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On the 1987 Yamaguchiken-Chube Earthquake (M =5.2)

Sukeo OHARA and Tetsuro YAMAMOTO

Abstract

On December 18, 1987, an earthquake (M=5.2) of which the epicenter was located about 10km north
of Yamaguchi city occurred. We refer to this earthquake as the 1987 Yamaguchiken-Chube Earthquake.
In this report, first, an outline of this earthquake and damages of the grounds and structures, etc. are

described briefly.

Second, studies on the slope stability analysis, the condition on the fall of gravestones, and the

acceleration of the ground during the earthquake were performed. Asa result, it was shown that the peak

surface acceleration developed in Yamaguchi city was in the range of 150- 220gal.
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Fig. 2 Condition of aftershocks (From JMA

Fukuoka).
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Fig. 1 Map showing the magnitude and epicenter of the earthquake occurred in Yamaguchi for
the years 1676 through 1984 (From Yamaguchi prefectural goverment).
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Fig, 3 Ground motion at Shimonoseki local
meteorogical observatory.
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Photo, 1 Crack in the ground at the

Kameyama Park (From Yamaguchi
Prefecture).

Photo, 2 Crack in the ground at 89 Kawa-
kamikami.
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Photo, 3 Crack in the concrete structure at
the Kameyama Park (From
Y amaguchi Prefecture).

Photo, 4 Crack in the wooden house at @
Kurokawa.

Photo, 5 Movement of the masonry founda-
tion at @ Fukase.
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Symbols a,b,c,d,e,f,g,h indicate amount

of movement of gravestone in the positive
values.

Fig. 4 Definition of dimensions, moved direc-
tion and distance of gravestone.
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Table1 Results of survey of gravestone.
Dimensions of Amount of movement of gravestone (cm) I.\/Iovgd Moved
gravestone (cm) direction distance Date of
No. Place - -
Width Length Height a b c d R ¢ b of of grave- survey
(B) (D) (H) E gravestone | stone (cm)
10.0 17.0 45.0] Fall S40.0'W - Dec.?2
1 Kurokawa 16.7 23.9 55.0| Fall N -
(Yamaguchi) 13.0 20.5 49.2] Fall N10.0'W —
22.0 15.2 55.8] —1.0 —2.0 —~5.0 —1.4 —0.8 —2.6 —4.0 -3.8] S34.0°E 1.8
21.1 21.5 53.0 0.8 1.8 0.3 0.1 0.4 15 1.2 15| NB6W 0.8
28.0 27.7 71.8 1.8 0.7 1.0 1.0 0.8 1.0 0.5 02| N88.7W 0.7
27.6 27.4 70.8 0.7 0.7 05 0 1.5 0.2 0.4 1.0] S14.8E 0.4
30.5 30.3 81.0 0.4 0.8 0.2 0.2 04 05 0 0.3] N 4.8E 0.2
27.3 27.1 72.5 1.7 1.0 14 1.0 1.7 0 1.1 1.5| N49.3'W 0.6
27.3 27.3 69.7 0.5 0 0.4 0.3 1.2 0.7 0.3 0.9| S42.2E 0.6
9 Kozanchyo 27.5 26.8 116.4 1.5 1.5 2.0 1.0 1.5 1.7 1.3 1.5| $30.3W 0.1 Dec 5
(Yamaguchi) 27.6 27.2 69.7 1.5 1.0 0.2 0 1.2 0.7 1.9 2.0{ S37.T'E 0.6 '
28.3 29.0 68.5 1.0 ~1.0 —0.9 0.9 1.0 -1.0 0.9 0.9| S59.5W 0.7
29.9 28.0 82.3 1.5 1.0 1.3 0.6 1.5 0.8 0.7 1.0] N76.2W 0.5
45.5 42.8121.6| ~-1.5 0 —1.2 ~1.3 0.3 0.5 —0.5 —0.2 S41.4°E 1.0
24.3 15.2 59.0 1.5 0.8 1.1 1.0 1.2 0.5 1.5 1.7] S89.8W 0.9
25.8 26.0 63.6 0 0.5 0.7 03 09 0.8 0.6 0.3| N33.0FE 0.3
24.3 22.6 54.5| Fall N60.0'E -
Kawakami
3 (Ube) No movement 0 Dec.6
4 Furogasako No movement 0 Dec.6
(Ube) ’
Okayama
5 (Ajisu) No movement 0 Dec.6
Maeda
6 (Ube) No movement 0 Dec.8
Okada
7 (Yamaguchi) No movement 0 Dec.8
8 Maruoki . No movement 0 Dec.8
(Yamaguchi)
Kurokawa 22.6 21.5 63.9 0.3 -0.3 0.7 —0.7 0.3 ~0.3 0.7 0.7] S80.0W 0.7
9 (Yamaguchi) 24.0 15.8 58.5|~1.8 0.3 —0.2 0 —1.0 0.5 -2.9 —2.0 S39.4E 1.7 Dec.8
g 25.9 18.1 60.4) —0.4 0 0.1 0.3 -0.5-0.2 —-0.8 -0.5| S37.9E 0.7
16.0 12.7 39.8 1.2 3.0 43 32 15 1.7 1.0 2.0 N33.3°E 1.5
26.0 16.2 60.8 1.5 -0.2 1.0 1.0 1.0 1.0 —2.0 —2.0| N64.2°F 1.8
Sakurabatake 27.0 27.0 69.2| —1.0 0.4 0.2 0.1 —1.4 0.2 -1.0 ~0.8| N56.3°E 1.0
10 (Yamaguchi) 19.0 10.8 45.7 1.8 -1.8 1.9 1.9 1.8 ~1.8 -1.9 ~1.9 Ni2.8°E 2.6 Dec.8
g 24.1 23.0 62.8 0 0 0.5 05 0 0 —0.5 -0.5{ NI5.0°E 0.6
27.5 26.7 72.3] -0.8 0.1 —0.7 ~1.1 —0.4 0.4 0.4 05| N 7.9E 1.0
28.7 13.0 59.0 0.2 1.5 0.1 0 0 1.0 2.4 3.0] S33.0W 1.4
1 Niho 28.3 28.1 68.9! —-1.2 0 0 —-0.8 -0.1 ~0.8 —-1.0 ~0.1| S23.5E 0.1 Dec.8
(Yamaguchi) 24.5 245 63.8 0.2 0 1.0 1.0 0.3 -0.5 -1.1 —1.5| N54.3°E 1.4 ’
Nihoichi
Dec.
12 (Yamaguchi) No movement 0 ec.8
Nihokongo
Dec.
13 (Yamaguchi) No movement 0 ec.8
14 N]hokatsur?zaka No movement 0 Dec.8
(Yamaguchi)
Notani
15 (Tokuji) No movement 0 Dec.8
Daidoki
16 (Tokuji) No movement 0 Dec.8
17 ;\Xz?rikawa No movement 0 Dec.8
Hayashi
) Dec.
18 (Ato) No movement ( ec .8
Sasanami
( Nov.
19 (Asahi) No movement ) ov.19
Domaekuchi
Dec.
20 (Asahi) No movement 0 ec.8
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21 &ii:f ) No movement 0 Dec.8
22 Yamabtekaml No movement 0 Dec.8
(Ogori)
16.4 13.4 43.2 15 4.0 4.0 2.6 3.6 1.8 3.0 35| S81.9W 0.2
Naganobori 18.7 15.5 46.8 1.9 2.3 2.3 20 2.0 1.8 2.8 3.1| S69.1W 0.4
23 (Mifo) 20.2 16.7 51.4 0 0 2.0 2.0 0 0 —2.0 —2.0| N85.0W 2.0 Dec.10
21.7 18.1 53.0 0.5 —0.5 1.0 1.0 0.5 -0.5—1.0 —1.0| S46.5W 1.2
33.5 25.7 38.2 3.1 3.0 4.0 3.5 3.3 22 35 36| S39.6W 0.4
24 Naganobor] No movement 0 Dec.10
(Mito)
24.5 22.3 62.5 3.5 -35 0.8 0.8 3.5-3.5-0.8—-0.8] S60.0W 3.6
35.0 31.1 92.8 25 2.7 2.0 2.0 2.8 2.1 4.0 4.0| N25.3W 1.0
95 Uetake 30.6 30.5 80.0 3.0 3.5 3.7 3.0 3.7 30 26 30| SI11L.3W 0.3 Dec. 10
1 (Hrto) 31.0 28.1 79.61 —0.4 1.0 0.2 0.3 -0.6 0.8 0.3 0.3] S23.3W 0.8 '
27.5 27.5 73.0|—-0.5 2.5 —-2.0 25 0 2.0 3.7 4.0, S68.5W 1.0
32.0 27.6 85.0 1.2 1.5 0.8 1.0 1.3 0.8 2.0 2.0| S8.0W 0.4
26 Sas_agatoge No movement 0 Dec.10
(Mito)
21.4 19.8 52.5 0.5 0.5 1.0 1.0 0.5 -0.5—-1.0 —-1.0{ N14.2°E 1.1
21.1 21.1 78.5 2.0 —2.0 —0.8 —0.8 2.0 —2.0 0.8 0.8 N42.6W 2.0
97 Nihotsukami 24.4 17.5 59.6] —0.5 —1.0 —1.1 =1.0 0 ~1.2 -1.0 —1.2| N24.0'W 0.5 Dec.13
(Ogori) 24.4 18.2 59.7| ~0.8 ~0.5 —=1.0 -1.2 —1.4 —0.5 —1.2 —1.0 N19.6'E 0.2 ’
21.5 20.6 83.0 0.8 -0.8 0.5 0.5 0.8 —-0.8 —0.5—-0.5| N71.9W 1.0
24.2 24.1 59.8 0.6 —0.6 —1.4 —1.4 0.6 0.6 1.4 1.4] S33.4'w 1.5
27.4 25.6 72.41 —0.4 0.4 05 0.5 —-0.4 0.4 -0.5—-0.5 $85.0°W 0.6
Sahata 272 97.3 70.2| —1.0 =0.1 0.5 0 —0.8 —0.2 —-1.9 —1.9 S60.2°W 1.2
28 EYOShiki) 30.5 30.5 76.0 0.4 0.4 —2.3 —2.5 0.2 05 3.2 3.2| S50.5W 2.8 Dec.13
272 2714 71.2 0.3 -3.3 0 0.1 0.4 —3.5 —3.0 —2.6| N84.1'E 2.2
274 9271 7.3 -1.8 1.8 -0.2 -0.2 -1.8 1.8 0.2 0.2 N13.4'W 2.0
Takigochi 25.8 25.8 64.1 2.3 =25 ~2.2 =27 -1.9 -2.8 =2.9 —2.0| NI8.4'E 0.2
29 (Y()%hiki) 272 273 70.8) —~1.5 —-0.5 —2.0 —2.0 —1.8 —0.8 -0.8 —0.8 S73.3W 0.7 Dec.13
) 27.5 27.5 724 0.2 -1.3 -1.1 -1.0 0 -1.3 0 -0.2| $85.8W 0.8
23.0 22.2 18.7 4.0 ~-1.0 -1.8 -2.2 -3.5 0.5 -0.7 —0.2| S 7.5E 2.1
24.0 239 6340 -25 0 —4.4 5.0 ~2.5 —0.7 1.0 1.7 S 5.8W 3.0
927.3 274 76.0] 2.0 -1.0 -1.3 —=1.5 =2.0 —~1.0 ~2.0 ~1.6| N 2.1'E 0.6
20 Nakaonish 273 27.5 T1.7 0.5 0.5 0 0 0.5 —0.5 0 0 N30.0W 0.1 Dec.13
: (Yoshiki) 30.5 30.3 78.7! -3.5 -3.9 -0.8 ~1.2 ~1.8 ~2.8 ~3.7 -3.5| NI2.6'E 0.7 ’
271 269 75.3 0.5 0.5 0.5 0.5 0.5 -0.5 0.5 0.5, N19.8°E 0.7
920 223 91.00 1.8 0.2 -1.5 -1.5 —1.2 0.5 0 0 S13.0W 1.0
280 28.6 ’7981 Fall ? -
.. | Takatsu )
31 (Asahi) ] No movement 0 Dec.13
Fukase |
! ?
32 (Asahi) ‘ No movement 7 0 Dec.13
Kurogatani o w 1e s | B I
33 (Asahi) 22.7 15.5 \,I.E?J il 0 0.5 0.5 0 0 0.5 —0.5| N70.0W 0.6 Dec.13
Yokose ‘ - a
34 (Asahi) No movement 0 Dec.13
.. | Zeniya ) .
35 (Mito) No movement 0 Dec.13
1.2 27.5 R81.6 1.5 2.4 1.5 1.0 -1.5 1.5 05 0.5]| S33.1I'E 1.5
. . i29.7 29.5 79.2 0 1.0 0.8 0.5 0.3 05 0.3 0.3| S30.4E 0.3
k a . N
36 (},{\f;;;’f) amikami 305 304 785| 4.0 45 5.0 3.5 4.0 3.0 3.0 3.0| N2.3E 1.4 Dec. 13
’ 2007 17.3 49.8 0.8 -=0.8 1.0 1.0 0.8 -0.8 —1.0 —1.0} N40.9°E 1.2
30.2 A'_iﬂ/l 80.0 0.4 0.4 —1.4 —1.4 0.4 0.4 1.4 1.4]| S52.0W 1.4
9243 236 62.9] ~0.2 —0.2 ~0.& 0.8 0.2 0.2 0.8 0.8 $24.5W 0.8
37 Qishi 277 25.3 6951 ~0.9 -0.2 0.8 ~-1.3 0.8 0 0.2 0.5 S11.9W 1.0 Dec.13
’ (Mito) 21.2 18.8 50.8 1.5 -0.5 =0.5 =0.5 0 0.5 0 0 S15.1W 0.6 ’
20.6 270&. 5 51.3 Fall ?
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(d) @Kozanchyo.

(e) @3 Uetake.
Photo, 6 Examples of fall and movement of
gravestones.

Photo. 6 (c) {2 Photo. 6 (b) &l UHArO@E
FoEfizR s, FHOMNCH D, FarBEl
gL LDTH L, CORDTFHADOBEICL S
BB I3 CORATT, @it BT 4 B & 4172, Photo, 6

(e)IRIT TORBBIOE R L 72-F %2 R’T.

Pllbo~fzZ kdp i, ANOMEIC L 5 BHDOHE
I3OEN], @©LE], @, ONITr, e, G
RAETHETH 7, F5i2. B TR T
T 7 Y DWE L7z,

F T~z k918, BAD FH~O#EMITO KK
Lo TENHOES - BERIAPRL -T2 b
olenT, BER, BEILmMEHX0H0EHLE
LT3, BENHDEAXHLA2THY, BELHE Mo
(©) @® Naganobori. HOEDIEOIINE L, HBIOKESBEILZ LD

R TR R s



156 (156)

131°1%'

X FE & £

A &7 #

Bl

©

\ )
} Q
10" ¢

Park

Kameyama

- 34°00"

45

' Ao
3400 o® ®e /ﬂ/P"E) 1 : 200,000
© (A 9 02 4 6§ 1gm
@o — e Moved direction
Ube of gravestone
—— Fault
1
131°15' 30’
Fig, 5 Moved direction of gravestone.
WZBRGE L7z, JEH, BEEAFRBLICENL LIZIZTEKXT S 220K
wiZ, WEICE->THEILZEAICOWTIE, 20 M4 OB B LM Fig. 5 HHAL B ENTE

BEEE2HOXICASS—~TEL, FNFhOHFEER
WKBITAELDVEIN L BE Mz Kb b I izl
ZOHFMIIHEC L > THLHEOBRM L 2mED
BhHR25253088z2 615,

P b BTk BEAOBEIFine S#EHT L
AL 225, Fig, 5 TH 5., K, SEH08EHL %
o 2B IFABEM SO » T\ 5,
W, BREFZTICHERAIN TV 2MBE B I US
POMBORRLIRINT W5,

Fig, 52 6bH» 3 k5o, ARliT-2#ERENT
13, Blodtfilich &4 @3#srel{RZoony
e, 72, RIS ATELOBE L f2m X3,

Vol.39 No.1 (1988)

5., 22T, Fig. 5hoePognoBihl oma %
HWuT4o0mEDEFNEFNDOVEEE KD D LT,
FDAODEEFRDI, FOMER, £0MI AT N3G.2°
E, S47.3W, N41.2°W, S32.4E L kB L H T2
72, Thbb, MERHERIFoMAEEZ, P, Sk
B:¥ 1 E- I gl (W RS 1Y A [ [ 7 LR Y AR X R )
a2y (N

NI b, N35.2E—S47.3W DKz, ZEhofr
BT OMBHEOME, $7%bb NIZE—-S43W o 4
BT 2LITHE, LrL, ARNOELOBES
MOWERHIEL GBI RDIE L &L Y 2 ER
T5E&, ANOMEYLY ZOWB L OBEtEICOWTIZ



1987 F 0 R EFHRIC OV T (157) 157

MoPTIR%S, Ak, COWMBOREZLEDL,
SVHMLHAEILEEEZ LN S,

%8, Fig. 5OHTI3, 2OMBELLALLKE
W B & RIS T AENTE & Vbt T v B,

5. UBGE(CHBAR IS4 U A0

CCTIIMBIC > THELEADKEA B L UfIE
DERNIZHTE2RB2RITE LT, HBERFOM
BOMEEDOKE S EKRDTAI,

Y, BAOEFICH T I RARN)EH THER
RHBICAE LA TFRE K ERKDDZLICT 2, HE
ICHW2EHIZ, Table 1 DOBNOELROHRT, K
WL EFHEL, SLEBLLLD WEB=10.0
om, BEL=17.0cm, HEH=45.0cm) TH 2, 7277
L, GtTETIISAEEE k, = 0 LRKE L7,

B/H=k,/(1-k,) 1)

FEICL > TH LN k,130.222, Thbbk
S hNE 3 #0220gal & 7 -7,

wiz, iOfsLARTROAFEROTDICE -
THELLHEIIRT 2EEELH, HEROHMB DM
BEERDDLIEICT S,

Fig. 6 ICR ¥ L9, #E®, ® 2 Wi THR#EH
Y, Fig, TICB3FHFONTXVENIES L U 1E
EBHRENT WS, K—) 7B BVA-1, 23
Fig, 6iZ/RE T35, FEAB®D, D) FTIE, #HE
NBIUVBYNOBHEIELLY, FOFERIIFNFE
L Photos, 1, 3ic/RL 7z,

HEHCEAREOTNYIENT 2L EREPHET
2R2EFHCT, MENVRET LR, ThbbiEeE
FH1.0L %280 MEOKVFEE k. 2RKDBZ LI
L7,

p=N—T-ky) - tang+c-1

T+N - ky @

ST N, T IXVECHEHSREENB L U2k
Fh1, $, ¢l LOWERERER, MEN, | I TRVE
DEI,

AMEO®THEIZ11L.5m FTITHEHHEI N M =307,
c=9.8kP, TH o, FHEN— ADMER-LIEICHET 2
MRBEENCL T, HERHIIZ ¢ I3NEL{ LRI LY
DPo>TVwBENT, HETIR—b =25 LTEIE %
fT->T A,

ZORKR, ®, OFHEHT ) REL 2BOKTEE
B knid, #LFHN0.156, 0.042& % ~72, T4 bbb,
®, ®FHEIZ 13 # L #F1153gal, 42gal DHNEEE A L
oo kil ), 25mBELIEN TV WO, O

10 20 30

Fig, 6 Locations of slopes A, B and cracks in
the ground at the Kameyama Park.
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Fig, 7 Sliding surface and N-value of the
ground in solpe A.
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Fig, 8 Amplification ratio of the Kameyama
Park ground subjected to sinusoidal
motion.
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