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Collapse direction of wooden buildings by the 1995 Hyogo-ken Nanbu Earthquake
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Several hundred thousand wood buildings were damaged in the
Kobe to Hanshin area and the northern Awaji Island by the 1995
Hyogo-ken Nanbu Earthquake. The areas in which more than sever-
al percent of wood buildings were collapsed, were mostly restricted
within a narrow belt, 1 to 2 km in width. Large parts of the belt did
not coinside with the well-known active faults and with distribution
of a particular geographic features. Various kinds of geomorpholo-
gical features, such as alluvial plain, fan and terrace were included
in the belt.

We have observed collapse directions of more than 2600 wood
buildings in the seriously damaged belt to estimate shock directions
of the earthquake in the hypocenter region. Predominant collapse
directions of the wood buildings were observed, although the direc-
tions were different place by place. Three large and two small
blocks (A to ‘E Blocks) were identified in the Kobe and Hanshin
area as follows, in terms of the predominant collapse directions. A
Block : from Suma to the JR Kobe station, B Block : from Sanno-
miya to Ashiya, C Block : from Nishinomiya to Takarazuka, D
Block : from Motoyama to Ashiya along the northern margin of B
block, and E Block : eastern part of Takarazuka. More than 70 % of
the collapsed buildings in A, B and C block were tilted to southeast,
north and west, respectively. D Block had mixed collapse directions
to north, west and northwest, and E Block did to both west and
east. In Awaji Island, similar predominant collapse directions were
observed, although the number of buldings observed is small. These
predominance of the collapse directions likely implies that most col-

“lapsed buildings were simultaneously damaged by a strong palse
wave in early stage of the earthquake and that the shock direction
was opposite to the collapse direction.
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Fig. 1. Index map. Solid areas show the distribution of
collapsed wood buildings by the Hyogo-ken Nanbu Earth-
quake. 1 and 2 : investigated areas (1 : Kobe and Han-
shin areas, 2: northern Awaji Island).
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Fig. 2. Investigated routes of collapse direction of wood buildings in Kobe and Hanshin areas. A to F show predominant col-

lapse directions of wood buildings ; A : southeast, B : north (north-northwest), C: west, D : mixed directions to north, north-
west and west. E : east and west, F others. (a) : Kobe City, (b) : Ashiya, Nishinomiya and Takarazuka Cities

NI I -El ectronic Li

brary Service



The Ceol ogi cal Society of Japan

70 WHEER - riER

Fig. 3. Photographs of typical collapsed wood build-
ings. Upper : The first floor of the building on the road
was entirely collapsed, althought the second floor left its
original shape. The first floor of the left side building
was tilted to the same direction as that of the collapsed
building on the road. Lower : Notice that the buildings
collapsed on the road came mostly from the left side.
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TEHIOHMERBIGNETAZ EIZRBETH 72,
ERMBICIEROLBOBEL L, RIIZEREY S S EH
BERBICEDTRWI b o7z, TO-DEEIXEY
2, BIEAFMEZEROET AERO ML AL LTH
EL7 BEALOFBIIHEEOBEIZETH DL WIZE
TTHLHICETLNTEY, BHEHFMLIEROMEIC
FATHH 5 WITERT HHENELHh o7z

R CTIHIREE P, S EBREOHE T, HIEOSMIZE
BELL2VS, W2 M0FDORERBOBER A *BIZEL
7o, FEOERE LT Fig. 5 ICHEHHETOLZERX -
PR OENAE-FEMEON - <y TERT
EBOFAETHE, TORIRTLIIC—FHIT L OREL
[MZ#EEICEFEL. ZORIZBWTHEN —HE i
ERHOEZEXOBENFBO TREDP - 2T, KB
OBIEFMICEB L2 FR (ZOBEICIEME) 255
ZENHENTH .

1998— 3
Two Story
roof
roof S
2nd floor
1st floor
1st floor

V4

s

2nd floor

1st floor

Fig. 4. (a) Collapse pattern of wood buildings by the
Hyogo-ken Nanbu Earthquake. Many wood buildings
were collapsed in a manner of “tripped up”. (b) observed
collased direction.
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Fig. 5. Route map around Minatogawa-koen, Hyogo- ku,
Kobe City. The locaslity is shown in Fig. 2 (a). 1: col-
lapse direction of wood buildings, 2: streets, 3 : railways,
4 : railway stations ; 5 : schools, 6 : burned area.
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WKRBITE 7z (Fig 1) [ REBILTEE (JLKEE - —F
BT), MEHEE~®)AEME, AT ~mEmW
HERE, EFEWEZRRME~ILE.
REFBOWEMBHPEZ 2FRT 2 LT HRR
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BRHEET > Cniewnds, B L-RBOMIZ, NHIL
BHOINEVW ORI HEMNETHL 2SR, TE
DOETE . BIABELFHOMBEHEE T, KERE

19954 L IR F SRR 12 BT B AREFR B OBIBE I 71
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R DM RN TR L D AR (Fig. 6). D
TEIEEIED (1996) 12X hTFbh, AROERYE
TWh.
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B7u vy 7 OEMICITMEND 712y 7 2%BITE
72, FAEMIACEBICIZE 7Oy 7 2T, ATy Y
EBTHy 7 OBICIE, HEOCLL VIR FEE~ITTH
) RO, A~EDT Oy 7 ZEIZEHR L8
BERBOFABOE A% Table 1L ITRT. RIZETH
7 ZE DR EET.

AJOv 7y BE~EIABRME

o7y 7%, T NSOE FANCIENT WA, T
HHHITIFTIOFEIZENTE Y, F2ERITH NSO°E
&9 NAOW DRETIR%E %23, BIEE L - REREOK0%
PEE - HFEICE N T WS, FORN, BRA
70% L EEEBICE C, LT HMIZ20%55Th - 72
(Table1). ELIHEIBOTKED - -EHRX
SEERICIT COEREHR~EBIARRBCE, &
80% DEBIVEEFEICEEL Tz, 7272 LEBIE
FHICEE O TV B ZEBEERAF I Tld, BV S ICEEE L
TWAERBMWHIL o7, HEOLEND b o 728 T
i, FAkRSH T VEE TR 2D IR BE,
1995). Fig. 5 DIV =+ =y FidZD 70y 7 OILEIE
WZdhich, 207Uy 7 OEBL-EERME, BER
BOMUPTELERTSHETS 5.
B7Ov 7Y : ZE~EERIIfiE

DTy 7%, N70°~T75E FAIDE N % /RT. Fil
B ERTHELOIZERIE, ZSELLEEHRIIET
IR A BE LR O #IB TR N70°E &8 N20°W D%
FREZ-TWA., BTy 7 E&MET, 85%AHALFH
(B VA b —E B ) IS T 7288, 2 DNT70%
A LB TENRTE D, 10%5RAICHEICENT
W72 (Tablel). D70y ZIZES LA~ DEE
Flat, CoOHBOILEELEMEBMELEBITE: &
DEREFRELSEMTT S,
c70vy BEE~RREHLUER

ZOTUy 7 DL, WEWEREMTEY S FRE
MEFTRIEBIFEE-BHEFHTHA. WLTHELM
WIEREBEDIZIZEIICH 5. KL, £
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Fig. 6. Distribution of five blocks (A to E) identified by the predominant collapse directions (arrows) of wood buildings in
the Kobe and Hanshin areas. More than 70% of collapsed wood buildings were tilted to a paticular direction in A, B and C
blocks. This fact likely implies that the buildings were simultaneously collapsed by a large pulse wave in these blocks. I :
Arima-Takatsuki Tectonic Line, I : Takatsukayama Fault, III : Suma Fault, IV : Suwayama Fault, V : Gosukebashi Fault, VI:

Ashiya Fault, VII : Koyo Fault.

BB O 5 588 RIS TERB OB
Bwvy (Fig 1, 6). BEHORJI,SHEEIZWS
HWIg T, HEITIETEREFIICES TWE. £HN
I TIEEBEOFMICIIEZRBAEEAL LW, 20D
70y 7 TIE, FIEREONI0% E A LICE T W 298,
¥17 5 %HTICTE Ao CTHNRTW/ (Tablel)., 20
B+ 2 FEIZCO7ay 7 Ol IEFEICESLER
Wi 2> R OEm & id, R45ERMTT 5.
D7Rv Y BEKU~EEI

ZOT70y 22X, B7Uy 7 OFENIE - TIZITER
WHENCB Y, TR EEBE 2 5HICHRT N FFR
DM TH L. HEIZBTO Y 7 LFEEE, # N7O°E &
¥ N20°W OTFIRTH H. = 2TlE, H40% 2301258
NTBH, 40%5ZHICBENTH2, F72, EfEmE D
#15% R 5172 (Table 1).
E7Rv Y  EBHERHB~LE

ZHOTay 7%, D7y 7 OALEEH S EIZED 5
THERL/NEREOH/IB TH A, AR L EERERIXD

RS, TS ICIZIER CES TR T\,

R EILMORALEEEE Table 2R L, BT LD
i U-BIE M % Fig. 7 1R, &L LCEHEk
BRI ES LS, EETEICITITER L -EEFRR
DD O NS, REEOEEBHE R COWERETIEZ, —F
B OB D & ALRIT OB BB E CHEE 2 HHEIRS
n, &t L TREMEOREFmERT. 7272 LR
WRABLEFEITLICAESIIELY, BFR - BFOMES
ML ELICHMEICELL, B BHOIEALE
boTWEIIIRZA, BREABESELLEE - B
WTOFBOEEEFRMIZ, | TITEHEWEOERICPEITIC
v, BEITERTRERTELEREE L2V, 1t
BN TV DPE D72, 2D L) ITHEBE T,
i & ICBEESMICEEREVWYEDLOPROLN
7z.
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Table 1. List of observed collapsed wood buildings in the Kobe and Hanshin areas. No : number of buildings observed.
Values show ratios (percent) of collapsed buildings in each area. Localities of the blocks are illustrated in Fig. 6.

Bliock No N NE | E SE S |SW | W |NW
A 794 <1 3 2 |72 | <1 2 1 | 18 ||Suma~Minatogawa jinja
B 928 721 <1 1 <11 13| 8 5 {|Sannoniya~Ashiyagawa
C 481 12| <1 5 <1 <1 1 74 6 || Ashiya~Takarazuka
D 239 40 | <1 1 3 11 37 | 16 ||Motoyama~Ashia(north)
E 24 41 O 58 0 0| 33 4 || East of Takarazuka

Table 2. List of observed collapsed wood buildings in the Awaji Island. N : number of buildings observed.

Hokudan-cho Ichinoniya-cho | Totalof || Tsuna-cho
western —
N.-Hikiura | Toshima | Tonouchi | lkuha Murotsu Ozaki Gunge | corst Shizuki
N % N 9% N % N % N % N % N % N % N %
N 0 0 0 o0 0 O 0o o0 0 © 0 © 0 © 0 0 0 0
NE| 16 64 19 40 4 31 0 O 4 15 0 0 0 0 43 28 0 0
E 2 8 15 31 6 46 8 62 8 30 1 10 4 24 44 29 0 0]
SE 1 4 6 13 0 O 0 O 10 37 8 80 10 59 35 23 6 30
S 2 8 1 2 0 0 0 O 3 1 c o0 0o O 6 4 0 0
sSw 3 12 6 13 0O © 0o 0 0 0 1 10 0 0 10 7 0 0
W 0] 0 0 0 3 23 5 38 1 4 0 o 0o o 9 6 1 5
NwW| 1 4 1 2 0 0O 0 0 1 4 0 O 3 18 6 4 13 65
Total| 25 48 13 13 27 10 17 153 20
2 = ICIED: 2 ROBHDOGAOFEH R NIZE NIz F DA,
- ARER DBROTFIEMEOMBEM AT b - T hE
BREOEREOAHICONT PHEFEINTOD (TH, 19973, b). 2512, BREO

RERBOBBEPRONL R EORELRPEIHEN
HIROHITIZED L2, TOFOHHIL, 25
HNTWZAH ILELDEWE D5 & 134 { O T
—HLTWwihv, KBETOHESMITITITHENE &
ZTOERIZE>TWVAED, METEIEEBMNELHILET
DHRBELBEEMIE b TWE CGEHIEA, 19967
£). RELE - WETIEBECIMENE IEbLIT,
ILZENLER I TCO [BEO®] &, 1t
RHONTHWBENBOMTOFREFRELR TV
WREORERIZ L 2#EBIRE T, #F - BERHEH#
O TICERBAERASINTB Y (BH, 1996), /-
TEWTRE DFTE £ R T A RIEMOTELIEH S
TWw5 (#ARIED, 1996). LaL, ThsEREDS
FELLZELTYH, ZNOHPEEEREIRBEOKISIES
L7z S DREABETHA, $72, BROGFENCBID
FMZRAEIMTON, #F - BRHEHEHB TR, HEHH

SATE RIS, MEHERETOER - REX TIZ,
[BEDOF | OBETIRET HEWEIE L TREMDH
WINTwsd (A, 1997a). LA L, o0zl
EWTB SR & DREMEII OV, BB A I T
2\,

AR OBEEDOTITIE, =AM - BREL - FK# -
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Fig. 7. Collapse directions of wood buildings in the
north Awaji Island. Arrows show the main collapse
directions.
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