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Photo. 1. Traces of sloshed oil (inside shell).

Photo. 2. View of the oil sloshed Photo. 3. The same as Photo. 2
from the tank.

Photo. 4. 0il overflowed inside Photo.

5. Oil seattered outside
the oil fence.

the oil fence.
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Photo. 6. Platform damage due to Photo. 7. Damage of rolling
collision between roof and shell. lader on the roof.
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Photo. 8. Leakage of oil on the roof

due to the collapse of pontoon. Fig. 2. Model of oil ianli
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Fig. 8. Maximum sloshing wave heights vs. fundamental sloshing period.
Open circles and triangles show crude and heavy oil stored in the
tanks, respectively. Crude oil sloshed from the tank are shown by
solid marks.
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Fig. 5. Seismogram observed at Niigata JMA (Japan Meteorological Agency). To

and h show the natural period and the damping constant of the seismograph.
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NIHONKATCHUBU (1983) NIIGATA EAST HARBOUR SMAC-B
ACCELERATION (GAL)
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Fig. 6. a) Accelerogram (SMAC) on which base-line corrections were made. b) Ground
acceleration after filtering the low frequency contents by the Chebyshshef high-
¢) Ground velocity. d) Ground displacement.

pass filter.
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44 Fig. 6b) 1273, Fig. 6¢), 6d) (2R
L X OZEMLE IR, BRI n
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ol 1 ! I 1 I !
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Fig. 7. Frequency characteristics of the

Chebyshef filter used in the analysis.
The notations M, N, Go, Ap and As
are identical to Saito (1976).
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accelerograph is compared with the
observation at Niigata JMA.
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Fig. 9. Reproduced seismograms from the SMAC accelerograms, assuming
the JAM type displacement-meters (lower traces) are compared with
the seismogram at Niigata JMA (upper traces).
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NIHONKRICHUBU AT NIIGATA E-HARBOUR
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Fig. 10. Velocity response spectra (h=0.1%)
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Fig. 12. Accelerograms of the June 21 aftershock (M=7.1) observed
at Niigata JMA. The instrumental responses are removed and
frequency components lower than 0.067 Hz are removed.
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Table 2. Underground structure model JSI1.

No. L Vo (km/sec) ] Vs (km/sec) i o(g/cm?®) Thickness (km)
1 1.5 1.0 1.0
2 2.5 2.2 2.5
3 5.9 2.6 8.6
4 7.0 2.9 10.0
5 8.2 4. 3.3 o

iv) HVHEEE oY

U & FB RS it X O i %
A& (Fig. 1 21, BHAT O b
THidEe b2~ Phi vy, AU X 57
WA BINEh 5 THS. L Lieh
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- - 15 0 13 Fig. 16. Seismograms observed at Aikawa
Ml 82mm LD, kHUBAT JMA. Both the epicentral distance

= L3 = G -2k Ay SEHE and azimuth at Aikawa are almost
L&D 2 232 OO BB bK< identical to those at Niigata, but the
hs. ground motions are different each

th Fig. 5).
IR, M i o other (see Fig. 5)
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Fig. 17. Horizontal to vertical amplitude
ratios of the observations and the
Rayleigh waves for two structure
models (Tables 1 & 2).

ITR7E.
Table 3. Underground structure model NGT.
No. L Vo (km/sec) ‘ Vs(km/sec) ! o (g/cm?) Thickness (km)
1 16 | 0.5 | 15 0.3
2 1.8 | 0.7 ‘ 1.7 1.2
3 2.5 1.2 2.2 1.5
4 3.3 1 2.3 ' 2.4 2.0
5 5.9 i 3.4 ’ 2.6 ‘ 8.0
6 7.0 3.9 2.9 ‘ 10.0
T 8.2 4.5 ' 3.3 | o




1983 1R H ARG BILERC X 200 2 v 7 1597 & BT 0 43 Enc 2o T 377

v) Rayleigh & LT o AT
PRI GG R s % A HUE) (1 F )% X OTHAEE) 435 & LT Rayleigh §423%
GLT0D EHEZNE, EEETR D Wh TV 2T 0 A< 7 + v Mylw) @050
HBOARZ b Ap(), Ap(w) 3 XOKRETRE Y Which s e L FHo A< 2 b4 My(o)
S EAN
My(w)=Mp(®)- Ap(w)/ Av(w)

MHRDON, EREO T~ =5 XD, WEIRDORB, SO XS5 LTED
ToARLE, AL OINEEE A= 27 b At X OB A Fig. 181Ri3. (HL, A<z b
AL sk DR, TEHE 3.0~1.0 km/sec w43 % Cos-Taper #lo> time window
wl, RS T s, Ao BRI & G2 ©/2 3 Fha L5
wwhz e, Fig. 18 T BRI B LTI O F M4 % 58 Uil o ko, L
sl e (Fig. 19). Ml E ToO—Fuzf bR by, AR EIIEIE o Bk i 2.

SYNTH. SPECTRUM

10° =
F— —— Mtu(synthetic)
I = My -
— —o— AH 1
— — Av l
102 ¥y X
S R ol it Ly
® AT TR ~
> L1 0 -
S %5154{ A #Pa
o 1 l - ! %\
= 10 By
= L Py \\g -
- — A
& HE i S
S L 4 A
(&) |
w |
5 A I
0™ 1AM
§ 1 1 .gm ‘ .15 =
: I N
- ! X
i |
\ HEER |
107 5 10 15

PERIOD (SEC)

SYNTH. DISPL. AT NIIGATR

126 CM
1 MIN
— g
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Fig. 19. Synthetic seismogram is compared with the observation
at Niigata JMA.

T3,

SMAC 2044 5 {0725k (Fig. 6) ik Fig. 18 i3I b b RIS ek &
oo T B, AL« 1y (1984) @ X % MiZiest 2 b o KT © GEHEH I,
Rayleigh 3 & LCAK SRt Fig. 18 ofReHl LT3, $t-T SMAC it X
s, e NS a0k T i il Ttus &b 52 5. Lo L Bl
2EbHh, MIEETER

WFhicg X, S TOERMMOKREMIIERTTE & LTOREH L, BV X
BIEIEN ORI TH 5 = LIITFH O Sz,

5. AAw Y CRAT IMRREED R

W CHRE Lis X 5, BARVRMINLGC X 258 coluZig, £ ot
R h Bicd, Frere , v v 7o CRIEFECIUR S R RE - Thigb.,
La L, SMAC $fftic X a0 b MR o iEA & 78 Tl e A g, KBeR%
o li3itwEELbha, £, (1) e SMAC flit NS Han bR I BERE
27 raoft Fig. 9) fcsoz v 7 ZWHL, 2w, v v /@33Ry, R
i; L7- (Fig. 20). SMAC ZMNEMTH D, 2wy, v v 7 OIARNIE (7) Rcfbo?
G Y, 7 - 20k Fig. 20 o Ut ke did+ . ¥ 72 SMAC Fiffic X 5 L
DAL L e &3 30E, 7 — 2 i 2 iR 45° Tiaie < /s 5. Fig. 20 1c1x SMAC
ik £50% Ok LA REN TR LTHS. 7~ 20 2/35L £50% Ol
D5 WIEH L T H D, Ar o v v 7RI (1) A, KRICEBELZIEL
TWBEE25. LLHRSL/B0F— Mz LULZOl b Tidizy. Ehic Fig. 20
i A ey, v ZOREAT A 4 BRSSPSR TN (M) LEERNT (O) oiliEy
EHELTIRELTHS. ThFho RIRENTOWEH 0N < QHFUT) A—-
~ 7 DT~ FOFE, Ary v VREDELDELADZRNETHS. T, A7y




1983 (E H AL X B % v 7 155 L ET o T DT 379

v 2T BRI 2 (LRI NIIGATA !
’ 5 i (sec)
i @) ~(8) K) R L, FOIAE o /
6 HIJ i) L_YBb Awn W P4 7 Zr})}lg‘?-é Ig:::ag E ; IQ
a<
L DRI DT & Iz 5 LI D 4 seo //
55. frooy 2
" 0312
WERT X A0 MR A B LT 5 fodic 19zoci2 / 4
<6< /

L HR T IFiE O 1N, Sy~100
kine (em/sec) A LTHTE IR
OTHD. Sy~100 kine &3 3 FHEN
TMTH D DTEINL, REARIEER - i
Wb R BHETH B, T, W
B L O R VY 2 BRTAZ &
R NERES B TH 2 BB, ¥
B TOMBEROE b, BEM Sy~100
kine 3 F LS oLk Frhv

w

pay

Observed Sloshing Height (m)
N
T
\]I]\
~o

~

~
\\\&

i s, 1HE ) RIBIMOMET w428 oo L 8

T B Foab D LRSI A - S0k O dlcutated Height (m)

(1975), Ttk (1978), M - {h (1978) Fig. 20. Maximum sloshing wave heights

MRS, W ROHZE S I 7 — observed vs. those computed by giv-
ing the velocity response shown in

Ve AR bR G2 D5, MBS Fig. 10.

BEOHEIREAXZ P L ERETH D
TERMBRTHEOT, WA LSV T3 &, REXNDPTRDAEHE
FTLOTH, ERERE 100km LTt~ 729 2 — F (M) #8 &l 278 hug Sy~
100 kine & i37sBrgv. Wt SRR L HU o HF Ak 2 A0 & i3 dUR T o Bt s
FnCTwa 2, TR aERTd ‘Phihe’ K Ths (Fm - Fitk, 1978) &%
i Ah, Sy~100 kine DRREMILI e D ZEMIZRIEZIRTWAEF L I ).

HARMEFBIME I < 210, LE3RERXouFhofMi v bixsrickE
ot AN oiRIER, SMAC 24tk X o0 Rayleigh o aRitiEo Wi#% &t
fig LT /7T ¢, A2 bARIEL 1/10 2 FEB & £ bhb. N sz ik
O, COXSIMRERENMET A LT, ABRAACEEEIhTWinw., N1k

MB35 2D OB FER O E L LIEE /0B,
ﬁﬁfmxnyv/7hiéﬁm@mmkfhkﬁkotﬁ$®ﬁﬁkﬁ%kmiot
CEIAREFRDOENTH D, FEMEE (1964) BRI E ST WY Ebh s
(B VKW LR R B B 28T Hrisd I asBhp S, #445). —7, MEticun
WMOBMNLTe D > T2 b DD, & v 7T KFEMFe Uic. (R & 42550 &R o BN
EHREEE 2 bh (FKEATMEBIAT, Hibisgeds, WRBELA 4 Af), Re, v v 70
MBCRE TS, EREBRLr-7b00, FilivARy o v 7R EHTHMI R TE
b (B, 1984), Aw ., vy 7 EMETIE OMFEY WH L, BEE ik o7
oS NN ETHS 5.




380 TH—3 e o

6. & H Y (C

AR O KA & 7o - P BT & 01 5 <<, flix OFFHTEATIR > 7end, BE TR R T
R CEY, BUBREONE b - THA IR M. FHEL TV B S EHa L
TR O LEHEAYIE Sha. FESToMRRAm L, BDThlliz v Er— 1o
MR, Ar v v 7T 200, RRGOMEDHERSCRE K Shic L 8
&5,

FiHHH LT ToRMF v 7 PHRAREECEL b » e b 00, LoEBiks
fedr o lo EIRE 7R KB ill= v €7 — b2 T A UYEERTR UL 5k
i e Chelipie, RBEOHIT Tl & v o Btihicid, I, Z2 R ShTun
me.

il CoOMIIREY B> 7o & LT, IRZMBANIIIEN#R Thie < £ % 10em
FHZ T, 20 X5 bl A IR T B (B2 SMAC B, 1550
TR Th Y, R Bllgio Rid Lyr#Ehs.

Am oy vy 7T 2 BN TOMARMILRL, Sl GhIII LB T 508, FAEH
w7 — 2 3HBEREN, HREORMUIPRSATVDEEL LS.

i 53

FHE AR BB 95 A0 s DRI X e R — X, BERFE O E LS il s LT
frE T, FrEaulEe R E R &kl B SMAC Btk XU A v, v v 74 0TLY
BET — TR LT e e, FRBHIIT RS BINEE TN X 5 S B i s
o Cole il &, e LERIEFTRS ORI e, [RETER: B, £FEKE
BCIR B HARTERTRINLE « RS0 ~1 7 v 7 s v a BT H Lic, C o kil
B B OB O SR L ET.

ARG (T L KK, BERMSTRS (R4 - MBBREIN ikmiliz v 2
B3 B AR 2 T A B AL LT £

AEFNRO4E 2 H, S BIERRE s ITFIE I X B H AR K BRI A BT DE, HuREn) s
SEIE T T AR Fe R UIcls, S SR icilifEr b i i R v, R
oo ALTFERIE - BRI E OHERIRKAERTH o W BIE - KR R - T
3% e HEH e KU A ER DTSN, BE UL MFue Iivre, I mdkt
BT A T R T e, & S EOKEE L ET.

Z % X M

TAMEEPITES, 1970, S MM oT, DL, 23, 179-182.

ks, 1982, BUMGTEX ¥ 7 ORMEEAILYGH O b ADEENE OB GAHEC BT 5 B 5
i

HARKRIDER, D.G., 1970, Surface waves in multilayered elastic media. Part II. Higher
mode spectra and spectral ratios from point sources in plane layered earth models,
Bull. Seism. Soc. Amer., 60, 1937-1987.




1983 E R AP BRI & B il & v 2 45 LT o e o\ T 381

ABFHRIE o FHAT S, 1984, AAWARIIAELGOWE, hEraiE LS.

T, 1978, BRI~ M AT R0 U220k OFFE, 555 18 B AMIE T2 > v 2 o
v AmEidE, 273-280.

Kupo, K., 1980, A study on the contribution of surface waves to strong ground motions,
Proc. 7th World Conf. on Earthq. Eng 2, 499-506.

A — - RiEE= < 2560 s, 1975, SMAC fHizihc X 2l HEkeoWT, §4@AKD
By va sy agkidl, 153-160.

FAHRSEZ, 1980, FAEMRBINONIEEE (HADIMTT, HWEP: 16), HikTyE, 158-162.

Mor1okA, T., 1980, The ground motion of the great Kwanto earthquake of 1923, Trans.
of Archit. Inst. Jopan, 289, 79-91.

R BLSE « Sk, 1978, HARZMIT IsiT 222 2 A0 b Hfﬂi@?iiuﬂﬂli@p&&, H A
S, 267, 29-38.

KUFIETE, 1976, HFETHD A2 b AMBT A, WifL B4, 193-203.

KA #R o« BIORE, 1976, WIET2E B3 NE RO MM O LR & IBIRO T, BAgSS
“ﬁ*xy& i, 249, 53-60.

FWEIEAE, 1978, WL F 4 Car e 7 4 A2 —O HTYERE, HTEEYT, 31, 112-135.

WA, 1984, BAYIHMINIZE R 2 A% v 2D A v , v v 7B Sz o\T, 19834 H AR
Wit X 2 KL OB GIYIA IR ® T,

om0, 1984, FIRTHCARRFRY O3IER s TN O S B O, B ARBEIRSE S E,

W B e KH R e BIRIGAT « TRE—3% < W 1K, 1968, HiRA PN i) 5 SH oMk (13
W), JIZURIET G, 44, 417-429.

PrICEREL o MET A « S5 2, 1977, W ORI BT BT ge, A e R BE e
426, 261-290.

WIS I PTERITFAE, 1981, b7 4 v & — s X B DB EEROEREYT, HEE 2, 34, 351-364.

AT e HIEHG KR R 1979, o2l S 5 M H O Fi ik — % B IR A2 SR D
SROMENT—, EEPITEITHER, 54, 629-655.

HIAGW), 1974, W (90 OREZES (=2 v @ — MEE - PFSEiFReE YORHR), Wil 2
{R2ei 4, 249-260.

YosHi, T., 1972, Features of the upper mantle around Japan as inferred from gravity
anomalies, Jour. Phys. Earth, 20, 23-34.

YosHii, T. and S. AsANO, 1972, Time-term analyses of explosion seismic data, Jour.
Phys, Earth, 20, 27-58.




382 19834F B A i 0FRT X B a2 v 7 P S HERT O 4R O T

0il-Sloshing in the Huge Tanls at Niigata Due to the
Nihonkai-Chubw Earthquake of 1983

Kazuyoshi KUDO and Minoru SAKAUE
Earthquake Research Institute

0il sloshed from the huge oil tanks at Niigata due to the Nihonkai-Chubu earth-
quake of 1983, eventhough the epicenter was as far as 270 km away. The oil sloshed out
generally for periods of 8 to 11 seconds.

The earthquake motions at Niigata were estimated by analyzing the displacement
records and the accelerogram (SMAC) from the mainshock (M="7.7) and the accelerogram
(digital recordings) from the June 21 aftershock (M=7.1). Because the horizontal com-
ponents of displacement-meter were overloaded and the recorded amplitudes by the SMAC-
B type accelerograph were too small to be analyzed exactly, the results obtained should
have errors somewhat greater than we expected. However, it can be said with a certain
degree of reliabilty that;

1) velocity responses of one mass system caused by the mainshock at Niigata in the

periods from 8 to 11 see. were over 100 cm/sec but less than 200 cm/sec,

2) the maximum ground displacement at Niigata was between 10 cm and 20 cm,

3) the long-period and large ground-displacements at Niigata were mostly composed

of surface waves excited by the thick sedimentary layers at the site.

The limit value prescribed by the regulation for the safety of oil sloshing from the
tanks is defined as a velocity response of 100 em/sec. It can be said that the limit value
of 100 em/sec is reasonable as an average in Japan, but it should be increased for some
sites due to local seismie-wave amplifications.

The data on sloshing obtained at Niigata roughly match the model for the sloshing
of liquid in the cylndrical shell as it is generally understood, but the data that do not
confirm to the model are included. So, clarification is needed on the scattering of the
maximum sloshing wave heights as revealed in the data at Niigata.




