremors. A horizont.al crack along t h e  construct.lon joint 

of t h e  celling and N35.E-S35'W trending wall h a s  also been observed. 

Aketa Hot.el/LlC Office i s  located on R a p u r  Road, approximately 3.0 km. NNE of 
Clock Tower. No mqjor c racks  were notlced on t h e  ground floor. however, a crack 

In t h e  vlcinlty of t h e  reception counter  had been repaired a s  per  t h e  verslon of 
t h e  hotel-workers. Another crack whlch h a s  developed in  a rectangular  
decora t ive  s tone  piece ( s e t  in a wall) i s  seen dlpplng towards N26'E-S25'W. 

Similarly a mlnnr crack of approximately 1.Omm wldth was seen  str iklng E-W, 
and dlpplng towards North a t  a n  angle of 65', in a wall of t h e  ground floor. 

Fu r the r ,  several  rooms on t h e  f i r s t  and second floor h a v e  developed cracks of 

variorls 8tt.itlldes. 

In t h e  f i rs t  floor of Arrollnts Sect.ion, following two s e t s  of cracks were seen In 

t h i s  room: 

a )  North-South t rending  wall h a s  developed a horizontal crack of same trend 
a s  t h a t  of t h e  wall.  

b) Another crack in t h e  wall i s  t,rendlne N-S, with 30' dlp towards East .  

The  floor (of t h e  second s torey)  h a s  developed a mlnor vert ical  crack,  which Is 

t .rendlne N55'E-SFi5'W. I.lft of t h e  hotel was found ou t  of order and a wardrobe 

toppled and fell  down on the  floor following t h e  ear thquake  - a s  reported by 
t h e  wnrkers of t h e  hotel.  

The  tlme of t h e  ea r thquake  In Dehra Dlin a s  reported by majorlty of t h e  peoplo 
was samp a s  t h a t  broadcast  by All India Radio and noordarshan the  next  
morning 1.e. between 2.50 4 M  ro 3.00 A.M. The quake  of t h i s  lntenslt,y C R U S ~ ~  

seve re  panic/fear  amongst t h e  people. Almost a l l  were awakened and many of 

them remained outslde the l r  hoiises t i l l  t h e  break of t h e  dawn and a 
conslderable number of persons even co111d not have  a sound sleep ln the  
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subsequent days malnly due t o  fear psychosis regarding the  possible recurrence 
of the  earthquake. The most commonly recorded duration of t h e  tremors was 
between 20 t o  60 secs. 

The reeponse of persons t o  the  dlrectlon of t h e  movement was very unambiguous 
and prompt. I t  was E-W and N-S wlth only one person reportlng l t  t o  be NW-SE. 
Thls N-S vlbratlon/movement 1s supported by t h e  fall of small. wooden and 
llghter objects of showcases ei ther towards North or south of their  original 
position. However, the  swlnglng of fans  and displacement of cots etc.  suggest a n  
E-W movement. Spllllng over of milk, water, falllng of kerosene lamp and small 
wardrobe, severe rat t l lng of doors, wlndows, wlth occaslonal cases of breaking of 
wlndow-glass panes and twisting of door-latches, falling of small torch, 
medlclne-bottles, candle stand etc. were very commonly reported. 

Accordlng t o  the  verslons of the  persons reslding on the  second floor of houses 
the  angular movement of the  bulldlng with respect to  the  vertlcal ax16 of 
opposlte bulldings was of t h e  order of a t  leas t  10-16'. The rlnging of small t o  
med111m slze bells of some temples was heard by pujarls/priests but  t h e  
huge/glant bells of church top reportedly dld not rlng. 

The sound of the  approachlng earthquake was descrlbed dlfferently by varlous 
persons. Accordlng t o  some, I t  was a mlld drummlng/thumpIng of the  ground 
accompanled by approachlng storm and rain Ilke sounds, typical of Its own, 
whlch was never heard before. Others descrlbed the  sound as t h a t  of a s tar t ing 
of a jeep or car, gradually rlslng In loudness as the  quake approached. 

As regards the  unusual/abnormal behavlour of certaln anlmals and birds prlor to  
such calamltles, and also whlch Is a toplc for lntenslve research In foreign 
countries wlth a vlew to  uslng them for earthquake prediction, two 
typlcal/strange phenomena have been explalned t o  t h e  party.  At about 12.30 
A.M.  (2 hours and 20 mlnute before the  occurrence of the  quake) the  crows 
dwelllng on a tree just opposlte a house, suddenly s tar ted crowing and 
contlnued the actlvlty tlll the  observers/resldents of t h e  house sllpped Into 
sound sleep. Slmllarly, a few persons reported the  u n u s ~ ~ a l  barklng or wall of 
dogs Jus t  a few mlnutes or In certain cases few seconds before the  havoc. 
However, the  dogs, launched furlous and contlnuons barklng lmmedlately af ter  
t h e  quake was over and kept on barklng for qulte some time. 

Another strange and e n l g m ~ t l c  phenomenon whlch came to  t h e  notlce of the  
party through the persons Interviewed, was the  occurrence of flash of llght or 
sudden Ilghtenlng klnd of event (but without the  accompanlrnent of the  
thunderlng sound) Jus t  before or during the  quake. Some persons descrlbed th ls  
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llght/flaeh llke t h e  one a t  break of t h e  dawn 1.0. llght-yellowish-reddish colour 
wlth durty/hazy appearance of the  sky,  though nobody was able t o  glve the  
speclfic dlrectlon of t h e  redness of t h e  sky. They say  It was an overall redness 
of t h e  sky up above. 

As regards t h e  number of shocks, by majorlty I t  was one contlnuous vibration 
s tar t lng gently and havlng assumed t h e  proportions Jus t  short  of spelllng 
disaster .  Only one or  two persons are  of t h e  vlew t h a t  f l rs t  I t  was a mild and 
tolerable vlbratlon followed by a pause of 3-4 secs and then the  heavy shaking 
s tage of about 16-20 seconds or even less. Based on t h e  above account and 

nature of damage, the  value of lsoselsmal enclosing the  Doon valley comes to  VI 
on t h e  MSK scale. 

HIWCHAL PRADESH 

The macroselsmlc investlgatlons of th l s  earthquake In Hlmachal Pradesh, Punjab 
and t h e  Unlon Territory of Chandlgarh were conducted by the  offlcers of Punjab 
and Hlmachal Pradesh clrcle, Chandlgarh a s  well as two officers from the 
Engineering Geology Dlvn.11, CSI, NR,  Lucknow. The areas covered by different 
p ~ r t l e s  1s a9 follows: 

The da ta  generated by all these part les have been syntheslsed and utlllsed for 
extenslon of t h e  lsoselsmala of the  shock In Hlmachal Pradesh and Punjab. 

L 

P a m  

Gurdev Slngh 

Gurdev SLngh 
S.K. Hans 

P.M. Jalote 
A.K. Chowdhary 

Prem Kumar 
N.K. PunJ 

Area Examlned 

PunJab and Union Terrltory of Chandigarh 

Eastern Hlmachal Pradenh borderlng UP coverlng Slrmaur, 
Shlmla and Kinnaur dlst tr lcts  

SatluJ catchment 

Central Hlmachal Pradesh coverlng Mandl, Bllaspur and 
Solan dlstrlcte. 
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In Hlmachal Pradesh t h e  earthquake was fe l t  by almost all t h e  people and 

resulted In death of one person a t  Badsarl In Sangla valley, Klnnaur dlstr lct .  
About 20 houses collapsed In the  dlstr lcts  of Slrmaur, Klnnaur, Solan and 

Hamlrpur and a large number of resldentlal and offlce bulldlngs developed cracks 

but maor  englneerlng structures llke Andhra dam, Bhaba project and Bhakra 
dam, escaped without any damage. 

In Central Himachal Pradesh encornpasslng Mandl. Sundernagar, Bllaspur, Arkl, 
Solan and Parwanoo area ,  2 to  3 shocks were reported. A t  Arkl and Nalndurl I t  
was reported t h a t  t h e  inlt lal  shock was  mlld one whlle t h e  second and thlrd 

ones were much stronger. The duration of the  earthquake was conslstently 
reported t o  be 46 seconds. At Parwanoo people reported t h a t  the  sound 

accompanylng t h e  shock was a s  11 electrlc shor t  clrculting had taken place. At 

Arkl the  sound was compared with t h a t  of a truck hlttlng t h e  bulldlng whlle a t  
other places I t  was reported to  be slmllar t o  t h a t  of strong stormy wind. In 
Bllaspur dlstrlct t h e  people fel t  t h e  shock more severely and s t r a y  lncldences of 
people not able t o  s tand were also reported. The dlrectlon of t h e  vlbratlons was 
conslstently reported from northeast  t o  southwest wlth t h e  exceptlon of Mandl 
where I t  was fel t  from eas t  to  west. 

Damages In t h e  form of development of cracks In some Kutcha houses and 
Isolated Incldences of openlng up of Jolnts ln  brlck houses wlth cement mortar 
have been reported. In Kunlhar vlllage located on Quaternary sediments the  

damages In the  form of partlal collapse of adobe type constructlons, suggesting 
intensity V1, have been observed. Brlef descrlptlon of damages sustalned In 
Kunlhar vlllage are  as under: 

The earthquake has  caused severe damage t o  about 20 adobe constructlons out  
of whlch 6-6 houeea have demonstrated part lal  collapse of walls. In one, two 
storey house, bullt In 1920, both long and shor t  walls have collapsed and gaplng 

cracks have developed all  along the  length of the  walls (Photo 99). The gap In 
the  cracks varles from about 12 cm a t  t h e  top to  lmm towards t h e  base. In 

another house the  southern short  wall has  been damaged and a gaping crack 
wlth an openlng of 6-6cm a t  t h e  top and plnchlng out near  t h e  bottom hae 

developed near the  corner (Photo 100). At t h e  pollce post construction Jolnts 
opened up due t o  t h e  tremor. 
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The descrlptlon of cracks observed in different locallties are  tabulated below: 

In the  east,ern Hlmachal Pradesh, a4)olning Uttar Pradesh In the  plalns of 
Shambr~wala and Paonta Sahlb and In the  lower Lesser Hlmalaya lncludlng the  
localltles Shlllal, Kamrao, Tlmbl, Ronhat. Tlanl and Rohru, the  shocks reported 
varled from one to  three  In nl~mher and t h e  maxlmum duratlon wae reported t o  
be about 1 mlnute. In the  upper par ts  of the  Lesser Hlmalaya lncludlng Jubbal, 
Kotkhal, Shlmla, Narkanda, Rampur. Bhabanagar. Taprl, Poo, Kalpa and Tabo 
people mostly fel t  one continuous shock lastlng for 30 to  46 seconds though a 

few reported upto 3 shocks a t  short  Intervals. In t,he lower reaches lncludlng 
Nahan, Kwanu, Shlllal and Khadrala people fel t  sound of strong wlnd blowlng, In 

Place 

Parwanoo 

Arkl 

Satoti  

Darlaghat 

Bllaspur. 

Mandl 

Barmana 

Swarghat 

Cracke 

Wlde cracks trendlng 
NW-SE in t h e  celllng 

Vertlcal Joints. Openlng 
of jolnts between two 
walls 

Vertical cracks 

Irregular cracks 
Incllned, vertlcal 

Vertlcal cracks In N-S 
dlrectlon 30 t o  6Scm 
from top towards the  
base 

Openlng of t h e  joints 

Cracks both In ground 
floor & Upper storey 

Old cracks 

Openlng 

2mm to  
4mm 

2mm to  
4mm 

6mm t o  
1 Omm 

Towards 
t h e  base 

2-3cm 
wide gap 

lcm 

Inclined en 
echelon 
type 

Opened up 

Type of Eoure 

Four storey cement 
houses. Cracks on the  3rd 
floor in t h e  celllng 
towards t h e  end of t h e  
bulldlng. 

Type A Kutcha house. 

Kutcha houses of Type A 

as well as In cement, 
cemented stones and 
brlcks. 

Cemented stone Type B 

Kutcha houses Type A 

Cemented pucea slngle 
storey house (Type B) 

Concrete bulldlng 

Stone cemented Pucco 
slngle storey 
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Shlmla the  sound resembled t h a t  of moving of vehlclea whlle In Klnnaur dlstr lct  

rumbling and thundering sound accompanled by resonance was fe l t  accompanied 
by ratt l ing of doors and wlndows. Cases of falllng of loose objects on tables and 
shelves were reported at  Shambuwala, Daula Kuan, Minal Bag, Kwanu, Taprl 

Kotkhal, Theog and Kalpa. There was no change in the  dlscharge of springs 
except a t  Theog where t h e  Assistant Englneer; Irrlgatlon Department reported 
t h a t  a water spring had dried up at i t s  usual locatlon and had emerged out  

about 50m down slope. At Rakcham I t  was reported t h a t  one sprlng e tar ted 

emltting lukewarm water. The predomlnant direction of wave propagation was 

reported t o  be NE-SW but a few NW-SE,. N-S and E-W dlrectlons were ale0 

reported. 

The general damage t o  t h e  constructlons was restricted to  development of cracks 
In A type houses and a few of brick masonry a t  Taprl,Atal, Kotkhal, 

Skandon-Korga, Morang all falling In lsoselsmal V or near t o  t h e  boundary of 
lnoselsmal VI. In Chltkul much more damages have been caused a s  it l ies In t h e  
lsoselst VI. I t  has  also been noticed t h a t  damages In and around Tlmbl vlllage 
have been of hlgher category and collapses of some adobe houses has  been 

recorded In th is  vlllage. The vlllages whlch have suffered conslderable damage 
a re  described below: 

CHlTKUL (DISTRICT KINN AUR) 

Thls village is  located on gentle slopes occupted by glaclal fan deposits on t h e  
right bank of rlver Baspa. The houses In th ls  vlllage are  generally made of 
Interlocked wooden beams wlth dressed stone layers and s la te  roofs. Most of t h e  
houaea are  two storey 5 t o  6m hlgh adobe structures and no damage has  been 
reported t o  these conventlonal dwelllngs. Many recent Government conetructlona 
whlch are  about 20 years  old lncludlng PWD Rest House, Ayurvedlc Dlspensary 
bulldlng, Prlmary School buildlng and PWD s tores  bulldlng made of load bearlng 
maronry walls wlth t ln roofs have suffered conslderable damage, t h e  worst 

effected being the  Dlspensary bulldlng. 

The double rtorey Dispensary bulldlng bullt In stone masonry wlth cement taplng 
from outrlde and mud plaster on t h e  Inner surface of t h e  walls show damages In 
the  form of collapse of roof of the  store room, broken top portion of walls and 

crack8 in t h e  eas t  west long walls. The N85.E-S86'W wall has collapsed In t h e  
gable portion whlle the  wooden frames and the  celllng are standing Intact. The 

chlmney projection above the  roof has also suffered conslderable damage (Photo 
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101 1. Near vertlcal cracks which taper near the  roof a s  well as t h e  flrst  floor 
have been recorded in the  N-S wall. These a re  inclined at  70' and 85' towards 
south and north respectlvely and extend for a length of about 1 t o  1.5m. 

The Primary School single storey bulldlng has  demonstrated damage in the  form 
of collapse of gable portions in t h e  N-S direction damaging wooden furniture In 

the  class rooms. Big chunks of mud plaster  has  also fallen. 

The side walls of the  PWD Rest House aligned in t h e  N-S direction show bulging, 

one in the  easterly dlrection a t  mid level (Photo 102) and the  other bulges 
towards west. The back long wall allgned in t h e  E-W directlon has developed 

horizontal crack a s  well a s  few subvertical cracks near the  top of the  wall. The 

s lab of the  chimney of the  PWD stone bullding has  rotated. 

A single storey Chakki owned by Sri Nand Negi built in stone masonry in mud 

mortar suffered heavy damage in t h e  form of gaplng cracks in the  walls and 
part lal  collapse of walls. Northern wall of th i s  small structure developed 1.5Xlm 
size hole. Shri Mahabir Negi of Indo-Tibetan Border Police (ITBPI who happened 
to  be in house in Chitkul reported t h a t  the  mule track between Chitkul and 

Rani Kanda had been damaged a t  a distance of 12 km from Chitkul because of 
rolling of boulders. Incidence of rolling boulders from the  northern slopes of 
Chitkul village have also been reported. 

BADSARI VILLAGE 

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

bank of Baspa rlver. The Rakcham granites consti tute the  high hills of the  right 

bank slope while the  village proper 1s located on gently sloping area  occupied 
by overburden material. A dry gully wlth s teep slopes formed of rolllng boulders 

occurs a t  t h e  head of th i s  village. Due to  t h e  earthquake four rock blocks of 
approximate 3ma size got detached from the  parent rock mass a t  higher 

elevatlons and rolled down along th is  s teep gully slope. Three of these boulders 
were entrapped in the  bouldery zone while t h e  fourth one rolled down to  the  
habitrrted area kllllng one person, injuring f lve  others and killing 10 animals. 

SANGLA 

Everybody In th is  vlllage was awakened, panicked and ran out of the  houses. 
The GI sheet  roofs rat t led but the  loose objects did not fall. In the  town no 
damage was reported in t h e  houee, generally made up of interlocked wooden 
beams with intervenlng dressed stone masonry layers. The Rukti Power house 

and the  appurtenances located on overburden materlal were examlned and no 
apparent damage was seen in these structures.  However, ln the  resldentlal 
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bulldlngs, three atorey apartments made In dreseed stone masonry with cement 
mortar and horlzontal wooden beams dlsplayed mlnor cracks In t h e  walls. The 

Hlmachal Pradesh S ta te  Electrlclty Board (HPSEB) rest house bullt In 1989 wlth 
dressed stone masonry and cement mortar has  developed halr  l lne  cracks 
specially In the  back varandah a t  the  junctlon of beams with plllars. 

RAKCHAM 

The PWD res t  house made up of stone masonry with mud mortar and cement 
taplng has  not been damaged but the  kltchen and chaukldar's residence by Its  

slde has  developed cracks from the  roof level t o  the  wlndow base and blg 

chunks of mud plaster  have fallen In t h e  kltchen. One of the  slde walls allgned 
In t h e  N6O0E-S%O0W has  bulged In t h e  S30'E direction. In the  Ayurvedlc 
Dispensary Buildlng allgned In the  N30°W dlrectlon cracks along t h e  mortar are  
seen below t h e  windows on both the  walls, plaster has  fallen. This bulldlng Is 
made In cu t  stone masonry wlth cement mortar and mud plaster. Another 
bulldlng of the  same type (Junior Engineer's resldence), dlsplays crack from top 

to the  ground level In a slde wall aligned In the  N30'W-S3O0E dlrectlon. The 
Gram Sewak's hut  also show vertical cracks In the  slde walls and some of t h e  
preexlstlng cracks have wldened. 

In the  Sanjoll area  people fel t  the  shock strongly and everybody awakened and 
many came out of t h e  houses. Mr. Verma, SDO of Nathpa-Jakharl ProJect 
Corporatlon (NJPC) staylng In second floor of a RCC frame bullding reported t h a t  
the shock came from eastern  side and further fel t  t h a t  t h e  vlbratlons were In 
east-west dlrectlon and the  swlng was about 6 to  7cm In 3m hlgh s t ructure  ln 

second floor. No damage has  been reported In hls bulldlng. He fur ther  reported 
tha t  near Jhaku temple on fourth floor of t.he RCC frame s t ructure  bulldlng hai r  
cracks have developed In partltlon walls. 

The Post and Telegraph bulldlng, a three  storey structure,  made up of red brlcks 
wlth lime mortar dlsplayed no damage. 

The Grand Hotel bulldlngs are  in general about 100 year old and no damage has  
been reported In the  maln bulldlngs. In block No.11 quarter  No.IV, minor crack 
has been observed In t h e  wall ( the  bulldlng Is sllghtly poorer In constructlon 

than the maln bulldlng). 
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The shock was fe l t  strongly and people came ou t  of houses. No damage has been 
reported. I t  Is reported t h a t  in near by vlllages old houses of poor construction 
h a s  developed mlnor cracks. 

Narkanda 

The shock was felt  strongly but no damage has  been reported. 

NOGLY -RAYPUR-JHAKRI- JEORI-POOH-KHAB 

In the  Nogly power house bulldlng sl tuated on overburden, no damage haa been 
observed. In the  33 KW control room whlch Is a n  extenslon of t h e  maln bulldlng 
and constructed af ter  1976 Klnnaur earthquake about 2m long vertical cracks in 
t h e  wall have developed a t  the  Junctlon of RCC pillar and masonry wall a t  two 
places. The helght of t h e  wall Is 4 t o  6 meter and crack has  developed In top 
2m. only. No damage has  been observed in t h e  anchor blocks of t h e  penstocks. 

People In Rampur fel t  t h e  shock strongly and came out of houses In ground floor 
also. The 80 year old Satya Narayan temple made up of lime mortar and stone 
s tands  erect .  The side courtyard building made up of wooden beam and stone 
whlch Is tilted earl ler  has  not been damaged. 

The Jhakrl  colony 1s sl tuated on about 40 to  8 0 m  thlck flnvlo-glaclal deposit. 
Most of the  houses a re  two t o  three storey RCC framed structure with partltlon 
walls whlle a few houses are  slngle storey bulldings wlth load bearing walls. 
Due to  earthquake people came out of houses, but no damage to  bulldlng has 
been reported. Nothlng fell down trom shelf etc. The type VI quarter  (slngle 
storey wlth load bearlng walls) whlch are  sl tuated in the  slow creep zone and 
had developed cracks due t o  creep movement earller and were la ter  fllled up by 
cement mortar, no damage has  been reported due to  th ls  earthquake. 

In t h e  NJPC colony a t  Jeorl (previously HPSEB colony) In four etorey RCC framed 
s t ructure  bulldlng, t h e  partltlon wall has  developed cracks below the  wlndow In 
second floor. The newly constructed club bulldlng shows halr line cracks along 
t h e  floor. 

Taprl ts sl tuated on t h e  Satluj  r lver terrace deposit. Here people fe l t  t h e  ohock 
strongly. In Ram Charan Dass hotel mlnor cracks In wall on flrst  floor portion In 
panl t lon wall h m  been observed (Poor conatructlon). In t h e  out  house of the  
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rest house aligned in N30'W-S30'E nldenlng of preexlatlna cracks ln t h e  s lde  

walls and irregular dlagonal cracks extendlng for length of about 1.25m have 
been noticed In t h e  long wall a t  ground floor. The upper storey is  not damaged. 

A Kirana shop owner At Agpa whlle sleeplng on wooden cot on ground floor fel t  
the  shock strongly, he  dld not come out  of t h e  shop. Nothlng fell down In his 

shop. The relghlng balance hanglng from the  roof s tar ted swinglng. 

The Morang vlllage Is si tuated on t h e  left  bank slope of the  SatluJ r iver (about 
200m above the  rlver bed level) and slope wash materlal forms the  slope. Shrl 
Jarblr  Slngh, School Teacher fel t  t h e  shock strongly on ground floor. No utensil  

has  fallen from the  racks. His house 1s govt. quarter  made up of stone masonry 
with mud mortar and cement taping. In hls house vertical cracks on back side 
has developed-due t o  19th January,  1975 Kinnaur earthquake. These cracks have 

sllghtly opened up due to  th ts  earthquake also. 

The resldence of Shrl Chaube another school teacher, a double storey stone 
masonry old bulldlng aligned In the  N80'E-S80'W has  developed cracks in t h e  

long walls a s  well a s  the  slde walls. Loosely stacked stones in the  gable portlon 
fell and a man sieeplne below this  wlth a chlld had a providential escape. The 
double storey buildlng pollce stat ion building shows cracks only on the  flrst  

floor and the  gable portlon of t h e  N-S aligned side wall has  bulged in t h e  
westerly dlrectlon. A stone has also fallen from the  loosely packed gable 
portion. In the  Govt. Ayurvedlc dispensary building aligned in N30'E-S3OWW 
preex!stlng cracks have opened out; a few new cracks have developed and back 
wall i s  severely damaged and needs to  be dismantled. A long wall has  bulged in 
the  N60'W dlrectlon. I t  i s  apparent from the  reports t h a t  many buildlngs in 

Morang had been severely shaken and damages i n .  the  form of cracks were 
caused (Intensity VI) durlng the  Klnnaur earthquake of 1975. The constructlons 
were only patched to  make them habitable. A s  a result  thel r  strengh was 

reduced and thus suffered considerable damage durlng th is  event .  

People a t  Pooh fe l t  the  shock strongly. The  PWD res t  house made up of dressed 
stone masonry with cement taplng bulit on slope wash materlal conslstlng of 
clay and shlngles has  not been affected by the  earthquake.  In vlllage the  

houses are made up of stone masonry wlth mud mortar and mud plaster. A few 
have developed cracks in plaster about 0.5m long. 

The Dubllng Pollce quarters were examlned. These are  built on rock and a re  

made up of stone masonry wlth mud mortar and mud plaster. No damage has  

been reported and nothlng has fallen from shelf. 



104 Uttarkashl  Earthquake 1991 

Khab 

In t,he army camp people were watching T V  a t  t h e  tlme of ear thquake .  The table 
on which t h e  TV was kept  s t a r t e d  shaking.  I t  was so severe  t h a t  one of t he  

man caught  hold of T V  s o  t h a t  I t  did not  fa l l .  In t h e  village no  damage has  
been reported.  The  houses a r e  made up of s tone  masonry with mud mortar and 

mrid p las ter .  

In  addlt ion to  t h e  above described damage pa t t e rns  incidences of rolllng down of 
boulders and s tones  were reported from many pa r t s  of t h e  tilnnaur distr lct  

mainly Prom Chitkul a r ea  (Badsari vi l lage described ear l ie r ) ,  Sangla, Rakcham, 

Karcham, Morang and Shiyasu Khad and many of t h e  old landslldes got 
reac t lva ted .  SDO Morang reported t h a t  a big landsllde had occurred which could 

be seen  from Morang in t h e  NSO'W directJon and had caused rislng of dus t  
c l o ~ i d s  whlch could be seen  u ~ t o  t h e  noon of t h e  20th October, 1991, t h e  day 

t h e  ear thquake  had o c c ~ ~ r r e d .  These incldences of landslides have  been utilised 
for  constralnlng t h e  lsoseismal V1 though In cer ta ln  locallties t h e  damages to 

t h e  construct ion have  been of lesser  degree. 

In t h e  lower Lesser Himalaya In eas t e rn  Himachal Pradesh t h e  general damages 

a r e  akln t o  t hose  expected In isoseismal V b u t  In locallaed a r e a  around the  

v l l l a g ~  Timhl higher grade  damages have  been recorded, t h e  de ta l l s  of whlch are  

given below: 

TlMRl ARRA 

Tlmbl a rea  reportedly experienced t h r e e  shocks In a span of 30-50 seconds, t he  
flrat. shock being seve res t  and of lotlgest duration. A I I  t h e  people were 
awakened,  fr ightened and rushed out  of houses.  The village Pradhan reported 

t h a t  a s  he  t r ied t o  come ou t  he  fell In t h e  N20eW dlrectlon. Rattling of wlndows 

and doors was reported by a l l ,  un tens l l s  fell from t h e  she l fs  and two dlrectlons 
of wave propagation, one  In N70eE-S70'W and t h e  o ther  in N30'W-S3O0E, were 

reported.  Three Kutcha houses collapsed. Long wall of a house, constructed of 
s tacked cement s tone  and plastered wlth mud, collapsed In N2OgW dlrectlon 
(Photo 104). The  western s lde  wall of anot.her house, under ~ o n s t ~ r u c t l o n ,  also 
collapsed In S70'W dlrect lon.  

A t  Baldwa l o c ~ t e d  nea r  Kamrao a double s torey  R-type house h a s  developed 

s h e a r  cracks In t h e  s ide  walls oriented ln t h e  N20.E-S20'W and even t h e  

part l t lon walls paral lel  t o  t h e  s lde walls have  developed simllar cracks. The 
long walls of t h i s  house do not  show a n y  slgnlf lcant  cracks (Photo 105). It  was 
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reported tha t  the  f l rs t  shock was felt  from N60'E-S6O'W dlrectlon whlle the  

second was In t h e  N60'W-S60'E and the  slde walls oriented obllque to  the  f l rs t  

wave propagatlon have failed under shear.  

A t  Kamrao, preexlsting cracks In the wall below the  beam In t h e  Sub-Tehsll 
offlce bulldlng 1s wldened due t o  th ls  earthquake. Thls bulldlng 1s built In brick 

masonry. The cracks extend In the  WNW-ESE direction whlch 1s parallel t o  t h e  
long wall of the  bullding. Cracks a t  t h e  floor of t h e  bulldlng, orlented a l l t t le  
obllque to the  long wall dlrectlon have also widened. A t  Kamrao Sub-Tehsll one 

collapse was reported and a few bulldings developed cracks but these reported 
damages could not be conflrrned. Further north In the  villages of Atal and Tlunl 

the  damages have slgnlflcantly reduced. 

CENTRAL AND NORTH-WEST UTTAR PRADESH 

Lucknow-Bareilly Sector 

The area between Lucknow and Barell l j  is a part  of the  Indo-Gangetlc plaln. 

A t  Lucknow, a few people staylng on the upper storey of the  bulldlngs and 
fortuitously awake felt  a mlnor jerk for a flactlon of a second. Enqulries show 
tha t  th ls  shock was not uniformly fe l t  a t  places between Lucknow and 

Mallhabad. The chaukldar on duty a t  petrol pump In Mallhabad could not feel I t .  
The people awoke by chance at  t h a t  tlme could feel mlnor jerk but could 
correlate th ls  with the  earthquake only af ter  readlng the  newspaper the  next 
day. 

The cablnman a t  Sandlla Railway Statlon, on duty si t t lng on the  f l rs t  floor of 
the  eas t  cabin fel t  a momentary Jerk, while people in the  townshlp could not 
feel i t .  

In the  level crosslng No.96 on the  track t o  Sandlla, t h e  shock was not fel t  and 
same was the  case a t  Kachona thana.  

The enqulrles made ln the  market and a t  t h e  petrol pumps in Hard01 and a t  
Shahabad revealed tha t  the  shock was not fel t  even by persons who were 

awake. 

The Shahjahanpur town remalned unaware of t h e  shock. The enqulrles made a t  
Nariman Petrol Pump and Balli tlrnber merchants shop revealed t h a t  nobody felt  

the  shock, except a t  the  Dhaba a t  rallway crossing where mlnor vlbratlons were 
felt.. A t  Tllhar township the minor shock could be fel t  by few persons 

Incidentally awake and resldlng on the  first  floor. 
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In the  urban settlement a t  Faridpur, about 16km. short  of Barellly town on 

ShahJahanpur-Barellly road, many people were awake af ter  returning from 
Ramleela and thus  could nnrrate thel r  experiences of the  shock. Accroding to 

Shri Satya Prakash a t  Ja l  Ambe fllllng stat ion a strong shock was felt whlle 
lylng on t h e  E-W oriented cot on 1s t  floor of the  Pucca house. The shock was 
fe l t  from N to  S for about 20 sec. He reported the  swlng of a hanglng dholak' 
and ratt l lng of latch of wooden box. I t  appears the  Intenslty IV  s t a r t s  from this 

place a s  t h e  shock was fe l t  by many who were awake in th ls  township. 

In Barellly town many persons who were awake felt  a strong shock. Dr. M.P. 

Saxena, Sr.D.M.0. and his famlly members fe l t  t h e  ehock which lasted for ahout 

30 to 40 seconds. The hanglng bulbe swung for more than 5 minutes. They felt 
t h e  shock from north t o  south whlle lylng In E-W dlrectlon on the  cot. The 

PuJarl of Sankatmochan temple, Baba Rajgirl In front of Railway Station descrlbed 

I t  a6 a atrong shock. Hls bed was allgned in E-W dlrectlon and was shaken in 
N-S dlrectlon. He felt  3 shocks of which the  second was stronger than the  other 

two. He lnformed t h a t  l t  was fel t  by many staying around the  temple. A Rallway 

Assistant Englneer Mr. Som Blr Slngh had fe l t  three shocks and was awakened 
by t h e  shock. He eaw hanglng objects like bulb swlnglng. Hls pet  dog started 

whlnlng. He was sleeping in E-W lylng bed and fe l t  the  shocks from north to 

south  . Strong shocks were fel t  by Mr. Tlwarl and Mrs. Pande in residentlal 

bulldlng of Telephone Exchange. These people were on the  2nd floor. The celllng 
fans  and hanglng bulbs s tar ted swinging though they could not mark the 

dlrectlon of the  swlng. Shri Abdul Quadlr of Hazl brick fleld a t  Mundle Ahmed 
Nagar about 10km. from Barellly on Plllbhlt road felt  the  shock a t  2.30 A.M. for 
a few eeconds. He was lylng on t h e  bed on ground floor of a pucca house. He 

obeerved t h a t  photograph hanglng on the  wall s tar ted ewlnglng. The earthquake 
ehock was fe l t  a t  Akupur vlllage near Nababganj, 32km. from Barellly on Plllbhlt 

road as Informed by Mr. Daler Slngh a resldent of the vlllage. 

Enqulrles made at  Plllbhlt town reveal t h a t  most of the  people fas t  asleep could 
not feel the  shock but few sensltlve ones woke up by th ls  shock. Mr. Ravlndra 

Slngh, Rohflkhand Servlce Station descrlbea i t  a s  a mlnor jerk. He felt  the  shock 
a t  about 3.00 A.M. Srl Jasveer Slngh of Doordarshan Kendra who was eleeplng on 

t h e  ground floor verandah of a slngle storey bulldlng woke up. He felt  three 

shocks and saw plants shaklng and heard ratt l ing of doors and windows. The 
shock In th is  locality was fel t  from N t o  S. He also ehowed a thln crack In 

plaeter above the  l intel  level on the  long wall oriented ln E-W dlrectlon. 
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KUMAON HNALAYA 

In Khatlma townshlp located NE of Plllbhit on Barellly-Tanakpur Road, people 
got awakened by t h e  quake and felt  a strong jerk. Shrl Ved Prakash Mlehra 
staying In Srl Hanuman Mandlr fel t  one shock, though few persons are reported 
to  have felt  three shocks also. The shock was fe l t  accompanied by ratt l lng 
sound of utenslls and creaklng sound of thatched roofs. 

In Tanakpur town located a t  the  foot of t h e  hlll In t h e  Bhabar zone, majority of 
the  people remained asleep but a few residing on f i rs t  floors woke up. 

The earthquake shock was. fel t  a t  about 3.00 A.M. a t  BrUnagar vlllage located 
on Slwallk formatlon. Shrl BrU Mohan, owner of t h e  Achar Udyog, resldlng in  
pucca double storey bulldlng could not feel t h e  shock as he was In motlon when 
he was returning to  home from Ramleela but hls famlly members reported t h a t  
they got up and trled t o  rush out in panlc. They felt  three  shocks from N to  S 

and the  pendulum wall clock stopped. A thln crack trending E-W was shown on 
the  top floor. However, the  Ramleela vlewers, returnlng back t o  thelr  houses on 
foot could not feel the  shock but the  same was fe l t  by most of t h e  persons a t  
rest .  

The village Chalthl 1s sl tuated on the  left  bank slopes of Ladhlya river. At t h e  
Prlmary Heath Centre, I t  was reported t h a t  t h e  shock was fe l t  by everybody all  
in the  village. Shaking of beds and ratt l lng of wlndows and untenslls  were also 
reported. 

In Champawat town spread In a wide valley a t  an  alt l tude of about 1600m. two 
shocks were fel t  whlch awoke most of the  people. The owner of hotel Baeant 
Vlhar reported the  fall of utenslls from t h e  rack. 

Shrl Chintamanl worklng In the  DGBR gang descrlbed t h a t  he and others of 
vlllage Nayal woke up  due to  the  tremor whlch was felt  a t  about 3 A.M. Three 
shocks, mlddle one belng the severest ,  were reported. 

The resldents of Lohaghat area woke up due t o  the  quake. Shrl Prakash Punetha 
of Parwatl fllllng stat lon felt the  shock at  2.66 A.M. with gradual lncrease In 
the  vlhratlonn which passed trom west t o  eas t .  Hlsslng sound llke t h e  one a t  
the t.lme of a storm was heard. Shrl Punetha felt  another shock in the  day at 
shout 1.00 P.M. 
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The fo res t  d e c k  post at Chat bridge, on left  bank of Saryu Rlver a small pucca 
bulldlng, with tln roofing and wooden false ceiling was shaken due to shock and 
Shrl Moham Chand sleeplng i rs ide  woke up and felt  three shocks withln a span 
of about; one mlnute: 

In t h e  Pithoragarh town, sbock w a s  fel t  by many who were asleep. Shrimati 
Bhawanr staying in PWD bungalow had fe l t  three  shocks in a span of about 30 
seconds accompanied by sound a s  lf boulders were rolling In the  river. The 

watchman of PWD res t  house, Shrl  Nand Kishore fel t  three shocks a t  2.55 A.M. 

t h e  second shock belng stronger than the  other two. 

The shock was felt  a t  2.62 A.M. for 20 seconds. Rattling sound of tinshed roofs, 

window8 and doors was heard. All the  persons woke up and the  fall of wooden 

box was reported by a person In the  market. 

Shrl Bhupendra Singh, PWD, Dldihat was awakened by t h e  shock and rushed out 

of the  houee In panic. All the  people of the  PWD colony were awakened. Crack 

In t h e  wall was reported In one of t h e  houses of PWD colony but  could not be 

examlned. 

In Berlnag town si tuated a t  a helght of 1800m, the  quake was felt  mildly as 
reported by Shrl Nandan Prasad. He felt  the  ground motlons from W to  E. 

Almors District 

In Kamarl Devl, Slroll vlllages and Bageshwar town, the  shock awakened many 
people and t h e  ground motlon was felt  from W to E. 

Kaueanl township located south of Carur Valley, auffered mlnor damages. Hotel 
Sagar, a newly constructed pucca bulldlng conslstlng of two separate blocks 

allgned in E-W and N-S dlrectlons displayed damages to  t h e  E-W block while 

t h e  N-8 block escaped damage. The room No. 102 of E-W block has  developed 
cracks both along the  long and short walls. The cracks are  a t  t h e  celllng level 

and along the  Junctlon of the  walls. Shear cracks a t  45' towards south on N-S 
trendlng walls have aleo been observed. The plaster on the  pillars outside the  
room has  cracked The E-W trendlng wall bulged out a t  the  llntel level of 
window of the  room on flrst  floor of a t e a  shop In the  market,. The plaster of 
t h e  E-W trendlng wall of the  temple a t  Kausanl cracked and the  clock kept on 
t h e  table fell down. An E-W motlon was reported. 
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The forest res t  house a t  Kausanl is located a t  a slightly higher elevation than 

the  market and temple. The chaukldar's house 1s a double storey N-S trendlng 
kat.cha (masonry with cement plaster)  buildlng. The western side N-S wall of t h e  
kltchen room has  collapsed partially between the  door and ceiling. The crockery 
was broken due to  fall of material from t h e  wall a s  well a s  t h e  fall of t h e  
crockery on the  floor. Cracks on the  E-W wall (western side) of the  house have 
also been observed. The main res t  house is  allgned N-S. The eas tern  side wall 

of the  rooms developed shear cracks through t h e  wall with lncllnatlon of about 
45' to  50' towards south. 

The quake was felt  less severely a t  Someshwar vlllage than  a t  Kausanl. M r .  
Khem Slngh felt  three  shocks wlth mlddle shock belng more powerful. Rattling 
sound was heard and people woke up. The PuJari of Ram Mandlr a t  Brambha 
Sarovar, Gaughat near Kosl describes a minor shock between 2.30 and 3.00 A.M. 

He woke up due to  shock. The people in nearby vlllages also fel t  t h e  shock and 
heard rattllng sound of the  utensils. Mr. Ayaz Husaln of Nlyaz Ganj In Almora 
townshlp was sleeping on bed on the  2nd floor of a RCC pucca bullding woke up 
due to the  shock. The toys fell from the  cupboard. Shrl A.N. Joshl of Almora 
town Mall road market fel t  shock which gradually became st,ronger and lasted for 
50 to  60 seconds. He was sleeping In N-S dlrectlon while he could feel shock 
travelling E-W. Few people came out of thei r  houses. Mr. N.C. Joshl describes 
the  development of cracks In his house by the  slde of Prem Ara Mill a t  
Jakhandevl place. 

The market a t  Gasur Is si tuated a t  the  bank of Gasur ' ~ a n g a .  The shock was fe l t  
by all In general and people woke up. The stock of cloth fell down from t h e  

almlrah In one of the  shops. Cracks wldened In t h e  wall of upper storey of t h e  
house of Shri Ganga Dutta Pandey. Fall of art icles have also been reported by 
Madan Slngh of Jlnoll vlllage, one.  km south of Gasur. 

The Kumaon Pharmacy a t  Gasur market, a pucca buildlng, suffered crack of 
plaster nnd walls. The RCC beam to  support projected shed developed crack. Shri 
G.S. Pandey the owner of the  shop felt  three shocks lasting for 30 to  40 
seconds. He felt  shock from West to  eas t .  The bullding 1s allgned N-S. The wall 

trendlng N-S (easterly) developed more cracks than the  E-W allgned wall. 

The town BalJnath 1s si tuated In the  open wide valley a t  t h e  confluence of 

Gomatl and Gasur Ganga a t  a helght of 1190111. The quake was felt by all. 
People woke up from sleep and report two shocks from west t o  e a s t  
accompanied by rntt,llng of tlnshed. 
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GARHWAL H I M A L A Y A  

Chamoll Dlstrlct 

In t h e  market a rea  of Gwaldam (1896m) people reported th ree  shocks f e l t  within 
45 seconds, of t hese  t h e  middle shock was t h e  s trongest .  The  bus conductors 
and drivers  sleeping inside t h e  bus woke up  and came ou t .  Fall of pickle 

contalners  In the  shop was reported by Mr. Balwant Slngh. In general ,  t h e  shock 
was felt  from north to  south .  The north-south trending wall ( ea s t e rn  slde)  of 
f l r s t  floor of t h e  four s toreyed hotel Man Sarovar,  suffered cracks  on t h e  outer  

face of t h e  wall. Im long patch of p las te r  of t h e  same wall inside t h e  room had 

fallen and shea r  cracks have  developed. 

Talwar! village Is s i tua t ed  a t  a helght  of 1886m and i s  lOkm away from 
Cwaldam on Karnaprayag Road. The quake  was fe l t  by a l l  and few ran  out .  The 
shock was fel t  from N-S direc1.lon. Mr. Naraln Singh reported t h e  fal l  of utensi ls  
in h is  house and shaking  of t he  t r ee s  in f ront  of h ls  house. 

In t h e  remaining a r e a s  of t h e  d is t r ic t ,  t h e  damage suffered by t h e  structmres Is 
comparatively more In N W  sec tor  in Mandaklnl val ley than  those  located on 

eas tern  and southern  s ides  in Alaknanda val ley.  

The famous Badrlnath Temple and the  townshlp a re  located In Alaknanda val ley 
a t  an a l t i tude  of 3200111, on glacial and f luvio glacial deposlts.  The temple 1s 
s l tua ted  on t h e  r lght  bank of t he  r iver  whereas the  support ing s t ruc tu re s  like 
dharamshalas.  hote ls ,  gues t  houses e tc .  have  come up  on both t h e  banks. The 
maln temple is a s tone  masonry s t ruc tu re  whereas o the r  bulldlngs a re  
constructed of various types  of materials  llke mud masonry, cement magonry and 

RCC. The kutcha bulldlngs of mud masonry have  suffered damages comprising 
open cracks wlth a few Instances of wall collapses. In case  of bulldlngs llke 

Subodh Dharamshala and Kurmanchal Dharamshala with the l r  long walls aligned 
In N - S  dlrecr,ion, par t la l  collapses have  been observed In southern  walls and 

cracks  and peeling off of p las te r  in eas tern  or western walls. In case  of house 
of Shrl Dewan Slngh, open cracks wlth s l lght  bulge were observed on southern 
wall. The Intensi ty of damage In case of o ther  Kutcha s t ruc tu re s  Is qui te  low. In 
case  o f  pucca b ~ ~ i l d i n g s ,  t h e  damage comprises open cracks on wall6 of f i r s t  and 
second floors and development of ha l r  llne cracks on walls of ground floor a s  In 
t h e  case  of office of temple commlttee. In general,  t h e  damage Is of low 
ln tens l ty  and confined t o  a few buildlngs. 
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Tn addition t,o t.he damages discussed above ,  no in s t ances  of t e r r a in  changes  

were observed in t he  a r e a  except  for rolllng of one  boulder of 3m s lze  from hlll 
slope 1.0 road nea r  Hanoman Chatt i .  Damage comprlslng development  of ha l r  Ilne 
cracks and a few ins tances  of open cracks  in upper  floors were a l so  observed in 
Copeshwar (Hospit.al Building), Joshlmath (PWD Rest House) Chamoll, Karanprayag 
(Dispensary) and  Rudraprayag. The ln t ens l ty  of damage was observed to  be 
s l lght ly more In ca se  of Rudraprayag where t h e  f requency  of development 'of 

c racks  in walls of RCC buildlngs 1s s l lgh t ly  more. 

The Intensi ty of damage increases progressively in Mandaklnl va l l ey  towards 
north and NW dlrect ion.  Development of s h e a r  cracks was not lced on SW end 
walls of NE-SW a l l g n ~ d  houses located on t h e  ou t sk i r t s  of Rudraprayag,  Tllwara, 
Augustmuni, e t c .  But no cases  of col lapses have  been repor ted  In t he se  
local1t.les. However, t.he e~niss ion  of a i r  and water  have  been reported from Bawat 
and Nera Busta vi l lages,  located near  Rudraprayag and Augustmunt. 

F l ~ r t h e r  n0rt.h In t.he Mandakinl val ley,  almost all t h e  Kutcha (mud masonry)  
houses have  suffered damages comprlslng ha l r  l ine craciks t o  open cracks  in 
walls. In a few cases  t h e  development of s h e a r  c racks  was observed In south  
east.ern walls of NW-SE allgned houses.  A few Ins tances  of c racks  in pllcca 
hnilses (st.one masonry with cement sand  p las te r )  and  pa r t i a l  collapse of 

part l t lon walls was also observed. However, t he se  col lapses a r e  conflned t o  gable 
portlons only. The h i~ l ld lng  of Prlmary Health Cent.re fa l l s  In t h i s  category.  T h e  
s t , r uc t l~ re  wlth i t s  long wall allgned In NW-SE direction h a s  developed,  open 
shea r  crarlks In sho r t  walls (Photo 106).  In buildings aligned In NE-SW dlrect lon,  
open cracks wlth s l ight  bulge and t l l t  were observed In s h o r t  walls (Photo 107).  
The part.ltlon walls have  collapsed par1.ially wlth t h ~  darnage confined t o  t h e  
gable portions only. The damage. In general ,  i s  of same In tens i ty  i n  t h e  vl l lages 
around 0khimat.h. 

The  vlllage Pathal l  Is located a b o i ~ t  lOOm above Aakash Kamlnt r lver ,  a 
t r l bu t a ry  of Mandaklni, on a ENE-WSW trendlng narrow rldge. In t h l s  vi l lage.  
many hoilses have  hcen damaged b u t  no collapse was reported.  The  houses wlth 
the l r  long walls allgned In N70bE-S70'W h a v e  suffered more damage compared t o  
those  wlth long walls allgned In N20°W-S2O0E dlrect ion.  I t  Is a l so  reported t h a t  
one old landslide located on r lght  bank of Akashkamlni on sout.hern edge of t h e  
village was react,lvat,ed on 15th October, 1991 causing blockage ln t h e  course of 
r lver .  One of t h e  posslble cause for reac t lva t lon  of t h i s  s l lde could be fore 
shocks of t h l s  maln shock. 
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Simllar pattern of damage was observed in+ villages Usara, and Duggal Bita, 
located eas t  of Okhimath where cracks with slight bulge were noticed In Kutcha 
houses and PWD Rest House. In all these  cases, cracks wlth slight bulge were 
prominent on SE walls of NW-SE aligned buildings. 

Further, north of Okhimath, similar pat tern  of damage continues in Cuptkashi 

upto Phata beyond which the  intensity and frequency of cracks in houses 
Increased. The development of cracks trending N20'W-S20'E was also observed In 

road near Phata. These were observed off and on upto Sonprayag. The damages 
progresslvely Increased further north upto Sonprayag (about 5 km south of 
Caurlkund) where first  instances of house collapses were observed. 

TRlJUCl NARAYAN 

The vlllage is located 13 km. north of Sonprayag a t  an alt i tude of 2600m. and 
is  approachable by a metalled road. The place i s  famous for TriJugi Narayan 
temple. 

The lnfluence of the  20th October earthquake was quite severe In the  area. 
Almost 80% of the  poorly constructed type-A structures,  t h a t  i s  houses of thick 

mud masonry walls wlth s la te  roofing developed open cracks and nearly 20% 
suffered partial collapses, particularly of the  gable portion (Photos 108 and 
109). 

The TrlJugi Narayan temple has suffered minor damages. The symmetrical 
structure is constructed of tabular granlte gnelss blocks (lmXO.5mXO.lm) which 

have not been much weathered during centuries of exposure. The influence of 
the  20th October earthquake on the  temple can be seen a t  two points t h a t  is a t  

t h e  'Shlkhar' and the  amblak' (Flg.32). The ralsed stones of the  NE-SW trendlng 
lace of the  Shlkhar have bulged or opened out by about 2 to 5cm towards 
south. The large granlte-gneiss block chiselled in lotus shape (amblnk) and 

placed atop the 'Shlkhar' has  been reported to have moved by about 6 to lOcm 
towards NE quadrant.  The res t  of the  structure is  Intact. The large shear 
frlctlon provlded by the  horizontally placed tabular granite-gneiss blocks have 
been responsible In preventing any loosenlng or movement under the  lnfluence of 
the  strong ground motions. The bulging of a portlon of the 'Shlkhar' could have 
been the  product of compressive stresses generated a s  a result  of interaction of 
vertical component of ground accelerations and load of the structure.  
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F l q  3 2 :  SKETCH SHOWING BULGE IN THE SHIKHAR AND DISPLACEMENT OF AMBLAKH OF TRlYUGl 

NARAYAN TEMPLE, CHAMOLI DISTRICT (SKETCH BY P .  PANDE 
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GAURIKUND-KEDAR NATH 

Caurlkund la located almost ln t h e  e a s t  of epicentral  t r a c t  on r lght  bank of 
Mandaklnl at a n  a l t i tude  of about  1900m. Gaurikund village i s  s i t ua t ed  on r lght  
bank hlll slopes, about  lOOm above t h e  r lver  bed. Gaurlkund a t t aches  lot of 
slgnlflcance as I t  h a s  t h e  famous hot  springs and i s  t h e  road termlnus polnt for 
t h e  holy pllgrlm cent re  of Kedar Nath. 

In case  of bulldlngs and  houses, t h e  damage includes cracks In bulldlngs. These 
cracks  a r e  open In some cases.  The crack openings a re  more pronounced on 

southwestern walls of NE-SW allgned s t ruc tu re s  llke Rest House of Garhwal 
Mandal Vlkas Nlgam. The  cracks on SW wall of t h e  NE-SW aligned bulldings are  

open upto  S.Ocm nea r  t h e  top  portlon. The  openings gradually decrease towards 
bottom. Few SW and NE walls of Kutcha houses have  collapsed part ial ly (Phto 

110 and 111). 

The maln bullding of Pollce Post (mud s tone  masonry wlth cement plastered 

walls),  allgned In N60'E-S60'W dlrection, small cracks have  developed on SW and 

SE walls and p las ter  h a s  peeled off from SE corner of t h e  bullding (Fig.33). The 
crack on SW wall r i ses  from pllnth level  t o  wlndow height  and extends  towards 
wlndow on SE wall. The  cracks  have  also developed on SE end walls. But In case 

of annexe  bulldlng whlch h a s  been constructed a d a c e n t  t o  t h e  maln bulldlng 
with long walls allgned In N3O0W-S30'E direction, t he  ln tens l ty  of damage i s  

much severe .  In t h l s  ca se  open cracks h a v e  developed on S W  sho r t  wall (allgned 
N60gE-S60.W). These  cracks  show openlng upto  l.Ocm near  t h e  middle portion. 
Dlagonal cracks, s t a r t l ng  from top and extendlng to  pl lnth level have  developed 
on NE-SW trendlng long walls. These cracks a r e  open. The projected pa r t s  have  
also cracked bu t  no t  collapsed. 

The PWD Rest House Is a n  old bulldlng constructed ln 1928 of mud s tone  
masonry walls wlth cement p las te r  and GI shee t  roof (Fig.34). I t  h a s  I t s  long 
walls allgned In N45'E-S45.W. The long walls of t h l s  bulldlng from Inslde (1.e. 
NE-SW allgned walls In rooms) have  developed shea r  cracks whlch origlnate from 
pllnth level.  The  damage t o  long wall8 Is more pronounced on S W  slde of t he  
bulldlng. The NE slde wall whlch 1s allgned in  NW-SE dlrectlon h a s  collapsed In 

t h e  gable portion damaglng t h e  falee celllng, furn l ture  e tc .  in  t h e  room. From 

outslde,  t h l s  wall h a s  developed cracks whlch a r e  wlde open and a very  
promlnent bulge towards NE. The  wlndow h a s  t i l ted by about  20' a s  a resul t  of 
t h l s  bulge (Photo 112). 
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COLLAPSE 

, OPEN CRACMS 

TOWAIIDS 
I N  LOWER 4 I ( PORTIOM OF WINDOW 

F l g .  3 4  : P W O  REST MOUSE - GAURIKUNO 

F l g .  3 3  : POLICE P O S T  - OAURIMUND 
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OPEN CRACKS 

PEELING OFF PLASTER 

O P E N  CRACKS 

f i a .  l b  : HOUSE I W  QAURIKUNO V I L L A O E  

The chimney erected on top of roof, 1.e. projection outslde t h e  maln bulldlng has  
rotated towards S6O'E and has  developed open vertlcal cracks (Photo 113). If all 
these  damages a re  taken lnto account, I t  can be concluded t h a t  t h e  bulldlng 1s 
badly damaged. 

Slmllar pattern of damage wao observed In Caurlkund vlllage whlch is  located 
about 6Om above t h e  PWD Rest House (Flg.36). Most of the  houses are allgned 
elther In NE-SW dlrectlon or N60'E-S60'W dlrectlon. The open cracks, bulges and 

peellng of plaster were observed on NE slde walls 1.e. short  walls allgned NW-SE 
and cracks on long walle. Partlal collapees of some houses have also taken 
place. 

Slmllarly, ln t h e  houses wlth long walls allgned In N30'W-S30.E dlrectlon, the  
alde walls have developed open cracks a t  lower levels (shear cracks) and flne 









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

halr line cracks have come up on long walls. But no collapse has  been reported 

In t h e  bulldlngs. Cracks have also developed 1n one or two cement plastered 

structures.  

The damage t o  s t ructures  is more on hill slopes than on t h e  banks of 

Mandaklnl. Also, t h e  structures allgned ln NE-SW dlrection have suffered 
relatlvely less damage a s  compared t o  those allgned in NW-SE dlrectlon. 

Kedar Nath is  an  lmportant pllgrlm centre,  located about 16km. north of 
Gaurlkund, a t  an alt i tude of 3500m. The temple and other buildlngs llke res t  
houses, shops, dharamshalas and residences of supportlng staff  a re  located on 
glacial moraine deposits. A t  t h e  time of t h e  vlsl t ,  the  winters had s e t  In and 

the  pllgrlmage was closed, bearing a n  absolutely deserted look. But traverses in 
t h e  area lndlcated t h a t  t h e  Maln Kedarnath Temple, a ta l l  masonry .structure 

with hlgh rlse shlkhar, constructed on the  pattern of medleval temples of South 

India, has  not been affected to  any appreciable extent  by t h e  shock except for 
openlng up of Jolnt between two masonry stones. A few wall collapses In other 
bulldlngs of mud stone masonry have been reported. Slnce these  have been 
repalred, only two such evldences were observed. The examlnatlon indlcated t h a t  
NF: end of NE-SW aligned walls of two bulldings showed part ial  collapses. A 
couple of deaths have been reported because of house collapse of a portlon of 
Bllaspur Bhawan. 

The MSK scale has  been used for asslgning t h e  lntenslt les t o  t h e  damage 

patterns and delineatlon of lsoselsmals (Flg.36). An attempt has  been made t o  
dellneate the  eplcentral t rac t  and the  boundsrles of t h e  hlgher lntenslty 

lsoselsmals on the  bas ls  of complete damage surveys whlle t h e  lesser lntenslty 
lsoselsmals have been constralned by rapid reconnaissance and sample sruveys. 

The eplcentral t rac t  has been determined by the  followlng characterlstlc damage 
patterns:  ( a )  Complete destructlon of mud mortar and adobe constructions, 

collapse of stone masonry houses with thlck walls and cement slabs damage t o  

RCC column structures In t h e  form of cracks In the  pillars, minor rotatlone and 
heavy damage a s  well as collapse of partltlon walls, (b) Development of wlde 
open flssures In the  valley slde slopes development of flseures In t h e  formation 
cuts of the  roads, collapse of the  retalning a s  well as breast  walls In large 

numbers, development of flssures controlled by the  topographic sett lng in t h e  

hlll slde slopes occupled by overburden materlal, and (C) Inltlatlon of 
Innumerable landslides in t h e  rock a s  well a s  terraced slopes wlth berms of less 
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than 2m helght. The area whlch dlsplays all the  above features have been 
Included In the  t r ac t  correspondlng t o  the  lntenslty VIII+. Wlthln lsoselst VIII a 
llnear t rac t  could be delineated around Manerl, Jamak and Dedsarl which shows 

the  maxlmum damage. The Maneri dam Is located in th ls  t rac t  covering an area 
of about 20 Sq km. This has  been deslgnated a s  the  melzoselsmal area 

correspondlng to  lntenslty IX. In th is  area  the  damages include complete collapse 
of majority of poorly constructed houses, development of wMe open fissures even 
In f l a t  ground, and shaving of terraces. Also many constructions of type A 

suffered damage in the  form of collapses or open cracks. Reinforced structures 
occaslonally show collapse of plllars and consplcuous cracking. 

The delineation of t h e  lsoselsmal boundary of Intenslty VII and VIlI has been 

done prlmarlly on the  basls of terrain changes a s  the  damages to the  

conetructlons In the  hlgher side of the  lntenslty VII and s t a r t  of the  lsoseismal 
V111 are  almost ldentlcal. While considering the  terrain changes the  frequency 
and lntenslty of landslides, dlmenslons of ground fissures, and rock 

dlslodgements have been comparatively assessed. In the  Intensity VII frequent 
rock dlslodgements have taken place but fallure of small height terrace slopes 

has  not taken place. Thls has  been taken as  a crlterlan for separation of 
lntenslty VII from t h a t  of VIII. 

Utlltslng t h e  above cri teria the  lsoselsmal VIII has  been drawn. This has  been 

well constrained on the  northwestern side but on the  south-eastern end 

particularly for t h e  lnaccesslble areas north and northwest of Budha Kedar, the  

Information used for drawlng the  lsoselsmal VIII was scanty.  The t ract  bounded 
by the  Isoselsmal VlII Is oblong In shape, the  long axls of whlch is allgned In 

the  N60'W-S60'E dlrection. The length of th is  t rac t  Is about 36km, and the 
wldth is  about 18 km tn the  central portlon. The isoseist VIII covers an area of 
about 441 sq.km. The boundary of Isoselsmal VIII passes from near the villages 

Cangorl, Mannpur, Kishenpur, Kamand, Medh, Bhatwarl, Raithal and Agora (Fig. 

3A). The damage In th l s  t rac t  progressively increases from Cangorl to  Manerl 
and then  progresslvely decreases towards Bhatwarl. 

4.1 Iaaeelsmal W & VII 

The lsoselsmal V11 has  been drawn utlllslng the  following observations. (8) 

General trlght and panic and movement of furniture. (b) The Kucha mud mortar 

buildings suffering heavy damage In t h e  form of wlde open gaplng crack8 and 
collapse of walls a s  well a s  partltion walls and the  houses with thlck Stone 
masonry In mud mortar and RCC roof slabs collapsing In many cases. (c) The 
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brick and s tone  masonry houses developing open cracks and s h e a r  c racks  In t h e  
s ide walls part icularly In those  houses whlch a r e  orlented in t h e  eas t -wes t  
dlrectlon. (d) Inltiatlon of rock dlslodgements, fai lure of hlgher  retaining walls 
and occasional development of f issures.  The  operat lve parameter  utillsed In 
differentiat ing t h e  in tens i ty  VII and VI h a s  been t h e  in l t ia t lon  of rock 
dislodgements, because t h e  o ther  damages in t h e  hlgher s ide  of i n t ens l ty  VI a r e  
almost simllar t o  those  of beginning of Isoselst  VII. Moreover, well constructed 
reinforced s t ruc tures  a r e  not  avai lable in a l l  t h e  local l t ies  and  t h u s  t h e  
operat lve mlnor damages, characteris t ic  of isoseist  VI1 a r e  not  ava i lab le  a t  all  
t h e  locations for del lneat lng t h e  boundary of lsoselsmal VI and  VII. For example, 

t he  village Rhalnga In Pratapnagar Tehsil of Tehri  d is t r ic t  located on two high 
level terraces on a nose near  t he  confluence of a north-south flowlng na l a  and 
Ja lkur  gad has  demonstrated local collapse of Kucha houses,  s h e a r  cracks in t h e  
partition walls a s  well as end walls of a school building bui l t  on RCC pi l lars  
(which show minor cracks) ,  and cracks in s tone  masonry houses. These  damages 
a re  very close t o  t h a t  of isoselsmal VII b u t  o the r  ground changes commensurate 
with lsoselsmal VII have  no t  been recorded and hence th i s  locality h a s  been 
included in isoselsmal VI. In t he  Bhaldiyana Suknldhar sec tor  of t h e  road, t h e  
isoselsmal VII h a s  been assigned on t h e  basis  of appearance  of rock 
dlslodgements, al though t h e  damages t o  t h e  construct ions in and  around 
1.amhgaon Is almost simllar t o  those of t h e  higher s lde  of VI. 

The isoselsmal VII passes north of Gangnanl hot  springs In Bhagirathi valley: 

near  v l l l ~ g e s  Rana and Gangani in Yamuna val ley;  5km from Dunda toowards 
Chlnyali Saur on Tehrl-Uttarkashi road; Lambgaon In Ja lkur  val ley:  near  villages 
Silyara and Chansali In Balganga and Bhilangana valley respect ively;  Corthl and 
Jakholl vlllages and nea r  villages Pha ta  and Caurl Kund In Mandakini val ley 
(Fig. 3 A  and 36). 

4.2 Iaoeelemal V & VI 

The boundary of Isoselsmal V and V1 has  been drawn primarily on t h e  basis  of 
damages of t he  form of f ine cracks in t he  brlck and s tone  masonry s t ruc tu re s ,  
gaplng cracks In poorly constructed ear then  houses and adobe construct ions and 
occasional set t lement  of wet and unconsolidated ground resul t ing In cracks in a 
few well constructed brilldlngs. In t h e  I s o s e l ~ t  V I  such a r e a s  which show 
damage8 in the  form of collapse to  kutcha houses, damage of wlde open gaping 
cracks in  brlck masonry construct lons have  been inc l i~ded though all t hese  
damages are  located in t h e  upper boundary of t h i s  Isoseist.  Many localities like 
t-hose of Kalyanl and Brahmkh~l  on Dharasu-Barkot road. Rarkot and Purola 
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townshlps In Yamuna valley, Balnga village In Jalkhur gad, Gansali vlllage in 
Bhllangana valley show damages whlch are  akin to  those in t h e  isoselst VII, but  

In t h e  absence of terraln changes these  localltles have been kept In t h e  isoselst 
VI. On the  contrary small areas  wherein t h e  damage to  constructions are  of a 
lower lsoselsmal but due to  reactivation of old landslides, a s  around Morang In 

SutleJ valley, have been lncluded in isoseist VI. 

The boundary of lsoseismals V & VI passes near Sangla vlllage in Baspa valley 
Hlmachal Pradesh (HP) and In the  antlclockwlse dlrection i t  passes through 

Salgad In Yamuna valley, cuts the  Mussoorie-Dhanaulti road near Buras Khanda, 
near Chamakhal on Rlshikesh Tehri road, near Maletha on Klrtinagar-Tehri road 

and near Bageshwar In Kumaon hills. 

4.3 Isolated Highs of lsoeeiemal VI 

During the  course of the  macroseismic surveys four Isolated isoselsts of 
lntenslty VI have been observed. One around Dehradun, one near Dugadda, north 

of Kotdwar In UP Himalaya. one around Timbl and one around Kunihar In 
Hlmachal. These areas  are located wlthln the  lsoselst V. These isolated lsoseists 
arc! allgned In the  NW-SE dlrection, and have thel r  long axes in the  same 

quadrant. 

4.3.1 Dehradun Iaoselst of VI 

Dehradun town and i t s  vicinity experlenced a higher lntenslty than In t h e  area 
around this  town, llke Rishikesh and Harldwar in the  south-east ,  Mussoorle on 
the  north and Harbertpur In the  west all of which fall withln the  lsoseist V. In 
Dehradun almost all the  people were frightened and ran out doors. Many 

bulldlngs, some of which are  good constructlons, developed cracks. Some Kutcha 
houses located In the  surrounding vlllages developed gaping cracks, and a few 

walls also collapsed. Some of t h e  important structures whlch have demonstrated 
these damages a re  the  Main Block of the  Forest Research Instl tute bulldlng, the  

Hllton Hotel In Dehradun, and the  Mlnl cement plant near Rajpur. 

4.3.2 Dugadda Iroseist of VI 

The Dugadda area,  llke t h a t  of Dehradun, has  experlenced higher intenslty of 
ground accelratlons than Its  surroundlngs. These are  reflected in the  appearance 
of fine to  open cracks, and bulglng and partlal collapses of masonry walls. The 
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TENSION ON OuTSlbE 
ION INTACT 

F i g .  37  : PARTIAL COLLAPSE OF MUD MASONRY WALL UNDER TENSION, GAURI GRAM, 
DUGADDA ( S K E T C H  BY P. PANDE) 
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residents of Dugadda reported a series of strong shocks In a span of few 
seconds whlch resulted In the  falllng of utenslls and furnlture thereby creating 
a sense of general panlc. One of the  road slde mlnarets of t h e  vlllage mosque, 
approxlmately 10m In height, although not thrown off, has  severed In the  middle 
along a horlzontal plane (Photo 114). The adjolnlng vlllage of Cram Caurl, 
located over a terrace deposit, shows t h e  maxlmum damage In t h e  area.  Here, In 
one poorly constructed house, the  outslde face of t h e  long mud-masonry wall, 
trendlng NE-SW, has partially collapsed (Flg.37). Few other such walls have 
bulged out. Another well constructed type-B house shows development of 
promlnent, open shear  cracks. The damage pat terns  t o  clvll s t ructures  correspond 
to  an  lntenslty of VI. 

The macroselsmlc surveys In the  eastern par ts  of Hlmachal Pradesh have 
lndlcated tha t  In a localised area  around village Tlmbl In Kamrau tehsll  damage 
pat terns  In the  constructlons Indicate a n  Lntenslty VI. though In the 
surroundlng areas  only lntenslty V could be asslgned. The boundary of this 
Isolated high has  been drawn by utlllslng t h e  da ta  of t h e  damages in the  Tons 
valley, particularly Icharl dam and Chhlbro Power House areas,  whereln damages 
hlgher than the  lntenslty V levels have been recorded. Three Kutcha houses 
collapsed In Tlmbl and a B type of constructlon In Baldwa had developed shear 
cracks In t h e  sldewalls. 

4.3.4 Kunlhar Ieoselst VI 

Slmllar to  the  localised hlgh of Tlmbi, damages In vlllage Kunlhar, west of 
Shlmla and south of Arkl, have been asslgned intensity VI withln the  lsoselst V .  

A s  th ls  1s a very small area  encompasalng only one vlllage the  envelop of thls 
lsoselst has been drawn gulded by the  general trends obtalned for other isolated 
highs In Timbi a s  well a s  Dehradun area. In Kunihar area  20 houses of adobe 
type have suffered severe damage wlth part lal  collapse of walls In 6 houses and 
gaping cracks in many others. 

The questlonnalres about the  effects of th l s  earthquake In dlfferent par ts  of the  
North-westem Indla have been analysed and the boundary of leoselsmal IV-V 
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has been drawn on t h e  basls of th l s  analysis (Fig. 36). Thls boundary passes 
near Kullu and Mandi ln Hlmachal Pradeeh, Ambala in Haryana and 
Muzaffarnagar, Kanth and Plllbhlt In U.P. and then enters  t h e  Napeleee territory. 

It has, however, been noticed t h a t  the  Delhl-Sonepat sector has  experienced 

shock whlch could be attr lbuted t h e  lntenslty V though the  surroundlng areas  
fall ln lntenslty IV. The lntenslty V has been assigned t o  t h e  Delhi a rea  on t h e  
b a s k  of general awakenlng, fall of objects, swinging of hanglng objects and 
Isolated cases of reported cracks In plaster  of some bulldlngs a s  well as 
stoppage of a pendulum clock. 

6 INTENSITY DECAY P A m R N S  

The macro-selsmlc studles tor th ls  earthquake have lndlcated t h a t  t h e  general 
trend of the  Melzoselsmal area 1s N50°W-S500E and the  shape of the  eplcentral 
t rac t ,  whlch has touched lntenslty IX on t h e  MSK scale Is elllptlcal with a 
length of about 9.6km and a wldth of about 3.26km. The highest damage In th ls  
lsoselst 1s located between Ghorsall and Jamak villages. The decay and/ or 
accentuatlon patterns In lsoselsmals of lower lntenslt les have been related wlth 
the  geographical Locatlon and dlsposltion of t h e  eplcentral t r ac t  long axis. 

The lsoselsmal VIII has Its long axls almost parallel to  the  eplcentral t rac t  and 
extends for a dlstance of 36km. Wlth reference t o  the  centre of the  eplcentral 

tract .  the  extenslon of th ls  lsoselsmal in the  NW dlrectlon Is lSkm, whlle in the  
south-eastern slde I t  Is about 20km. The attentuatlon of lntenslty wlth dlstance 
Is much hlgher a s  shown by the  rat lo of the  length of t h e  short  axis 
sooth-west of the  eplcentral tract  to  tha t  on the  northeastern slde. 

The asymrnetrlcal behavlour of the  lsoselsmal VII and V1 i s  much more 
pronounced and the  at tentuatton In the  northwestern dlrectlon Is much fas ter  
than tha t  In the  southeastern slde. The attenuatlon In the  southwestern 
quadrant Is also very much pronounced. The dlmenslons and other parameters of 
these lsoselsmals are tabulated below: 
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I t  1s apparent t h a t  t h e  lntenslty decay le much qulcker In t h e  NW quadrant 
along the  long axls while the  same 1s t rue  for t h e  short  axls on the  eouth 
western elde. Apparently, there i s  no llthologlcal control t o  effect euch a 
pattern because there  a re  no llthologlcal contrasts  whlch could explaln thls 
behaviour. Other poselble reasons for such pat terns  are  a s  under: 

The sharp attenuatlon of t h e  lsoselsmal VII on t h e  Yamuna rlver side could have 
been due t o  damplng caused by a transveree feature whlch 16 of a fundamental 
nature.  It 1s very difficult to  correlate th ls  feature  wlth some of t h e  transverse 
features (faults)  geologltally mapped, though a number of them namely the  ones 
passlng south of Corsall and Saura vlllages, the  Hlnna faul t ,  the  Gangori fault 
along Aasl ganga, t h e  Kawan-Baeon faul t  and the  Panjala faul t  have been 
mapped by Agarwal and Kumar (1973) between Bhaglrathl and the  Yamuna 
valleys. The exletance of a number of such features suggests t h a t  there Ls a 
system of north-south t o  NNW-SSE extendlng faul ts  In the  area  and there 1s a 
posslbllity of presence of a maJor tectonic break of fundamental nature  whlch 
mlght have effected the  at tenuatlon.  Based on t h e  study of the  selsmlclty of the 
reglon Narula (1991) has  lnterpretted a transverse tectonlc flux faul t  In thls 
vlclnlty and thus  there  1s a posslblllty of exlstance of a faul t  whlch has 
brought dlfferent veloclty contrast materlale In juxtaposltlon and thue could 
have caused such an  abrupt decay In t h e  lntenslty.  

The above reasonlng, though explalns the  abruptlsharp attenuatlon along the 
long axls of the  lsoeelsmals but the  anamolous behavlour partlcularly extension 
of the  short  axls In t h e  north-eaetern quadrant needs alternatlve explanatlon. 

I t  1s posslble t h a t  th is  assymetrlcal behavlour of the  laoselemals 1s because of 
the  dlp of t h e  aelsmlc source lnvolvlng more energy In t h e  dlp dlrectlon than 
t h a t  on the  sector whlch 1s agalnst the  dlp a s  In the  northeastern quadrant 
deeper portlon of t h e  source fault  could have got actlvated resultlng In more 
area  t o  have experlenced the  Influence In t h e  down dlp dlrectlon. By slmllar 
analogy I t  could be poeslble t h a t  the  accentuatlon of lntenslty in the  SE 
quadrant for maln axls of the  lsoselsmals hae resulted because of fault 
propagatlon In t h a t  dlrectlon. 

The field surveys have lndlcated t h a t  t h e  lntenslty of damage has got 
accentuated In certain localltles resultlng In leolated hlgher lntenslty contours 
r l t h i n  t h e  lesser level isoseists. I t  le well known t h a t  these  accantuatlons could 
t ake  place In lsolated localltles becauee of a partlcular geological condltlon llke 
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thlck deposits of unconsolidated sedlments over the  bedrock on whlch 
constructions have been made, topographlc condltlons of isolated spurs or 

mounds the  tlme period of vibration of which could be dlfferent from t h e  general 
ground condltlons. In fact ,  these ground condltlons coupled with the  type and 

orlentatlon of construction, accentuate t h e  damages and In certain cases these  
damages go beyond t h e  limlts of a partlcular lsoselst and t h u s  I t  becomes 
lmperatlve t o  demarcate higher lntenslty contour. Some of the  accentuations 
could also be related to  the  source machanlsm characterlstlcs. 

The lntenslty accentuation at  B h a l ~ g a  vlllage of i t s  having attained level of VII 
lntenslty wlthin VI lsoseist could be due to  topographic as well as lithologlcal 
conditlons on a nose which Is allgned almost In t h e  dlrectlon of wave 
propogatlon (dlrectlon of wave approach) a s  establlshed from I ts  location 
vls-a-vls the  eplcentral t rac t  location. Slmllarly intenslty VIlI has  been 
reached a t  a locallty That1 Bharkote on Dhauntarl - Kamand sector. In th ls  
accentuation has  been probably due t o  t h e  topographic reasons as t h e  maximum 
damage Is conflned In the  NW-SE allgned nose, the  long axls of whlch 1s many 
tlmefi more than Its wldth. 

Anomalous Intenslty Accentuatlona 

It has been discussed in the  earller chapters t h a t  wlthln t h e  lsoselst V there  
are localised Intensity hlghs around Dehradun and Dugadda in U.P Himalaya and 
around Kunihar and Tlmbl in Hlmachal Pradesh. All these  VI intensity 
lsoselsmals follow NW-SE trend and are  located almost along a line. These 
lntenslty highs cannot be explained either by the  llthologlcal condltlons or by 
partlcular topographical condltlons except the  Dehradun area  whlch has  hlstory 

of glvlng locallaed intenslty hlgh. 

The lntenslty high around Dehradun 1s located south of t h e  Main Boundary Fault  

(MBF) and the  northern boundary of lntenslty VI passes very close to  its 
surface trace and damages are also more near th is  boundary, partlcularly In 
Rdpur, Khera, Kulhan block, RJpur-Thano-Bhogpur block and 
Dobhrl-Sarna-Langha block. All these vlllages are  located ln t h e  vlclnlty of t h e  
MBF. Durlng the  1906 Kangra earthquake, a local hlgh of lntenslty VIII on Ross1 
Forel Scale was asslgned t o  th ls  area whlle t h e  surroundlng areas  were of lower 
lntensitles. Thls local lntenslty hlgh could be attr lbuted t o  accentuatlons 
because of the  Doon valley fill deposlts overlylng the  Slwallk rocks. 

In the  Kotdwar-Dugadda sector. slmllar lntenslty accentuatlon has  taken place. 
This rrnomalous lntenslty hlgh of VI  Is also located between the  MBF and t h e  
Foot Hlll Thrust and h a s  a llmlted linear extent.  
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A locallsed lntenalty hlgh has  been observed In t h e  Hlmachal Pradesh around 
village Tlmbl and t h e  extent  of damages caused t o  the  engineered structures In 
t h e  vlclnlty of Kotl dam, Chhlbro Power house and Khodrl Power House. The 
boundary of thle accentuated lntenslty 1s based on these  damage patterns. 
Slmllar Intenslty hlgh. a locallsed one has  been recorded around village Kunlhar. 

These hlgh areas  a re  located north of t h e  MBF and cannot be explalned elther 
with respect t o  geological environment or by topographic accentuatlon. These 
could be related to  locallsed release of s t resses  born ' t h e  asperl ty surfaces 
where strain build up Is takelng place. The Delhl isoeelsmal high of lntenslty V 
wlthln IV may posslblly be explalned by llthologlcal accentuatlon caused by the  
deep flood plaln 1111 of Yamuna. Thls fl11 has  been designated by Slnha (1986) 
a s  t h e  Shahdara surface covered wlthln t h e  Farldabad surface. 

7 GPICENTRAL LOCATION 

The Meteorological Department of Indla, In Its f l rs t  report on the  epicentral 
locatlon lndlcated t h a t  t h e  eplcentre of th i s  shock was located a t  Lat. 29.8 
degree and Long. 79.8 degree eas t  whlch falls  In the  Almora dlstrict (Kamble 
1991). The magnltude of th ls  earthquake whlch occured a t  02 hrs. and 63 min. 
IST was reported t o  be 6.1 on Rlchter scale. The detalls of t h e  lnstrumental 
record of th ls  shock are  Included In a separate  paper In thla volume. 

The damage surveys conducted by Ceologlcal Survey of India, however, have 
lndlcated t h a t  t h e  eplcentral t r ac t  of th l s  earthquake l les between dletances 10 

km. NE of Uttarkashl t o  16 km. East of Uttarkaehl. The ends of th l s  eplcentral 
t rac t  are  marked by polnts a t  Lat. 30.72 degree : Long. 78.69 degree and Lat. 
30.78 degree : Long. 78.60 degree. 

The department of Earthquake Englneerlng, Unlvereity of Roorkee have 
determlned the  eplcentre a t  Lat. 30.8.N : Long. 78.6.E on the  bas18 of strong 
motlon records from the  s ta t lons  ln t h e  vlclnlty. Thla locatlon 18 reasonably 
close t o  the  one demonatrated by the  fleld surveys conducted. 

The prellmlnary eplcentral locatlon determlned by NCRI and the  Geoscope Project 
Is Lat. 30.766 : Long. 78.66 and t h a t  by USCS la t a t .  30.73 : Long. 78.79. 

The IMD have revised t h e  earthquake parameters af ter  the  f r a t  determinatlona 
and t h e  flnal parameters glven by them are  (Joul. Geo. Sur. Ind. 1991): 
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Eplcentre : Lat. 30.76.N : Long. 78.88OE 
Depth : 12 km. 
M : 6.6 ( W t .  10 s tns)  
0 : 21h 23m 16.4 sec. GMT ( W t  9 s tns)  

I t  1s ohserved t h a t  t h e  eplcentral locatlon of th ls  earthquake as detemlned by 
varlous agencles has  a good f l t  wlth t h e  melzoselsmlc area except for t h e  ones 
suggested by the  IMD and t h e  USGS. The fleld surveys also corroborate t h a t  t h e  
locatlons suggeeted by Dept. of Earthquake Englneerlng, NGRI and GEOSCOPE fall 
wlthln the  eplcentral t r ac t  (GSI) of the  earthquake (Flg.40). 

I t  1s observed by certain workers t h a t  the  eplcentral locatlon may not always 
colnclde wlth t h e  maxlmum damage areae explalnlng t h e  same el ther  by focuelng 
or by fault propagatlon whlch could result  In maxlmum damage areas away from 
the  eplcentre. It was reported In the  medla t h a t  even lf t h e  eplcentre was as 
reported by IMD ln the  flret report the  damages could take place a s  fa r  away as 
Uttarkashl. 

8 INTER-RELATIONSHIPS OF EARTHQUAKE PARAMETERS 

The consensus magnltude of th ls  event has  been computed a s  6.8 on t h e  Rlchter 
scale as  lndlcated by India Meterologlcal Department and t h e  depth of focus a s  
12km. The macroselsmlc studies conducted by the  Geological Survey of India 
have lndlcated t h a t  in locallsed area,  an  lntenslty of IX has  been reached in a 
Ilnear tract .  The depth of focus can also be computed by using emplrlcal 
relatlonshlps suggested by a number of researchers for shallow focus 

earthquakes. Accordlng to  Gzovsky (1962) (1) the  focal depth could be calculated 
by the  relatlonshlp: 

and the  same for th ls  earthquake works out to  be of the  order of 13.5 kms. 
Accordlng to N.  Sheballn's emplrlcal relatlonshlp ( \ i )  

where 10 16 the  eplcentral Intensity, M Is the  magnltude and h Is t h e  focal 
depth, the focal depth works out to be of the  order of 13.01 km. 



128 Uttarkashi Earthquake 199 1 

By utlllslng the  differential areas  occupied by successive lsoselsts and the  radil 
of these lsoeeists the  focal depth could be calculated by the  relatlonshlp 

Where AJm is t h e  area of a particular isoselst while AIII~I ie the  area  occupied 
by the  next hlgher isoeelst. r% and rzntl a re  the  mean radli of the  successive 
1soselsts. Using isoseismals VIIl and IX t h e  depth of the  fous works out to be 
7.7 km, for lntenslty VII and VIII i t  works out  t o  be 7.8 km. whlle for lntensity 
V11 and VIlI i t  works out  t o  be of t h e  order of 9.1 km. This simple relationship 

1s free from the  maximum lntenslty reached from a particular event  and thus 
would be relatively free from personal blas of assigning the  maximum intensity. 
I t  is seen t h a t  the  depth of focus from t h e  instrumental da ta  a s  well a s  tha t  
determlned from macroseismic epicentral intensity fel t  areas  in progressive 

intenslty scale, are  comparable. 

A number of empirical relatlonshlps have been suggested by researchers to 

correlate the  intenslt les wlth the  maximum ground accelerations and two such 

relatlonshlps suggested by Cutenberg and Richter (1942) and Neumann (1956) 
have been represented In Fig.38. The maximum ground accelerations obtained 

from these relatlonshlp a re  as  follows: 

The lsoselsmals drawn by the  authors of th is  report have been compared wlth 
t h e  ground accelerations obtained from the  strong motion records 
(Chandrasekhran & Das 1991 ). From these correlations followlng Inferences have 
been drawn. 

Two stat lons namely Tehrl and Srinagar are  located very near the  lsoselsmal VI. 

The ground accelerations (Max.) a t  theae locatlons are also comparable 1.e. 0.073 
and 0.066, respectively. Slmilarly the  localltles Barkot In Yamuna valley and 
Chansall In Bhillangana valley which are located very near to the  leoselsmal VII 

_I 

Intensity 

V1 
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I X 
I 
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show comparable max. ground acceleratlons of 0.104g and 0.138g respectlvely. 
Out of these localltles Ghansall 1s located nearer to the  lsoselsmal llne VII, 
than t h a t  of Barkot and thus  l i t t le  hlgher values are explalned. Uttarkashl and 
Bhatwarl lle very close t o  the  lsoselsmal llne VIII one on the  southern slde and 
the  other of the  northern slde of t h e  eplcentral tract .  Theee locations give 
acceleratlons of the  order of 0.303g and 0.273g. respectlvely. The above 
comparlons lndlcate t h a t  the  lsoselsmale drawn on t h e  basls of damage pattern 
studles can be compared well wlth the  lnetrumental acceleratlons. 

The maxlmum ground acceleratlons obtalned near t h e  lsoselsmals VI, VII and VIII 
have been plotted In Fig.38 on whlch the  two emplrlcal relatlonshlps suggested 
by Cutenberg & Rlchter (1942) and Neumann (1964) have been plotted. I t  1s seen 
t h a t  the  Instrumental da ta  compare well wlth the  relatlonshlp suggested by 
Neumann (1964). 

?l ( ,3S:  EMPIRICAL RELATIOWSIIIPS SETWEEN THE 
INTENSITY AND MAX. OROUWD ACCELERAT- 
ION. I -ACCORDIWO TO OUTENSLRO AND r l c -  
~ T E R  ( 1 9 4 2 )  2 - ACCORDINO TO NEWYANN 
( I S 8 4  ) 

Some of the  emplrlcal formulae reported In t h e  l l terature for at tenuatlon of t h e  
acceleretlons a t  particular distances from t h e  hypocentre wlth- glven magnltude 
of earthquake have been used t o  calculate the  acceleratlons a t  s ta t lons  wh"ee 
different lntenslty contours are paeslng. In al l  these relatlonshlps certaln 
amount of at tentuatlon has  been related with the  hypocentral dlstance. In vlew 
of the  asymmetric pattern of the  lsoselsmals, and the  elllptlcal shape of t h e  
same I t  1s clear tha t  none of these relatlonshlpe could be reasonably correlated 
wlth the  leoaelsmals. For example, the  lsoselsmal llne of lntenelty VI passe8 
from very close to  Tehrl a s  well a s  Srlnagar but these stat lons a re  located a t  a 
dletance of about 44km and 63km from the  eplcentre of th l s  earthquake. 
According to  the  attenuatlon relatlonshlp suggested by Campbell (1981 the  
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expected acceleratlone a t  Tehrl and Srlnagar work out  t o  be of t h e  order of 
67.26 cm/seca and 47.39 cm/secz whlch a re  not conslstent e l ther  wlth the  
lsoselsrnals nor wlth t h e  instrumentally recorded values whlch a r e  almost same 
a t  both these stat lons.  The lsoselsmal VIII passes close t o  Uttarkashl and 
Rhatwarl whlch are  located a t  dlstances of about 16km and 6km from the  
eplcentre wlth hypocentral dlstances of about 18km and l lkm.  These stat lons 
would also give dlfferent acceleratlons based on any of t h e  empirical 

relatlonshlps. I t  has also been polnted out  In the  chapter on lntensity decay 
patterns t h a t  t h e  at tenuation In t h e  northwestern quadrant is much more than 
tha t  In the  southeastern quadrant. Thus these  emplrlcal relationships do not 
explaln these characterlstlcs. A s  t h e  lsoselsmals compare well wlth the  
Instrumental da ta  of almost slmllar values of peak ground accelerations along 
the  lsoselsmal lines, I t  could be said t h a t  well constralned macroselsmlc studles 
have thelr  own merlt for estlrnatlng the  ground acceleratlons and cannot be 
replaced by any emplrlcal relatlonshlp and widespread strong motlon 
lnstrumentatlon networks may be t h e  only answer. Incldentaly the  area whlch 
has heen struck by th ls  earthquake has  been covered by a very good network of 
strong motion Instruments. 

9 PAlTERN AND DISTRIBUTION OF API'ER-SHOCKS 

This earthquake was followed by a number of af ter  shocks the  frequency of 

whlch has  shown a rapld fall from more than 160 on the  21st October, 1991 to  

less than ten by the  end of November. The stat lons located far  away from the  

eplcentral t rac t  have recorded lesser number of shocks. The after-shock decay 

pattern a t  these s ta t lons  1s deplcted In Flg.39. I t  1s seen from thls  plot tha t  

the  s t ress  drop la very rapld, and near the  eplcentral t rac t  t h e  number of after  

shocks have fallen from more than 150 on the  first  day af ter  the  maln event,  to  

70 on the  4th of November, and 40 on the  9th  Nov. Wlthln a perlod of about 3 

to 6 weeks the  after-shock number has  fallen t o  about 16 shocks per day. A t  

s ta t lons  whlch are  located a t  qulte a distance t h e  af ter  shock number has  fallen 

down t o  4 t o  6 ehocks per day. 
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2 - 1 2  SHOCUO O F  Y 8 I ICO~OCD . I n  G S I  NETWORI. 

Only llmlted data Is available on the eplcentral locatlon of the after shocks. 

These eplcentral locatlons fall on the south-eastern and the. northeastern slde 

of the eplcentral tract a s  well as  the instrumental eplcentral locatlon of the 

maln shock. The eplcentral locatlons (varlous determlnatlons) of the maln shock 

and those of the aftershocks are depleted In Fig. 40. For a detailed evaluation 

of the attershocks refer Kayal e t  el ln thls volume. 
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UEDARNATH 

C I m . 4 O I C I U Y I M L  U K A T A ( I 8  01 TWC MAIM A N 0  AFTER W O C N 8 .  MAIN SHOCN LOCATIONS I N  SOLID CIRCLES AS PER 
V I R l O U I  A Q I N C I L 8 .  OPEN C IRCLC8-A1TCI  8HOCN8 OF FIRST DAY. CROSSES-AFTER SHOCK8 A8 PER JOUL. OEO. 

mC. I M b .  VOL. BS, 1eS1.  UOLID TRIANOLI8 -AFTER SHOCKS AS PER 0 . 8 . 1 .  DATA. MATCHUlED AREA ENVELOPS 

tnc rrrrn s n o c r r .  

A number of general emplrlcal relatlonahlps between magnltude of shallow focua 
earthquakes and t h e  volume of deformed reglon and the  length and amount of 
dlaplacement on activated surface fault6 have been known for more than two 
decades. The relatlonrhlp of logarlthm of fault  length to magnltude 1s the  moet 
widely used relatlonrhlp partlcularly for thoae areas for whlch maxlmum probable 
earthquake ert lmates have t o  be made for englneerlng purposes. The Plg.41 
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Clg. 41 : RELATION OF EARTHQUARE MAGNITUDE TO L E N O T H  O F  FAULT 



134 Uttarkashl Earthquake 1991 

summarlses the  stralght line correlations published by various workers. In these 
studies the  type of t h e  deformation responslble for s e t s  of events  have also 
been classlfled and different empirical relationships have been suggested. I t  is 
interesting to  note t h a t ,  these average s t ra lght  llne relationships (considering 
all types of deformations) glve different values of fault  lengths involved for 
generating a glven magnltude earthquake. For example, for a magnitude 6.6 

earthquake ( the  case under study) t h e  faul t  length which could have generated 
th ls  earthquake tu rns  out to  be about 4km. (Ilda all types),  lOkm (Tocher all 
types), 20km (Slemmons, W.W. all types as well a s  Bonllla and Buchanan) and 
32km (by Wyes and Brune as well as world wlde str ike slip of Bonllla and 
Buchanan). If the  relationahips for t h e  reverse slip and reverse oblique slip 
defonnatlons are  considered the  fault  length which could have been involved for 
a magnltude 6.6 earthquake would be less than 10 kms. 

The field surveys conducted by the  authors did not reveal any manifestation of 
surfacing of t h e  source fault .  I t  Is, therefore, very difficult to  prefer any of the  

relatlonehlpa suggested above. 

FI,.4L: I E U T l O N  Of EAITMOUAKE YAONITUOE TO LOW 
An18 O f  AFTER BMOCK AREA. CURVE i l B  APP- 
101. LIYITINO CURVE AND CUIVE ' 8 ' 1 8  CURVE 
O F  l E 8 T  f I T .  8 O L I D  TI IANOE IB PLOT Of 
P l l l B I N T  LAITMOUAKI  V I 8 - A - V I 8  L O N 0  A I R  
Of AFTER 8 M O C I  A I L A .  
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Albee and Smlth have  t r ied  to  compnre t h e  f au l t  length ve r sus  t h e  magnltude 
wlth those of t h e  long ax i s  of t he  a f t e r  shock a r e a  and have  suggested t h a t  t h e  
shallow focus ear thquakes  without  sur face  faul t lng  fa l l  on t h e  same curve  a s  
those which show surface  faul t ing (Flg.42). 

From t h e  epicentral  locations of t h e  af tershocks based i t  could be in terpre t ted  
t h a t  t h e  af tershocks a re  located within a 25km. wlde band t h e  long ax i s  of 
whlch 1s almost paral lel  t o  t h e  eplcentral  t r a c t  and extends  t o  a d is tance  of 
about  40km. If t h i s  length of t h e  long axls  of after-shcok a r e a  1s plotted In t h e  
curve suggesr.c?d by Albee and Smith t h e  plot of t h i s  e v e n t  wlth 6.6 magnltude 
lies very  close to  t h e  Ilmitlng A curve.  From t h l s  I t  could be surmised t h a t  t h e  
maximum fau l t  length which could have  been ac t lva ted  by a source for  t h i s  
even t  may not  have  been more than  40 km. The  o the r  relat ions discussed ear l le r  
glve f au l t  lengths much less  t han  th l s  figure. 

1 1 GEOTECTONIC SETTING AND SOURCE MECHANISM 

The rnaxlrnurn damage a rea  of t h l s  ear thquake  i s  located In t h e  Carhwal Croup of 
rocks cornprlsed of Nagni Thank formatlon, Shyalna formatlon and  Uttarkashl  
forrnatlon (Agarwal and Kumar 1973). The  eplcentral  t r a c t  i s  predomlnently 
located In the  Camri quar tz l tes  of Nagnl Thank formatlon whlle t h e  area 
occ~lpied by lnt,enslty VlII encompasses a l l  t h e  formations of t h e  Garhwal Croup. 
The northeastern and eas tern  pa r t s  of t h l s  isoselst  a r e  located In t h e  cen t r a l  
crystal l lnes comprised of mlgmatltes and amphlbolltes. The  Carhwal Croup of 
rocks have  been brought in Juxtaposl t lon wlth t h e  Dudatoll Group of rocks along 
a major tectonic surface,  t h e  Srinagar t h r u s t  (North Almora Thrus t  of Agarwal 
and Kilmar 1973) which i s  a s t eep  angle (dlp varylng between 46°-800) f au l t  
dipping In t h e  nor theas t  dlrection in Bhilangana val ley and In t h e  southwest  
dlrectlon a s  encountered In t h e  head race  tunne l  of Maneri-Bhall (stage-11) 
project. The Carhwal Croup of rocks a re  Juxtaposed wlth t h e  older Central  
Crystallines along a well known regional tectonlc surface,  vlz., t h e  IUaln Central  
Thrust.l 'he eplcentral  t r a c t  of t h e  present  ear thquake  18 located abou t  s even  
km. south  of t h e  sur face  t race  of t h l s  tectonlc llneament. In addlt lon t o  t hese  
two regional tectonlc llneaments, t h e  Carhwal Group of rocks h a v e  been 
traversed by a number of f au l t s  t rending in  t h e  N-S dlrect lon l lke Hlnna faul t ,  
Kaldlgad faul t ,  Kawan f a u l t  and Panjala f a u l t  exposed nor th  of t h e  Bhaglrathl 
valley (Flg.42b). Another consplcuous s e t  of f au l t s  t r ends  in  t h e  ENE-WSW 
dlrectlon and most of t h e  N-S trendlng f au l t s  merge wlth t h l s  s e t  of fau l t s .  
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Near t h e  eplcentral t r ac t  one ENE trendlng faul t  passes below Jamak village and 
another  1s very consplcous In the  vlclnlty of Aghora village cutt lng across 
Aaslganga (Utron-Saura fault) .  

The record of earthquakes from Garhwal Himalaya lndlcate t h a t  these  a re  malnly 
clustered along t h e  surface trace of t h e  MCT. Thls domaln has  not been 
frequented by earthquakes of magnltude >4<6 but  t h e  earthquakes of magnitude 
>6<6 and >6<7 are  much more frequent than other sectors of t h e  Hlmalayan belt 
and thus  as fa r  as tota l  energy release 1s concerned th ls  domaln 1s comparable 
t o  t h e  high concentration a reas  like t h a t  of Kangra, Klnnaur and Kashmlr 
Syntaxls. 

The tectonlc flux map prepared on t h e  basis of total  energy release In 10/2Xlo/2 
grid pat tern  by Narula (1991) has  lndlcated tha t  there are three promlnent 
tectonlc flux faults ,  one west of Uttarkashl. other along t h e  Alakananda valley 
and t h e  thlrd In t h e  vlclnlty of the  Indo-Nepal border In Garhwal and Kumaun 
Hlrnalaya. These faul ts  trendlng In t h e  NE t o  NNE dlrectlon have been 
Interpretted a s  fundamental fractures. I t  has  also been contended by Narula 
(1991) t h a t ,  t h e  Maln Hlmalayan Selsmotectonlc Belt dlsplaylng the  thrus t  type 
of deformation s tyles  could be dlvlded into sub-domalns because of the  presence 
of transverse features across whlch contrastlng geophyslcal a t t r lbutes  are 
lnterpretted to  have brought crustal  blocks of dlfferent propertles In 
juxtaposltlon. I t  has  also been argued t h a t  t h e  domalns of s t ra ln  bulld up In 
dlfferent sectors 1s a t  dlfferent locales wlth respect to the  surface trace of the  
tectonlc features.  I t  has  been clalmed t h a t  In Garhwal and Kumaon Hlmalaya the  
s t ra ln  bulld up 1s taklng place In the  vlclnlty of the  MCT whlle In the  adjacent 
Hlrnachal Hlrnalaya t h e  same 1s taklng place 1n the  vlclnlty of t h e  MBF. A s  far  
a s  t h e  tectonlc model (steady s ta te )  suggested by Seeber (1981) and 
supported by Nl and Barazangl (1984), the  MCT, MBF and other thrus ts  located 
fur ther  south are  concerned, they are all lmbrlcatlons along a decollement and 
merge In depth wlth a low angle northerly dlpplng detachment surface. Thus 
any of these surface6 could be the  domalns of s t ra ln  bulldup and s t ress  release 
In contemporary times. In certaln aectors s t ra ln  bulldup seems to  be taklng 
place along MCT and In others It 1s In t h e  vlclnlty of the  MBF. Accordlng to the  
subdornalns suggested by Narula (1991) t h e  Garhwal earthquake of October, 1991 
falls  In t h e  Carhwal block constralned by Alkananda tectonlc flux fault  In the  
eas t  and t h e  Klnnaur faul t  on the  west. Thls domaln contains another tectonlc 
flux faul t  r h l c h  1s located west of the  locale of the  present earthquake. It has 
been dlscusaed earl ler  t h a t  there  Is abrupt attenuatlon of lntenslty In the  
Yamuna valley a s  demonstrated by the  lnstenslty VII. I t  Is posslble tha t  the  
Interpreted tectonlc flux faul t  mentloned above could have been responslble for 
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Fig. 4 2  A : DETAILED GEOLOGICAL M A P  OF UTTAHKASHI AREA SHOWING IMPORTANT TECTONIC LINEAMENTS 
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the abrupt damplng as a medla havlng hlgher at tenuatlon characterlst lcs mlght 
have come In Juxtapositlon. I t  has  also been contended by Narula (1991) t h a t  
the  locales of s t ra ln  build up are  in t h e  vlclnlty of lntersectlon of the  
underthrustlng detachment surface and t h e  transverse block boundarles. It 1s 
posslble t h a t  t h e  source reglon for th ls  earthquake 1s In t h e  vlclnlty of th l s  
lntersectlon and the  rupture propagatlon mlght have taken place In t h e  south 
easterly dlrectlon. I t  has  been dlscussed earl ier  t h a t  t h e  eplcentral locations of 
the  after shocks a re  located In a 2Skm wlde band whlch has  a general trend of 
N600W--S6OoE. All these  earthquakes, partlculsrly those whlch have lmmedlately 
followed t h e  maln shock are  located In t h e  south eastern dlrectlon of t h a t  of 
the  maln shock, located near Manerl and thus  I t  1s llkely t h a t  t h e  rupture 
propagatlon mlght have taken place In t h e  south easterly dlrectlon. Accentuatlon 
of t h e  lsoselsmals In t h e  southeasterly dlrectlon could also be explalned by such 
a reasonlng. 

From t h e  dlsposltlon of t h e  eplcentral t r ac t ,  t h e  lsoselsmal pat terns  and the  
aftershock locations It  could be lnterpretted t h a t  t h e  source feature  1s somehow 
allgned In the  N60.W-S600E dlrectlon. The only regional feature  In t h e  vlclnlty 
of the  eplcentral t rac t ,  havlng the  above dlsposltlon 1s t h e  Maln Central th rus t ,  
though thls  has been modlfled near t h e  surface by transverse features.  I t  1s 
understood t h a t  the  MCT 1s dlpplng In t h e  northerly dlrectlon. If we t ake  the  
fault  plane to  have been on the  MCT, t h e  eplcentral t r ac t  should have been 
located about 16km fur ther  north of the  location inferred from the  macroselsmlc 
surveys. Thus, a simple correlatlon of th l s  event  wlth the  MCT ltself 1s not. 
posslble. Whlle dlscusslng the  selsmlclty pat terns  In the  Carhwal and Kumaon 
Hlmalaya I t  has been mentloned by Narula (1991) a s  well a s  Khattrl e t  a1 (1 989) 

t h a t  the  eplcentres of the  past earthquake events are  clustered around the  MCT. 

Even the  clusters of mlcroselsmlc events  obtalned by studles conducted by 
Department of Earthquake Englneerlng during perlods June (1974 to  May 1977) 

and later by Khattrl e t  a1 (1989) between 1979-80 and agaln between 1984-86, 
lle predomlnantly south of the  surface trace of MCT. If northerly dip of MCT is 
considered, none of these events could be explalned by MCT and t h e  picture 
demonstrated by the  present event 1s no dlfferent. I t  Is, therefore. posslble tha t  
the  basement thrus t  front Is located south of the  surface trace of MCT In t h e  
Carhwal block (Fig. 43). 

I t  Is oplned t h a t  the  lower level8 of t h e  basement thrus t  reglme 1s dlaeected by 
a etrlke sllp fault  wlth mlnor thrus t  component, overlain by low angle 
detachment surface. I t  18 posslble t h a t  t h e  source mechanlsm of thle earthquake 
ha8 both thrus t  and s t r lke  sllp components. I t  may, however, be polnted out 
tha t  the  source rnechanlsm would become clearer when t h e  focal mechanlsm 
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s tudles  for th l s  ear thquake a re  conducted. Howerver. a prelimlnary fault  plane 
solutlon (USGS) suggesting th rus t  type of mechanlsm wlth s t r ike  sllp component 
h a s  been included In t h e  IMD report ( th ls  volume). 

The macroselsmlc surveys,  detailed earller, have lndlcated four isolated hlghe of 
ln tensl ty  VI wlthln Isoselst V rrllgned almost parallel t o  t h e  trend of the 
regional th rus t  surfaces. As already dlscussed these  cannot be at tr ibuted to  
local sccentuatlons llke topography or geological envlronment except probably 
for t h e  Dehradun area .  Therefore, a genetlc relatlonshlp with the  source 
mechanism could be  attr ibuted.  

12 GENERAL OBSERVATION 

Thls earthquake has  caused unusually hlgh degree of ter ra ln  changes ln the  
form of a number of dlrlodgements, lnltlatlon of landslides, reactlvatlon of old 
slldes, generation of ground flssurer (mostly In t h e  areae  occupled by 
overburden mnterlnl). Such terraln changes ere  not unusual In t h e  lntenslty VlII 
and I X  but the  number of dlslodgementa even In the  lntenslty VII  and some In 
t h e  lntenslty VI are  also very hlgh though they a re  controlled by the 
llthologlcal condltlonr belng most pronounced In t h e  hlghly jointed quartzltea 
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and baslc lntrusive bodles. Even In t h e  lower levels of lntenslty VI, t h e  loose 
terrace materlal on low helght slopes have been thrown out  on t h e  roads as 
evldenced In t h e  Srlnagar area  where small pebbles were scattered on t h e  road 
for considerable stretches.  These unusually hlgh lncldences of dlslodgements 
could be related t o  t h e  long duratlon of t h e  shock whlch lasted for more than 

46 sec. The long duratlon shock would loosen t h e  rock blocks or  loosely packed 
terrace materlal in t h e  lnltlal wave propagatlon and wlth t h e  contlnued 
movement dlslodgements have taken place. 

Accentuatlons a re  expected t o  be hlgher a t  hlgher elevatlons In slmllar 
llthologlcal condltlons and the  cons t ruc t lon~  a t  hlgher elevatlons should show 
greater damages. Contrary t o  thls,  t h e  damages t o  t h e  constructlons, In certaln 
locallties a s  in Uttarkashl town, 1s much more In t h e  open lower level terraces 
than those hugglng t h e  hlll slope a t  comparatlvely hlgher elevatlona, even ln 
the  houses of same. category and of slmllar orlentatlons. Such a n  anomalous 
behavlour could be explalned by the  difference In t h e  tlme periods of vlbratlons. 
The constructlons ln t h e  open spaces have vibrated wlth thel r  independant 
perlods whlle those hugglng t h e  hills had thelr  perlods dampened by t h e  nearby 
hillmass. 

The damages t o  the  constructlons have got accentuated In t h e  areas  located on 
narrow spurs allgned In the  dlrectlon of wave propagatlon a s  evldenced a t  
Jakholl, Corthl and Bhalnga. The extent  of damages In slmllar spurs  orlented 
across the  dlrectlon of wave propagatlon 1s comparatlvely lesser. 

Damages to  the  constructlons In the  lsoselsts V1 and VII la much more in t h e  
bulldlngs, wlth the  long walls orlented along the  dlrectlon of wave propagatlon. 
In cases where the  shortwalls are  parallel to  t h e  wave propagatlon the  damages 
to the  bulldlngs are comparatlvely lesser. The square type of bulldlnga have 
suffered much lesser damage except t h e  slender one's llke small dlmensloned 
temples in whlch one se t  of walls have falled under shear. In fact  what follows 
1s tha t  If length (L) 1s greater than the  width (W) t h e  damages a r e  more but a s  
L reduces and approaches to  W 1.e. the  bulldlng becomes square t h e  damages get  
reduced. However, In smaller L=W type temples where helght (H 1s greater than 
L or W,  I t  vlbrates llke a plllar and 1s agaln prone to  greater damage. 

The conventlonal constructlons, made In mud mortar masonry wlth wooden braces 
a t  the  roof levels, small openlngs In walls, wooden braclngs, wooden roof ra t t e r  
and relatively llghter' roof coverlngs by s la tes  or C.I. sheets  have suffered 
lesser damage In the  form of collapses than those built In mud masonry thlck 
walls wkh RCC roof slab. Thls has been observed In momt of t h e  cases though 
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some of the  old conventlonal types of houses have also collapsed but these 
have happened only for very old constructlons wherein t h e  wooden members as  
well as the  walls have lost thel r  strength.  Contrastlng sl tuatlons have been 
observed In the  Bhaglrathi and Mandaklnl valleys. In Bhaglrathl valley in 
lsoselsts VI and VII many houses have been built In mud masonry walls wlth 
RCC roof s lab whlle In Mandaklnl valley t h e  conventional type of constructlons 
predomlnate. In Mandaklnl valley the  cases of collapses are  much less than 
those of Bhaglrathl valley and though open shear  cracks have developed In the  
walls t h e  llghter roofs have not collapsed. 

Another lnterestlng observatlon 1s t h a t  whereever the  long axls of t h e  houses 
are  transverse to  t h e  wave propagatlon t h e  long walls have escaped damage and 
only near t h e  Junctlon of the  walls near vertical cracks have opened up from 
the  roof down t o  the  floor. Posslble explanatlon for th ls  ra ther  unusual 
behavlour Is t h a t  t h e  larger bearlng area  of the  longwall. has  mlnimlsed the  
damaglng capablllty but In the  shorter  walls because .of t h e  th rus t  the  contact 
area in the  corner h a s  been under concentrated thrus t  and vertical cracks have 
opened up. However, th i s  is only t rue  for t h e  area lylng towards the  lower slde 
of VI1 but In hlgher lsoselsm61s both walls dlsplay shear type of fallure. 
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loglstlc support for the  tlmely lnltlatlon and completlon of the  work. They also 
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dlscusslons were held wlth S/Shrl K . N .  Srlvastava and D.R. Nandy whlch Is 
gratefully acknowledged. The authors are  thankful to Smt. Jaya Slngh for the 

sincere and metlculous handllng and correctlon of the rnanuscrlpt and plates 



Ceol. Surv. Ind., Spl. Pub. No. 30 14 1 

durlng the  various s tages  of processlng for publication. Shrl Dharmendra Slngh, 
Steno, Engg. Geology Dlvn.1, NR, CSI, deserves speclal appreclatlon for 
undertaklng the  advance task of computer processlnng t h e  manuscript a s  well a s  

S/Shrl Shlv Nath Prasad for preparing and flnallslng the  plates and flgures. 

14 REFERENCES 

Agarwal, N.C. and Kumar Copendra (1973): Geology of t h e  Upper Bhaglrathl and 
Yamuna Valleys, Uttarkashl dlstr lct ,  Kumaun Hlmalaya. Jour. Hlmalayan 
Geology, Vo1.3 pp, 1-23, 1973. 

Albee, A.L. and Smlth J.L. (1966): In S ta te  of the  art for assesslng earthquake 
hazards In t h e  Unlted States,  Report 6: Faults  and earthquake magnltude 
by Davld B. Slemmons, May 1977. U.S. Deptt. of Commerce,Natlonal Tech. 
Int. Sclence, AD/AO4O 870. 

Anon (1992): Uttarkashl Earthquake - Oct. 20, 1991, Jour. Ceol. Soc. Ind. Vol. 
39, No.1, pp 83-88. 

Bonllla, M.G. and Buchanan J.M. (1970): In S ta te  of the  a r t  for assesslng 
earthquake hazards in the  Unlted States,  Report 6: Faults  and earthquake 
magnltude by Davld B. Slemmons, May 1977, U.S. Deptt. of 
Commerce,Natlonal Tech. Int. Sclence, AD/AO4O 870. 

Burbank, D.W. (1983): The Chronology of Intermontane basln development in t h e  
northwestern Hlmalaya and the  evolutlon of the  northwest syntaxls.  Earth 
and Planet. Sc. le t ters  64(1983) pp 77-92. 

Campbell, Kenneth W. (1981): Near source alternatlon of peak horizontal 
acceleratlon. Bull. Sels. Soc. Am. Vol. 71. No.6, pp. 2039-2070, Dec. 1981. 

Chandrasekharan, A.R. and Das. J .  (1991): Analysls of Strong Motlon 

Accelrographs of Uttarkasl Earthquake of 20th Oct. 1991. Deptt. of 
Earthquake Engg. Roorkee Unlverslty. Rep. No. EQ-91- 10. Dec. 1991. 

Clggenbach, W.F., Gonflantlnl, R., Jangl, B.L. and ?'ruesdell, A.H. (1983) - Isotope 

and chemlcal composltlon of Parbatl valley geothermal dlecharges, NW 
Hlmalaya, Indla. Ceothermlcs Vol. 12, No 23, pp. 192-222. 

Glggenbach. W.F. (1986) - Craphlcal Technlques for the  evaluatlon of waterhock 
equlllbrlum condltlona by use of Na, K ,  Mg, Ca contents of dlscharge 

waters. Proc. 8 th  New Zealand Geothermal Workshop, pp. 37-44. 



142 Uttarkashl Earthquake 1991 

Gzoveky, M.V. (1962): Tectonophyslcs and earthquake Forecastlng Bull. Scl. Soc. 

Ann. Val. 62 pp, 486-86. 

Ilda, K. (1969 & 1966): In State  of the a r t  for aseesslng earthquake hazards In 
the  Unlted States,  Report 6: Faults and earthquake magnitude by Davld B. 
Slemmons, May 1977, U.S. Deptt. of Commerce,Natlonal Tech. Int. Sclence, 
AD/AO4O 870. 

Kamble, V.P. (1991): Selsmlcally Velnerable region hit  again. Curr. Sc. Vol. 61 
No.8. 

Kayal, J.R.; Slnha, T.K.: Saglna Ram, Singh R.P., Pahwa, A.K., Biman Chosh, 
Chakraborty P. and De. Reena. (1992): Prellmlnary Report on Aftershock 
study of the Uttarkashl Earthquake of Oct. 20, 1991. Unpublished CSI 
report. 

Khattrl, K.N., Ramesh Chandra, V.K. Gaur, Sarkar I. and Sushi1 Kumar (1989): 
.New Seismological results on the tectonlcs of the Garhwal Hlmalaya. Proc. 
Ind. Acad. Scl. (Earth Planet. Scl.) 1989, Vol. 98, No 1, pp. 91-109. 

Narula, P.L. (1 991 1: Selsmotectonlc evaluatlon of Northwest Hlmalaya. 
Unpubllshed GSI report. Abstract In Press belng published In GS1 Record 
Vol. 

Neumann. F. (1964): In Design of Earthquake Reslstant Structures by S.V. 
Polyakov. Mlr. Publlshers, Moecow, 1986, Vol. 126, pt. 8. 

Nl. J .  and Barazomgi, M. (1984): Selsmotectonlcs of the Himalayan Collislon zone 
Geometry of the underthrustlng Indlan plate beneath the Hlmalaya. Jour. 
Ceophys. Res. 89(B-2) pp. 1147-1 163. 

Omura, M, Yokoyama, K & Kubo, S. (1986): Ceodetlc monltorlng of crustal 
movement8 In the Hlmalayas, a t  the MCT and MBT, Central Nepal. Proc. Intl. 
Symp. on Neotectonlcs ln South Asia. Debradun, Indla - Feb. 18-21, 1986. 

Ravl Shankar, C. Kumar and Saxena, S.P. (1989): Stratigraphy and sedlmentatlon 
In Hlmalaya: A r eapp r~ l sa l  structure and tectonlcs of Himalaya. Pub. 26 
Ceol. Sur. Ind., pp. 1-60. 

Seeber, L. and Armbruster, J.C. (1 981 1: Great detachment earthquakes along the 
Himalayan Are and long term forecastlng: Earthquake Predlctlon and 
International revlew. Am. Geophysical Unlon Morrls Ewlng Serles Vol. 4 pp. 
269-277. 



Geol. Surv. Ind., Spl. Pub. No. 30 143 

Sheballn, N.V. (1974): Selsmology - The s tudy of Earthquakes, Moscow, 1974. 

Slnha, R.K. (1986): Morphotectonlc evolutlon of the  Quaternary land systems of 
the  mlddle reachee of Yamuna basin. Proc. Intl.  Sym. Neotectonlcs in South 
Asla, Dehradun pp. 289-300. 

Slemmons, D.B. (1969 & 1972): In Sta te  of the  a r t  for assesslng earthquake 
hazards In the  Unlted States,  Report 6: Faults  and earthquake magnltude 
by Davld El. Slemmons, May 1977, U.S. Deptt. of Commerce,Natlonal Tech. 
Int. Sclence, AD/AO4O 870. 

Tocher, D. (1968): In S ta te  of the  a r t  for assesslng earthquake hazards in the  
Unlted States,  Report 6: Faults and earthquake magnltude by Davld B. 
Slemmons, May 1977, U.S. Deptt. of Commerce,National Tech. Int. Sclence, 
AD/AO4O 870. 

Wyss. M. and Brune, J.N. (1968): In S ta te  of t h e  a r t  for assesslng earthquake 
hazards In the  Unlted States, Report 6: Faults  and earthquake magnltude 
by Davld B. Slemmons. Way 1977, U.S. Deptt. of Commerce,Natlonal Tech. 
Int. Sclence. ADIAO4O 870. 



Uttarkashl Earthquake 1991 

ANNEXURE I 

LOCALITY INDEX 
(Uttar Pradesh) 

Agora 
Aleth 
Almora 
Amharl 
Augustmuni 
Aungi 
Babugarh 
Badrinath 
Badshaibagh 
Bageshwar 
Bag1 
BalJnath 
Bandranl 
Barkot 
Barkot 
Barnlgad 
Barwala 
Bsun 
Berlnag 
Bhalnga 
Bhatgaon 
Bhatlyara 
Bhatwarl 
Bhatwarl Dhanarl 
Bhlsangaon 
Bhudna 
Bhukki 
Rrllnagar (Suklldang) 
Byala Tlprl 
Byes Bhud 
Chagera 
Chakon 
Chakrata 
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Chalthl 
Cham1 
Chamoll 
Charnpawat 
Chamyala 

Chandell 
Charma Brldge 
Chatanga 

Chaukari 
Chlnyallsaur 
Chlrpatlya Khal 
Damta 

Darrpit (Tlmli) 
Dedsarl 
Dharmawala 

Dhauntrl 
Dlbogl 
Dldlhat 

Dlgadl 
Dlkhad 
Dogalbltta 
Dumet 

Di~nda  
Fathehpur 
Gadall 
Ganganl 
Caneshpur 

Cangnanl Hot Spring 
Cangorl 
Gangotrl 
Carur 
Gaurlkund 

Ghat Brldge 
Ghansall 
Ghuttu 
Glnda 
Gnlarl 
Gopeshwar 
Gorsall 
Gorthl 
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Gana 
Guptakashl 
Gyansu 
Hanman Chattl 
Hanuman Chattl 
(Badrlnath) 
Hanuman Chattl 
(Yamnotrl) 
Harburtpur 
Harlpur 
Harsll 
Heena 
Hudoll 
Hurl 
lrak 
Jakh 
Jakholl 
Jamak 
Jaunkanl 
Jhala 
Jlnoli 
Jlwangart 
Jokanl 
Joshlmath 
Juddo 
Judaldl 
Kabl 
Kalsl 
Kalyanl Kaldya 
Kamand 
Kamor 
Kamerldevl 
Kanda 
Kansola 
Kanaen 
Karnprayag 
Kata Pather 
Kausanl 
Kawan 
Kederneth 
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Khalyan 
Kharadl 
Khason ky ar t  

Kishenpur 

Klsna 

Kot 
K0t.l 

Kumaltl 
Kurura 

Kuthnaur 
Kuwa 
Lakhwar Dam Slte  

Lakhwar Village 
Lakshman Pur 
Lambgaon 

Lodara 
Lohaghat 

Maletha 
Malla 

Manerl 
Mannpur 
Marora 
Math1 

Mathlyasl S l te  
Mayall 
Medh 

Mussourl Bend 
Muyal Gaon 
Nalnbag 
Nalngaon 
Nakurl 
Nald 

Naugeon 
Naumana 

Nayal 
Netala 
Nl walgaon 
Okhlmath 
Palnl Bhawan 
Pala 



Pan h 

Panjala 
Panyala 
Pata 
Pailnth1 
Phalenda 
Phlphlyarl 
Phata 
Plllang 
Plpal Khanda 
Pt thoragarh 
Pokhar 
Purola 
Ralthal 
Rajgarhi 
 ran^ 

Rast.ar 
Rudra Prayag 
Salna C h ~ t t l  
SalnJ 
Sahlya 
Sanglai 
Sarlgad 
Sarendl 
Saurn 
Sendul 
Sllla 
Sllycrra 
Slrkot 
Slroll 
Slror 
Son Prayag 
Srlnegar 
Sukkl 
Suknldh~r 
Sunngar 
Talwarl 
Tanakpur 
Tehrl 
Thal 
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Thalan 
Tharall 
Thati Kathur 
Thayell 
Tllwara 
Tlmll 
TrjJuglnarayan 
Tunalka 
Ushara 
Uttarkashl 
V.  Bamanpur 
Vlkashnagar 
Wardno1 Banslpur 
Wazrl 
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LOCALITY INDEX 
(Hlmachal Pradesh) 

S.No Locality Latltude Long1 tude 

Akpa 
Ark1 
Ata! 
Badaari 
Bhabu Nagar 
Bll aspur 
Chltkul 
Dnbling 
Darlanghat206 
Dhaula Kuan 
Jhakrl 
Jubbal 
Jyori 
Kalka 
Kalpa 
Kamru 
Khab 
Khadrala 
Khotkhal 
Klnnu 
Korga 
Kulu 
Kunihar 
Mandl 
Morang 
Nahan 
Narkanda 
Nlsang 
Nogll 
Paonta Sahib 
Peo 
Po0 
Rakcham 
Rampur . 

Rarang 
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Rlbba 
Rlspa 
Rohru 
Ranhat 
Sangla 
Shalal 
Shambuwala 
Slmla 
Slapper 
Solan 
Sunder Nagar 
Swarghat 
Tabo 
Taprl 
Thangt 
Theog 
Tlmbl 
Tlunl 



Uttarkashl Earthquake 1991 

ANNEXURE IJ 

CASUAIJTIES DIFFERENT VILLAGES 

S1. No. Vlllage Tehsil Dlstrlct Deaths InJurries 

Sukkl 

Pals 

Sunagar 

Rhatwarl 

Bandranl 

Nateen 

Kyark 

Bayala Tlprl 

Kumaltl 

Malla 

Plllang 

Hurl 

Salang 

Sllla 

Rhukkl 

Tlhar 

Ralthal 

Sagava 

S ~ u r a  

Dedsarl 

Msnerl 

Jamak 

Bhatwarl 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

Uttarkashi 3 

-do- 7 

-do- 6 

-do- 6 

-do- 2 

-do- 1 

-do- 1 

-do- 1 

-do- 2 

-do- 1 

-do- 9 

-do- 4 

-do- 3 

-do- 6 

-do- 16 

-do- 11 

-do- 29 

-do- 25 

-do- 9 

-do- 1 

-do- 4 6 

-do- 34 

-do- 70 

-do- 6 



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

Kamar -do- 

Blana -do- 

Aungl -do- 

Dausda -do- 

Jakhole -do- 

Nald (Codhar) -do- 

Heena -do- 

Netala -do- 

Gavsnh (Caneshpur)  -do- 

Nismaur -do- 

Gaynsu -do- 

Barahat  (Ut tarkashi )  -do- 

Bonga 

Gangorl (Sera) 

Sadaung 

Uttaro 

Naugaon 

GaJoll 

Salnku 

Basoonga 

Bogadl 

Klshenpr~r 

Mannpur 

Ksnsen 

Thalan 

Ladharl 

Total In Bhntwarl Tehsil 
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Panchar 

Dlkthol 

Bhatwarl D h a n ~ r l  

Palnl Bhawan 

Pajaf 

Jugalrl 

Chlnakholl 

Panjyala 

Baun 

Nakurl- Bareall 

Mat11 

Kawan 

Surkot 

Huldlyana 

Kharawa 

Par 

Saund 

Bhurkot GaJna 

PIpal khanda 

Khalsl Dldlll 

MatllgaJna 

Lodara 

Bhatyara 

Slrlgaon 

Chakon 

Total In Dunda Tehsll 

7 6 Gadoll 

77 Lambgaon 

Dunda 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

Bharkot -do- 

Pratapnagar Tehrl 
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Panlyala 

Bhagi 

Bhalnga 

Sondi 

Chamgora 

Sendul 

Agar 

Sllyara 

Kot 

Nlwalgaon 

Bhatgaon 

Medh 

Chuttu 

Chamayala 

Kanda 

Narora 

That1 

Thala 

Thayall  

Bhudna 

Gorthl 

Uroll 

Chaura 

Jakh 

Kot.1 

-do- 

-do- 

-do- 

-do- 

Bhtlangana 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

Dhauldhar 

Jhakholl  

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

Total dea ths  In Tehrl Dlstr lct  

Total dea ths  In Chamoll Dlstrlct 

Total dea ths  reported 
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ANNEXURE 

INTENSITY SCALES 

A. The Roaal-Forel Intensity Scale ( 1983) 

I Mlcroselsmlc shock - Recorded by a single selsmograph or by 
selsmographs of t h e  same model, but  not by several  selsrnographs of 
dlfferent klnds; t h e  shock felt  by an experienced observer. 

I I Extremely Feeble shock - Recorded by several seismographs of different 
kinds; fel t  by a small number of persons a t  rest .  

111 Very feeble shock - Felt by several  persons a t  res t ;  strong enough for 
the  dlrect.lon or duratlon to  be appreciable. 

I V  Feeble shock - Felt by persons in motion; dlsturbance of movable 
objects, doors, wlndows cracklng of celllngs. 

V Shock of moderate intenslty - Felt generally by everyone; dlsturbance 
of furniture, beds, etc.,  rlnglng of some bells. 

V I Falrly strong shock - General awakenlng of those asleep; general 
rlnglng of bells; oscillation of chandeliers; stopplng of clocks; vlslble 
agltatlon of t rees  and shrubs; some start led persons leavlng their  
dwellings. 

VI1 Strong shock - Overthrow of movable objects; fall of plaster; rlnglng of 
church bells; general panlc without damage to bulldlngs. 

V l  11 Very strong shock - Fall of chimneys; crack$ In the  walls of buildings. 

1 X Extremely strong shock - Partlal or to ta l  destruction of some bulldlngs. 

X Shock of extreme lntenslty - Great dlsaster; rulns, disturbance of the 
s t ra ta ,  f l s s~ l res  In the  ground, rock falls from mountains. 

(Ref.: From Elementrary Seismology' by Charles F. Rlcht,er) 
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8. The Modifled Mercalll Intenrl ty Scale (19661, with Cancanl's Equivalent 
Acceleratlon. 
(Note: These are  not peak accelerations a s  lnetrumentally recorded) 

Degree Descrlptlon Acceleratlon 
mm/sec' 

I Not fe l t  - only detected by selsmographs. Less than 2.6 

I1 Feeble - Felt by persons a t  res t ,  on upper floors, 2.5 to  6.0 
or favourable places. 

111 Sllghtly fe l t  lndoors - Hanglng objects swlng. 5.0 t o  10 

Vlbratlon like passlng of llght trucks. Duratlon 
estimated. May not be recognlsed a s  earthquake. 

IV Moderate - Hanging objects swlng. Vibratlon llke 10 to  25 

passlng of heavy trucks, or sensatlon of a Jolt llke 
a heavy ball strlklng the  walls. Standlng motor cars 
rocks. Wlndows, dishes, doors rat t le.  Glasses cllnk. 
Crockery clashes. In the  upper range of IV wooden 
walls and frame creak. 

V Rather strong - Felt outdoors, direction estimated. 25 t o  50 

Sleepers wakened. Liqulds disturbed. some spllled. 
Small unstable objects dlsplaced or upset, doors 
swlng, close, open. Shutters and plctures move. 
Pendulam clocks stop, s t a r t ,  change rate.  

VI Strong - Felt by all. Many frlghtened and run 50 to  100 

outdoors. Persons walk unsteadily. Windows, dishes, 
glassware broken. Ornaments, books, etc.,  fall of 
shelves. Plctures fall off walls, Furnlture moved or 
overturned. Weak plaster and masonry cracked. Small 
bells ring (Church, school), Trees, bushes shaken 
vlslbly or heard, to rustle. 

V11 Very strong - Difficult to stand.  Notlced by drlvers 100 t o  250 

of motor cars. Hanging obJects qulver. Furniture 
broken. Damage to  masonry D, including cracks. 
Weak chimneys broken a t  roof Ilne. Fall of plaster, 
loose bricks, stones, tlles, cornices, also unbraced 
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parapets and architectural  ornaments. Some cracks 
In masonry C. Waves on ponds, water turbid wlth 
mud. Smallslldes and caving In along sand or gravel 
banks. Large bells ring. Concrete irrlgatlon dltches 
damaged. 

VIII Destructlve - Steerlng of motor cars affected. 260 t o  600 

Damage t o  masonry C, part ial  collapse. Some damage 
t o  masonry B, none t o  masonry A. Fall of stuco and 
some masonry walls. Twlstlng, fall of chlrnneys, 
factory stacks,  monuments, towers, elevated tanks.  
Frame houses moved on foundatlons if not bolted 
down, loose panel walls thrown out.  Decayed piling 
broken off. Branches broken from trees.  Changes in 
flow or temperature of sprlngs and wells. Cracks In 
wet ground and on s teep slopes. 

I X  Rulnous - General panlc. Masonry D destroyed, 600 to  1000 

masonry C heavlly damaged, some tlmes wlth 
complete collapse, masonry B serlously damaged. 
General damage to  foundatlons. Frame structures,  lf 
not  bolted, shifted off foundatlons. Frames cracked, 
serlous damage t o  reservolrs. Underground plpes 
broken. Conspicuous cracks ln ground. In alluviated 
areas  sand and mud ejected, earthquake fountatlons, 
sand craters. 

X Dlsestrous - Most masonry and frame structures 1000 t o  2600 

destroyed wlth thelr  foundatlons. Some well bullt 
wooden s t ructures  and brldges destroyed. Serlous 
damage t o  dams. dlkes, embankments. Large 
landslldes. Water thrown on banks of canals, rlvers, 
lakes etc.  Sand and mud shifted horizontally on 
beaches and f l a t  land. Ralls bent slightly. 

XI Very dlsastrous - Ralls bent greatly. Underground 2500 to  6000 
pipelines completely out  of servlce. 

XI1 Catastrophic - Damage nearly total .  Large rock Over 6000 

masses displaced. Llnes of allgh and level dlstorted. 
ObJects thrown Into the  alr. 
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Note: Masonry A- Good workmanshlp, mortar, and deslgn; relnforced 
laterally,  and bound together by using steel ,  concrete, 
etc.; deslgned t o  reslst  lateral  forces. 

Masonry B- Good workmanshlp and mortar; relnforced, but not 
deslgned In detail  t o  resist  lateral  forces. 

Masonry C- Ordlnary workmanshlp and mortar; to  extreme weaknesses 
llke falllng to  t le  In a t  corners, but neither relnforced 
nor deslgned agalnst  horizontal forces. 

Masonry D- Weak materlals, such a s  adobe; poor mortar; low 
standards of workmanshlp; weak horlzontally. 

(Ref: 'Elementary Seismology' by Charles F. Richter) 

C. Medvedev-Sponheaer-Kamlk (MSK) Intenslty Scale (1 964) 

The descrlptlon of th l s  scale opens with deflnltlons of terminology and 
then proceeds to  define the  scale s teps  a s  follows: 

Types of Structures: 

Structure A: Bulldlngs In fleld-stone, rural structures,  adobe houses, clay 
houses. 

Structure B: Ordlnary brlck bulldlngs, bulldlngs of the  large block and 
prefabrlcated type, half tlmbered structures,  bulldlngs In 
natural  hewn stone. 

Structure C: Reinforced bulldlngs, well bullt wooden structures.  

Single, few - about 6% 
Many - about SOW 

Most - about 75% 
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Clnsslflcation of Damage t o  Bullding: 

Grade 1 Sllght damage - Flne cracks 1n plaster; fall of small pieces of 
plaster. 

Grade 2 Moderate damage - Small cracks In walls; fall of fairly large 
pleces of plaster; pantlles sllp oft; cracks In chlmneys; par ts  of 
chlrnneys fall down. 

Grade 3 Heavy damage - Large and dgep cracks In walls, fall of 
chimneys; 

Grade 4 Destructlon - Caps in walls; par ts  of bulldlngs may collapse; 
separate  par ts  of the  bulldlng lose thelr  cohesion; lnner walls 
and fllled-ln walls of the  frame collapse. 

Grade 5 Total Damage - Total collapse of bulldlngs. 

Arrangement of t h e  Scale: 

Introductory le t ters  a re  used In paragraphs t h r o u g h o ~ ~ t  the  scale a s  follows: 

a )  Persons and surroundings; 

b) Structures of all klnde; 

c) Nature 

1. Not notlceable 

a )  The lntenslty of the  obeervatlon 1s below t h e  llmlt of 
senslblllty; the  tremor Is detected and recorded by 
selamographs only. 

11. Scarcely notlceable 

a )  Vlbratlon Is felt  only by lndlvldual people a t  r es t  ln houses, 
especially on upper floors of bulldlngs. 
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111. Weak, partially observed only 

a )  The  ear thquake  i s  fe l t  Indoors by a few people, or~tdoors  only 

in  favourable  clrcumstances. The vlbrat ioh 1s llke t h a t  due  t o  

t h e  passlng of a l ight  t ruck .  At tenl lve  observers  notlce a 

s l ight  swlnglng of hanglng obJects, somewhat more heavily on 

upper floors. 

IV. Widely observed 

a The ear thquake  is fe l t  indoors by many people, o i~ tdoor s  by a 

few. Here and the re  people awake, but  no one Is frightened. 

The vibrat lon Is llke t h a t  due t o  t he  passing of a heavily 

loaded truck.  Wlndows, doors and dishes r a t t l e .  Floors and 

walls creak.  Furni ture begins to  shake.  Hanging objects swlng 

sl ight ly.  Llqulds In open vessels  a re  s l lght ly disturbed.  In 

s t and lng  motor cars  t h e  shock Is noticeable. 

V.  Awakening 

a )  The  ear thquake  Is fe l t  indoors by al l ,  outdoors by many. Many 

sleeping people awake. A few run outdoor. Anlmals become 

uneasy .  Buildings tremble throughout. Hanglng objects swlng 

conslderably. Plctures knock agalnst  walls or swlng out  of 

place. Occasionally pendlum clocks stop. A few uns table  objects 

may be overturned or shif ted.  Open doors and windows a re  

t h r u s t  open and slam back again. 1,lqulds splll in small 

amounts  from welfllled open containers .  The sensation of  

vlbrat ion i s  Ilke that.  due to  a heavy object falling i n s i d e  t h e  

bulldlngs. 

h) Sllght damage of Grade 1 In billdings of Aype A 1s possible. 

c Somet.imes change In flow of sprlngs. 
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VT. Prlghtenlng 

a Fel t  by most people Indoors and outdoors. Many people 

fr lghtened and run  outdoors.  A few persons lose the i r  balance. 

Domestlc animals  run  o u t  of t he l r  s ta l l s .  In a few lnstances,  

d lshes  and  glassware may break,  books fa l l  down. Heavy 

furniture may posslble move and small s teeple  bel ls  may rlng. 

b)  Damage of grade 1 1s sus ta ined  In s lngle bulldlngs of Type B, 

and In many of Type A. Damage in a few bulldlngs of Type A 

is of Grade 2. 

c In a few cases  c racks  up  t o  widths of 1 cm possible in wet 

ground; in  mountalns occaslonal landsl lps;  change In flow of 

spr lngs  and  in  level  of well water i s  observed. 

VII. Damage t o  bullding 

a )  Most people a r e  fr ightened and run outdoors. Many find l t  

dlff lcul t  t o  s t and .  The  v ibra t lon  1s noticed by persons driving 

motor cars .  Large bel ls  rlng. 

b) In many bulldlngs of Type C damage of Grade 1 1s caused; in 

many bulldlngs of Type B damage Is  of Grade 2. Many bulldlngs 

of Type A suf fer  damage of Crade 3,a  few of Crade 4. In slngle 

Ins tances  landsl lps of roadway on s t e e p  slopes, cracks In roads, 

seams of plpeline damaged, cracks In s tone  walls. 

c) Waves a r e  formed on water ,  and water  1s made turbld by mud 

s t l r red  up. Water leve ls  In wells change, and t h e  flow of 

sprlngs change.1n a few cases  dry  sprlngs have  the l r  flow 

restored and exist lng springs s top  flowlng. In isolated Instances 

p a r t s  of sandy or  gravelllng banks  sl lp off. 
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VIII.  Destruction of bulldlng 

a 1 Frlght and panlc, also persons drlvlng motor cars are  dleturbed. 

Here and there branches of trees break off. Even heavy 

furnlture moves and partly overturns. Hanging lamps are In 

par t  damaged. 

b) Many buildings of Type C suffer damage of Grade 2, a few of 

Grade 3. Many bulldlngs of Type B suffer damage of Grade 3, 

and many bulldlngs of Type A suffer damage of Grade 4. 

Occaslonal breakage of plpe seams. Memorials and monuments 

move and twist. Tombstones overturn. Stone walls collapse. 

c) Small landsllps In hollows and on banked roads on steep slopes; 

cracks In ground up t o  wldths of several centlmetres. Water in 

lakes becomes turbld. New reservolrs come lnto exlstence. Dry 

wells reflll and exlstlng wells become dry. In many cases 

change In flow and level of water. 

1X. General damage t o  bulldjngs 

a General panlc; considerable damage to furniture. Anlmals run to  

and fro In coniuslon and cry. 

h 1 MRny bulldings of Type C suffer damage of Grade 3, a few of 

Grade 4. Many bulldlngs of Type B show damage of Grade 4, a 

few of Grade 5. Many bulldlngs of Type A suffer damage of 

Grade 6. Monuments and columns fall. Conslderable damage to  

reservolrs; underground plpea partly broken. In indlvldual cases 

rallway llnes are bent and roadways damaged. 

c 1 On f la t  land overflow of water, sand and mud 1s often 

observed. Ground cracks to  widths of up to  10 cm., on slopes 

and rlver banks more than 10cm.; furthermore a large number 

of sllght cracks ln ground; fall of rock, many landslides and 

ear th  flows; large waves on water. Dry wells renew thelr  flow 

and exlstlng wells dry up. 
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X .  General destruct ion of b ~ ~ l l d l n g s  

b) Many bulldlngs of Type C suf fer  damage of Grade 4, a few of 
Grade 5. Many buildlngs of Type B show damage of Grade 5; 
most of Type A h a v e  des t ruc t ion  category 5; cri t ical  damage to 
dams and dikes,  and seve re  damage to  brldges. Railway llnes 

a r e  ben t  sllght,ly. IJnderground plpes a r e  broken or bent .  Road 

paving and a spha l t  show waves.  

c) In ground, c racks  upto  widths of severa l  t e n s  of cent,lmetres, 
sometlmes upto  1 metre. Broad f i ssures  occur paral lel  t o  water 
c o i ~ r s e s .  Loose ground s l ides  from s t eep  slopes. From river  

banks  and s t eep  coas t s  conslderable landsl ides a r e  poes1ble.In 

coas ta l  a r e a s  displacement of sand and mud; change of water  
leve l  in wells; water  from canals ,  lakes,  r lvers  etc .  thrown on 
land .  New lakes  occur. J 

XI.  Catastrophe 

b Severe damage even t o  well bul l t  buildings, bridges, waterdams 
and rallway Ilnes; highways become useless;  underground plpes 

destroyed.  

c) Ground considerably dlstroted by broad cracks and f i ssures  a s  
well a s  by movement In horizontal and vert lcal  dlrectlons; 
numerous landsl lps and fa l l s  of rock. The in tens l ty  of 
ear thquake  requlres t o  be lnvest lgated specially. 

XJT. Landscape change 

b)  Pract ical ly all  s t ruc tu re s  above and below ground a re  great ly 
damaged or destroyed.  

c The sur face  of t he  ground Is radlcally changed, considerable 
ground cracks wlth extens ive  vert lcal  and horizontal movements 

a r e  observed. Fal ls  of rock and slumplng of r i ve r  banks  over 
wlde areas ;  lakes a re  dammed; waterfal ls  appear ,  and r lvers  a re  
deflected.  The ln t ens l ty  of t h e  ear thquake  requlres t o  be 
lnvest lgated speclally. 

Ref.: Sponheuer W and Karnik V 1964 New Selsmlche Skala (New 

Selsmlc Scale) pp 69-76 in W Sponheuer, Ed, European 
Seismologlcal Commlesion, 7 th  Symp. held a t  Jena ,  Sept.. 

24-30th Sept ,  1962, Veroff. Ins t .  9. bodendyn. K. Erdbeber 
forsch Jenaddeutchen Aentchen Akad. d .  Wlss N0.77. 
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ANNEXURE 

1. Town or vlllage 

111. Dlstrlct or S ta te  

EARTHQUAKE REPORT 
(Proforma) 

Place of Observatlon: 

11. Tehsll, taluka 

:iv. Nearest Rallway Statlon 

1. Date of earthquake 

2. Tlme of occurrence 

3. Number of separa te  shocks wlth tlme and 

thel r  duratlon. 

4. Sltuatlon of observer, whether in upper 

storey or out  of doors asleep or awake, 

sl t t lng or standlng e tc .  

6 .  Type of bulldlng of observer's house, 1.e. 

Kutcha, Kutcha-pucca pucca, one or more 

storeys. When bullt. 

6. Were any unusual sounds heard el ther 

before, durlng or after the  shock and what 

dld they resemble? 

7.  What was the  nature  of the  movement and 

dld I t  appear t o  come from any particular 

dlrectlon a s  ascertalned from llne of swlng 

of hanging lamps, movement of Iiqulds In 

cups, tubs or tanks.  
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Dated: 
Place: 

Was t h e  lntenslty of t h e  shock strong 
enough to  have t h e  followlng effects: 

To be fel t  by persons sl t t lng or lylng? 

To be fe l t  by persons In motlon? 

To make doors, wlndows, etc., or loose 
objects ra t t le?  

To make hanging, objects swlng? 

To shake t rees  or shrubs? 

To shake t h e  observer's s e a t  or bed? 

To throw down loose objects on tables and 
shelves such a s  clock, bottles, utenslls? 

To crack the  walls of bulldlng? 

To cause greater damage? ( to  be speclfled) 

To cause other phenoma such a s  ground 
fissures, sand and water spats,  slipplng of 
the  banks of tank or rivers? 

General remarks. (HOW t h e  shock was fe l t  In 
the  locallty, lndlcatlng damage, If any). 

Signature 
Name of Observer: 
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REPORT ON INTENSIW SURVEYS CARRIED OUT FOR 
U'ITARKASHI EARTHQUAKE OF OCTOBER 20, 1991 

B.K. Baatog1 & R.K. Chadha 
National Geophyrical Reeearch Institute, 
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SUMMARY 

The ear thquake  of body-wave magnitude 6.6 (IMD) and sur face  wave magnitude 
7.1 (USGS) t h a t  rocked t h e  Garhwal reglon of Uttar Pradesh for  46 seconds a t  

2.53 .AM (IST) on October 20, 1991 h a s  le f t  behlnd a t ra i l  of 769 dea ths  about  
5000 lnJured persons and about  1 lakh damaged houses In Uttarkashi ,  Tehrl and 

Chamoli d ls t r lc t s .  Damage t o  buildings was also reported from Himachal Pradesh, 
Chandlgarh and Delhl. The  ear thquake  was fe l t  as f a r  as In Jammu. Amrltsar, 
western Nepal and  a l l  p a r t s  of Ut tar  Pradesh lncludlng Plthoragarh, 

Shahjahanpur, Plllbhlt,  Lucknow and Kanpur upto dlstances of about  900 km. 

Numerous landsl ides occurred In Uttarkashl  and adJoining dlstr lcts .  

Landslldes,cracks and slumping of road were notlced a l l  along t h e  route  between 
Cangorl and Gangnani in  Bhatwarl block. Landslldes had broken telephone and 

electrlc poles dlsruptlng communlcatlon and electr lc  supply. 

Cawana bridge, located about  8 km from Uttarkashl  on t h e  road to  Cangotrl 
collapsed. cu t t lng  off hundreds of vlllages. Because of th ls ,  rescue and rellef 
teams could not  reach t h e  worst affected a r e a s  for several  days.  Approaches t o  

another  brldge on Ilttarkashl-Lambgaon road were also damaged. 

Cracks were observed tn t h e  mountaln slopes In t h e  vlclnlty of Agora, Sangrali.  

Jamak, Dldsarl e tc .  In Uttarkashl  dlstr lct  and  a t  Phata In Chamoll dls tr lct .  These 
cracks In t h e  hlll slopes lncreafied t h e  chances of major landslides and made 
some vlllages s i t ua t ed  a t  t he  foot of such slopes unsafe. Wide cracks which 
developed In t h e  f ields m ~ d e  till lng dlfflcult.  Landslides accompanled by d u s t  
clouds were occurrlng even  a f t e r  2 weeks of t h e  ear thquake ,  maklng road 
Journey a hazardous t a s k .  
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Because of shor tage  of flrewood, people direct ly conslgned t h e  dead bodies in 

t h e  Bhaglrathl  r iver .  These bodles were seen  f loat lng In t h e  r ive r  for  severa l  

days .  

Dlrection of s t rong shaking  and sound was reported by most people t o  be from 

nor th  t o  south  In Uttarkashl  d ls t r lc t .  The objects have  also fal len towards 
south .  

After t h e  ear thquake  people could not  open t h e  doors and wlndows and t h u s  got 
t rapped inslde t h e  dwellings. After t h e  ear thquake ,  people were scared due to  

recurr ing aftershocks and a mlsleadlng declarat ion by some people t h a t  a grea t  

ea r thquake  i s  Imminent. People had t o  s leep In t h e  open even In t h e  biting cold 
and ra ln .  

The  unusual  observat lons reported lnclude f i re  balls,  glowing of t h e  mountafns, 

electr ic  shock and smoke. 

Damage su rvey  in  t h e  t h r e e  affected d ls t r lc t s  of Uttarkashl.  Tehrl  and  Chamoli 

were carried out .  Based on our observat ions and intervlews of people, 

lsoselsmals have  been drawn uslng MSK scale.  Isoselsmals drawn had a fair ly 
good f l t  with those  drawn by Geologlcal Survey of Indla and  hence are not  

reproduced. Similarly t h e  photographs t aken  by NGRI pa r ty  a r e  no t  shown 

separa te ly  and some of t hese  a r e  included In t h e  CSI report.  Trend of long axes  

of t h e  lsoselsrnals 1s NW-SE. The lsoselsmals wlden towards SE. We asslgn a 
rnaxlmum ln tens l ty  of IX ln an a rea  of about  lOkm X 7.5km from Cawana t o  
Dldsarl along Uttarkashl  - Gangotrl road. The  lsoselst  VIII 1s ln a n  a r e a  

extending 40krn X 25km between Uttarkashl  and  Pala on t h e  same road. 
Isoselsmal VII passes  through Dunda, Ghansall Jakholl ,  bet,ween Guptkashl and 

Phata  and north of Gangnani hor sprlng encornpasslng el l lpt lcal  a r ea  having a 
long ax l s  and sho r t  ax l s  of about  90km and 50km, respectlvely. Isoselsrnal VI 
passes  from north of Mussoorle and lsoselsmal V through Chandlgarh and north 
of Muzaffarnagar, Moradabad and Plllbhlt.  Isolated pockets of l n t ens l ty  VI a t  

Dehradun and V from Delhl t o  Sonepat have  also been ldentlfled. 

Intenst ty I X  h a s  been asslgned on t h e  basls  of t o t a l  destruct lon of houses, 

ground cracks wlth openlng of more t h a n  lOcm., shavlng  of r lver  banks  and 
broken water  plpellne. 

Medvedev-Sponhearer-Karnlk (MSK) ecalt? Is broadly s h i l a r  t o  t h e  Modlfled 
Mercalll (MU) scale. Advantage of t h e  MSK scale I s  t h a t  In t h l s  t he  descrlptlon 

of damages a r e  quantif ied In a be t t e r  way. Hence, t h l s  h a s  been adopted. The 
dlstlngulshlng fea ture8  a r e  described on nex t  page: 
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DISTINGUISHING FEATURES OF INTENSITY SCALES 

Modified Mercalli Scale 

V1 Weak p l a s t e r  and masonry cracked. 

VTT Damage (pa r t i a l  collapse) t o  poor construct ions lncludlng cracks. 

VlII Part lal  collapse of be t t e r  houses constructed wlth brlcks. 

IX Poor construct lons destroyed, sometlmes be t t e r  houses made wlth 
bricks also completely collapsed. 

Medvedev-Sponheaer-Karnik 

VI ( a )  Cracks In poor construct lons.  

(b) A few cracks  upto wldths of 1 cm. In wet grounds. IN mountalns 

occaslonal landsl lps.  

VI1 ( a )  Part ial  collapse In a few poor construct lons 

(b) In slngle (about  5%)  Instances landsl lps of roadway on s t eep  slopes, 
cracks in roads. 

VIlI (a) Many (about  50%) poor construct lons suffer  par t la l  collapse. 

(b) Small landsl lps on hollows. Landslips of roads on s t eep  slopes. Cracks 

on g ro l~nd  upto  wldths of severa l  centlmetrea. 

1X (a) Many poor construct lons suf fer  t o t a l  collapse. Underground pipe6 
part ly broken. In indlvldual cases  rallway l lnes a re  bent .  

( h )  Ground cracks upto wldth of IOcm., on slopes and r lver  banks more 
t h a n  lOcm., many landslides. 

netal led description of scales Is glven In t h e  GSI report.  In asslgnlng the  
Intensi t ies  both t h e  fac tors  concernlrig damage to  houses and t h e  ground effects  

have  been considered. For example! In ln tens l ty  VIII a rea ,  besldes par t ia l  
collapse of many poor construct lons the re  have  to  be many landslides and 
grorlnd cracks upro wldths of several  centlmetres.  Slmllarly ln in tens l ty  VII ,  
besldes part lal  c o l l ~ p s e  of a few poor construct lons the re  have  t o  be s lngle 
1nst.ances of landslldes and cracks in t h e  ground. Due to  th l s  reason, though 
part lal  collapse of houses and some dea ths  have  occurred. t h e  a r e a s  
encompassing Sukhl and vlllages south of Chansall and Jakholl have  been 
Rsslgned ln tens l ty  V1 because of absence of t . e r r ~ l n  changes. 
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The earthquake of magnltude 6.6 (IMD) on Richter-scale, body-wave rnagnltude 
6.6 (USCS) and surface-wave magnitude of 7.1 (USGS) t h a t  rocked the  Garhwal 
reglon of Uttar Pradesh for 45 seconds a t  2.53 1ST In the  mornlng of October 20, 

1991 has  left hundreds of people dead and several thousand idured  in 
Uttarkashl, Tehrl and Chamoll dlstrlcta. The worst affected was Uttarkashi 
dlstr lct .  

The National Geophyslcal Research Institute (NGRI) team carried out damage 
aurvey In the  three affected dlstr lcts  of Uttarkashl Tehrl and Chamoll by 

visltlng the  affected areas,  lntervlewlng people and pcanning t h e  newspaper 
reports. From the  newspapers we have drawn only the  factual  lnforrnatlons like 
names of the  affected places, locatlon of ground cracks etc. Even then these 
descrlptlons should be consldered with caution. 

Dlstrlct-wlse descrlptlon of damages 1s a s  follows: 

The Uttarkashl dlstr lct  Is divided into seven blocks, vlz. Bhatwarl, Naogaon, 
Dunda, Chlnyallsaur, Purola, Morl and Uttarkashl. The worst affected area 
Includes Bhatwari, Dunda and Naogaon blocks approachable through three  roads 
namely Tehrl-Uttarkashl road, Uttarkashl-Lambgaon road, and 
Uttarkashl-Bhaldlyana road. Devastatlon In th l s  whole area was wlde spread. 

I t  I6 reported t h a t  97 vlllages of the  Bhatwarl block and 63 vlllages of the 
Dunda block have been devartated where 80-90 percent houses have been 
severely damaged. In other  vlllages also about half of the  to ta l  number of 
houses have been severely damaged. The remalnlng houaes have developed wlde 
cracks. A total  of 663 deaths and 1636 lnJured persons are  offlclally reported 
from Uttarkashl dlstrlct. 
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2.1.1 DAMAGE DESCRIPTION IN CHINYALISAUR AND PUROLA BLOCKS 

In Chinyallsaur block some villages h a v e  been damaged. There Is a report  of one 
deat.h and over 50 Injured In th i s  block. In Chinyallsaur town, t h e  well bul l t  

houses of t h e  Irrlgatlon Department have  suffered only mlnor cracks. 

The affected vi l lages In t h e  Purola block include Kurado, Nandgaon, Sukhdala,  

Mairana, Dhakara, Chandell, Kamola and Netrl Caroll. 

2.1.2 U'ITARKASHI MUNICIPAL AREA 

It 1s estlmated t h a t  25% of t h e  houses h a v e  been damaged In Uttarkaehl  

Municipal a rea .  About 10% have  been completely damaged. Important indlvldual  
buildings which have  been damaged a r e  resldence of Dlstrlct Maglstrate, 
residence of Superlntendent  of Police, S t a t e  Bank of Indla, Government In ter  
College and I t s  hos te l ,  Hospital, Court and Inspection Bungalow of Publlc Works 

Department. Some of t hese  damages a r e  described below: 

S ta t e  Bank of India: Lime masonry, two s torey  bulldlng. The  f i r s t  floor of t h i s  
bulldlng completely collapsed and t h e  ground floor was seriously damaged. The 
pillars of llme masonry collapsed and RCC roof of t h e  f l r s t  floor came down on 

the  ground floor celllng. The Bank Manager, Mr. V. NataraJan's famlly llvlng in 
f l r s t  floor miraculously s ~ i r v l v e d  wlth Injuries only. 

Cracks have  appeared In the  courtyard and maln ga t e  of anc lent  Vlswanath 
Temple. Cracks have  also appeared In 'Shaktlma' temple s i t ua t ed  opposite t o  
VLswanath temple. 

DLst.rlct Maglstrate's Residence: From outslde t h e  house looks in t ac t  bu t  inside 
the  roof ~ n d  some walls have  collapsed. 

Residence of Superintendent  of Pollce, h ls  office premises and police barracks:  
All these  bulldlngs have  collapsed part lal ly or  fully. Master Hlmanshu Slngh, 
fourt,een year  old son o f  Mr. I J ~ R  Shankar  Slngh, SP 1s reported t o  h a v e  dled 

due t o  collapse of h ls  resldence. 

Post Offlce: Several cracks h a v e  developed In t h e  post offlce bulldlng whlch 1s a 
RCC constrrlctlon wlth load bearlng columns and beams. Cracks a re  seen  a t  t h e  
contact  of beam and a pillar.  The externa l  wall Is of s tones  and llme mortar 
whlch developed cracks on all  t he  sldes. Irregular  cracks along t h e  contacts  of 
the  filler s tones  were noticed. 
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2.1.3 DAMAGE IN'BHATWARI. NAOCAON AND DUNDA BLOCKS 

Durlng t h e  ear thquake  and af te rwards  for  more than  a fortnight ,  rock blocks 

rolled down t h e  hl l ls  and t h e r e  were numerous landsl ldes from a l l  t h e  mountalns 

producing dus t  clouds. On t h e  day  of t h e  ear thquake ,  t h e  whole a rea  was 
engulfed In dus t .  The  road fiom Chlnyalisaur  t o  Cangotri was blocked a t  

numerous places, more f requent ly  between Manerl and B h a w a r l .  Telephone and 
elect.rlc wlres a s  well a s  t r e e s  snapped due  t o  lsndsl ldes.  I t  was reported t h a t  
spa rks  generated by rock fa l l s  gave  appearance  as If t h e  mountalns were on 

f lre .  

.4t Agora and seve ra l  o t h e r  places people reported f l re  ball movlng on hill top. 

I t  1s reported t h a t  210 o u t  of 474 drlnklng water  schemes were damaged and 104 
schemes of l rr lgat lon Department were a lso  damaged. Several  na tu ra l  water  

sources a l so  drled up.  Damage t o  water  schemes created drlnklng water  crlsis.  

Changes In water  sprlngs occurred at  severa l  places such a s  in Naogaon block, 
In Manerl, Gangnanl and at Sunara,  Khadakyar and Eedak vlllages. In Marapa 
Kotl, amount of hot  spr lng  d l s c h ~ r g e  h a s  Increased b u t  temperature of water  
h a s  decreased as reported In t h e  newspapers. 

Gawana brldge on Uttarkaahl-Gangotrl road collapsed, cu t t lng  off 75 villages 

from r e s t  of t h e  country.  

In Bhatwarl block of Uttarkashl  d ls t r lc t ,  97 vl l lages ou t  of a to ta l  of 112 

suffered severe  damage. Populatlon of Bhatwarl block Is 32,000. The worst 
affected vlllages where large number of houses collapsed were Nakuri, Matll, 

Nauld, Uttron. Naogaon, GaJoll, Bhankoll, Dasara, Dandalka, Shlron, Thalam, 

Klshanpur, Manpur, Glnda, Ganeshpur, Netala, Hlnna, Manerl, Jamak,  Kamar, 
Dldsarl, Lunthru,  Blna, Salnj, Kumaltl, Jakhol ,  Gorsall, Malla, Saur ,  Slla, Pllang, 

Ralt,hal, Syana. Pala, Salang. Bhukkl, Sunagar,  Bhangeli, Sulkl,  Sukkl, Kunjan, 

Tllam, Tlhar ,  Mandranl, Lat lva,  Kamamth,  Farsu,  Mahldanda, Kirthu, Slrul, 

Bhatwarl. Vprunga, Kallsaln, Jugaldl,  Panjyala, Bhalludl, Bhoga, J au la ,  Barethl,  
Pata.  Panchan, Tekhla,  Gyanru, Johra ,  Mandrany and Kamarakh. 

Uttarkashl-Gangotrl:  Up t o  Tekhala  brldge, 6km from ~ t t a r k a h l ,  t he re  was no 
severe  damage b u t  between Tekhala and  Gangorl (6km from Uttarkashl)  heavy 
damage Is  observed In t h e  form of landsl ldes and collnpsed houses. Thls  heavy 
damage contlnues upto  Pal. which is 20km from Uttarkashi .  
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Most of t h e  vi l lages between Caneshpur and Bhatwari on Uttarkashl  - Cangotri 

road h a v e  turned  Into ruins.  These vi l lages lnclude Raiphal Pharsu,  Malla, 

Jawada,  Ganeshpur, Cawana, Jamak, Dldsarl, Raithal,  Kamar, Bhatwarl, Lunthru, 

Hlnna, Netala and vl l lages on the  way t o  Dodital in Naogaon block - Sekku. 
GaJoli, Naogaon, Bankoli, Dandalka, Dasra and Agora. Terraced f ields in t hese  

vi l lages have  developed fissures. Cawana Brldge 8km from Uttarkashi  on t h e  way 
t o  Manerl collapsed. This  Bailey brldge, constructed ln 1973, i s  made of s tee l  

girders  with about  48m span.  I t  h a s  got concrete decklng. The bridge i s  aligned 

East-West. 

The 23 vi l lages devas t a t ed  in Maneri a r ea  lnclude Kanth, Aungi, Majagaon, 
Sllkara, Ravara, Bhatuksur e tc .  The vi l lages s l t ua t ed  on hlgher hl l ls  were 

dtfflcult t o  reach and a r e  approachable by narrow brldle pa ths .  

The  Manerl dam h a s  no t  suffered damage. But t h e  watchman room and one or 
two s t ruc tu re s  nea r  t h e  en t r ance  of t h e  dam suffered collapse of walls. 

Maneri Dam Colony: Manerl colony h a s  suffered severe  damage. One small temple, -- 
one shop and one  resjdentlal  quar te r  nea r  t h e  ent rance  of t h e  colony have  

suffered to t a l  collapse. 

The office bulldlngs, t h e  gues t  house, main temple and numerolls resldentlal  

qua r t e r s  for  lower category s ta f f  have  been severely damaged. The be t t e r  
constructed houses of RCC a r e  less  damaged. Damages t o  some of t h e  lndlvldual 

s t ruc tu re s  a r e  descrlbed a s  follows; 

Retalning wall of t h e  approach road to  manerl colony h a s  collapsed for  a 
length of more t h a n  30m. 

A small temple nea r  t h e  ent rance  of t h e  colony h a s  to ta l ly  collapsed. I t  

was made of s tone  masonry In lime mortar wlth RCC. roof. All t he  walls 
h a v e  fal len and t h e  RCC s lab  collapsed. 

One shop bull t  of s tone  masonry wlth llme mortar and roof of corrugated 
lron collapse. 

. * One resldentlal  qua r t e r  of s tone  masonry wlth relnforced pl l lars  and 
ceillng suffered a to t a l  collapsed. 

Wall of shed h a s  collapsed. 

. The celllng and a11 t h e  walls of t h e  gues t  house a re  part ial ly collapsed. 
There a r e  diagonal, vert ical  a s  well a s  horlzontal cracks In t h e  walls. 
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All t h e  walls of t h e  office of the  Executive Englneer are  badly sheared by 
dlagonal, vertlcal as well a s  horizontal cracks. 

Flrst floor room of the  colony Dlvislon Office has  shifted by 10cm. 
towards south. 

. Ground floor of t h e  adjoinlng block has  also shlfted by 10cm. towards 
south. 

. Walls of t h e  Admlnlstrative block are  badly sheared. 

Most of the  resldentlal quarters meant for lower category staff  are  badly 
sheared by wlde cracks in all the  dlrectlons. 

The maln temple of the  Manerl colony Is badly damaged and partlally 
collapsed. The plllars sl tuated all around t h e  structures have falled. The 
steel  gates have got twisted due to  weight of the  celllng falllng on them 
af ter  t h e  fallure of t h e  columns. 

An RCC slab used a s  roof of the  prlests's house sl tuated near the  temple 
and close t o  the  hlll slope was thrown out towards south by about 2Sm 
horlzontally and 25m vertically. Thls slab had been kept loose on the  
walls and was kept slantlng towards south or towards hlll slope. Outer 
edge of the  slab of dlmenslons 7mX7m was a t  least  1.5m away from the  
edge of t h e  hill slope. Hence, movement of the  slab was a t  least  1.Sm 
from Its edge or 5m from Its centre. 

Jamak vlllage sl tuated on a hlll near the  dam suffered total  collapse of houses. 
I t  i s  the  maxlmum damaged vlllage and has  turned lnto rulns where 70 people 
dled. Rottlng anlmnl bodles trapped in t h e  debrls were givlng unbearable foul 
smell. Many bodies were lined trapped even on the  second day. 

In Jemak vlllnge almost all t h e  houses have stone and mud walls wlth heavy 
RCC roofs. Cracks on t h e  hlll slopes of Jamak vlllage were observed to  be 
trendlng between NlOgW t o  N30'W. These cracks are  parallel to  hlll slopes and 
have been lnduced by slope fallures. 

The dlvemlon tunnel of 6m dlameter from the  Manerl dam passes 90m below 
Jamak vlllage. The blastlng for the  tunnel was done durlng 1972-76. Resldents 
of Jamak vlllage blame t h a t  t h e  greater damage t o  ths l r  vlllnge Is because of 
tunnel passlng below thel r  vlllage. However an openlng of 6m dlameter a t  a 
depth of 90m wlll not cause ampllflcatlon of acceleratlon. I t  1s also sald t h a t  
blasts  done some 18-20 years back had weakened the  rocks whlch falled. Thls 
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argument 1s also not  t r u e  a s  t h e  rocks h a v e  Palled at a depth  of 16km. The  

thlrd argument was t h a t  t h e  re la t ive  v lbra t lons  of t h e  tunne l  llnlng and t h e  

ground h a s  produced e x t r a  vlbrat,ions whlch h a v e  cauged more damage a t  Jamak 

village. Whatever t hese  e x t r a  l l t t le  v lhra t ions  may be, t h e y  would dle ou t  In 
9Om. Hence, t h l s  argument Is also not  val id.  Moreover, nearly equally damaged 

villages like Dldsari, Netala and Heena a re  s l t ua t ed  away from t h e  tunnel .  More 
damage in Jamak and nearby vlllages Is due  t o  nearness  t o  t h e  eplcentre.  

Dldsarl whlch Is about  4km north of Manerl 1s t h e  next  most damaged vlllage 

a f t e r  Jamak. There also almost al l  t h e  houses h a v e  collapsed. These houses are 
poorly constructed with s tone  masonry In mud mortar.  The  vlllage with a 

populatlon of 410 1s s l t ua t ed  on t h e  hlll  slope. A t o t a l  of 45 people died and 71  
got Injured. On t h e  same hill slope two more vl l lages Lunthru and Blna, located 
a t  hlgher e leva t lons ,  have  suffered less  damage a s  compared t o  Dldsarl. Several  

cracks a r e  also present  on t h e  hill slopes In t h l s  reglon. 

In Sangrall village, 13km from l l t ta rkashl .  a N-S t rendlng crack of about  50cm. 

width 1s observed nea r  t h e  top edge of t h e  slope. The depth  of t h l s  crack 1s 
reported t o  be approximately 9m. This  crack h a s  developed In quar tz i te .  

At l ea s t  40 landslldes. each  of about  lorn3 size are observed between Manerl and 
F)hat.warl. 

The crack dlrect lons along and across t h e  road between Manerl and Bhatwarl 
ranges between N70'W and NIO'E. 

1.andslldes a re  f requent  even north of Cangnanl. For example a major landsl ide 
occurred a t  aborit 6km north of Cangnanl. Maor l ty  of electr lc  and telephone 
poles a r e  broken between Bhukkl and Cangnanl due  to  landsljdes. South of t h l s  

s t , retch,  i .e .  s t a r t i ng  from Cawana, many electr lc  and telephone poles have  been 

damaged due  to  landslides. Tn a st,ret,ch. 10-15km south of Cangotrl,  a few polee 
a re  broken due to  snapplng of wires. Snapplng of wlres mlght h a v e  taken  place 

by shaklng of poles a s  t he re  were no landslldes. 

Net.ala Is one of t h e  badly affected vlllages. Thls  vlllage 1s s l t ua t ed  on a hlll  
hy t h e  slcle o f  Uttarkashl-Gangotrl road a t  a dlstance of about  8km from 
[Jttarkashi.  One could reach the  vlllage a f t e r  Jumplng over t h e  boulders and  
t r ees  fallen durlng t h e  ear thquake .  A to ta l  of 44 people dled and 102 got  
injured. In  t h l s  vlllage, 155 famllles Ilved and t h e  populatlon was about  1000 
unti l  t h e  mornlng of t h e  e ~ r t h q u a k e .  Damages t o  t h e  drlnklng water  plpellne h a s  
forced villagers to fetch water  from r lver  Bhaglrathl. The road t o  Netala vlllage 
was breached at severa l  places. 
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In t h e  vlllages north of Bhatwarl all t h e  houses dld not collapse. Dr. K.D. Paul 

of Roorkee IJnlverslty observed t h a t  a t  Bhukkl, houses s l tuated on hill top 
collapsed but not in the  valley. Accordlng to  Dr. Aswanl Kumar of Roorkee 

Unlverslty, a t  Bhukkl all the  A type (poor quality) houses had developed cracks, 

whlle 60% had collapsed. 

I t  i s  reported t h a t  In vlllage Banas, 50 houses were buried by a landsllde 

durlng an hlstorlcal earthquake. Thls vlllage is  a t  the  foot of a hlll slope. The 

houses here are  well relnforced by wood. Many houses a re  woodenframe 

structures.  They have small windows and doors mlnlmlslng weak par ts  of the  

walls. Becaufie of these reasons these houses have suffered only mlnor cracks. 

Hot sprlngs sl tuated 500m away from thls  vlllage showed substantlal  lncrease In 
discharge. A fall of about 2m in the  water level of a well, located close to  the  

maln road near Uttarkashl, has  also been reported by Dr. Aswanl Kumar. 

Local people belleved t.he eplcentre to  be near Agora because of wlde crack In 

the  mountaln, thlck dust  clouds appearlng like smoke, the  surrounding mountalns 
appearlng llke on fire and observatlon of movlng flre ball. Agora 1s surrounded 

by hlgh mountalns whlch are  devold of vegetation. Falling rocks on dry 
mountains produced wlde spread sparks. The vlllage 1s sl tuated a t  about 22km 

north of Uttarkashl a t  a helght of more than 2300m. Fleld hostel of Forest 

Department a t  Agora partially collapsed. Though thls  bulldlng 1s made up of 

good materlal and lot of tlmber has  been used but I t  does not have earthquake 
proof features,  hence l t  has  been damaged a s  oplned by Dr. D.K. Paul of 

Unlverslty of Roorkee. 

There were numerous cracks on the  hlll slopes. These were probably due t o  
slumplng of hlll slopes. These cracks were 2-16cm. wlde and could be seen 

extendlng for 8- 1 Om. 

A t  t h e  tlme of t h e  earthquake an I A S  Officer from RaJasthan and hls wlfe were 

staylng In the  Fleld Hostel described above. The couple told the  vlllagers t h a t  
they had seen a moving flre hall a t  the  tlme of the  earthquake. Basdev a 

natlve of th ls  vlllage also saw the  flre ball. He narrated t h a t  he had come out 
of t h e  room for taklng water a t  about 2-3AM and heard a strange sound. When 
he saw outelde. he  observed a fire ball of football elze movlng from eas t  to  
west. A s  soon a s  th ls  flrebnll disappeared behlnd t h e  western hlll, he heard the  
stone falllng lnslde the  house. On enquiry, Jee t  Slngh, told t h a t  he was 
awakened by a sound end came out t o  eee. He obeewed a fireball movlng from 
D o d l t ~ l  slde towards Uttarkashl (1.e. North to  South). No body 1s reported to 
have dled or serloilsly Injured a t  Agora. 
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Dandalka and Dasra, t h e  two vlllages a re  sl tuated wlthln lkm of Agora. Three 

chlldren of a h m l l y  (7 year old daughter. 12 and 16 year old sons) dled In 
Dasra. The mother of these chlldren too was seriously injured. In Daera, Indrl 
Devl, whose house was badly damaged, also saw the  flreball. Houses In Dasra 
have been damaged more than those of Agora and Dandalka. People were llvlng 
outslde In all these vlllages. 

Uttarkashl-Lambgaon: 12km from Uttarkashl, on Uttarkashl-Bhaldlyana road, the  
area of Klshanpur, Manpur and Glnda vlllages 1s the  most damaged af ter  
Bhatwarl block. The two sldes of the  road t.o the  brldge on Indrawatl rlver, 

si tuated opposlte Glnda village have caved In causlng dlsruptlon t o  traffic. The 
destructlon caused in Klshanpur and Manpur villages was tremendous. Manpur 1s 
s l tuated by t h e  slde of the  maln road. whlle Klshanpur 1s approachable by brldle 

path at a distance of about 2km. 

Out of t h e  two vlllages, Klshanpur i s  worst affected. No house was epared f'rom 

destructlon. In some houses, though outer walls a re  Intact but  everythlng has  
fallen lnslde. All t h e  members of Hve famllles dled of house collapses caused by 

th ls  earthquake. 

Vlllagers keep thelr  ca t t le  In the  ground floor of t h e  houses, collapse of whlch 

has  burled a number of catt le.  

On t h e  Uttarkashl-Lambgaon road, af ter  Saura vlllage, heavy damage was seen 
In the  villages of Thalam, Manpur, Clnda, Klshanpur, Kankarl. Mustlk Saur, Kroll, 
Aleth, Dhanpur and Baga. The approaches to  t h e  brldge near Manpur Cfnda have 
collapsed. 

2.2 TEFIRI-GARHWAL DISTRICT 

In Tehrl-Garhwal dlstrlct, t h e  quake has  affected 100 vlllages In Pratapnagar, 
Jakholl and Bhllangana blocks. The offlclal death toll on October 26. was 64 and 
t h e  number of lnJured 367. The figure for number of deaths wae la ter  reported 
to  be 109. 

In Mayall. several rubble masonry houses wlth llme mortar have collapsed and 

almoet all the  houses developed open cracks. 

In Jhakoll, whlch Is 8km from Mayali, severe damage la reported. Mr. B.S. Rawat, 

Asslstant B.D.O. Jhakoll reported t h a t  all the  107 Prlmary Schools In Jhakoli 

block had severely cracked and were In precarlous condltlon. Dr. Kurll, 
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Veterlnary Doctor, Jhakoll was seriously Injured a s  his house collapsed Hls 
offlce building also collcpsed. The offlce bullding of t h e  Block Development 
Officer has  developed open cracks. 

In Jhakoll block, earthquake destroyed many vlllages in whlch a large number of 
houses collapsed and a few survlvlng structures have been deserted a s  I t  was 
feared t h a t  these houses could also collapse. Huge fissures developed in fields, 
making tllllng dlfflcult. A s  noted from t h e  newspapers, widespread destruction 1s 
reported In Dhamell vlllage (Dhamell could not be traced on toposheet. Dane11 is 
given In the  toposheet). In th ls  vlllage, most of the  houses were damaged. In 
Kathur a large number of houses ei ther collapsed or developed wide cracks. In 
Jhakoll block, about 130 villages were affected and about 7,000 persons were 
rendered homeless. The heavily populated Gortl v l l l ~ g e  showed t h e  evidence of 
destructlon. In Burhana, a large number of houses developed cracks. A portlon of 
Government Inter College, Burhana comprlslng four rooms was badly damaged. 
Tables and chairs kept In these rooms were also broken. Union Bank bulldlng 
was also damaged. In Mamanl and Dhankurall of Lasya area,  several  houses 
cracked. In Chauran Paunthl of Sllgarh a rea  and In Khallyan and Muneghar of 
Varsir Banger area,  cracks have developed in most of t h e  houses and a flssure 
extendlng for about two hundred meter length developed on the  hillock above 
t h e  vlllages. 

The earthquake blocked t h e  roads between Tllwara to  Saurean Khala and Tllwara 
to  Ghansali. 

In old Tehrl town I t  Is estlmated t h a t  more than 200 houses were seriously 
damaged and more than 600 dleplayed cracks. Cracks have developed In almost 
all houses made of bricks In mud mortar. I t  was reported t h a t  In two housee, 
portlons of walls had collapsed. Resldents of Tehrl town deacrlbed tha t  for the  
maln earthquake, t h e  f l rs t  shaklng was not very strong (P wave) then strong 
shaklng (S wave) was notlced 4 second a f te r  t h e  f irst  shaklng accompanled by a 
sound t h a t  resembled an exploalon and appeared t o  be coming from north. An 
aftershock on 27.10.91 a t  6.60 PM (IST) was fel t  by B.K. Rastogi In the  same 
manner. Thls afterehock was of magnitude 4 and was felt  In the  entlre area of 
Tehrl and Uttarkashl dlstrlcts. Thls observatlon lndlcates t h a t  t h e  maln shock 
and th ls  aftershock a re  a t  a dletance of about 36km from Tehrl town. Dobata, 
Slnral, Marora, Meal1 Dewal Uppu etc.  villages had a large number of cracked 
houses. I t  le reported t h a t  In Marora vlllage one woman Klrl Devl dled due t o  
collapre of a house. Many famllles were rendered homelees In Marora and Slnral 
vlllages. In Marora vlllage many people were llvlng In t en t s  erected outside 
thel r  houses. 
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Higher reaches of Tehrl dlstr lct  llke Khallyan, Barsll, and Banger vlllagea have 
also been affected. Most of the  houses have been damaged In Oradhar, Kotl and 
Paunthl vlllages. Amarsar, Laslyal and Kepars vlllages have euliered widespread 

damage. I t  1s reported t h a t  the  Post Offlce bulldlng of Devldhar Mamran was 
severely damaged. 

In Charlnra and Vadlyargarh, houses were damaged and people llved outalde for 

many days. In Chaunra area,  the  damaged vlllages were Thapll, Naut 
Kalklleswar, Barkot, Sankarl, Mangsu etc. The devastatlng earthquake damaged 

Government Inter College bulldlng of Vadlyar area.  Another college In Chhatl 

Gharlyal was also damaged. Several houses In Kandyalgaon and Saula of Kathur 
area  were damaged. Foul smell and crying survivors was t h e  ecenerlo In Aagar 

and Thati  Kathur areas  of Bhllangana block. The Pradhan of Aagar also dled In 
the  tragedy. 

There was masslve damage In Slral, Dobra, Kholgarh, Mlehrawan, Bhllunta, 
Lambgaon and Bhalnga vlllages under Pratapnagnr and Thauldhar development 

blocks. 

In vlllage Bhalnga and Ralka area  of Pratapnagar block slx persona of a famlly 

dled. 

In Lambgaon, several houses were damaged and Tehrl-Lambgaon road was 
blocked due t o  landslldes. 

In Ghansyali area,  several houses were damaged. In a small vlllage, Changlora, 
sl tuated about 126km away from Manerl,8 people dled. 

In Chamoll dlstrlct damage has  occurred In Caurlkund, Jangalchattl and Okhlmath 
on way to  Kedarnath. The brldle path to  Kedarnath has been damaged due to  
snbsldences a t  many places . In Copeshwar area,  more than 160 vlllages were 
effected . 

Offlclal death toll In Chamoll dlstrlct 1s 6 whlch has  been personally confirmed 
to us  by Dlstrlct Admlnlstratlon. 

In Karsnprayag town, several  houses have cracked. In upper Bazar, old houses 
have srlffered more damage. In Tamata locality an  lnelde wall of a house had 
fallen. In the  coont.ryslde also several houses were reported to  be badly 
damaged. 
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Karanprayag dlspensary developed cracks on walls. Thls Is an RCC structure.  

In Joshimath PWD Guest house, cracks have developed around windows or doors. 

In Badrlnath, almost all the  Dharamshalas and a few hotels developed cracks in 
the  walls. Most of these cracks are  diagonal ln nature.  

In Copeshwar (Chamoli) Mr. P.C. Sharma. D.M. reported hairllne cracks In 

numerous houses including government hospital bulldlng. These cracks are  minor 

In nature.  

Kedarnath 1 According to  news paper reports, in Kedarnath a portion of the 

Bllaspur Bhawan collapsed and two out of slx coolies who had been engaged by 
pilgrims from Doorg (Madhya Pradesh), dled. 

Several houses In Malkhanda and hlgher elevations are  totally damaged. 

Sonprayag to  TrUugl Narayan motorable road could be opened only af ter  a few 

days. 

Several h o ~ ~ s e s  have collapsed In villages sl tuated In t h e  hlgher reaches like 

TrUugi Narayan (2600 m.), Tosl and Caurlkund (2000 m.), Sonprayag, Sltapur, 
Rampur. Barasu, Serasl. A few housea were damaged in vlllage VlJrakoth of 
Pokharl block of Chamoll dlstrlct. 

In Guptakashl cracks have developed In all t h e  walls of almost every house,but 
collapses were not noticed. Severe damage s tar ted only af ter  Phata vlllage whlch 
Is about 7 km from Guptakashl on way t o  Kedarnath. 

From Uttarkashl towards the  eas t ,  severe damages In the  form of landslides, 

cracks on the  hlll tops and collapse of houses are noticed upto Mandakinl 

valley. Further, eas t  of Kedarnath. Badrlnath area has  suffered comparatively 
lesser damage In the  form of cracks In t h e  buildings. In Joshlmath, Chamoll, 

Karanprayag, Rudraprayag, Srlnagar and Devprayag slmllar damage has been 

notlced. 

In Okhlmath qulte a number of houses made of stone masonry as well a s  RCC, 
developed cracks in al l  the  walls. Four houses are reported to  have collapsed in 

Kallmath. 6km north of Okhlmath. Mr. Ravlndra Codbole, SDM, Okhlmath reported 
several cracks In the  ground In Pathall vlllage about 2 km. south of Okhlmath. 
On lnspectlon these cracks were found t o  be along the  slope of t h e  hlll and are  

allgned ln N70'E dlrectlon. People In the  vlllage sald t h a t  these  cracks were 
flrst  notlced on 14th October 1991, and a par t  of the  sllp took place on 16th 
Octcber when an earthquake of mlld intensity for about 5 seconds was reported 
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to  be f e l t  by severa l  people. Thls  colncldes well with t h e  foreshock of magnitude 

4.3 whlch was recorded on 15 th  October 1991. The landalides blocked t h e  

Akashkamlni r l ve r  for 2 t o  3 days.  

Mr. P.C. Sharma, Dlstr ict  Magistrate of Chamoll, told a Press reporter  t h a t  110 
vlllages of t h e  d ls t r lc t  had been effected by t h e  ear thquake ,  225 houses had 
been completely destroyed and 1500 houses developed cracks. Maxlmum damage 

h a s  been reported from Malkhanda to  Kedarnath In Mandakini val ley.  Slx people 

lost  t he i r  l ives  In t h i s  d ls t r lc t .  

2.4 Dehradun, Riehlkesh. Devprayag. Paurl. Srinagar, Rudraprayag, 

Dehradun: About 2696 bulldings in Dehradun a re  reported t o  h a v e  developed 

cracks.  Some of t h e  observat ions a re  descrlhed below : 

1 .  In Mohltnagar colony opposite Wadia Ins t i t u t e  a number of houses have  
developed cracks. All t h e  6 houses In one lane  have  cracks. In house No. 197 
lane  No.3 Mohlt.nagar had vert lcal  cracks on th ree  walls. In a neighboorlng 
house belonging t o  Mr. Sanwal, t h e  cracks on t h e  floor join t h e  cracks on 
opposite walls. 

2.Several of ONGC buildings have  developed cracks. The main pillar of elght  

s torey  Geoplck bulldlng h a s  cracked. Gulde frame of t h e  Ilft  of t h i s  bullding h a s  
got bent  by whlch i t s  alignment was dlsturbed and a s  a resul t  t h e  lift did not  

work for a few days .  

3. T.V. of Mr. Sanwal llvlng In RaJpur Road fell down. 

4 .  In Mr. B.K. Verma's house,  two dolls fell down. 

5. In Wadla 1nstlt.ute Guest House, 15, Clvll Llnes, Dehratinn, halr l lne cracks 
were observed In t h e  switchboard enclosure. 

6. According t o  "Amar IJjalan report  of Oct. 21 In D A V  college, nehradun a 20 
inch wide and 20 fee t  long -wall collapsed. Three wlde cracks were notlced In 
Tele-Communlcatlon Department building. Wlde cracks developed In YMCA bulldlng 
on Rajpur Road. South and west faclng walls developed wlde cracks.  Plaster  also 

fell from t h e  celllng. Cracks were also seen In th ree  bulldings of Survey of 
Indla. S t .  Francls  Church was also damaged. Plaster  fell from celllng and many 
walls cracked. 

Cracks nre ohserved In numerous houses In all t hese  towns. Houses made of 
even rubble masonry have  not collapsed. 
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In Srlnagar lndus t r la l  Training ln s t l t u t e  dlngonal cracks were seen  on t h e  walls 

of RCC s t ruc tures .  North faclng walls have  prominent cracks.  Two houses near  
t h e  Bus s top  developed diagonal cracks on walls or  ver t ica l  c racks  near  t he  

corners. 

In Bawal vlllage of Rudraprayag Tehsll,  emlsslon of a l r  from some gro i~nd cracks 

was reported by t h e  villagers t o  Mr. Ashok Kumar, SDM Rudrapryag. A case of 
water  emlsslon from t h e  ground crack was reported from Nera Busta vlllage. noar 

Augustmunl. In Paurl,  some double s torey  RCC bulldlngs developed comparatively 
more cracks. 

2.6 DESCRrPTlON OF INTENSIW SURVEY CARRJED OUT IN AREAS AWAY FROM 
CARHWAL 

Barellly :Shock was not  fe l t  by all  people. Mr. P.L. Anand, ret,lred Rallway 

Offlcer descrlbed t h a t  he  was awakened as h ls  bed shook bu t  all  t he  o ther  
members In t h e  house, wife and sons  dld no t  feel I t .  

Mr. C.S. Gill, Manager, Oriental Bank, Rarellly, said h e  a lso  f e l t  t h e  ear thquake ,  
hu t  when enqulred from o the r  employees In t h e  bank, I t  was a mixed reply,  some 

fe l t  and some dld not  even  know about  t he  ear thquake  t i l l  t hey  heard the  news 
nex t  day. 

Hlssar: Fel t  s t rongly bu t  no cracks have  been noticed in any  biilldlng as 

reported by Prof. S. Narwal of Agrlcr~lture Unlverslty. 

Ghazlabad: No damage. Fel t  strongly. 

Meerut: No damage. Fel t  s t rongly 

Muzzafarnagar: No damage. Felt strongly 

Lucknow: Some people f e l t  bu t  some dld not .  Movement was felt a s  rocklng of a 
bont. 

Kanpur: Some people fe l t  and some dld not .  The movement was described as 
rocklng on boat.  

Nalnltal: Fe l t  strongly. No damage h a s  been reported. Mr. P.K. Trlpa th l ,  an 

englneer  from 1,11cknow who was s tay lng  In a gues t  house,  fe l t  t h e  shaklng as  I f  
monkeys were J i~mplng on t h e  roof. F l rs t  t he re  was mild shaklng,  then stronger 
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rocking of bed. Shaking contlnued ln terml t ten t ly  for  2-3 mlnntes. A tlme piece 

fell towards eas t .  A boulder fell down from t h e  Chlna Peak and damaged a t r ee  
completely. 

Manall: Nalndas, Technician of Wadla ln s t l t u t e  of Hjmalayan Geology, who was at  
Manall f e l t  NNE-SSW movement for 4-5 sec.  and reported t h a t  11 people came 

out .  He did not  s ee  a n y  crack..  

Delhl: Cracks ln a few houses have  been reported In Delhl. A few ohservat lons 
a re  descrlbed below: 

1 .  Dr. G.D. Gupta, PSO, Department of Science and Technology informed t h a t  In 

h ls  wlfe's dlspensary in  Sunllght Colony In Lajpatnagar, some cracks were 
notAced a f t e r  t h e  ear thquake .  

2. Hlndustan Times of 21.10.1991 showed photograph of a damaged l l f t  jn 
Cannaught  Place. 

3. In Trans-Yamuna a r e a  of Shahdara,  cracks were not reported by any resldent  

though severa l  were Interviewed. 

4.  Bulldlngs were reported t o  be shaken l ike cardboard boxes. Many sald t h a t  

t hey  had never  experienced such a quake  In the l r  llfe. Hlgh-rise apar tments  and 
bulldlngs ra t t led  violently addlng to  a l l  roiind panic. Women, children and men 
rushed o u t  of t he i r  houses  Into t h e  open. 

5. The pendulum clock In Dr. Gupta's house stopped a t  2.55 AM. Thls  Is a 
classical descrlptlon for  l n t ens l ty  V. 

6. Narendra Kumar of Delhl Unlverslty, Department of Georesources descrlbed 
t h a t  water  was seen t o  be vlbrat lng In a half-fllled g lass  bott le  f i r s t  
contlnuously for 5 mlnutes then  ln terml t ten t ly  for half-an-hour. Thls  
observat lon Is typlcal of ln tens l ty  V. 

7. Newspapers report  quotlng police soilrces t h a t  a house had collapse In Pushpa 
Vlhar colony of South Delhl but  our a t tempts  t o  locate It  failed. 

8. Balcony of house no. 0-389 In Kldwal N R ~ R ~  collapsed Injllrlng an  old lady 
(Jan  S a t t a  21.10.1991). 

9. In Amar Colony of Lajpatnagar bulldlng of Srldharlrm Sanatan  Dharma Senior 

Secondary School was serlously damaged. Tower of t h e  bulldlng h a s  fallen and 
walls have  cracked. Aft,er hearlng t h e  sound of fal len tower, severa l  people came 
for resciie,however none was InJured. Watchman Vldyadhar was sleeplng lnslde. 
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He told t h a t  t h e  hullding was in tense ly  shaken and severa l  walls had  cracked. 
Fallen p las ter  from celllng showed s t ee l  rods from many places ( Jan  Sat ta ,  
21.10.1991). 

Rlshlkesh: Houses h a v e  been damaged in  Indira Colony. 

Chakrata:  As reported in  newspapers a few houses  collapsed, c racks  developed In 
some o ther  houses,  t r e e s  fell  and  ground cracks  were observed a t  severa l  places. 

1.akhwar: Road was blocked due to  landslide. 

Mi~ssoorle: Ear thquake  was f e l t  s t rongly.  Except for  minor c racks  in bulldlngs no 
major damage was reported.  

Chandlgarh: Mr. Narendra Kumar of Delhl Unlverslty was told by h is  
father-In-law t h a t  t h e  Warehouse Corporation BuIldlng at Kurali village 30 km 
from Chandlgarh had developed cracks.  A s  reported in J a n s a t t a  (21.10.1991), 

th lngs  s t a r t ed  falling In t h e  rooms. 

Sonepat ,  Haryana: Fel t  strongly. Doors and wlndows r a t t l ed  ( Jansa t t a ,  
21.10.1991). 

Himachal Pradesh: One person, Mr. KunJllal died due  to  collapse of a house In 
Sangla vlllage of Klnnaur dlstr lct .  In Timbl, Shlllal,  and  Kamran villages of 
Slrmalrr dlst.rlct t he re  a r e  reports  of collapse of some houses.  Hundreds of 
houses have  developed cracks  in Klnnaur, Solan and Slrmaur d ls t r lc t s .  

Shahjahanpirr,  Pl thoragarh and Pillbhlt:  Shock fe l t .  

Moradabad: Three or  four shocks fe l t  for 30 seconds In t h e  ea r ly  morning. Tin 
s h e e t s  of t h e  roofs of  a few houses and elect.ric poles had fal len down ( Jansa t t a  
21.10.1991). People came o u t  of t h e  houses for safe ty .  

Almora: Almora c1t.y and nearby  places sllffered cracks  in a few houses  ( Jansa t t a  
21.10.1991). 

Nepal: In Nepal 15-18 shocks were recorded unti l  t h e  af ternoon of 20.10.1991. 

These shocks were of mag. 3.5-6.1. Some were s t rong and some were weak. Some 
shocks were reported t.o he f e l t  In t h e  borderlng town of Dhangarhl in t h e  
Kailall d l s t r lc t .  

Sahnranpur:  A t  a place called "Gangan 30 km from Saharanpur  towards Delhl, 
close to  Yamuna r lver ,  cracks were reported In a house of in-laws of Mr. A D  

Coel. Ohlef Geophyslclst, ONCC. 
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Roorkee: Fel t  strongly 

3 LANDSLIDES AND CRACKS ON THE GROUND AND HILLS. 

Apart  from t h e  damages to  t h e  buildings, t h e  most vlslble effect  of t h i s  
ear thquake  Is In t h e  form of landslldes and cracks.  

3.1 : BHACIRATHI VALLEY 

The reglon where most of t h e  landslldes occurred Is along t h e  Bhagirathi val ley 
and e x t e n t  of t h e  reglon affected by landslldes i s  between Bhaglrathl and 
Alaknanda valleys. Between Chlnayalisarlr and Uttarkashl ,  at a few places 
landsl ides were noticed. One landslide is seen  close to t h e  Srlnagar t h rus t .  Here, 
t h e  rock type  i s  quart.zit.e, which Is hlghly fractured and Jolnted. About 7 km 
west of Uttarkashl  1.e. near  Matll, huge landslldes a re  seen  at two places. 
These a re  mostly rock boulders embedded In loose sand which have  slipped. On 
Uttarkashi-Cangotri road maxlmum number of larrdslldes were seen .  On th l s  road, 
t h e  f i r s t  landslide encountered i s  a f t e r  t h e  Cangorl vlllage, and then  a ser les  of 

landslldes were seen  upto Harsll passlng through t h e  vlllages of Ganeshpur, 
Hlnna, Netala, Maneri, Jamakl, Bhatwarl, Pala,  Gangnanl and Harsil. S tar t lng  from 

Gawana bridge major landsl ldes were observed at kms 155, 157, 158, 161, 162, 
163, 165, 166 and 168.5 s tone .  These d is tances  a re  from Rishlkesh. 

About 5 km from Uttarkashl ,  cracks along t h e  road trendlng N70eW were 
observed. Along these  cracks a 15cm. subsidence towards t h e  slope was 
measured. J u s t  before Gawana brldge, a crack trending E-W ( the  dlrectlon of t h e  
hrldge) was also observed. The crack was along t h e  contact  of t h e  road and t h e  
sloping ground. J u s t  nea r  t h l s  crack the re  was another  crack trendlng N70'W 
direction. 

After t.he Gawana brldge, near  Netala village, slmllar road cracks In N70eW 
dlrectlon were noticed. Slmllarly between Maneri and Bhatwarl severa l  cracks 
were noticed e i ther  along or  across t h e  road. Mostly t h e  dlrectlon var ies  
between N 10'E t,o N70'W 1.e. e l t he r  N-S or E-W. 

Cracks In the  ground or hlll slopes a re  also cnnfined between t h e  Bhaglrathl and 
Bhilangan:a val ley.  In severa l  vlllages s l t ua t ed  on hlgh hllls north of Uttarkashi  
people reported occlirrence of ground cracks. These cracks a re  mostly along t h e  
hlll slopes. 



186 Uttarkashl Earthquake 1991 

Near Jnmak village, af ter  t h e  Manerl Dam. two parallel cracks trendlng NIO'W 
were notlced In t h e  valley. Whlle cllmblng towards the  Dedsarl vlllage, cracks 
along the  slope In N20'W dlrectlon were notlced. 

Fractures In Sangrall, Pata  and Bagglalgaon: Sangrall vlllage Is sl tuated about 
2.6 km southeast  of Mahidanda.(Patagaon and Baggialgaon). Rock types ln the 
area are quartzi tes.  The average hlll slope Is 42' In eas t  direction. Two 
promlnent se t s  of fractures are  notlced a s  described In t h e  Report of UP Dept 
of Geol. t MIN. More pronounced Is N-S set .  This crack i s  qulte open wlde and 
perslstent. Wldth of t h e  crack varies from 0.6 cm. t o  over 40cm. . Dlsplacement 
has  occurred along the  dlp planes. As a result  of th ls  dlsplacement a great deal 
of jolnting, fracturing and formatlon of subsurface holes and cavltles have 
occurred maklng the  lnhablted slopes unstable. The fractured portlon of hlll 
slopes of Sangrall vlllage, which i s  believed t o  be about 9m deep, hangs over 
Pata vlllage and poses a great  danger to  It. 

3.2: ALAKNANDA VALLEY 

No land slldes due to  th l s  earthquake were observed while proceedlng from 
Rlshlkesh to Badrlnath via Devprayag, Rudraprayag, Karanprayag, Gopeshgwar, 
Joshlmath and Badrlnath. On tho Rudraprayag-Okhlmath road also no landslides 
were observed. Thus the  landslldes were mostly conflned between the  Bhaglrathl 
and Bhllangana valley, except near Kedarnath. 

4 ISOSEISMALG: 

Based on our damage survey In the  three  dlstr lct  of Uttarkashl, Tehrl-Garhwal 
and Cham011 we have drawn the  lsoselsmal trending NW-SE. We have asslgned 
lntenslty values a t  dlfferent places on t h e  basls of our observation and 
personal lntervlews. 

Descrlptlon of dlfferent scale Is glven in annexure 111 of report by Ceologlcal 
Survey of Indla. Untll a few decades ago Rossl-Fore1 scale was uaed. Modlfled 
Mercalll Intenslty Scale (1966) 1s being used In Indla and western countrles. For 
some years Medvedev-Sponheaer-Karnlk(MSK) lntenalty scale (1 964) 1s belng 
used In USSR and eastern European countries. Both MM and MSK scales are  
slmllar, but  the  MSK scale i s  better  deflned and Incorporates additlonal land 
deformation features. In vlew of th l s  we have used MSK scale. 
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Intenslty IX 1s asslgned to  places whlch experlence total  collapse of houres, 
water plpes are broken and ground cracks of wldth upto 10cm. on slopes and 
more than 10 cm. on rlver banks are observed. All these features have been 
observed In lntenslty IX area extendlng from Gawana brldge t o  Dldsarl ln an  
area of lOkm x 7.Skm Moreover shavlng of rlver banks opposlte Manerl vlllage la 
a feature whlch would glve lntenslty IX. 

Intenslty VIII has been asslgned wlthln an  area  extendlng from Naogaon to  north 
of That1 Kathur and Uttarkashl to Pala. Whereln cracks in t h e  ground, upto 
wldth of several centlmeters. Changes ln ground water flow have occurred and 
many type A structures have suffered damage of grade 4 1.e. part lal  collapse of 
poor constructions. 

We have asslgned lntenslty VII to  areas  where a few houses of type A have 
partlally collapsed (damage of grade 4) and occasional landsllps on steep slopes 
have taken place such area lnclude Nakurl, Cangotrl, Kedarnath, Guptakashl, 
Jakholl, Pratapnagar etc.  

In lntenslty VI, brlck bulldlngs ( type B) get damage of grade 1 1.0. cracks In 
plaster or fall of plaster, and poor constructlon of type A get  small cracks In 
walls. 

Intenslty V 1s asslgned In areas where plaster cracks are  observed. 
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'Some Damaging E a r t h q u a k e 8  O f  I n d i a n  f l u b c o n t i n e n t '  

Year Rtgion Richter  Livee l o s t  Year Region Richter Livee Lost  
Hagn, Maga, 

1618 Bombay - 2,008 1911 Andaman 0.1 Hang 
1120 Delhi 6,5 Some 1950 Aeeam 8.6 1 ,500  
1717 Bergal - 30,000 1952 Pondgo d Tangu 7.5 Hany 

RE Ind ia  
1803 Kumaon IU.Y.1 6 , 5  Hundrede 1956 Bdandahahr 6.7 Hany 

10,P.l 
1103 Halhurr 6.5 Many 1956 Anjar ICu ja ra t I  7.0 Hundreds 
11119 Kulcb 8.0 Hang lhousand 1958 Kapkote I0.P.) 6.1  Many 
1828 Zashmir - Pew thoueand 1963 Badgam (JCKI 5.3 Rundreda 
11113 Rihar 7.7  Hundred8 1961 Koyna 6.5 200 
1140 I t ,Abo 1Raj.l 6,O Feu 1975 l inoaur1R.P.) 6.2 11 
1885 Kaehmir - 6,000 1980 Dharchula (0.P.I 6.1  
I897 Asaam 8.7 1,600 1980 J a w u ~ I J L K l  5.5 12 
1905 iangra B.0 20,008 1986 Dharameala 5.7 Peu 

(B,P.1 
1930 Dhubri 7.1 Many 1918 A ~ B ~ D  7 , l  Peu 

I l ~ y h a l a y a i  
1951 l o r t k  Bibar 8.1  20,000 1981 nor th  Bihar 6.1  Aborl 1,300 
1935 Q w t t a  (Paki r tan)  7.5 25,000 1991 Uttarkaehi  6 , 6  169 
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SYNOPSIS 

Uttarkashi  ear thquake  of Oct. 20, 1991 (M=6.6) caused extens lve  damage t o  
property and killed 768 persons. The shock was wldely f e l t  a l l  ove r  t h e  northern 
India. Hypocentral parameters  of t h e  ear thquake  have  been determlned by IMD 
uslng t h e  d a t a  of 26 seismic s ta t lons .  The  main ear thquake  was preceeded by  2 
foreshocks and followed by a ser les  of af tershocks.  In t h e  eplcent ra l  zone, t h e  
Intensi ty exceeded VlII on t h e  M M  scale.  Accelerograph a t  Uttarkashl  recorded 

maxlmum ground acce lera t lon  of 30 percent  of 'G'. 

1 Introdact lon 

1.1 An ear thquake  of magnitude 6.6 occurred in Garhwal Hllls of Ut tar  Pradesh 
In the  early hours of October 20, 1991 and caused wldespread damage In t h e  
region. The shock was widely fe l t  In t h e  adJolning northern s t a t e s  of Punjab, 
Haryana, Himachal Pradesh, Jammu & Kashmir and t h e  Unlon Terrl tory of Delhi 
and caused extens lve  damage In the  d ls t r lc t s  of Uttarkashi ,  Tehrl  and Chamoll 
and minor damage in t h e  distr lct  of Nalnltal, Paurl-Garhwal, Dehradun and also 
Sirmour dlstr lct  of Himachal Pradesh. Only 46 seconds of severe  shaklng  le f t  768 
people kllled, 5,066. persons Injured, 20,184 houses severely damaged and 74,714 

part ial ly damaged.1Though t h e  shock was In t h e  moderate category, i t  affected 
2093 vlllages and caused extens ive  damage t o  fauna  and flora. The  sever i ty  of 
t h e  shock was so high t h a t  3,096 ca t t l e  heads  perished and affected a n  a r e a  of 
1.47000 hectares  and a populatlon of 4.25 lakhs.  The vlgorous shaklng also 
affected agricultural lands severely and caused damage to  about  89,000 hectares  
of c~ i l t l vab le  land. 

I (source - Ministry of Information and Broadcaatlng) 
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1.2 The Government of Indla appolnted a n  lntermlnlsterlal reconnalssance team 
of experts to  assess damage caused by the  earthquake.. a The central  team made 
aerlal and on ground surveys on t h e  earthquake hi t  area on October 21, 1991. 

1.3 The area of damage as assessed in t h e  aerlal survey 1s shown in f1g.-1. 
Severe damage occurred In about 2100 sq. km area  where a s  moderate and miner 
damage In an  area  of 7,000 and 12,000 sq. km, respecllvely. In the  aerlal 
survey,  number of slldes were observed near Gopeshwar Town, the  headquarters 
of Chamoll dlstr lct ,  whlch were caused due to  heavy ralns earller in 
August-91.Though large number of slides were seen In the  Bhaglrathl, Indrawatl 
and Bhllangana valleys, none caused blocked of the  major tr lbutarles of the  
Ganges. Among the  englneerlng structures which suffered maxlmum damage was 
an Iron-span brldge at vlllage Gawana (8 km away from Uttarkashi). damage and 
slnklng of abutments caused due t o  severe agltation resulted in t h e  failure of 
roller bearlngs and subsequent collapse of t h e  bridge. 

I 

5 I N D E X  
H I M A C H A L  :j 

S E V E R E  O A Y A O E  

) M O D E R A T E  DAMAGE 

~ a r l c . n r m r u n  ' QAIHWAL I' A L Y O n A  / 

i i i 
,A i . < 

\ I ' r 

Fig. 1 . DAMAOE CATEGORIES IN THE AFFECTED AREA 

2 Put ael.rlelty of the reglon 

2.1 Table-1 shove the  parameters of pas t  earthquakes between magnltude range 
of 4 and 7 for t h e  perlod from 1816 t o  1988. An earthquake of magnltude 7 
occurred on 28 Peb 1906 In the  region (Lat. 32.0 N, Long. 77.0-E) causlng 
damage t o  property. Great Kangra earthquake (M = 8.0)of 1906 whlch kllled 
20,000 people and also caused extenslve damage In the  reglon. Out. of the  78 

2 ' ( Source - Mlnlstry of Agrlculture, Department of Agrlculture 8 
Co-operstlon) 
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events 46 are wlthln rnagnltude range of 4-6, 26 between 6-6 and 7 between 
6-7. Flg.2 shows t h e  map of the  reglon bounded by lat l tude 29.0' -32.0. and 
longitude 7 7 "  t o  80'E In whlch past earthquakes have been plotted. The 
dlstrlbutlon of earthquake eplcentres shows a NW-SE trend along t h e  trace of 
the  MCT. The earthquake actlvlty 1s attrlbuted to  movement on t h e  MCT and 
other thrus ts  active In the  area. 

L E G E N D  
s . 0 -  8 .m 0 

4 . 0  - 4 . r  0 

0.0 - 0 . m  0 0 

a.0 - 0 . m  0 C C I C I I I T I C  O? ~ O * O C T . ~ I  

, I 

P I , . R : . C A O T  OLIOYICITT o r  T H C  RCQIOM ~ O U ~ D C D  IT L A Y .  am-8a.m 
AND L O M O .  7 7 ' - # 0 ' l .  

3 Determlnatlon of Hypocentral parameters 

3.1 As mentioned earller the  Uttarkashi earthquake was well recorded by the  
national, agency and rnoblle networks. Phaee data  recorded a t  28 stat lons were 
used to determlne the  Hypocentral parameters. Also da ta  of selsmlc stat lone 
operated by the  Wadia lnstl tute of Himalayan Geology (WIHC) Dehradun and Delhl 
Unlverslty (D.U.) were used. A llst of stat lons and thelr  coordinates are  glven 
In Table-2 and represented In Fig.-3. 
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Fig. 3 : LOCATION OF 28 SEISMIC STATIONS USE0 IN FINDING THE PARAMETERS OF OCTOBER 20-1991 
EARTHQUAKE FOR EXPLANATION OF STATION ABBREVIATION REFER TABLE - 3. 
MCT : MAIN CENTRAL THRUST. 
MBF : MAIN BOUNDARY FAULT. 

3.2 A velocl ty Model ( developed In IMD) for  t h e  Hlmalayan region was used In 
t h e  computer program for  determlning parameters  of t h e  maln ear thquake .  A 
t h r e e  layered model, descrlbed below, was t e s t ed  for large d a t a  collected In t h e  
Hlmalayan reglon and  i s  In operat lon IMD over  two decades;  

Veloclty 
(km/sec) 

6.27 

Thlckness of Layer 

(km) 

sur face  - 24 

8.22 above 46 

3.3 IJsing t h e  above  model Hypocentral parameters  of t h e  maln ea r thquake  were 
determined and a r e  glven below: 

Orlgln tlme 02 H 53 M 16.45 S IST On Oct. 20,1991 

Lat l tude  

Longitude 

Magnltude 

Depth of focus 12 km. 

Ground acceleration 30 percentage of "g" a t  Uttarkashl  

maxlmum ln t ens l ty  VIIl* 
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The residuals  (difference between ac tua l  and calculated t r ans i t  t lmes) were 
a d u s t e d  to  t h e  mlnlmum. The RMS (Root Mean horlzontal (ERH) and vert lcal  
(ERZ) a s  5 and 3 km, respectively. The residuals a t  t h e  near  s t a t lons  were of 
t h e  order of 0.6 1.e well wlthin t h e  RMS value.  (Table-3). The computer output  
i s  glven In Table-4 glvlng de ta i l s  of computation. 

3.4 I t  i s  known t h a t  est imating the  focal depth  i s  a dlfflcult exercise. In order 
t o  assess  proper depth of focus, Hypocentral parameters were also determined 
manually for dlfferent  depths  and resul t s  were compared wlth t h e  computer 
solotlon. The manual solution whlch yielded focal depth of 12 .5  km showed a 
good agreement wlth t h e  computer solutlon. The Unlted S t a t e s  Geological Survey 
(USGS) also determlned Hypocentral parameters  independently whlch showed good 
agreement wlth t h e  f lnal  solution Flg.2 shows t h e  map of nor th  Indla where both 
t h e  locations have  been plotted for cornparlson. 

4 Macro Level d a t a  

4.1 In order t o  assess  correctness of t h e  computer solutlon macro level da t a ,  
collected by the  fleld par ty ,  were used. Relying on the l r  source of information 
medla as well a s  few organlsatlons reported epicentre a t  different  locatlons. 
Popular among these  were vlllages of Agora and Jhamak, Manerl Dam s l t e ,  and 
Bhatwarl town. It  should be noted t h a t  macro level d a t a  though Important,  
indicates approxlmate locatlon of t h e  eplcentral  zone. While maklng assessment 
on t h e  basis  of macroselsmic da ta ,  t h e  general tendency i s  t o  place t h e  
epicentre a t  t h e  cent re  of maxlmum damage. Whlle damage t o  buildings depends 
on several  factors  vlz type  of constructlon. na tu re  of soll,  ln tens l ty ,  block 
movement etc .  t h e  epicentre may be located hundreds of kllometer away from t h e  
area .  In t he  hilly te r ra in  Intensi ty fal ls  rapldly wlth distance.  In vlew of these  
factors  t he  macroselsmic d a t a  were analysed careful ly for locating t h e  epicentre.  
Analysls showed t h e  eplcentre locatlon towards e a s t  of t h e  maximum a rea  of 

damage. The macroseismic solution agrees well wlth the  computer solutlon. 

6 Faul t  Plane Solutlon 

6.1 Flg-4 deplcts t he  prellmlnary f au l t  plane S O ~ U ~ ~ O I I  a s  glven by t h e  USGS. 

Nodal plane NPI h a s  a s t r l ke  of 332O N with a dlp of 19' whlle t h e  o ther  nodal 
plane (NP2) h a s  a s t r ike  of 108ON wlth a s t eep  dlp of 76'. The NPI solutlon i s  
acceptable and indicates a predominant reverse type of faul t lng.  The pressure 
axls  strlklng 208-N shows good agreement with t h e  dlrectlon of movement of 
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Indian landmass wlth respect  t o  Euraslan. Several  f au l t  plane solut lons worked 

o u t  earl ler  for  o the r  ear thquakes  occurrlng In t h e  region also lndlca te  thrust lng 
on a plane trendlng more or  less  In a nor th  northwest  direction. 

Fig. 4 : US08 FAULT-PLANE SOLUTION OF UlTARKASHl EARTH QUAKE (20.10.1991) 
NPl :Strike 116~: Dip85': Slip90 
NP2 : Srike 296 : Dip 5' . Slip 90 

6 Foreshocks and Aftershocks 

6.1 The maln ear thquake  preceded by two foreshocks on 15th (19 H 1 1 M 1.67 S 

GMT) and 17th (08  H 01 M 64.42 S CMT) October,'91 whlch were recorded by t h e  

seismographs of Rldge Observatory, Delhl. The maln ear thquake  was followed by 
more t h a n  1000 aftershocks wlthln a sho r t  perlod of about  two months. For 

locatlng t h e  smaller af tershocks,  local temporary network' was operated by 
different organlsat lons.  Hypocentral parameters  of 134 even t s  were determlned 
by employing HYPO-7l.uslng d a t a  generated by varlous organlsat lons.  A detalled 
report  on aftershock sequences of Uttarkashl  ear thquake  Is given In another  
chapter  of th ls  volume. 
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7 In tens l ty  and Acceleratlon due  t o  Gravlty 

7.1 Although t h e  shock fa l l s  in  t h e  moderate category,lt  hae glven r lse t o  a 
maxlmurn ln tens l ty  of VIIT' on MM scale In t h e  epicentral  zone.'= The maxlmum 
ground acceleratlon recorded by Accelerograph operated by Unlversity of Roorkee 
at  Uttarkashl  1s 30% of "g"."' A detal led report  on lsoseiamals and 
Accelerograph recordlng of t h e  maln ear thquake  and subsequent  af tershocks a r e  
given In o ther  chapters  of t h l s  volume. 

8 Conclusions 

8.1 From t h e  foregoing discussions t h e  following conclr~sions a re  drawn: 

( a )  The Hypocentral parameters of t h e  maln ear thquake  have  been determlned 
ilsing 26 selsmic s t a t ions  operated by IMD, WHIG and Delhl Unlverslty by 
ernploylng HYPO-71 and a re  given below: 

Orlgln tlme 02 H 53 M 16.45 S IST on Oct., 1992 

Latl tude 30.75~ N 

Longltude 78.86" E 

Magnitude Mb = 6.6 

Depth of focus 12 km 

Ground Acceleration 30% of "gn 

Maximum Intensi ty VIII+ 

(b)  The RMS (Root Mean Square) value of t he  residuals  computed was 1.1 with 
errors  In horizontal (ERH) and vert ical  (ERZ) a s  5 and 3 km respect lvely,  

(c )  The prellmlnary f au l t  plane solution glven by USGS for t h e  maln ear thquake  
shows reverse type of faul t lng on a nodal plane trending NNW-SSE dlrectlon and 

t h e  pressure axis  t rending 208'N. 

3 ' (Source - Meetlng D t .  2.12.91 a t  WIHG) 

4 " (Source - DEQ , IJnlversity of Roorkee) 
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Table -1 

DATE 
Y M D  

Paet eelsmlclty of the region bounded by 
latltude 29-32'N and longltude 77-80'E 

ORIGIN LAT. LONG. DEP. 
TIME DEG.N DEG.N 

(G.M.T.) 

MAG. 
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STATION COORDINATES 

SNo. STATION 

Pala  (PAL) 

Tehrt  (TEH) 

Narendranagar  (NAR) 

Dehradun (DUN,WIHG) 

Dehradun (DDN) 

Kalagarh (KAL) 

Shlmla (SML) 

Pi thoragarh (PTH) 

Ghaggar (GCR) 

Sundernagar  (SDN) 

Kullu (KUL) 

Rewalser (RSR) 

Kothl (KOT) 

New Delhl (NDI) 

Rhakra (BHK) 

Rohtak (RTK) 

Naddt (NAD) 

Ranltal  (RTL) 

Dhaulakual  (DLK) 

Sonipath (SNP) 

Dharamsala (DHM) 

Nurpur (NUR) 

Dalhousle (DLH) 

Jyotlpuram (JYP) 

Mukerlan (MKR) 

Behralch (BRC) 

LATITUDE 
(DEG.N) 

LONGITUDE 
(DEC.E) 

78-37.76 

78-29.00 

78- 18.00 

78-00.78 

78-03.00 

78-45.68 

77-10.00 

80-13.00 

76-66.00 

76-64.00 

77-06.26 

76-60.00 

77-12.00 

77-13.00 

76-26.00 

76-36.00 

76-21.54 

76-21.64 

77-08.00 

77-00.00 

76-20.00 

75-52.00 

76-68.00 

74-51 .OO 

75-37.00 

81 -35.00 
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TABLE - 3 
Station Reslduala for P and S waves for earthquakes 

on 20.10.91 In West U.P. Hills. 

StatIon Distance (Km.) P-Residuals (Sec.) S-Reslduals (sec) 

Pala (PAL) 

Tehrl (TEH) 

Narendranagar (NAR) 

Dehradun (WIHG) (DUN) 

Derhadun (IMD) (DDN) 

Kalagarh (KAL) 

Shirnla (SML) 

Plthoragarh (PTH) 

Chaggar (CGR) 

Sundernagar (SDN) 

Kullu (KIJL) 

Rewalsar (RSR) 

Kothl (KOT) 

New Delhi (NDI) 

Rhakra (BHK) 

Rohtak (ROH) 

Naddl (NAD) 

Ranltal (RTL) 

New Dehll (S.C.) (DLK) 

Sonepat (SNP) 

Dhararnsala (DHL) 

Nurpur (NUR) 

Dalhousle (DLH) 

Jyotlpuram (JYP) 

Mukerlan (MKR) 

Bahralch (BRC) 

- 
+1.31 

- 
-3.52" 

+6.16" 
- 

+2.68" 

-2.45(S-P) used 

+1.84 

-1.12 
- 

Statlon not consldered In detsrrnlnatlon 
" Phases not consldered 



KS 2 W POS I 0  K l 5  W M  IPON IMG IB IPBR CODE LATR LONR 

0  LS. 450. 550. 1 .74  3  0  0  1  I  0  000000 0  0 . 0 0  0  0 .00  

DATE O R I G I l  LA? N LONG E DBPra HAG NO DM GAP H EHS ERH ERZ 0 SQD ADJ IU NR AW AAB NH A m  SDXM NF AWH SDFl I 

Dl1019 2123 18.72 30-45.63 76-51.  15 12.51 25 23  187 1 1 . 1 0  5 . 3  3 . 4  D D:3 2.49 10 36-0.08 0.86 0  0 . 0  0 . 0  0  0 . 0  0 . 0  1 

STU d I S T  AZH AIM PRMK LIMN P-SLC TPOB9 TPCAL DLY/Rl P-BX3 PWT AH1 PRX CALX K IVAG BLlK PUP FHAG S R L I  S-SBC S O B S  S -RE S-bR 'DT 

PAL 2 3 . 2 2 9 3 1 1 8 P P O 2 1 2 3 2 1 . 0 0  4.28 4 . 6 1  0 . 0 0 - 0 . 3 2  1 .06  0  0  0 . 0 0 0  BS 4  28.50 11 .78  3 . 7 7  0 . 0  

TBU 5 4 . 8  220 103 EP 0  2123 2 5 . 6 0  8 . 6 8  9 . 8 2  0 . 0 0  - 0 . 9 4  1 . 0 5  0  0  0 . 0 0  0  

N U  8 4 . 5 2 1 9  9 8 B P O 2 1 2 3 2 9 . 8 0  13.18 14.94 0 . 0 0 - 1 . 7 6  0 . 9 8  0  0  0 . 0 0 0  

DlJW 93.7 239 98 BP 4  2123 30 .  00 13.28 16.53 0 . 0 0  - 3 . 2 5  0 . 0 9  0  0  0 .00  0  

D M  9 1 . 4 2 3 7  9 8 B P O 2 1 2 3  3 6 . 0 0  19.26 10.12 0 . 0 0  3 . 1 6  0 . 4 6  0  0  0 . 0 0 0  5 4 4 6 . 4 0 2 9 . 8 8  1.63 0 . 0  

KAL 137.8 164 60  LF 0  2l.23 40 50 23.78 23 .91  0 . 0 0  -0 .  17 1. 98 0  0  0 . 0 0  0  

SaL 188 9 284 60 EP 0  2123 4 4 . 7 0  2'1.86 28.20 0 . 0 0  - 0 . 2 2  1 . 0 6  0  0  0 . 0 0  0  

--------i-_-_______------------------------------------------------------------------------------------------------------------------ 

Conl. 



Uttarkashi Earthquake 1991 

: ~ B S ~ ~ 8 X 8 8 8 2 8 E ~ ~ 0 0 n 0  
I . .  . . .  . . . .  . . .  0 - 0 0  

I d * . 4 d d d d . l d ~ d ~ d ~ ~ i O . l d  
! 
: = z z ~ : E f ~ 3 = t : 3 r f f f : s  I . . .  

~ ~ o o o o i o o o d & ~ & d & & ~ ~ O  
! I l l 1  I I I I I 

1 0 0 0 0 0 0 0 0 g 0 g o g 0 0 0 0 0 0  
l O O O O O O O 0  I . . . . . . .  0 0 0 0 0 0 0 0  

l o o o o o o o o o d 0 o 0 o o o o o o r  
I 

: ~ ~ 1 2 : 9 8 g : ~ Z 8 : g z ~ n t s ?  I . . .  . .  
1 ~ o n r r ~ $ $ 4 n ~ i o & d & 4 d ~  ~ n ~ m n n  - r - - - r - r c * c s  o 

0 
~ ~ n n n m - * n - - - - * - w m ~ m m  
I d 
l O O O O O O O O O O O O O O O O O 0 O  
I C 0 ~ 0 0 o m O o 0 0 m 0 0 0 o m 0 0  # . . .  ~ ~ ~ m o N d i i ~ o ~ o o ~ d i d C i ~  o 

~ m m n n m a a a a a ~ m m m o ~  - 



PART FOUR 

COMBINED REPORT 

AlTBRSHOCK SEQUENCE OF WTARKASHI EAR'RIQUAKE 
OF OCTOBER 20, 1991 

BY 
J.R. K a y d  .V.P. Kamble and B.K. R ~ t o g l  





APreRsHoCK SEQUENCE OF UlTARKASHI EARTHQUAKE 
OF OCTOBER 20. 1991 

J.R. Kayal ,V.P. Kamble and B.K. Rastogl 

ABSTRACT 

Uttarkashl  ea r thquake  of magnltude 6.6 (IMD) of October 20, 1991 was followed 
by a ser les  of af tershocks.  More t h a n  1000 shocks were recorded wlthln a sho r t  

perlod of about  two months. Most of t hese  occurred wlthln f l r s t  few days  and 

wlthin weeks time t h e  number of fell  t o  5/6 shocks per  d a y  from about  80 

shocks In t h e  f l r s t  day.  Inltlally t h e  shocks were recorded by t h e  permanent 
seismograph s t a t lons  of IMD . Later  on, for  locatlng smaller af tershocks local 

temporary networks were operated for  abou t  two months by dlfferent  

organlsat ions.  Data recorded by t h e  permanent  and  temporary networks of t h e  
IMD, GSI. NGRI a re  used In t h l s  report.  Hypocentral parameters  for  134 even t s  
were determlned. Most of t h e  af tershocks a r e  located around t h e  MCT and 

m a o r i t y  of t h e  even t s  gave  focal depths  less  t h a n  15 kms. 

1 Introductlon 

On October 20, 1991 a moderate ear thquake  of magnltude 6.6 occurred In t h e  

Uttarkashl  reglon wlth d lsas t rous  effects.  The  parameters of t h e  maln shock 

determined by lndla Meteorologlucal Department (IMD) a r e  given separa te ly  In 
t h l s  volume. Thls  moderate ear thquake  developed a promlnent af tershock 

ac t lv l ty .  

The  aftershock ac t iv l ty  for t h e  IJttarkashl ear thquake  lasted for  more t h a n  two 

months whlch above average  for  a moderate ear thquake  in Himalaya. Some of t h e  
af te rshocks  of larger  magnltude were recorded a t  Delhl and Blas Project Network 

a t  eplcentral  d ls tances  of more than  250km . On t h e  very  f l r s t  day  eight  

a f te rshocks  Jolted t h e  a rea  strongly which s e n t  local population fleelng ou t  
doors. The f r e ~ u e n c y  of af tershocks durlng t h e  f i r s t  one week was so  hlgh t h a t  
I t  a lso caused panlc among t h e  local population. Some of t hese  shocks fal ls  
damage to  the  s t ruc tu re s  whlch were badly shaken by t h e  maln shock. 
Aftershocks which were s t rong enough t o  be fe l t  a t  epicentral  d is tances  of over  

50  km, wldened old cracks  and caused f resh  ones In houses and o ther  bulldlngs. 
The high in tens i ty  a s  well a s  frequency of af tershocks caused anxlous moments. 
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and the  local authorlt les were worried whether the  actlvlty may lead t o  a more 
dlsastrous event. The strong aftershocks also caused landslides which were 

activated by the  maln shock. 

2 Field Operatlon 

Immedlately af ter  t h e  maln shock the  Indla Meteorological DepartrnentUMD), the  

Geologlcal Survey of Indla (GSI) and the  National Geophyslcal Research 
Instltute(NGR1) sen t  thel r  part ies t o  t h e  earthquake h i t  a rea  for recordlng 

aftershocks. The NGRI operated one stat ion a t  Chlnyalisaur (CHL) from October 

29 to  30 and then a t  Uttarkashl (UTK) from October 31 t o  Nov. 13. The GSI 

comrnissloned three s ta t lons  from Nov.3, 1991 a t  Bhatwari (BTW), Chinyallsaur 
(CHL) and Barkot (BAK). After 15 days of recordlng t h e  thjrd stat ion was shlfted 

Ghansall (GHL). Later, one more stat lon was operated a t  Ghuttu (GTU). These 

s ta t lons  were in operatlon upto 4.12.91. The IMD establlshed a network of three 
s ta t lons  a t  Tehrl (TEH) Uttarkashi (UTK) and Bhatwarl (BTW) from November 18. 

1991 t o  December 12, 1991. The UTK station was operated with both analog and 
dlgltal seismoghraphs, the  la ter  was subsequently shlfted to  Manerl dam site.  

The digltal selsmograph da ta  are  not used In the  analysls. The aftershocks were 
also recorded a t  permanent observatory operated by t h e  IMD. Details of the  
selsmograph s ta t lons  a re  glven In Table I. In addjtlon permanent selsmograph 

s ta t lons  were operated a t  Tehrl and Narendra Nagar by U.P. Irrlgation 

Department and a t  Pala and Dehradun by Wadla lns t l tu te  of Hlmalayan Geology 

(WJHG). A temporary stat lon at  Dunda was also established by WIHG from 2.11.91. 

These da ta  are,  however, not  used In th ls  report. 

3 Determlnatlon of Hypocentral Parameters 

The aftershock da ta  collected by t h e  above permanent and temporary networks 
were analysed by the  GSI for the  perlod 12.11.91 to  4.12.91 and by the  IMD for 
t h e  res t  of the  perlod. Hypo-71 Computer program of USGS was used for 

determinatlon of Hypocentral parameters. A three  layered velocity model vlz. 
6.72 km/s from surface to  24 km, 6.6km/s from 24 to  45 km depth and 8.22 km/s 

below 46 km was used for computer analysls. At least  three P-arrlvals and two 
S-arrlvals were used for locatlon. For stronger aftershocks Richter formula was 
used for determlnlng the  magnltude whereas magnltudes of the  smaller 
earthquakes were determlned using the  following empirical formula: 

Md = - 2.44 + 2.61 log D. 
where Md 1s the  duratlon magnltude and D 1s the  slgnnl duration. Both the  
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scales are  comparable t h e  Hypocentral parameters determlne for 134 events are  
llsted In table I1 in chronologlcal order. The RMS ( Root Mean Square) values, 
which lndicate difference between observed and calculated arrlval  tlmes, a re  
wlthin 0.6 second for maJorlty of the  locatlons. The horlzontal error (ERH) and 
vertical error (ERZ) for most events  are  wlthin 5 km. 

Number of located events  are  more durlng the  perlod when closed-spaced 
temporary network was run In November and December. During t h e  f i rs t  fortnlght 
the  aftershocks were recorded by the  permanent network operatlng at larger 
dlstances. Though t h e  aftershock actlvlty was hlgher durlng th i s  perlod, t h e  
located events a re  comparatively less. 

4 Reeults and Discussion 

Flgure 1 shows t h e  eplcentral distrlbutlon of the  aftershocks, malnshock and 

surface trace of MBT and MCT. I t  1s lnterestlng to  note t h a t  the  malnshock 

occurred to  the  eas t  of aftershock area. The epicentral zone of 40 x 30 km a s  

deflned by the  aftershocks extends In NW dlrectlon. A cluster of eplcentres 1s 

seen to  the  eas t  Uttarkashl (UTK). Though depth of the  maln shock 1s 12km, 

those of aftershocks varies from 0 t o  16km for majority of the  events,  whlle for 

a few of them the  depth has  between 16 t o  30km depth range. Maximum number 

of events are  o f .  shallower depth ( < 5  km). The largest aftershocks of M=5.2 

occurred a t  the  centre of the  aftershock zone, on October 20, 1991 a t  6 H 32 M 

GUT. 

Temporal varlatlon of the  aftershock sequence has  been examlned using the  da ta  

of permanent stat lon a t  Shimla (SML) for whlch a complete da ta  s e t  was 

avallahle. This stat lon records all shocks of magnitude 2 or greater f'rom 

Ilttarkashl area.  Figure 2 shows histogram of aftershocks whlch were recorded a t  

Shlmla. Dnrlng the  f i rs t  week large number of earthquake8 were recorded wlth 

the  hlghest number of 80 events on 20.10.1991. I t  may be mentioned tha t  a hlgh 

galn permanent selsmograph statlon was run by the  WlCH a t  Pala near Bhatwari 

whlch recorded about 150 aftershocks on 20.10.91. (per. comm.). On the  second 

ar~d third day the frequency of aftershocks recorded a t  Shlmla, however, dropped 

to  38 and 20 respectlvely and wlthln a weeks time It  dropped to an average of 

6 t o  6 aftershocks per day. 
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Fig.3 shows dlstrib~it ion of aftershocks a t  different depth Intervals.  I t  i s  
observed that  about. 60 percent shocks occurred within the top layer of 5 km 
dept,h, 40 percent wlthin 15 km and only 6 percent below 15 km depth. Thus, 
the focl of the  aftershocks lay mostly withln 15 km below the  surface. 

P I @ .  I : E C I C E I I T I A L  MAC OC T H E  A F T E I S n O C M S  LOCATED BY T H E  P E I M A N E N T  AND 
T C M C O I I I T  M E T W O I I S .  T E Y C O I A I V  8E ISMOGRAPH S T A T I O N 8 ; C H  L C H I I I Y A L I -  
SAUI, U T U  :UTTAIKASCII, I A N  :IAIUOT, I T W  :IWATWARI, G ~ L .  : GCIAIISALI,  

U T U  : OCIUTTU , Y C T  : M A I M  IOUIIOAIT t n n u s t  ANO MIIT I M A I N  IOUMDAIV- 
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The frequency of aftershocks wlth different magnitude range is  shown In flgure 
4. Only one aftershock was of rnagnltude greater  than 5 and four were of 
magnltude between 4 t o  6. I t  i s  seen t h a t  only 4 shocks of magnitude less than 
1 could be recorded Indlcatlng t h a t  threshold detectiblllty level of the  network 
was of t h e  order of 1 magnltude. Except 9, all other aftershocks a re  In the  
magnltude range of 1 to  4. 

In order t o  examlne the  energy release In the  rnaln shock the  energy was 
calculated uslng the  formula: 

log E = 6.8 + 2.4 mb 
By putt lng the  value of 6.6 for mb of the  rnaln shock, energy works out  to be 
4.36 x 10'1 ergs. However, for aftershocka, energy was calculated uslng the  
formula 

log E = 9.9 + 1.9 M - 0.024 Ma 
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Using th is  formula the  energy for the  largest aftershock works out  t o  be 1.362 x 
1019 ergs and for al l  the  shocks In the  f l rs t  one week 1.664 x lot* ergs. In the  
remaining perlod, t h e  energy released 1s about 4 x 1017 ergs whlch le two orders 
less compared to  t h e  inttlal one week. 

5 Conclusion 

From the  foregoing analysls the  following concluslone are  drawn. 
( I )  The aftershock actlvlty contlnued for more than two months wlth maxlmum 
activity In t h e  flrst  week. 
(11) Maxlmum magnltude of the  aftershock was 6.2. 

Withln the  f i rs t  week, 4 aftershocks of magnitude between 4 t o  6 and 6 
aftershocks of magnitude range 3 to  4 occurred. In the  whole eequence 19 
shocks of magnitude between 3 to  4 and 69 shocks of magnitude range t o  3 
occurred. The temporary microearthquake network recorded more than thousand 
aftershocks of magnitude 0.6 and above out of which 134 were located. 
(111) Most of the  aftershocks were of very shallow orlgln 1.e. withln a depth 
range of 0 t o  6 km. A good number of events  were recorded withln 6 to  16 km 
depth, whereas only a few events were recorded between 16 t o  30 km. depth 
range (lv) The majorlty of the  epicentres were located near MCT trending NW, 
In an  area of about 40 km x 30 km. 

(v) The energy released In the  mainshock was 4.366 x 10" ergs; where a8 in 
the  largest afterehock whlch occurred 8 hours af ter  the  maln ehock energy 
released was 1.362 x 101. ergs. In res t  of t h e  sequence the  energy released was 
two orders less than t h e  largest aftershock. 
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TABLE - 1  

SEISMIC STATIONS USED FOR LOCATION OF AFIXRSHOCKS 

TEMPORARY NETWORK 

SNo. Stat ion Lat.(N) Long. (El El.(m) Perlod of Operatlon 

1. Chinyall- 30' 34.43' 78' 19.49' 1000 29.10.91 t o  30.10.91 

Saur(CHL) 3.11.91 t o  4.12.91 

2. Uttarkashi  30' 43.62' 78' 26.81' 1109 30.10.91 t o  13.11.91 

(UTK) 30' 43.68' 78' 27.00' 21.11.91 t o  10.12.91 

4. Bhatwari 30' 48.60' 78' 36.6' 1600 6.11.91 t o  5.12.91 

(BTW) 21.11.91 t o  12.12.91 

5. Chansali 30' 27.24' 78' 38.76' 960 16.11.91 t o  4.11.91 

(GHL) 

6. Chut tu  30'31.81 '  78 '47.52 '  1600 26.11.91 t o  4.11.91 

(CTU) 

PEXYANENT NETWORK 

9. Dehradun 30' 19.00' 78' 03.00' 

(DDN) 

10. Shlmla 30' 07.00' 77' 10.00' 

(SML) 

11. Dalhousle 35' 32.50' 76' 68.00' 

(DLH) 

12. Dharamsala 32' 13.00' 76' 20.00' 

(DHM) 

Orgn. 

NGRI 
CSI 

NGRI 

IMD 

GSI 

GSI 
IMD 

GSI 

IMD 

IMD 

IMD 

IMD 

IM D 
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TABLE -2 

HYPOCENTRAL PARAMETERS OF AFI'ERSHOCKS 

DATE ORlGlN LAT N LONG E DEPTH MAG NO RMS ERH ERZ 
Y M D (G.M.T.) (Km.) (Md) (SEC) (Km.) (Km.) 
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RMS - Root Mean Square 

ERH - Horlzont.al e r ror  Ln epicentre 

ERZ - Vertical error  In depth 
MD - Duration M a ~ n l t u d e  

- Richter magnitude 

Note : Duratlon magnltude calculated by IMD for  t h e  month of October ie based 

on t h e  llSCS formula: 

Md = - 0.87 + 2 log (T) + 0035 R 

Where T Is slngle d u r ~ t l o n  and R 1s t h e  eplcentral  dls tance.  Duratlon magnltude 

determlned by t h e  formula mentloned In t h e  t e x t  1s less  by about  .6 un l t  as 
compared to  t h e  USGS formula for rnagnltude upto 3.0. 



ERRATA 

Page No. Line No. Instead of PI. read as 

'G' 
'Where as' 
'miner' 
'blocked' 
'damage' 
' H y pocentral' 
'Jhamak' 
332' with a dip of 19' 
108' with dip of 76' 
NP 1 
Predominant reverse type of faulting 

'WHIG' 

'the' 
' Hy pocentral' 
'determine' 
'40 per cent within 15 km' 
range to 3 

'g' 
'whereas' 
'minor' 
'blockage' 
'Damage' 
'hypocentral' 
'Jamak' 
116' with a dip of 85' 
2%' with a dip of 5' 
NP2 
pure thrusl without a strike 

slip component 
add 'was' 
add 'and' 
' WIHG' 
add 'is' 
'The' 
'hypocentral' 
'de1erm ined' 
'34 precent between 5 Lo 15 km' 
range 2 to 3 
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