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Photo 2.1. An aeria1 view of出ecracks and linear bulges由atappeared near Budharmora and Morg町
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Photo 2.15. An active fault displacing and w.訂 pingan 

alluvia1 fan surface at Jawaharnag町吋llage(page 23). 

fault-bend 

across appeared 

p阿部ureridge (page 13). 

2.11. A Simple 
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deformation 

Photo 2.5. A view of typica1 fractures in an 

agricultura1 field near仕lesite where a pre田 ure

ridge was observed (page 9). 
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Figure 3.6. Mtershocks located in this study andせleIrrelation to仕lemapped faults of the region. 

Faults after Ma1ik et a1. (2001) (page 38). 

Photo 4.1 GPS antenna ins回lledon a roof司topof 

a building in Lodai (S8)， which was not collapsed 

出e ear也quake. The background shows 

completely destroyed houses (page 46ト

Figure 4.1. GPS network consisting of 14 re-

observable stations (S 1・S14).Red star denotes the 

epicenter determ.ined by USGS (page 46). 
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Fi思lfe3.12. Comparison of slip dis凶butionfor由e2001 West lndia and 1999 Chichi Taiwan 

ear出quakes(page 44). 
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Fi思lre3.5. Mtershock locations determ.ined in this study. Cross section on也eright is perpendicular to 

the fault strike. Cross section below is a10ng由efault. Star denotes由emainshock epicenter (page 37). 
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Figure 3.6. Aftershocks located in this study and their relation to出emapped faults of由eregion. 

Faults after Malik et al. (2001) (page 38). 
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Figure 3ふAftershocklocations determined in this study. Cross誕 ctionon也eright is perpendicu1ar to 

也efault strike. Cross田 ctionbelow is along the fault. Star denotes the mainshock epicenter (page 37)・
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Photo 4.1 GPS antenna insta1led on a roof-top of 

a building in Lodai (S8)， which was not collap田 d

by the earthquake. The background shows 

completely destroyed houses (page 46). 

Figure 4.1. GPS network consisting of 14 re-

observable stations (S1-S14). Red s回rdenotes the 

epicenter determined by USGS (page 46). 70 60 旬相30 20 10 。-10 占。20 10 。-10 -20 

20 

30 ~， 

40 

o 3 6 9 12 15 met町事

Figure 3.12. Comparison of slip distribution for出e2001 West lndia and 1999 Chichi Taiwan 

ear出quakes(page 44). 
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Photo 4.3 Liquefaction site. Overflowed回 ltwater w部 seenaround an aquifer spring (page 49). 

Photo 4.4. Bird's eye view of a large surface crack wi血 alength of about 350 m， whose left portion slid 

down partial1y to the 1ake-side (page 50). 



Photo 4.3 Liquefaction site. Overflowed salt water was田 enaround釦 aquiferspring (page 49)・

Photo 4.4. Bird's eye view of a large surface crack with a leng由 ofabout 350 m， whose le氏portionslid 

down partially to the lake-side (page 50). 

Photo 6.1.乃pe1 masonry house (page 58). 

Photo 6.5. RC bui1ding with pi10ti (page 58). 

Photo 6ふ Damageto a RC building in Bhachau 

(page 63). 

Photo 6.8. Da皿ageofma回 ruydwellings血Loria，

Q_MSK2=8.9 (page 68). 

Photo 6.10. Damage in Adeser， Q_MSK2=8.2 (page 68). 

Photo 7.5. Mansi Complex collapsed 

because of也etoo much load 

from出epool at出etop (page 78). 



Photo 7.8 Front and side view of Pooja F1at in 

Anj町(page80). 

Photo 7.12. Bird's eye view of the newly developed 

town dis凶 ctof Gandhidham (page 84). 

Photo 7.14. Buildings along the center street'in the 

old town of Gandhidham (side view) (page 84). 

円10to7.9. Shear fi 

columns in Pooja Flat 

(page 80). 

円10to7.17. Overview of the typical town constituted by low 

d田血部onrystructures (page 89). 
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同loto7.30. Towns where a large number of masonry houses collap民 d(page 94). 

Photo 8.15. Non-da血 agedザpicalelevated-water国nkin Bhachau (page 114). 



(a) 

(a) Overview of the house 

(b) The column supporting RC slab is made by just 

piling血ebricks (Column in back side is RC). 

(c) Close up ofthe RC column (1t is very slender館ld

joint connection is poorly constructed.) 

Photo 7.21. Two-story stone and brick ma回 nry

house wi血 RCslab and lintel band (page 91). 

Photo 7.42. Repair work under progre田 ofthe 

da血 agedcolumns of血eopen-first-story of a 4-story 

apar回 entbuilding in Ahmedabad (page 103). 

Photo 7.44. The connection between the 

reinforcement of the column of first story and the 

floor-bea皿 of血esecond s加 yw回 inadequate，

leading to weak bea血 -columnjoint(page 104). 

(b) 

Photo 8.11. Da皿ageto pipelines ⑮age 110). 

Photo 8.12. Some examples of 

liquefaction， Dhori (page 111). 

FORWARD 
Tamao Sato 

A devastating earthquake of magnitude 

Mw 7.7 rocked the Kachchh District， Gujarat 

State， India， on J出luaηT 26， 2001. This 
earthqu副司 wasthe most deadly in India's 

recorded history. As of March 20， about two 
months after the earthquake， officiaI figures 

from the Government of India placed the 

death to11 at 20，005 with 166，000 injured 

and 247 missing. The number of destroyed 

houses is estimated at 370，000 and damaged 
houses at 920，000 with 600，000 people left 
homeless. Because of the compressionaI 

stress resulting from India's northward 

collision with Asia， the Kachchh Peninsula 
has a long history of strong earthquakes. 

With a Grant-in-Aid for Scientific 

Research from the Monbu-Kag叫m-sho

(Jap田leseMinistry of Education， Culture， 
Sports， Science and Technology)， a rese紅白

team was formed and dispatched to Gujarat 

for investigating seismologica1 aspects of this 

ea此hqu副司自ldevaIuating the earthquake 

damage. The team consisted of eighteen 

members inc1uding four Indian researchers. 

A list of the members is shown below. The 

research team set four main t訂 getsfor the 

investigations， i.e.， (1) search for surface 

faults associated with the earthquake， (2) 
aftershock obseIVation for determinirig the 

configuration of the main-shock fault， (3) 
GPS monitoring of post-seismic crusta1 

deformation， and (4) ev山 ationof casuaIties 

Members of the Research T eam 

(1) Search for surface faults associated wi白 血ee紅白qu紘e

Takashi Nakata Hiroshima Univ町民ty，Ja伊 n

国rωhiSato Earthquake Re田 archlnstitute， Univ町 sityofTokyo， Japan 

To出 kazuYoshioka National Institute of Advanced lndustrial Sci. and T，田 hnology，Japan 

Javed N. Mal出 JSPSFellow at日r回 himaUniversity， Japan 

(2) Aftershock observation 

Tamao Sato 

Jarnes J. Mori 

Hiro組組Univ町sity，Japan (Leader) 

Di回sterPrevention Research Institute， Kyoto Univl町 sity，Japan 

日ro叫ciNegishi National Research Inst. for Earth Sci. 血d Di~出町Prevention，Japan 

Ramesh P. Singh Indian Institute ofTechnology Kanpur， India 

(3) GPS monitoring ofpost-seismic deformation 

Kaoru Miyashita 

Teruyuki Kato 

lbar品ciUniversity， Japan 

Earthqu品ceRe舘 archInstitute， University of Tokyo， Japan 

Gurubax S. Lakhina lndia Institute of GeomagnetisnしIndia

(4) Evaluation of caualties and damage to bui1dings and lifelines 

出tomiMural但mi

Yoshiaki 1-五回da

Y錨 uhiroHayashi 

Sumio Sawada 

Venkat紅 arnanaKatta 

Masanori Harnada 

四lipK. Pau1 

Yarnaguchi Universi守，Japan 

Kougalruin University， Japan 

Disaster Prevention Re田 archInstitute， Kyoto Univ，町 sity，Japan

Disaster Prevention Research Institute， Kyoto Univ，町sity，Japan 

Kagoshima University， Japan 

Waseda University， Japan 

Univ町sityof ~∞rkee， India 
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A devastating earthquake of magnitude 

Mw 7.7 rocked the Kachchh District， Gujarat 

State， India， on JanuaηT 26， 2001. This 

earthquはewas the most deadly in lndia's 

recorded history. As of March 20， about two 
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houses is estimated at 370，000 and damaged 
houses at 920，000 with 600，000 people left 
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and damage to buildings and lifelines. The 

field survey was carried out from 18 February 

to 13 March， about a month after the 

earthqu砧，eoccurred. 

Although the debris from collapsed 

houses and bui1dings a10ng the crowded 

streets had a1ready been removed in many 

places， we still saw numerous areas where 

there were pi1es of debris which had 

remained untouched a10ng the na汀owa11eys

in severely damaged areas. We witnessed 

many evacuees taking shelter in tents on the 

outs揺れsof towns and villages. Because of 

severa1 damaging earthquakes in the past， 

the Kachchh District in Gujarat State had the 

highest r釘11ζinthe seismic risk eva1uations 

of India. Unfortunately， the awareness of the 
seismic risk did not faci1itate implementation 

of earthquake-resistant design codes on the 

traditiona1 buildings， which are quite 

vulnerable to strong ground shaking. It was 

fortunate白紙 theearthquake took place in 

仕1edry season， otherwise the restoration 

following the devastating disaster would have 

b悦 nmuch harder. 

This report mainly consists of 

contributions from the members of the 

research group supported by the Monbu-

Kagはu-sho. But it a1so includes some 

papers written by researchers who c10sely 

collaborated with us from the start of this 

investigation. The addresses of a11 the 

authors who contributed 初出isreport are 

listed in the appendix. We sincerely hope 

that the knowledge and insight g出nedduring 

the present study wi11 help in understanding 

the seismic hazard in this region釘1din 

reconstructing towns that are resi1ient in 

future large earthquakes. 

In the literature， this earthquake of 26 

January 2001 is ca11ed by di俄rentnames， 
such as the Bhuj earthqu叫叩， Kachchh 

ea.I泊中心{e，Gu.持ratearthqu出，e，and West 
India earthquake. In this report this event is 

for the most p，紅treferred to as the Gujarat 

earthquake， but the readers may find the 

11 

event being ca11ed by other names 

throughou t the text. 

Soon after we retumed to J叩 anfrom the 

field survey in India， we started to post the 

latest inforτlation on the progress of our 

investi草ationson a webpage. The webpage 

contains many photos showing damage to 

bui1dings， sites of surface deformation and 
liquefaction， etc.， which are not included in 
this report because of lac註ofspace. For this 

information， the readers are 児島町付加 the

fol1owing web site: 

h立v:/ / kouzou.cc.kQaakuiIUlC. iv/ mext/ iru1iα 
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to 13 March， about a month after the 
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1. Tectonic Setting 
Tamao Sato 

1. Tectonic Setting 

(uplifted and folded highlands of Mesozoic 

rocks) which is bordered on the north by the 

Kachchh Mainland fault and on the south by 

the Katrol豆il1Fault (Malik et al.， 2000). 

North of the Kachchh Mainland is the broad 

Banni Plain and farther north are the large 

salt flats that comprise the Rann of Kachchh 

(Photo 1.1). 1n the設annof Kachchh are 

several more east-west trending faults， 

including the Island Belt， Allah Bund， and 

Nagar Parkar faults. These features are 

thought to be reactivated Mesowic rifts 

沢民jendran and R弓jendran，2001). The 
Kachchh rift basin was created in successive 

stages during the migration of the Indian 

plate after its break from Gondwana in Late 
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plates collide， and about 400 km east of the 

junction between the Owens Fracture Zone， 

Makran su bduction zone， and Chaman Fault 
(Figure 1.1). This area is considered to be a 

stable continental region (Johnston， 1996) or 

a transition between stable continent and the 

active plate boundazy・Eventhough the area 

is located away from the m吋or plate 

boundaries， there are large east-west 

trending compressional features that cross 

the 瓦achchh Peninsula. The east-west 
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1. TecをonicSetting 
Ta立laoSato 

The 2001 Gujarat earthquake occurred 

in westem Gujarat state in an area about 300 

km sou th of the Him81ayan Fron t81 Fault 

System， where the Indian and Eurasian 

plates collide，釘ldabou t 400 km east of the 

junction between the Owens Fracture Zone， 

話akransubduction zone，出ldChaman Fault 

(Figure 1. 1). This訂 eais considered to be a 

stable continent81 region (Johnston， 1996) or 

a transition between stable continent and the 

active plate boundary. Even though the area 

is located away from the m可or plate 

boundaries， there are large east愉west

trending compression81 features that cross 

the Kachchh Peninsula. The east-west 

structures inc1ude the Kachchh詰ainland

6900' 

2330' 

2300' 

1. Tectonic Setting 

(upli抗edand folded highlands of Mesozoic 

rocks) which is bordered on the north by the 

Kachchh Mainland fault and on the sou th by 

the Katrol Hill Fault (M81i註 et81.， 2000). 

North of the Kachchh話ainlandis the broad 

Banni Plain and farther north are the large 

s81t f1ats that comprise the Rann of Kachchh 

(Photo 1. 1). In the Rann of Kachchh are 

sever81 more eastωwest trending faults， 

including the Island Belt， Allah Bund， and 

Nagar Parkar faults. These features are 

though t to be reactivated Mesozoic rifts 

(R吋endran and Rajendran， 2001). The 

豆achchhrift basin was created in successive 

stages during the migration of the Indian 

plate after its break from Gondwana in Late 
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Fi郡lre1.1. Tectonic and regional map of吐lear側 of吐le2001 Gujar低 Ear也qu紘 e.Redsぬrdenotes the 

epicenter of出e2001 earthquake determined by IRIS. Faults are after Ma1ik杭al.(2000). 
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Photo 1.1. Looking northward over the Banni Plain 

仕om吐leKachchh M出nland.

Triassic or early Jurassic (Biswas， 1982). The 

onset of collision of India with the sou thern 

margin of Eurasia occuπed in late 

Pa1eocene-Eocene time (Patriat and Achache， 

1984; Jaeger et a1.， 1989) 創1dfollowing 

collision the Kachchh rift basin sustained 

stress reorientation. By late Miocene the 

east-west trending Kachchh rift basin had 

formed and was being subjected to a no口h-

south compressive stress field. The 

max紅num horizonta1 stress that is 

responsible for cuπ'en t tectonic activi ty is 

oriented Nδto NNE-SSW (Gowd et a1.， 1992). 

The Kachchh Pennisula has a history of 

active seismicity (Table 1.1) with severa11arge 

damaging earthquakes in the magnitude 6 to 

7 range over the last severa1 h undred years 

(Quittmeyer and Jacob， 1979， Rajendran and 

R吋endr，創1， 2001). The largest known 

historica1 even t in the region was the 1819 

earthqu法 e(M7.5) that caused considerable 

damage in Bhuj and Anj紅 and 1500 

casua1ties. This earthquake is notable for 

producing the Allah Bund (Wa11 of God) 

which is a 90km long feature with vertica1 

uplifts of up to 4.3 m. Rajendran and 

Rajendran (2001) c1aim that this feature is a 

composite scarp formed from a series of 

earthquakes. Prior to the 2001 Gujarat 

earthquake， the 1819 event was considered 

to be the 4也 largesthistorica1 earthquake in a 

1. Tectonic Setting 

stable continenta1 region (Johnston 創ld

Kantor， 1990). 

More recently the 1956 Anjar earthqu叫ぽ

(Ms 6.1) occurred south of Bhuj with a thrust 

mechanism創ldcompression in a north-

northwest direction (Chung and Gao， 1995)， 

simi1ar to the 2001 event. Slight1y further 

away， the October 24， 1969 Mt. Abu 

ea此hqu法 e(M5.3) to the northeast and the 

March 23， 1970 Broach earthquake (M5.4) to 

the southeast， a1so had thrust mechanisms 

with north and north-northwest compression 

directions， respectively (Chandra， 1977). 

There are a1so numerous other sma11 events 

(M3 to 5) scattered throughout the region 

(Ma1ik et a1.， 2000). 

Table 1.1. List of events in the Kachchh 

Peninsula u p to 1996 after R可endranand 

Rajertdran (2001). 

Date L副.(~) Lon.eE) Ma郡山de

00-05-1668 

16-06-1819 

13-08-1821 

19-06-1845 

25-12-1856 

29-04-1864 

14-01-1903 

18-11-1927 

31-10-1940 

21-07-1956 

23-03-1970 

18-07-1982 

30-04-1991 

24-08-1993 

31・12-1993

01-08-1995 

17-02-1996 

17-11・1996

24.00 

24.00 

23.00 

24.00 

20.00 

24.00 

24.00 

21.05 

23.70 

23.34 

21.60 

23.40 

20.78 

20.60 

21.20 

22.10 

23.20 

21.50 

68.00 

70.00 

70.00 

69.00 

73.00 

70.00 

70.00 

68.00 

69.90 

70.20 

72.96 

70.66 

73.30 

71.30 

68.70 

40.00 

69.40 

73.00 
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The 2001 Gujarat earthquake occurred 

west and north of the mapped Kachchh 

Mainland fault under the Banni Plains. The 

hypocen ter p紅創neters pO'sted by IRIS 
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current1yare 

OT= 1/26/2001 03h16m41s (UT) 

Epicenter= (23.40oN， 70.320E) 

Depth=23.6 km 

Mw = 7.7 
The parameters revised by USGS/NEIC most 

recen tly are 

OT= 1/26/2001 03h16m40.50s (UT) 

Epicenter= (23.420N， 70.230E) 

Depth=16 km 

Ms = 8.0 
The fault plane solutions by different 

institutes all indicate a reverse fault striking 

in east-west direction with the axis of 

maximum compressional stress roughly in 

north direction， in agreement with the east-

west trending structures in the Kachchh 

Peninsula. Its shallow focal depth and large 

magnitude suggested that the fault of this 

earthquake would have manifested itself at 

the surface. Despite of efforts made by many 

geologists， however， the causative fault had 

not yet been found at the surface when our 

reconnaissance team arrived at the 

epicentral紅白.
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