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Fig. 1 Structure of single-deck floating roof tank.

M- #90.1%, BRI #0.5-1.0%) OEEFTHD,

J& 1 O EIRME DD THR 2D, HiEREh o & B M /v
BEinDd, A0y 27 OEREARY T3, &R
MIZRSHWSNDEERT > > vILE@mIC LT, ¥
CUOBERD EHFEH OBMBEELTORXTEASR
% (Senda and Nakagawa, 1954), Z Z CgldE S7mE
ETh>,

Ts=2n(D/(3.682g) -coth (3.682HI/D))*> (1)

RYIDTsiE, BBLZ3IVNLIBEEICHD
ZENS, RREFMWEHOMEBESAMNEE LD,
WEHOBRI DIFEE L TIE, 20y 272X DI
fHEOHEDORA LFE Wh T QA TERINDZ
EMns GiF, 1980), HEIREAXRY ML So I D
BHEWIEHATH 2. @R, ¥ V#TTHRELHE
L, Yuzy o0y L TERERY Ts TO Sv &
DETHALN, EY 7 TIEERIT 5 ENRHERS
NTns (FERH, 1995).

Wh=D/2¢-0.837 (2n/Ts) -Sv @

LTAT, HBEESE R (1983) Tk, AWMy > 70
ZEfE S 2D TH 0, HEEEIE IR T 2 M #f
REERTE, SYIIAMCRST2E—-#N1Im/s T
Hol. LML, BATIART XL DIZ, 20034+ 5 i
BTBEE NS/ MU BT 2B, Aick->T
WBZD2BULEDEER>THY, M, FEHKEE
ZEELMED (Sv) ORELMKRD SN,

3. HhEEBDRH

19954F [t i IR e 0 M 75 2 224 1T, SRB B v %
fii » LN, SEOMETIEIZL < OEELMELEN
Boiz, Fig 213, BIEHAHT OB 5 13T R
BIZIR > TH/AINRELE T, EERIE (0.05-0.5 Hz /N
RN MEDKDIITEMLIZMERLIZBDTH
%, #Eseiy (HKD112 : Bl 70 km) T, &K
RIENHAER 0.12m/s T, 1T 1ENFHHNDD
K LT, HKD129 CE/N @ UK 225 km) ©
1%, 0.35m/s EREL, FHEBHEL L Iao TEEHK
BRI EL, DORAHRSEBL2dD L5 T
Wb, ZOXIBREMHEORER, BIEHOENHE
MEOZBEEEZ NS,

Fz, SMEIORENSEIRE I N, AWy >
DALy 2T ERABERET HIHEREART ML
Sv&H5 & (Fig. 3), K-net E/NMit (HKD129), %
(HKD184) TS M 5108 & WD EWHIET, it
KOEMARESICETIEEMBN Im/s zKEL L
[E[>TWa,



PR 1 20034F Bt B IT & 2 T S 2 U B DRFIB & KR 355

2003/09/26 04:50:30.000 EW

‘:‘o g 0 10 20 30 40 50 60 70 80 90 100110120130140150
(32
i HKD112 K-Erimomisaki max= 12.30 70
g Q] HKD11 K-Erimo max= 10.81
(=]
~®

HKD110 -Samani max= 19.63

0 10 20 30 40 50 60 70 80 90 100110120130140150
Time(s)

Shizunai

Mitsuishi
Urakawa A
amant

Epicenter

Fig. 2 Velocity waveforms at K-net stations from Erimo to Tomakomai during the 2003 Tokachi-oki earthquake.
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Fig. 3 Velocity response spectra at K-net stations in and
around Tomakomai.
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Fig. 4 Tank fire just after the earthquake (photo by
Tomakomai Fire Service).
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Fig. 5 Tank fire occurred after two days of the event
(photo by Fire and Disaster Management
Agency).
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Fig. 7 Predicted maximum sloshing wave height at Tomakomai.
Shaded symbols show tanks with some damage. Data enclosed by circles indicate tanks with severe damage such as fires,

sinking roofs and so on.

THol=N, WhidH2m R UCBEEREREHRDMD
&I HANNS WY, ZOF TR, Ay T
AT ZH @) U TSR nsoRD ez
FTRY—UMBIEHMNTNS, ZOF 73T T
HJEEH TH o e, 2HAKRICBOEY > INED
FTUHVESBEHEL THWSNZREND 5.

—%, EHERMPHLBORENIIAKIY >0 251
DO WhizH13m ERELITBRVNHDOD, FEERIX
Wk Lz, Z0% >0 ORAIBREMTRERD, FiCX
0w 3> T DREMNSTZHEEH MDD 5L T ORI
K%z Fig. 81277, Zhickhud, 2kE—K (FAH
5.6) NEEL ImBEEOEENREDS5NS, Fig. 3
12 BT 2 BHFTICE W HKD-129 TOMEEREZ R Y ~
WMBaMEEDIC, SEOMBETIZZIOLD 2K
E—ROBHITHRNVHBE /2> TWT, KELFT Y
FWER L nlfetEnd %,

—giz, MRMETORA EREANDFSIE, 12X
E— ROBETERE—ROZNRHBERN, SRERIOHGE
T, 1RE—RICHET 3EM12H O MES R 13
Fig. 3mMonndLH5IT/hE<, ZOHRALEARER
B4 13m &roTnd, FIRERKICED GG
TR G, BRENIIFKIY > 7 TOREBEOLE
DERERSTZRY— 2 OWHE, Ty FEOBAHRD
B, 20y 27D 1IRE—ROEEIMA, 2K
E-ROROy 2 TICEK0TFyFNRELER LR
DI RIZFENR > — b 0 85 % 2 - ke
HEOBEWZ EAERINTWS (ERUIRLHNTS

— Diameter (78.2m)—— ]
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Fig. 9 Seismotectonic zoning by JMA (1990) and obser-
vatories treated in this report.

KEFZARY bV & Fo(T);, TOMBBOIT ZF 21—
RMEBREB CELEDBREIXRY ML Fc(T);
E U TRy, MRt R(T) 2 2 5 QHLOFEEETERD
TIEET D,

R(T) =Y, (Fo(T);/Fc(D))/N i=1,N (3)

ZZT, N3®2HAEMEXTHNOT - TH 5.
fiEl 2 DHIEBIZH T B ART RVIIZRRTE D ENH 2
HOD, R(T) BHBMEMIIELES>TLS, QKT
BRI S N2 MR R VAU, TR REBO M &
r&5Z227ZFTARY MV Fp(T) 2 kX TTHIT 2
ZEMTED,

Fp(T)=R(T)Fc(T) 4

fEHZ R ML &L TIE, Kudo (1989) dERL%E
REIEEHBOZAWVS, Kudo (1989) 1Z, ©EE
MM B A TICREEN 5725 &L, Savege (1972)
DOEFETIVEEHRE— RMBEEAWT, W7
EETIVIZE D Love I DINEEE 7 —1) TAXRY ML %
KD, TNNPPREMHHTIET ~EL2dD T EER
LI, MErDREEELTERELE, ZHICHED
E, MEBENTA—F WEET—A>bN, HEEX
%) OBRICETARIEOMRAICE DN TREINZRK
= (FER, 2000) 22 2 TIRREEARZ ML ELE,
A5,

MBI 10T S RMEIEE A XY ML ¢

Fe(T)=4.8-1005M"15exp (—a-7r) /70>
(M=6.9 ()

Fe(T) =4.8-10125M-67 exp (—a-7) /705
(6.2=M<6.9) (6)

Fe(T)=4.8-1005M-21exp (—aq-7) /70>
M<6.2) (D

NEEHIER I T B ERHEA XY ML ¢

Fe(T)=4.8-100M2exp (—a-r) /r0>
(M=6.8) (8
Fe(T)=4.8-1006M-276 exp (—a-7) /700
(6.4=M<6.8) (9
Fe(T) =4.8-1009M-468 exp (—q-7) /705
(M<6.4) (10)

ZZ7T, «=0.001km~1,

6.3 FRIBEDHKR

Fig. 1013, —#l& UTHRE, #R, KBk OBk
& EEMH (Fig. 7 TIZ ZONE) Z&ITRLAEDDT,
B 21X H AR & (Fig. 7 @ ZONE3) OHiFEIZ DWW
T, B TR0 CTEEZX XY M)LK D 3 £%
BERENDZZENSNS, HEIZDWTIX, ZONEY
(FEEME) oML, Al 8~9 B T3.5M5k



FER @ 200345 IC B D A S > U HE DR &R

359

T - C-a-raoaar
i —Tokvo
em—NIGATA

Amplification
Amplification

Amplification

em——NIGATA
OSAKA

1 10 100 1

Per iod (sec)

OSAKA 04 R

10

Period (sec)

100 1 10 100
Period(sec)

Fig. 10 Example of regionality of long-period ground motions at Tokyo, Niigata and Osaka.
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11 Comparison between observed and calculated
spectra at Niigata for the 1993 Hokkaido Nansei-
oki earthquake.

Shaded area shows predicted spectrum with stan-
dard deviation.

Fig.

EENSEVWD LI, BHLE
t%%m%ﬁé;tﬂfﬁéo
Fig. 1113 2D X S IR 2 AW T, WEMNoO
1993 4E Jb 738 i P8 b 58 D Hi I8 T O Tl 2 17 W B A
EHBLZDHDT, Bh—HZE2RETWS, B, FH
DEDIANET =212 zm%%iﬁihfuﬁ
W, iz, WEEHZEOF & U T3040 5 =
NWTHTHDE, MRBEHIEZFHHTE TN S (F1g.
12), ZOfth, 19444 pEHEMEE, 19954 ST E IR e i ith
BREORMBEEZNEE L CRKICFRKEZMEEL T
w3,

IR T N & EIFM

6.4 REAHHMEHOFHIARS LS RithigX S
EHIERE
LR OBBRIFIEICL ST, HEBREDRE TEEY
WHOZART MV EFHT 2 ZEMAEETH 2 Z &0
Mofze TIT, AMY 7O A0 YL 2 TITRBH0Ek
OERMEHOMET RS ICET 2HEM (Sv=#1m
/s) DREBELZiATz, 2B, SvDHETHKIZ0.5% &
L. ZHUS, ERBEEERE S TV T v FFRE

1000 (== |

100 ==

SPECTRAL AMPLITUDE (gal -sec)

1 10 100
PER10D (sec)

Fig. 12 Comparison between observed and calculated
spectra at Tokyo for the 1930 Kita-izu ear-
thquake.

WXy r7o209 > 27 OEEEERI05%TH S
ELTWwBZEiTLsd (FEM - 1Fh, 2004), ZD Sv
EEROIEE T —) TAXRY ML EDRBRESL L DR
FICDWTHE U724 %, Hanning ™7 ¢ > K™% 5[q
M CERL L nEE 7 —) TAXRT ML EF i#b
{RBZEDVMBINZZENG, LIFOMRHTTIX

= Sv EHIE LT,

6.4.1 X5y

ZZTIE, Fig. 9 ITRLAEKREEH A TONROH
BILEEANTEBRORAME) (X7 ML) 2FHIL
T, ZDHEFR ﬁDbXTi’ﬂfﬁﬁH%ﬁf;m

Fd, HBHIAREEX ) LTG5 A5 N TS RAM
R G, 1991) OMEICH L TEEMMES) 2
R MVEFHIL, £2TzERIOES. MAT, #BL
OHETEN ST FN EEREHOE TUKRZERT
52 &T, MEHETHHEINDIBROARYT ML &R
WhH, FIZZOBITHDE, DUTFOHERAEIIL ST
RIT W RLARE B S Z 3 DICK S L,

HUBE X 4> DM EHE & LTI, RO RMZERE =12
BI2BEMTHLHEEREARY MLK 1m/s &—
DOMMEET S, MAT, Fig. 71275 L 7=20034+
MBI LD E/NOMR TOAMY > 7D A0y > 27



360

Wm GHEM) SHEEORGRNS, FITKKLRER
WOWLHEEDOEKRBMEN, 20y > > FHEAEMK 7
BULOBRERERSY > 7 THRAEL TS Z EITHES
R & LT RREARY MVERE OMIC ESRE BT A
nazeel, BEREAY > 700y > > 7 EHMN
KTIRLLETOMBER RS HHWEAEL L TR AN
HZ&EL, AIB,

o M 1 FRIZ AT MIVAE DRI, TR
UEOERBMAT Im/s 28X 5,

o Hi3E 2 0 FRANRT NIVHSEIK 7 AT 1 m/s &
Wz 2,

o Hilk 3 0 FHARY MLA 1 m/s I 72 00,
DLk, HL<ETHEREBRKEFEOHERTHD, 20 Y

1 MEFDICKABEEOBRNSANRWERITE, ikt

BRFOWNEETO ZEDNBRETH S, £z, T

Correction Coefficient

LN L A R | g g g g g |
dedoasbloCCIZC Eollbedoi 4
EEEE EEEITE Y P EEEE RS ¢- q
I t=dAmtmmpyem———- LEEETEEEEN T 1
?E ------- e e e R B S R R e R b
Q  Feeeee- levadeadadadahlidaaan.. | T R
i 1 [ o | | [ I
(& T S 1..(&2),4.‘42).1.;; memebkenala aledandd
= 1 [ AN | [ |
i [ Pl | Lo
[ === YRS F==r=a" " ratring
[e] 1 [ Y ' [ N AN
(J | | [ i 1 | [ |
| [ Y] ' [ I N R I
S 1 »
o ::::::3:::3::]:]:}“'“i T -CIIICIDITIOITIO
= F------ u,.;.-4.4.xfki 053).;. clhaclealadebddd
Q  fe-eees leeedendadndabbddencnna becalsealsdebddd
o - esedecdudadalablicancca [ W S N P R B
= | RN ! RN
I TTTRTTITAT I I T | e B B
QO ... [ SR T W A N S N RN
L) RN 1 [ I I
| [ R | l [ S A
Sevenssracsjeajeyjasapmpp il o e bl s Bl B B
' [ N ] | [ RN
' [ B 1 [ R
OJ 1 [ I R ' oo
L PR B : a1

Natural Period of Sloshing(s)

Correction Coefficient

YEERE $59EE 45 (2006)

BIZBITHE/NLTEOLENZEDIC, [LREZEEAH
U814 N TOMBERNMEL, ®A8kn OENT
HOTHHYRRDZIEEH D20, BEEES 7Y
1 b OMBEEEOHEIZ T OEETI2HEND S,

FTIT, WIBZEEEANTORT, B KRERAR ST O
BT —% OIUE - BT, BIOFRBTE, HRHN
BN UIZEERFRICHE D PHEKEE (FHIE, 2003 ;
FHIEFAE, 2004 ; HAF, 2003 ; BJI - A, 2004 ;
+5 - 1FAH, 2004 ; Kamae et al, 2004 ; £iLHL(E,
2004 ; FriRhfE, 2004 ; #83k - 13, 2005) & HWT,
REL - BNET-> 7,

TORE, FIAE, BTN RELEGABEBLY D
A MPENTHEHAHE WHKRE) 10T 2Tl
AR PVEK3HETIRIm/s ZMADHERTH >
O 2 1TENTHELTWED, BHERICKS

¥

1 I

1l | U
| ! | | | [N
| | [l | [ (I
I I [ I I I e
1 | ' [N ' " [
______ A [N r, freedecdedalebl
....... e (S ) T X B (T R R
- bbbt Sk b SO St it bt A 2
------- (nfaiits R S Rk e Tl it St St Sl Bl Bl Il
b i Rt e Bl sl o i s e e e
decedesdadubalrbbl-mee o] lee e decdadad okt
' ] i [ R A
] Ak e Tl ol ettt el el Bl Tk ol o
1 N I [ [
....... e mwmdemdad oL Ll e daadadaddld
I 1 1 I U I | 1 1 I I [
| I R R ' [ Vo

01 | | | oo | l [

. | ! (I N R A ! ! I B

Natural Period of Sloshing(s)

Fig. 13 Correction coeflicients for the spectra in the fire service law of Japan regulating sloshing wave height of oil storage tank.

(a) Region 1-1 (Tomakomai, Sakata, Niigata)
(b) Region 1-2 (Tokyo, Yokohama)

(¢) Region 1-3 (Kamiiso, Akita, Shimizu, Nagoya, Yokkaichi, Osaka, Amagasaki)
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Damage of oil storage tanks due to the 2003 Tokachi-oki earthquake and
revision of design spectra for liquid sloshing

Shinsaku Zama*

ABSTRACT

The 2003 Tokachi-oki earthquake (IMw=8.0) caused the severe damage to oil storage tanks such as
tank fires, submergence of floating roof, and overflow of large amount of oil, due to large liquid sloshing
more than 3 m excited by the long-period strong ground motions. According to the Japan fire service law
for the maximum sloshing wave height at that time, the velocity response spectrum at a period of sloshing
was about 1 m/s. Considering both predicted spectra at petroleum industrial complexes for earthquakes
with maximum expected magnitude in each seismotectonic zone and damage pattern of oil storage tanks at
Tomakomai, we proposed design spectra for liquid sloshing of oil storage tank in Japan by introducing the
correction coefficients as a function of period and source region. The design spectra were adopted in the
revised Japan fire service law enforced on April 2005.

Key words: Tokai-oki earthquake, Oil Storage tank, liquid sloshing, seismotectonic zone, design spectrum
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