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EREILEY, +RLRERPBONLERZCEVY, FRETIR, BRBIUVARKEORELBNTS
LB, HRBEHCEMFMOBEV B CORERED—2OHEL LT, BrOFEILLRENH
EXfTIo 861, FNOLDLBRHFR LBERYOMR LOMBEAIIOWTLHEND,

2. b B E B

eI VIROEIZS ¥ FREE 2 -5 2 7T RKEOHRIZ X - THEF N7 Indus-Tsangpo Suture Zone
BHY, eI VIUROERE & BIZ, FDOFEEIC Main Central Thrust (MCT), Main Boundary Thrust
(MBT), Himaraya Frontal Thrust (HFT) 7 &% ¢ DWiB O HE ShTWw 3D, BEOBEMHEZ, T
LT MCT it T I » TV b, 1905 Kangra 3% (M=8.6), 1934 Bihar-Nepal #13% (M=38.4),
1935 Quetta H & (M=7.9), 1950 Assam #E (M=8.7) 2 X3 OMBICREL-EXBBTH Y, &
|2, 1934 Bihar-Nepal ##iENEF IS EOME L ZIFFA LABORBHEVEZAICH ), EHOEEN
HolbBESRTWEY,

Lo 7 YIEEFNy M, B 2,400 km, BdL 500 km DEAFH # b L, MICFET 22050 0E
HTHBEEINTWE, FOERIZEREON VIV AEETHY, 41 F® Bihar M, F73—-VOEFHH
Biratnagar & &3 ZOHIRICE T 5, £O4BIC, BE 200—-1,200m D7) 2 EEFH Y, £F v LM
W EITh A8, UV N THEEINLTWwS, £/5— 1 ® Kathmandu, Bhaktapur, Dhankuta % &3 2
OHIBIZET S, FOFRIICH D/ YILHITER 1,000—4,000m D4 T, ZOIEIC MCT %5
22, SEOHBEI L HHEMIT, TS, VY IAPRE, YTV RBEEFNLDOERICEF LTV,

Table 3.1. Damage statistics by district in Bihar (Bihar Relief Commissioner).

Distiet [0 Ilzj(:ir:fi Mud Bt Btk Bate " Toral  Population
Darbhanga 83 992 25706 27178 52884 2008000
Madhubani 99 659 21747 16686 38433 2325000
Saharsa 21 435 18955 7367 26322 1989000
Samastipur 21 158 4217 1248 5465 3161000
Munger 16 932 18210 10230 28440 2546000
Sitamarni 6 75 836 963 1799 1932000
Khagaria 9 238 940 588 1528 768000
Begusarai 4 155 455 161 616 1456000
Madhopura 9 30 295 155 450 964000
Muzaffarpur 5 19 112 — 112 2357000
Nalanda 1 20 60 34 94 1641000
Bhagalpur 3 24 29 — 29 2621000
Sahebganj — 5 1 - 1 1079000
Giridih 1 1 - 1 1731000
Purnea 3 17 1152 8 1160 3595000
Gopalganj _ 3 —_ —_ - 1362000
Jehanabad 1 - - - - 800000
Saran — 3 - — - 2084000
Total 282 3766 84716 64618 149334 69914732
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3. MEOH/RE

LSEOBBIIT I F 2— FA6 6L FNITERELLVWHETH 7205, 1Y FORFA/S- )V EDE
¥1di 17 & 5 Bihar M Darbhanga, Madhubani, Munger % & DOHX THE 2828, HEXRBISHF, %
IS—= VDB EEIZH B Kosi Zone % Mechi Zone % & CIHET2E, BHEXRBIOFTFORENEE L7,
Bihar It EARBOREILL 51 ¥ FRIOBR B ERKST % Table 3.1 12, F/3-VEFH» L DEREZ E
I2& B A VA DHIX Gk EFHET % Table3.2 IR

TRAYSMEREFORKEL-BIFEIX A /39— VD Sagarmatha Zone @ Udayapur #1 X2 (b
26°755, Hi¥86°616) THH®, 1 ¥ FTid, EIRIZEV> Darbhanga (83)% Madhubani (99) Ti3E#H L1
W EAN L 124, Munger (16) ZEBES S 150 km L EBENR TV 25, BYOHEOL VOB ID,
—F &%= L Cld, Sunmsari (138), Panchthar (99), Dhankuta (93) ®JEICFEE 2% {, Khotang,
Panchthar, Illam ONEIZEDEE ISV, FEEDS\V Sunsari R OBEMHEE IS &A% 4, Sunsari

Table 3.2 Damage statistics by district in Nepal (Letter from S.Malla, Nepalese

Government).
Tme D D Sy Mo B Howe Come
Mechi Taplejung 3 7 28 767 293 120780
Panchthar 99 261 311 5244 6804 153746
Jhapa - 19 11 31 163 479743
Illam 73 129 312 5918 5538 178356
Kosi Sankhuwa Sabha 12 46 1 1944 704 129414
Terhathum 67 76 62 4481 3296 92454
Dhankuta 93 154 724 7277 2384 129781
Bhojpur 14 88 118 2956 3114 192689
Morang 32 941 233 637 852 534692
Sunsari 138 327 1790 2494 4466 344594
Sagarmatha Okhaldhunga 8 28 108 2162 3137 137640
Udayapur 82 70 453 5457 3933 159805
Saptari 13 45 80 1263 1138 379055
Siraha 8 41 - 76 . 1279 375358
Khotang 26 140 275 7919 7143 212571
Solukhumbu - 4 - 297 341 88245
Janakpur Dhanusha 2 3 25 375 306 432569
Mahottari 1 2 18 26 4 361054
Sindhuli 32 33 209 1670 1177 183705
Dolakha 2 5 14 268 933 150576
Ramechhap 2 1 32 589 1800 161445
Narayani Bara - - — - - 318957
Bagmati Kathmadu - - 3 - 200 422237
Lalitpur 1 3 22 376 137 184341
Bhaktapur 7 23 20 274 1477 159767
Kavre - - - - 5 307150
Sindhupalchok 2 4 30 711 478 232326
Total 721 2450 4879 53212 51102
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Fig. 31 Map of the effected region show-
ing the casualty ratios.

Photo 3.1 Typical rural houses in Nepal.
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Fig.3.2 Map of the effected region show-
ing ratio of dwellings damaged.
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REDHBBEORETH D, KEREHa L 2) — PERBEAEELPZII Tk,

PAUTFIS, SHEs e oRYOBERRZAEERIRIEHR T 5,

(1) Darbhanga, Bihar, India (Photo 3.2)

Darbhanga (B, S# 86 km BEHEO T » J AFRIZH S AOM00HFOHHTH Y, HEE, &
BHEINE, AEHERE?, 0008, HELEHERRE2, 0008 L HEIN TV,

BEE@QIIELETTENT7 - FROADLEOHETH Y, ROWELTo BT ERLTD, ZOE
Wik, BRELLIIAL)OBRIELTEBY, CORYAORE CIBOBFHOIBENET LLvwbh
Twh, BEEDNSTHTITSOEREIIH IHALERROBERRTH ), EEROETLEOBENALNS,
BERCIIFLEZRETOEROEYOALDOBROMETH S, TOBEICRONL L3z, BHKIES
TIREPA T ORELLHECHGOREIHMBEEELRE(TAIRREZER b D, BEE@AIZ 2
BRTELEMEROETHRGOBAROEETATOBEICSBRENDH L, TOBYIIRHELIZL - TET
LNTWwaEY, SIERAShTwE G, BETAHIEERR THEEEMICHEIR SRy, Bihar MIT
i, EELABME 2EBR IS, FROSEREILZVWEEOR T2, BREEIBETEND LEY
T, BLIZEHIPBL L CwaDFRoNE, ZOMIKIZE, BELOBA OGS, BELXYFELTHLE
WAL, BUOMKE, HARIHEEICEEBLTHAZLbELOND,

(2) Bhaktapur, Bagmati, Nepal (Photo 3.3)

Bhaktapur {3 % /73— L D E# Kathmandu DR 10km OEFHICH D, BEH» S 165 km FEILHEIC

(d) | (e)

Photo 3.3 Damage to houses in Bhaktapur, Nepal.
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WETLADLREOHEETHD, 2Tk, ET4L, BEEL, HERREL TS0FOHEND - 72,

COHIEICIE, BEREIESAD LI IHORLERMPTEEL CVb, BERbIT4HRET
W EOBBATE T DI EE LKL E R LTS, BHEIH L LI, TOFBEYORBEIEARE
OROLIHELEPEE, 20FL3EV+THETLEVIEBORKEVEETHL, /-, HELENEID
50 cm BLEF Y, HARHICH LTEHETFIEAT S 00, HIFERNS 5 IG5IRERE AW e
EH), OBEF»SEBTE S, AEQRIIHLEICKRINTVEA, KEBEIIN L TOHRIE
BEENBOND L IIEEIARL, 2L VEEbd 5, IORBOMBOERNS, BE,LM2)EENR
TWhD, KELhhorbEXHNLN, RERIZERTAHFLEIIRME TCOREDS 20, Hit
OERIINPEL, BWELPKRELTHERE - TV 5b, 19344 D Bihar-Nepal #1% Tid, Bhaktapur T
86,0005, Kathmandu T8,600F D END - 72 L WE ST AY, SHOBEICL HHERRE L Kath-
mandu T2005, Bhaktapur T1, 7515 & EHI891C Bhaktapur D EAE >, EH Kathmandu i3, Bhakta-
pur & DEMRILAEATEY, HERICETEL LN EMP LD LW T A,

Photo 3.4 Damage to houses in Biratnagar, Nepal.
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{(3) Udayapur, Sagarmatha, Nepal

Udayapur & Siwarik BB 5 # ¥ Y A FRIENAHMEICHHAOI6FOBETHY, T2 7 Hb B R
EHRORELEREBRICH:L-OMELS (, BERE, GHE22E, BHERRI,WAOEEND -
fre COMRICIHKELETEA LV -ORERIHEELRR TS LERETH o 1208, BEIBNRE
BHEECRIBREY S LAREES EPRAE SR, B, FUBEO Gaighat TiX, BOBRHARN
ALNTHEY, SAMICTRT L2, BBOREIL2VEIo2EBDNL,

(4) Morang (Biratnagar), Kosi, Nepal (Photo 3.4)

Biratngar (¥ Morang #[X (AO53%) OFLBTH Y, BIEH,OH 75 km HEEON U AER LI
WBT A THY, Morang X SETEEIA, AEEMIE, BHERRBL BIFOEENDH 72

BEEFERCHEEFEELT 6 AOEEY 7 LAKERICR (BHE@), BET IR L OBRGHIA
LAY, BEICHESARONH D, BELTOAVAIOERDONIREROGO & ) 2RBEIC R > TH
D, BEICI/NSRBRSROND, BHEW), @XEERD 6 R THHI 7Y — MERTFILTH B, Hh
Bz E DRSPS U272, WRTERToTWnALIAT, HMELH 2MEICL, BROROT
CH IR R LTS, BEMOMNEIX 30X30em® Th Y, WEREShIBYPELT IERFE A5/
SVEHICEDNL, CORMORNICOVTIE, 538 TRET 5, BECOEEKHI 7Y — MEEIK
B % A A S REGORY TH Y, FEORMIIHIGBTRE (RoNb, 32— MR 20
em FARRHE L /NSRS, FRHEEDSK T v 2 Y — MEOD, REBFHHIMEAT S OMEHORER
FEITL R,

(5) Sunsari (Dharan), Kosi, Nepal (Photo 3.5)

Dharan it Sunsari ##X (AI347) OWEOFLHMTH Y, BELSHEIEE 70 km O Siwarik LfE &
H P ARFEOBRRIMELTWb,

Dharan 1&, 4EOBEICL LRI BEOKEDP 720 DO—2ThH Y, FH12% (ANOI2FH), KEXE
4,2755 (REWK 2 FHE) OWENH - 77, Sunsari WELKOHE R, HF138%, ABHEL 1174, &
EFRE6, 9605 TH 5,

ZOENE, A4E, BAMCHAER TR THY, AoV TIEEL, 22 TRELDRYHE
STk ~<%, Dharan HEREGATOHLEIICH Y, F—Bohpic 2 R TR T > 7)) — M EBH,
PR THEEVRERS, TRETHEI 2 — FMERE, S%Hor 7Y — MERRKE, RELERR
i, BEROHKHI L7 — M ERM LR END D, 20D, BEEOEREEIFEQDEMIIALN
BLHICLE LY, FORYCERS 572 EEREIFIMICELY, ZOROPFTEH1ToTW
b, EFiChIHMHa> ) — NEDZEFONIBICHBEEIRONY, NBBEOFEIEALREETH
Bo 2RBEMT L2 — MEBEAEIIRELSU RN o720, HEEOBEAMIIIEL EEHL TS
(BED),, FRETHELEOFHIIRMLARICL LT - TBY, TORRKTORBFEFHZTREICLTY
b, BELOBE,SD, TELFHLTVABRSORRIME O KE 2HATRZIMHAENTEY,
CORBOEELBYRIHERShAHEICHE LI TH D, BEORFBRDE DRELEFEOHETH
b COMROENBYOKBS; I 2T ISBRETOBRLERY CHY, THEO), AhbbIOMEE
WO, R, EEEOMEL ML I EATE D, 19884 9 AFMKTE TH o 72 Tribhvan K¥ET
Bk oy NARBES 2 BMETORENRE CBTOHRTVAD, REBEOEANKRLEEOBESR
P, oEE, AATEEIND L) AHESRON(BEeE), (1), @EBEIIES 2720, RIHKH
AU 7)) — FEDLOBIREEE L oI EEZ LN,

(6) Dhankuta, Kosi, Nepal (Photo 3.6)

Dhankuta t& Dharan @4t 20 km, Biid 5% 80 km DILFEHIZH AT, TOBXTIIILEZH, A
15E£878%, WERRI, 6615 DHEND 72,

COBMRXDOBEDEMITHEEE 2 - SHOEROEETH L, BREAKMEZ EBVHETEIM TV AL

— 8 —



Photo 3.6 Damage to houses in Dhankuta, Nepal.
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B, BROERIIIEZV, HITHBIOBIBEPLSEEY XA TS0, HITERNIYMTOIIHLT, #
BXESNR PP S EEFOBBAICRAON o2 P HEELTRECLAREREREDN S, BRI
LHEFFEHE®@), OIRT. JOREYTIR, ERORBBICARE L &2RIT THNAOEI) L TR
PDETHH), COMRTIE, BERELEAELTBY, KBEErRA - 2HETCEEZEORBELOET S
Vi Sk 2 ) — MERMWOBEIZIITLRLALRY, AERIAEFEOTERS LA HHAIIEE
hize GERALFATEICTEILEITEDTVWED, HHLELLHVLIOTIRZ, BENLZIAT
HRALTWE, EFOARBIIE-oTHILTWA L) T, BEMESBEL T L2 »3ALITE
v, EILAFEELRLIEEAVTWAS EBbhb, »

4, HWE-H2 - MEVITLOMR

4.1 FEHEBEERRBHORRER
ZHED—ARLEIAECERI S-HBIC L AHERI TN L (RELEBRBR L OBRBREZHL,IILT
W3Y, Fig. 4.1 1213, §#11C Lethality GEZE R EIBRER L FHHROBM TR L2ME), K@y
DWERL L LT, APV T7 » MITOBEOVL OHPDOHBEIZOWTOHE OB TEYET L IR
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PREBLIENEL, OAIXSHEINOHEICL AETH S,
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Fig. 4.1 Lethality index in Turky and Italy. Fig. 4.2 Lethality index by district in Nepal.
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2 —3EHE L, BROWENTLLDEEZ SN D, Saptari (SPT) $FEEHK (13), BYHEK (12) &
A% L, HETEEY DLV IOIIBENIKEL L > TWHEREDNS,

BR D Sunsari K4 EOFEELFEMTH % Dharan Bazaar ¥ ELROIBEEDOEL 1o LMD —D
THh b, Dharan (BT HFEBOE (L) 2, BRI LOEDEIFHL P TRVWD, BEFZT-EBYER
(D) I3 A &BEYKR (C) DREPHMMICE >TFOy + 2L Fig. 4.3 DL % b, ZORT, 5
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Fig. 44 Relation of the house damage ratio

to the casualty ratio for Nepal and
Bihar.

Table 4.1 Material and human loss caused by the 1988 Earthquake in Dharan Bazaar.

Population 118218

No. Houses 20000

No. Wards 19

Ward Death Dﬁgl:sgezd Damage Category ‘ Loss
Complete Partial 1000 Rs
1 20 229 132 97 28585
2 8 179 68 111 27592
3 23 294 136 158 15529
4 11 185 86 99 27790
5 1 95 73 22 9230
6 5 136 3 102 14251
7 8 189 78 111 21688
8 2 364 39 325 15379
9 7 180 78 102 18690
10 3 174 54 120 16398
11 1 293 259 34 4627
12 0 191 44 147 13029
13 12 338 122 216 27871
14 10 278 276 2 17268
15 3 478 78 400 4906
16 2 161 34 127 14492
17 0 176 30 146 1748
18 6 156 39 117 6020
19 0 179 11 168 3414
Total 122 4275 1671 2604 288507
Death Ratio=122 % 100/118218=0.108% Rs=Rupees

Damage Ratio=4275 % 100/20000=21.4%
Complete Damage Ratio=1671 % 100/20000=8.4%

1 Rupee=5.2 Yen
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FEER L BYHEROEFE Y Fig. 4.4 ITRT, WER, 31T, BERRICH), 25— VEA Y FTH
PR L AT, RS- NVOEVREDEEHRENZ ENRD,

4.2 -7 HADEED SR
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ZOREOTFEMERTIT0.108%, HWEFRII2L. 4% EWMIZKE L, HERER2EIFASS—MVE-Z
FoTwd, BHEPFIR 2HICHSPNTHEILICEL EEBRRVORYEROBEREZIT - 2o BAMITL
Fig. 4.5 LB CRENTVE 1 — 5 ROBRIBEDE D o ZRKRTH D, 3. 28R~ RARFREIE 4 X
1231, [H EPCRLTVWA, BEX v v 7REPETOBXIIH S, RAEER, HEOERME, T/,
WHEDEMIZOVTIRARIZE W HERELHL, 2BELABDICOVTRERLEL TERDY HEE
BRIV, BAE LSO TES, BENOMKE % Tabled.2 (IR Y. T OMBOBRYDL/3ILER
B3, 1/33AZOBYTHY, BROMSMBHI 27— b, 720, BEBLEUHK2 2 ) - ME
BHETHD,

F%B LU Fig. 4.6 ITRT XH 1, 3B UEREENN%, 2HETHRLEDN%, RLEFEDI%
MEELTWh, KEDEETEELEDRIPRL5%BETHY, EHLAEE20%H5, »=rNE
FALL: B LS <, BEMERZLREZICCV, I Y7 - FEOBWIIOVWTE, BRrARE
BohbbOOBEEBELDORIBOATSH S, BEEOEWH AT LEELIRBEELMIALH TRV, 2
B EOBWIZIISG T 2 ) - MO o THERORARB HMT 522 LT, KEO—FHEEROEED

<
. - D
rouse Ml cowersee [2005
M Damaged
100 (— '—'_"""-' 100%
VAR
so b= 1~ ] sos
; ! H
1’ i ‘“‘Q jreceed 2
H o STRATRAGAR story 1 2 12 3 123 12
v " Materisl Wood Wood & Brick  RC-Brick RC
Brick
Fig. 45 Survey area in Dharan Town Pan- Fig. 4.6 Building classifed as to construc-
chayat, Sunsari, Nepal. tion material and number of stories.

Table 4.2 Statistics of Building Damage of Word 1-5 in Dharan Bazaar.

D Wood Wood & Brick R/C Brick R/C Total
amage IF 2F Brick 1F 2F 3F IF 2F 3F 1F 2F

Total Number 30 122 34 28 103 31 15 30 6 29 53 481
Collapse 3 5 5 9 58 26 1 107
Half Collapse 1 16 10 1 24 3 1 5 1 62
Crack 1 7 1 7 6 16 3 1 6 48
Tilted 3 26 1 30
No Damage 22 75 11 17 14 2 7 9 3 28 46 234
Collapse Ratio 100 41 147 321 563 839 67 00 00 00 00 %
Damage Ratio 266 385 67.6 39.2 8.4 935 533 700 500 34 132 %
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VETH b,

4.3 BB --WEXTLOGH

BWEFOBAERTILET S0, HEBIIHLV 22 DHEEE 172, Kosi Zonal Hospital (31405
PWEZENTVEY, BEESOADEBE*TIHTANRTV S, ABEEOF S IR LXK OERT, fidhl
OBEDSH 2, SHERTAN I Ty - ECERITNTEABETH L, AEEORICBROERL (,
BYOEIEL L2 L BFROEHHIEV, Dharan District Hospital (325K L BRI T 0, Zo
BRIIFOLIHEEDOKEDP S BRTH A0, BELYAICTOADAEEDIERICH > Tnb, EH 2
%, EEME 24, BEERIEDERZY v 7 OMICHHAVILBICERIT 2T TvA, A5, 35984594
WEZ, FORDNEDARK, 85&DT ¥ MBI TV S, BEENI-15%IIHEPLEE, EROR
# BYBIEBROBIHCEHKTH S, FL Dharan HHIZ&H 5 British Army Recruit Camp Hospital (&5
EHNKEELTEY, Ny FRRIIEE 4%, BERY » 71058 FEL TWh, IEKB0DRENy F%
HEL, BEf, BERRL60ZLU LN F) ZAOFBRED, SEBIIR TV 5, HI0RDERIZHD, £
DAL BAR, 8HFL, 0LULDFR2ITo TV b, EBOLH I, BRRRIIINEABR LB S
BEEIHETAZ L2 B0, FHPOABEOTFULT, HRTHIHELEZTB I EHPLET
H59,

4 ¥ FiZ1Z Hindustan Times, %/%—JL{Z1% Rising Nepal &\ ) 2EHFHHEH ), HEEE,» S OME
HHFFANLELEUTOI LN EL, F—NVDFRFIRT21ZE AL FD2.5HETH 71205, WERELEETH
DICELL-EBRANR-VOEFEL 7HE, 41 FCRIOHEPH»>Tw5b, 7, Rising Nepal (213
15 AL EOBICHE2500EBERIAER SN T 472¢%, Hindustan Times Tid$ A BIZ1000 582
BEoTwh, BREBOMELERTIVLELNH LY, BEBICLIBEEN ANV TREDP /2T E %R
LTv5, BHEONATIE, ErL0R2WE, REOHE, #HNAEY»LORML ESBBERICEL, B
BEE, HARENFRICES, BENEERHEEECR, BBEHFEZCERLBDRLRFRUN LR
Vi,

5. HEHBOBEDEE

AR Rk, SEAOHBICLIAZHOBEIRESIN TRV, 4 ¥ FTEHEEL ST/ H
CHEHPRE IR T EELPREREINTHRWE ) TH D, 2/3—= )V Tid, Kathmandu EBLL
PCHEIDIBRE SN TO L OFREB TRV, 22T, BAOHEPLSHOBREFEEL, HEL
DHEBRTHSPIITEI LA MAD,

5.1 MNEIEREERLABEOHRTE

Wtk owhEe /o Fa—FM E BRI A CHTHHBERH L OBRFORKIEET 7
Zax—Ya YAEETE, d5D EOREVEBROREABBORREZEI OGNV EDEZLLPL, EHD
— AL, MBORIERRELYEEL, MNEOBEARY M PLKBENINT—ARS MVEEELT
BABBOYMFELRET L HEFRRELEY, #L T, HADOWB/T 2 — & OB BRAMEEDT 7
ZaX—Ta VERICRIITERTHECL, FUNBIE TORKMEESFHITLLEL2), COEHTLH
BURET2RRERIEAMBORSBETHLILLRLAY, 8610, HERERIOAHTIHE
BEBORBHAIZ L ZHESRBIUPERBILD QELXERBTAILILLY, ChEITORKRELTE
EL7BERBRICOVTRAMEESFZERLLY, 22T)’, RKBE2EKTA:00EREHEIC
RN ERMY ANTEARFELZZRL, INEIBEDR =)« 4V FHERICHEA LT, BRRTOM
BRBOBENEDEETH 20 EL,

(1) KBBRERFEOLR

KWBOMBE 2 nXn BOPMRBICHE L, WEE LO/NISI/DBEL IS S ERIE, BB OBRES
BICLAYWoTUMBREREGLELII L TABEREARTHAILNTESL, ZO%HE, KBROHED
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glt) 12, NBEOHE) g(t) TRVWTRRATEENS,

( =iii}gs(t—tm) (1)

i=1j=1k=1

P2IEL, tr RRRO LD ICHBRBOMERIC L ZHEER, WBELLBEIMRET 2 DIE T HHHE
h, ZLTL VBRI E AREEROEHE MR G EEREERT,

(Ru"Ro)_'_é_{__ kt (2)

Ln= Vg vy (n—1)

2212, R, BB OBERG S, SBME T COEM, R, 3 ERXROBERES,» SBHNE TOR
B oo, B O S EEE, & BWBE LOMBRGSES,S  EXROBERGS T CORE, o 35E
HEE, 1 3 VEVDOTEVERTHS,

R LDABEOSRTE, I/r IVEFEOBEHCBAE L —5T5, LiL, COREHOD
ARY FVIIBEEERT o OEEEHD, EBROBHILBONZL IR o OBEELIELLEVD
T, —RRICEERERTH/ATEE % 5,

TS, AFRECIRI THVWAEREDEOHFED IUTOL ) Thots

gx.(t): Z ng(t_fu) (3)

S, nw o m, mBERFREBEAME, BEHFMELTLVEVEIIHETIEREGLEEEK
(nw=n=np=n=(Moy/Mys)’* M, . BT~ AV} 2FT. COFEEEREEBT o DEELHF
t, EROBHE% ICEBELI B, R 9D LI HEPWIZET2HERSICETAHIC
HARATHELD, MMBATRBEOFANR->TLE) EVIIRILED,

Irikura B ERBERICED 2 EHER E LTRREREL TV A,

n—1m

1
‘,‘l' ( ijk) (4)

D’_]:

a)=5 B gt~ + 3

i= i=1j=1 k=1

ORI A HOEREDEDLLESTVEN, H—HOARY PNIIEBAEEET o OHELHL, &
S W OEE ERO, B8, AR TRE—HICK) 2HeEl LT o EFMIE 5TV,
AR TR ZORERAVTEREDEET o720 RB), (WO £y & fun ER(2) D1k ORIFRIZTRKLS,
WICBRENTVADT, I TIXEBT 5,

KHBONAT — 27 Wik, bib LSBT E L BESER T, SHICHRERRY R B I
Lo TRDBIENTES, LT, Kiureghian'® OFELFVTRR L ) RAHBOWEEL RET
Ao

Unar=P(An)v'A (5)

SN2, Pldg) 2= 7B, Aim=0,1,20F m KDARZ PVE—-RA Y }THDB, EHII, 1EIB R
DHEBLRECET-O0O QHE, BIUBNLD PMERLA-EBOBIBSHLEATLIILICLY, B
W, (EHRREE, é&ﬂﬁ@*f@%@%mblnt%kﬂﬁm%M#T%taéo

(2) WEPEE & IR DEA

AL TRELAROFCREEDS OBEE R ICKKFAT VDO LERBEDOA LPERL Tk
OT, ERMEIERT A IS > TRRNBRELERTILENDH S, HAHIRBBIIMNT HKOEME%:
BEIARTEINLY,
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“’R‘"‘} (6)

AR, &)= Aexp| ~ —

T, A i QUETEATHRDANRY FIVIRIE, R REESLBHS I COMERE, c i3S EOEBE
BEThb, REOITAVAZLIZLY, BEEEKCRIWIZHNLARBRERZEATLZ ENTE 2,
FETHRELIEIISETH), BELLTHIVRIERIZO S EEFE (Q)"ZEF Ly, LaL, S
BERELD O IOBIFEL - FHFTORE, AL S a—FERE (Q) DA KSRLT { o hizlElT 28
HEHZ WV, DFEICBITARENL Q HOBBEBEKERXRLUTILRT, 4 v F - 28— VESEBFHICBIT
5QUENF-FENETAZLIRETH 0T, ZITRRTNZHECTEN LT

(i) wdb, deddEms (AAER)' log(Q™")=—log(f)—200  (7)
(i) FL, JeiEdy (KTEM) log{Q™")=—log(f)—230  (8)
@) BIE, HaEmHs® log{Q " )=—06"log(f)—24  (9)
(v EEHE Q.=230v/F  (10)
(v) WE, AMBE Q'=93-107% 212 (11)

22720, ), EEFSILBOMAHER L0, ()i Q EOBmEEL, SHEFL THEPBEICHEL
720, @), VEXBASALEZODTH D, A BIPP BEOBREGH HHE LM L B OHIG
BEOBMREYESMICIERTAL LI, BEEHFLEERNIERIINT L HBOMEE ORI AN L
IEBMIZED TV A,

G+=5.5 (B4 48)
=5.0 (BE=R—EHLRE)
=4.0 (4F4ELY) (12)
=35 (E=KE) ‘
=2.5 (EE=1RE)

AFFETII LROFEICL > THRONAHEE G, tHWT, HRHOBKMEE Anulsrf) ZLTO L
IZED T, '

Ama:c(srf)=GAXAmax (13)

(3) A/S—=)b « 4 ¥ FHEBROBKIMERE S

COHEIZI9884E 8 H21H, AN NVEHFBLIUS v FIbREHE 272, w5/ =F2— FI36.7, BB
26.775N, 86.616 N, RS 57km Th b, HFEHIHTACORY, FiZA ¥ FTRA/S— L EDEIER
V37 Madhubani, Darbhanga, Saharsa % &2V K 2 28E 4+ %), F/2%/3— VT EEHO Dharan Bazaar,
Dhankuta, Biratnagar % EO#BTAMMELZiF 72, TN IROBEANCEA 5 IBHEB LIS ET A HHT
Hbo

@) miEsMH

US.G.S OFEHKD 12 L 1iE, Table5.1 ISRT &I 3 BHEOBEEFAFEREINATVD, HFEFIIC
B2 ODMBEAGZONTVAEY, EbLAAYOMBETHEMEIDFT— ¥ 221 TCIREETE RV,
ZIT, REOGAEFR LU CEROWBE 2 FE L7, Fig.5.1 IABORELS 1 » AE%D10A 3
BETKRFSNIRBOBIGHERLIZLDTHA, Ha), (b), (©)idf~ PEEES6.0, 6.5 7.0
km/sec LIREL7:L ZDHTH b, FROBRMUEBLZET L L P EEEY 7km/sec LT 2DHR YT
BT ENbhD, HE)HDW#E AB, CD 2 USGS OMBEFNVDA NI A 2 5AR R L bDTH
Bo COWMEIHE - -RBOFESHESAA Fig. 5.2 IZRENRTWVE, Thhs, AB BEBOKE D X
FIA Y (2178 Tho/zZ EXHBETE, $72, 74 9 TAL LTHED USGS. DEF L 2RET S
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Table 5.1 Fault Parameters of the 1988 Nepal-

India Earthquake.
strike (°) dip () slip (*)
221 36 14
P-wave
120 82 125
217 54 —10
USGS
312 82 +144
230 23 2
HRV
137 89 113
.
Y amg (a) |8 (b)
. L% [ o Y, T s
AN ) 5
® ° e
D';».yu Fig.5.1 Epicenters of microearthquakes in
S 20 (c) India and Nepal from 21 August to
R ;::::E 3 October 1988.
* - éﬁ:“_ sooun ¥ (a) P-wave velocity 6.0 km/s
TN AL (b) P-wave velocity 6.5 km/s
o ———]
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oy (3 E)

1988 BB,21 0@:08 -~ 1988 12/82 24:00
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(¢) P-wave velocity 7.0 km/s

1988 08,21 80:88 -~ 1988 18,83 24:00
E A

° )
°
49 - °
-
89 6o Bogo
Sof 2e° °
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Fig.5.2 Distribution of microearthquake depth in India and Nepal from 21

August to 3 October 1988,
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W -

(a) assuming that fault rupture (b) assuming that fault rupture
started at the right edge of the started in the middle of the fault.
fault.

Fig. 5.3 Contours of maximum acceleration in the 1988 Nepal-India Earthquake.

wr

Acceleration(gal)

Fig.54 Comparison of maximum ground
intensities obtained by several
methods.

5 ; : ; e
5 10 50 100 200 300
Distance(kn)

I :Estimated by Liquefaction Analyses
@©-@:Upper Bound Estimated by Questionnares

@-:Average Value Estimated by Questionnares
§» :Theoretical Solution

DWRBTHLEZ WO 2D, UTOBWTRIE/ (52 —% L LT USGS PRELEXHV
LI EIIT D,

(b) B KNEBE A

Fig.5.3 3HEELARANMEEOBMBFHEOSHFER L ODTH S, Ka)&(b)TIHIE LOBIERLES
PRELZ-TBY, FIEINBOAERENS, BEXPRIOBUESEBE LA L L TRAIEEOYFEL KD
12bDTHbH, ¥ENIRREZEL, HOBRIIHERGERL TS, ThEYD, KELEELZIT /-
TR 25~80 Gal DHENIHEELSHTE Y, KETERE IV D EIIHTHY TR R
%, Fig.5.3 13, R OMIEZ 208N ELHFICHEIL, ERMEOKETRAMEEZAH L FOEERY
#:HTH 5D, Fig. 5.4 13RKD O N BAIRE L BRIERE L OBRE Fig 5. 3bDERICOVTRLA
BDTHhHH, BIIEMA25km DH7-) TRAMEE L LT 130 Gal BEOENFRLND, £EKERIEMN
ELTREBREMICREFOTF= 22— 5 VIR TV, BIBOLA) 2EZBLTWEDT,
W EECIIRAMEESEBREF L TWAI bbb, RIFICR, BT 7 v, — VATKEEL
SPICHRILBE S S HEESNIBAIMEEDBEER L. 77— MRS CPEHEIZBRRER I &
EICIBETEHEL Y RS bd, BREMA O0km LLETREHBEOHIZAEIRTEY, 2R
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Table 5.2 Intensity questionnaire items

Question No Item 2 3 Intenjlty
8 Awaken - Few
9 Vibration + Light « Moderate
10 Duration + Sudden « Short
11 Frighten - Not
12 Human behavior
13 Moving - Easy
14 Animals
15 Hanging objects « Slight + Alot
16 Windows, dishes - Rattle
17 Liquids « Little + Lot
18 Shelf items + None
19 Furniture + No
20 Walls
21 Chimneys
22 Stone, brick wall
23 Ground Cracks
No. of Categories 1 5 8

YLREERIBONTVEI LT H Db, 72, B LD OHE SN IRAMEEOHEILFBEHENIZITL
He—FHLTWAI L bHET S,
Foh— bREICELIHE
BEBRGOLVWEIATOEEYHETHARAD—DELTT v~ VRAEMER P LTDRTW
22 BEROEBHOBRLY, FEOENS, BWOREL LIERAWTEMHE OB D % 0 52650

5.2

ot R4

P

2
184 Near field
16
144
129
19
8}

[CIF S
e

"RVERAGE™  INTENSTTY
Aor Nxr @wr @y Nre

Fig. 5.5

. Ry TR

y "t "
" i
el sy i

=1

51 L
L S 1 168

EPICENTRAL. DISTANCE (KH)
O “AVERAGE" + "MAXIMM®

Far field

“FVERRGE” INTENSITY
w SW B B

Fig.5.6 Attenuation of
“maximum” intensities along the
epicentral distance.

w« 9
average

Distribution of “average” intensity for near field and far field location.

and
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and categories of responses.

Coefficients Based on MM Scale

5 6 7 9
» Many - All
« Strong - Violent
- Long - Very long
- Little + Quite « Panic
- Exit
« Difficult + Couldn’t « Fell down
+ Uneasy + Ran out « Ran, cry
- Fell
- Swung/brk « Broke
« Spill
+ Few « Many < All
« Slight + Overturn + Damage
- Fine crk - Plst fell « Large crk - Collapse
+ No damage + Small erk « Fell + Most fell
+ No damage + Small crk « Big crk + Collapse
- No damage - Few - Many « Numerous
15 12 9 2

HEHEL, SO0RELRIBRICBVWTIBOEE 2B, B4 0BT A2EENELIEE Mer-
calli REERE( 2 ~ 9 )ITHIE S E 72075 Table 5.2 TH 5,

BEFEIFICRBOBROB I+ B THEERIOEELBLH5ETH A, B, Kathmandu TizH
FORJBSUMOHB N LR TEHILL /2. Table5, 3 IZFMK T DREE, BEILOEREE L LI, 7T
r— MERPLRD SN FHRES L URKEELRT,

AEBX ¥ AESE (Dharan,

Dhankuta,

Biratnagar,

Udayapur,

Darbhanga) & & §E 8 (Ka-

thmandu, Lalitpur, Bhaktapur, Patna) IZKBIF % &, HERERIGTHME T6.0, HEMT5.0& 425

Table 5.3 Sites of the questionnaire survey and preliminary intensity estimations.

St Abe | No. o[ Aversge e Moimr! mens. | et
Dharan DHR 16 6.16 "~ 053 8.25 0.66 70
Dhankuta DKT 6 5.76 0.53 7.50 0.76 82
Biratnagar BRT 11 5.76 0.42 8.27 0.62 72
Udayapur [910)¢ 8 5.94 0.64 7.75 0.66 18
Lalitpur LLT 8 4.85 0.66 6.75 1.20 173
Bhaktapur BKT 5 5.30 0.23 7.40 0.80 165
Kathmandu KTM 45 4.96 0.34 6.67 1.01 175
Patna PTN 7 485 0.38 6.57 1.29 181
Darbhanga DRB 7 6.11 0.32 843 0.73 86

Total 113 5.39 0.68 7.32 1.16 -

" Epicenter: 26.7N, 86.6E
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(Fig.5.5)0 MBIEMercaliBEER 5 D3 S IZBANEHE 20—30 gal, H AORBRITEENICHNST 5,

Fig. 5.6 RHECBEROBRED L OEMEMFELRL T, ROEENFKRIP oL L &bt b Dharan T
i, MM BER 7, BAIEE 100gal, BAOEEVREE, 721, ThDEL#ESINLY, TV 75—
FNARDEHECRETIE L o TW0d, FOBEIZT FRO L) ZHBEOKNERILE L BT ORELE &
FE LRI SO ERBOEFIHBEEILND,

5.3 BYRNICLSHE

AR PICAE L2 RYWORE Dharan i(2H A EEX v v 7THOFRETHHI V7V —b7ay 7
EOBBIHOLTH b, BAEHEL ) OERE 1d/m? LIELT, —ROENFEHET HKFN FHEWT
L&

Q=CX30.5X6.8%1.0/7=30XC (ton)

Lhb, —F, TOv rBEQHMMEY 1.5kg/cm?, BEY 20cm, BOFIHE S % 508X0.7=350 cm &
5 EBOKEERNIE,

Qr=15X508X20X0.7=10,000 (kg)

Yhb, 2RDOEK C=0.33 182, COBRWOSEOHEICL AHEFEMT, BIMEFIELT
WBEETHD (EHE Dharan) Z &, BLU, BYOMIEREEET S L BEIIER L 100 gal IR T
LGipolehrbEZbND,

(2) Smaryry—F&

Biratnagar DEEH D 6 HETHT NV (BHE Biratnagar) \3#EIC LV, 1, BCHELZ T, WML
HhCh oA, SOEYIE 20mX12m OFEHTH L, HMEMEY Y OER 1 of/m® 2ET 5 KT
1z

Q=CX10X20X12X6=1440XC {ton)

¥ % B, 30cmX30 cm OIS 13mm OFIREHAH Y, ZOEOMITE I 9.3 m, HTBIEERE
L7z & & OKTFEHN I3

Qr=2X9.3/4.0X24=112 (ton)

L0, 1REOEANRRIIH C=0.08 L2 5h, ZOBRYICIIRLESDY, ERh Lol s g
ME Do E EERIEEYE X 5 & HBIINEE L 80 Gal Ak L FEIND, + 72 &|2, Biratnagar (ZBEHE
4 %4 ~ F® Dhabhanga 231} A3 AN REIZ0. 8L RHES LTV 2,

(3) MRELiEFERE

W28 D E1L Dhankuta, Dharan, Bhaktapur ZEZE S & ZHIZEALNTZ, HEOKEIEOEN
OWIETH ), RETOMRAORENELRELELOND, ZI T, HLBEZML L-BEBEEOR
BRELEx D, BERt, BE% hEThE, EHOFRMENFEICE S L ZOTANDERII

C=t/(3Xh)=50/900=0.055

%D, t=50cm, h=300cm LIKET 5 & HAMIZ C=0.055 DETESRT A L% b, Bhaktapur T
2, ARBTHEEOREIN DY, BEREAEZVEZZONESH 20—40Gal BELFEING, 1V
FOBETIE, EROBEBEFI V2 - MEOHMTEDAZ L EHEL TV 5,

4) BEERE

RE O AN IR/NE L, 0.9kg/cm? B (Indian Code) %*5 0.5 kg/em? BN A, FEDHE
FEE 30m2 BNEHEY)OEEY 1t/m?, BE% 50cm, BOAYPREE B0em L HET % L KFT
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i3
Q=CX10X30XN

KRBT i3
Qr=(0.9, 0.5)X50X350=(15.7, 8.7) (ton)

b, CAMNFREIZIR, 2B FEROBWIIOVWT, FhFRh, (0.17—0.09), (0.26—0.14),
(0.52—0.29) &7 5, Dharan FINDKELED 2 BEETL EASERY E2I% L/ &, Bhaktapur Tid 4
BERTIIHEPE N7, BIU, BEMIERYE 2 5 L E#EE 2 Dharan, Dhankuta Tit 70—
150 Gal, Bhaktapur Tl 50 Gal Rk & FHEE NS,
DEOBREABEBLUSHE TORERR*ER LT, ATHBORAIMEE2RETLERDE IR
b,
Bhaktapur 20— 50 Gal ( 4 B8 THE SERWRIE, T OMEEN)
Gaighat 60—100 (2 BECHBBELEERSE)
Dharan  80—150 (2 R CHEEEEIEE, 7 ov 2 %AaR)
Dhakuta 60—150 (1R CHEEEREWRE, 2HECHLEREN)
Biratnagar 60—190 (6 PEET R/C EHE, ZOMBEND)
5.4 BIRILICE DK REDHTE
BEEA L~ T VIUHLY v T AN OWNEFHF~BBET 2HIBICH - 70T, »&)LHEHICH > TR
WIEHEBE R 5N/, 3#4 (Gaighat, Bainigaon, Duhubi) THRILTHEE LB %L L2, Fig.5.7
ICHERBOKREY TR Lz, WThd, BEHEDOREETIE THERILLL TV, o8 shTy
Bo ML 7-BIH LTCZ8RBRE1T-> T, HNBEELNKERALOMBEL RO D) Fig. 5.8 TH

50 M
Dububi

Gaighat

v I

.......... ;o

W Very easity; |

/ Liquefy . ovupi
« Gaighat ' 5
. B:iﬁily‘on

Banigaon

b Ty T

6.01 * 6.1 L8 1!;.0 20
an W 40 s s 0 80 90 100

Fig. 5.7 Grain size distribution curve of (%)
sand samples from areas effected Fig. 5.8 Internal friction angle of the sand
by the 1988 Nepal-India Earth- samples in terms of relative density.
quake.

bo DT T, HRILHIEEDERE™ 2N, FRIZESVT, WML E CORAIMBEESHRET 5,
(1) BWRIEH B LB
HRRICHBNICRET BRAREDE e/ 0s AR TE 25152,

Tmax __ Amax Jy ( 1‘4)

L)
oy G "% oay

SO Tnae WERRBAMIET], 00 & o) FRS 2(BA m) TOREFBOLIEH EHBENTH B, r i3
ICNBIBETH Y RN TERSN TV 5,

— 21 _—
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T, XX TEHS W2 NERERA L N EORKRERAT S,

$=+12N +20 (19)
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Table 5.4 Estimation of maximum accelerations (Gal)
from liquefaction analyses.

Gaighat Bainigaon Duhuabi
50 126 117 119
Dr(%) | 40 116 109 99
30 103 97 81
Lowest
Intensity 7 w &
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SURVEY REPORT OF THE 21 AUGUST 1988 EARTHQUAKE
ON NEPAL-INDIA BORDER REGION

By Teizo Funwara, Tadanobu Sato, Tetsuo Kuso
and Hitomi Ohashi MURAKAMI

Synopsis

The earthquake we have investigated took place in the Nepal-India border region in the early

morning on 21 August 1988. This earthquake in the southeastern zone of Nepal close to the bor-

der of the State of Bihar, India registered 6. 6 on the Richter Scale. Its focal depth was assumed
to be 57 km. In Bihar State, India, 282 persons died, 3766 were injured and 150, 000 houses were
damaged. In Nepal, 721 persons died, more than 5000 were injured and 100,000 houses were

damaged. Most the houses damaged had been constructed of stone cemented with mud mortar,

unburnt bricks, or burnt brick masonry. There are many wooden houses and few reinforced con-

crete buildings in the effected area. We did not find any serious damage to those structures.

This is a survey report, in which the damage to human loss and the collapse of building

structures done by the earthquake are introduced and discussed. We estimated the fault zone of

this earthquake from the post-earthquake records. The intensity of ground shaking around the

effected areas is discussed in terms of assumed fault parameters and the geological condition of

the surface layer. We also prepared a questionnaire asking inhabitants. The intensity distribu-

tion estmated from their information is compared with the intensity derived from seismographic

data. Based on our laboratory tests of sand specimens collected from riversides where liquefac-

tion occurred during the earthquake, the maximum acceleration near the epi-center is also esti-
mated. The strength of the structures in the effected areas is estimated and compared with the

actual damage done. On the basis of our survey and analytical results we present some recom-

mendations for the mitigation of earthquake disasters in these areas.



