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Pilan view

Model Tank _
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diameter : ¢ 140
surcharge pressure : 100kPa
Side view
Zircon sand (10kPa)
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Item Simbol | ST unit Scaling
factor
Acceleration a m/s” N
Dicplacement ) m I/N
Length L m I/N
Area A m? 1/N?
Volume \ m’ 1/N?
Density p KN/m® 1
Young’s modulus E kN/m? 1
Moment of inertia 1 m* I/N?
Axisis rigidity EA kN 1/N?
Flexual rigidity EI kN m? 1/N*
Shearing modulus G KN/m? 1
Force F kN I/N?
Stress 0, T kN/m? 1
Strain £, Y — 1
Time(Excitation) tq N I/N
Frequency f Hz N
Time (Seepage) ts s 1/N?
®-2 Fp LA
Tank Prototype 1/2 scale Model
Diameter 14.5m 7m 140mm
Height 10m S5m 45mm
Load 100kPa 100kPa 100kPa
Depth 10m 10m 200mm
Side plate Steel Steel Alminiw
Sketch plate Steel Steel Steel
Thickness 8§~10mm 4~6mm 0.1mm

Alminum (Imm thickness )

Rubber-membrane, or
teci sheet (0.1mm  thickness )

v e
Improved sand
({4

nit : mm)

160

/Zircon sand

Rubber-membrane
(0.5mm thickness)

®-2 =705 7 HBEK

Improved sand
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Specific gravity Gs 2.65

Mean grain size  Dsp (mm) 0.100

Uniformity coefficient Uc 2.927

Maximum void ratio € max 1.333

Minimum void ratio e wi 0.703

Internal friction angle ¢4 (° ) 392
CD triaxial test
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F-4 FEHr—2—E0197—2R)

[mprovement | [mprovement | Volume Base 4
No. Improvement depth ratio ratio br plate’s du Eso Smax
type H’(m) H'/H viv | P areral (kpa) (MPa) (mm)
NA17 | Non improvement 0 0 52.4 — — - 4.74
IB1 Non improvement 0 0 48.9 - - 6.23
1B2 Whole layer 10 1 1.0 50.9 Rubber 99.5~103 3.04~4.61 1.88
1B3 Threc quarters 7.5 0.75 0.75 50.9 (0.5mm) 121~134 4.22~5.10 191
1B4 Half 5.0 0.5 0.5 51.5 130~149 5.79~7.85 3.18
SA1 Non improvement 0 0 0 52.3 - - 6.70
SA2 Wholc layer 10 1.0 1.0 43.4 107~130 1.57~6.28 1.93
SA3 Whole layer 10 1.0 1.0 52.0 70~85.6 1.08~3.43 4.01
SA4 Wholc layer 10 1.0 1.0 50.0 147~166 2.07~2.29 2.90
SAS | Threc quarters 7.5 0.75 075 | 519 | Rubber ris—1p9 | 1.86~6.48 | 2.89
SA6 |  Threc quarters 7.5 0.75 075 | 527 | ©O3mm) Fis~19 | 1.86~648 | 3.6l
SA7 Threc quarters” 7.5 0.75 0.56 52.3 141 ~143 3.24~3.83 4.16
SA8 Half 5.0 0.5 0.5 52.5 141 ~143 3.24~3.83 4.7
SA9 Half 5.0 0.5 0.5 52.6 216~229 10.5~12.8 2.74
SB1 | Non improvement 0 0 0 46.4 - - 7.97
SB2 Wholc layer 10 1 1.0 454 Steel 151~161 3.80~5.83 1.33
SB3 Three quarters 7.5 0.75 0.75 48.8 (0.1mm) 114~122 1.41~2.15 2.92
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*1 Smax : Maximum settlement, *2 without tank, *3

Three quarters depth improvement with cylindrical non improved portion,

*4 Three quarters depth improvement with trapezoid non improved portion
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Position, x, (mm)
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’é\ 1l 2D Modcl(Kimura ct al., 1995) |
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g3f B B
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—&— No countcrmeasure V- Gravel drain 3rows
6l -m Unsaturated O Sheet pile without drainage
—& - Gravel drain trow G- Sheet pile with drainage
B-32 Pk IEIC KB o RBOLTHM
10
i Na VDT 4

[ —
o Pore pre ucer  w Accelerometer

E-33 EBMWER (VI FlL—y, SAKREE) "

-5 BORILIE IS B OB SRS M o L
Test Modcl Input Dr | Secttlement
code conditions acccleration | (%) (mm)
No 10.0g 497"
TD2 43 *
countermeasure (200Gal) (1.00) ™
10.7g 2.31
TD3
Unsaturated (214Gal) 44 (0.46)
10.0g 448
TD4 vel drain 1 4
Gravel drain Irow (200Gal) 3 (0.90)
10.6g 2.98
T / i
Ds Gravel drain 3row (212Gal) 45 (0.60)
Sheet pile without 10.8g 3.18
TD6
drainage (216Gal) 49 (0.64)
Sheet pile with 10.5g 2.98
TD7
drainage (210Gal) ¥ (0.60)
No 13.0g 6.23
IB1
countermeasure (260Gal) 49 (1.00)
B2 Al.[ depth to 13.0g 51 1.88
bearing stratum (260Gal) (0.30)

*1 Smax : maximum settlement, *2 Smax/Smax(No)

T L B ORI CIE S R EET L
ERVTITE, WA, KRRES L0 RN
DRI DU TR, AR 2152 55
BICOVWTHS, STFOMMRE S

D) SHGEET A B S e U TR B
BESUAGHOBE, ZUTEEF BT b
DERI D, FBOBE XAEREE LY SEL,
IRBOREE LT, ¥ 20 nbomEh 0%,
M AT 5 S IR & R O s 275 2
BB,



2) FLr HEMETA X7 REISIREE (#»
JHE L D EYRE T 0. 50 JEVY) O TIEAR
dT A Lok, o0 EBORRILETRE, KA
WTEE BICHHTHZ LN TED. KERTIIH
BAKIREE S q,=100kPa LA ECoHiLE, KRB
LR Cx o7 Bl OR R TEIZK 30% (B T
B) ETRIL, &VﬁﬁTKLﬁ#hﬁfﬁm)
DOREERE 26% Q. om & HE L7 3/4 WRDOHAHT
b, ETFAMEBICRE (ZRICETADR) 7,
FIUTEEW L TIHIZENR H B 2 & AR E T,
3) BT BIZ-F72 th TSR/ EEFTE 5
BHETHD 7= & %21E SB2 D — AT, AN
STt &i&/ﬁﬁTﬂR%*wMén [ g=
IR b & vy FERED IGE BEIRE I YIE 38% Th
ST b O BIIER TR AT 77% F CTHEE L 7.
27 EBOE TP SR THEE, #7588
Teig BIK ORI 2 B RS AR R H Y,
Z DI LE RSB T BAR ORI KT T D,
4) 3/4 LRIIREKEINDT m~—74/7 24T
THZE T, WRAOE THEORIMERT & Bk
185 H8E DHERAGIC &» T, & 2 FERER o
B DME L (REBRE M TIRATIINEE OFK 60%
TF) 25, £oT, FELTOMRILT FOEMH
ERMECENE, Ta—TF 4 S EA X,
REE O B ENE (FREDER) SRFEEORT
BRLTWBHEWNWZS.
5) 7 m—F 4 v E A TR BOWBEHE T O MR
KIEZFEN L, FOWMDOWRILBREDLE 6T, &
BERAT OWIR{CITEE S & v 7 W E O HUEE NI N 5y
HiOEDOEBLZITH 2 LR ENZ. $,
Z OIS OB, IEENCE S R OE
MLTORRE 2D,
6) H1ERF OWKALIZ L BIL T, 2o Tz
DEFEE 4 & RFTIRENC & - T &R Z S RH 0,
Ty R TS Z I D REEME, A
mEhE LT E R TE D, F72, E MR
FEABL LY o OLTIE, ¥ T ORI
BOBES SR fE > RIEOIKRTORE, R
DEE L ZORIELEOMBRY L ¥ 2 7 W ESHE
BEON NI ENE, £ < BERITKTT .
7)¢&%&E@%ﬁ,&ﬂ%@%ﬁﬁﬁ%??é
&, MR R T RN E K R ABARELT A EMT 5
AEEMA HD. Lizdio T, %&; WKBWTI&R
W BE iR ALEREE, 72 D ONCERIOTRE 3 L O
HEEEL, ZhbzHAWnWrEEmiricl sy
W BKDORTEWOMIRICMAZ T, #orr KEOR
%%TK@bT@Wﬁ%iDﬁgkﬁ ¥, Z
FWTERIZY V7 EROMIMICRE KTFT D
tbf), ZIZBET A B EAY, BUEMEYT, o
NG MBI ER O L O e T L ME L 2 D,
8) HEMABIMEIMFIERL THNE, BKILT &EIX

;

119

RS W R AR KIS L TUIIEERIC
WTh, Tk, PHREKBRERTIE, WRAMESE
E R T HI I EE D BRI B E & L I T o WM
DRI /NE N, &b, WETF—ADULTELR
WEYy— AL TR THR LR ER G RBOE
By, B 57 ZROLEF VTS ZRICET v EIER
LEbORE LN,
9) P X RS T, Fri
ATIEHRRFELTEIIERILTE
BED 1/8IBE L IR oT2.

10) AEEBROSM Itk BIKICHAT A REE T
nd, *@;oﬁ%ﬁ,&/ﬁwai&E%@
&0 LRI X0 IRTTT D EmM AR S .

WIEREETME Lic s —
EITITTE B L

==

BIEE  ATRIEE EMTDIHY
NlE - E R ol A il EI%k?I? HT&
B#ER, PRRKFEHTEE RAREHER O U
BEarELET. it,aﬁ&%ﬂ@%ﬁ&%%’m
HE LT iD= Eis BERBANZERT IR —
K,%@m%&,*%f%@l AR T B AL
THEMEBEOEEAEDT 2K L#EARLET.

SE

1) Ishihara, K., Kawase, Y. & Nakajima, M.: Liquefaction
characteristics of sand deposits at an oil tank site during the
1978 Miyagiken-oki Earthquake, Soils and foundations,
Vol.20, No.2, pp. 97-111, 1980.

2) AARBEZDU M - KR ELFAERERES B

Bt « SRR SSRA R S GREER-3), 1997.
3)THBA TTE IR IR - SRR O RIS BE T 5 B H o
— TR IEITDWT, KK X9, No 45, Apr., pp. 7-

10. 1995.

4) Kimur, T., Takemura, J., Hiro-oka, A, Okamura, M. &
Matsuda, M.: Countermeasures against liquefaction of sand
deposits with structures, Proc of Earthquake Geotechnical
Engineering (edited by Ishihara), IS-Tokyo 95, pp. 1203-
1224, 1995.

5 WiRE M, HP W, SESR HRHRTEREIC L
BERR 7 7 WA MO TR 2R, hAS¥S n@)L
4£ . No. 547/11-36, pp. 57-65, 1996.

6) BRAL—, EAIME, AR SA, AE B, EHEEA,
fLEEACE © YA AV PSRRI L DR EBEN 7
7 OIWEPRALKIR TIC BB D198, TARZES R LK,
No. 595/111-39, pp. 51-65, 1998.

7 REWE, B EE, BKOE, INERETS B0 sLE
BT L DR J /’f TEOHEDRIZ DN T

200+ LETF TR S EAEEE, pp. 945-946,
1994,

8) K& sk, W B, WIRFL, ANB E . KERE
5 7 RACK IR T OBENE NI L B BE : 533
[]tLﬂ&JAf*/\ [7E %K%, pp. 101-102, 1998

9) KN, B R, KREA, K B HRIRY



7% FRTZ R P A R LR ORI E,, Hik T5eagk,
A& ZEA%, No. 43, Vol.7, pp.31-33, 1995.
10) i B3I, FERAT, KTHEE: EABE(LITERCX
DEER S 7 B OWRALH T, BELEN, pp. 18-22.
1999.

1) HOER], &SBEHEE ARE, T 0 A
EDBERS 7 DB R ER R E L TOEREAR L
HEORE, T ARFRESARERFHHHRIER ML,
pp. 286-287, 1999,

12) Ak E—BR, SEYF AT, EHEE, FRIRBAT,
RE IR EAEL LB L5 Y Vv W?Tilfﬁ{tﬂ
RIZBIT D 3 Rotis LIRS BRI %« BE35EHAR T
STFFEIEES, pp. 1679-1680, 2000.

13) AAY E— BB, SEEFELT, MREEE, #RET, A
WH BB R L DR IEAB AL LIRS K DBERAT
s 7 HHR ORI R TIEORE, MR T%458,
& FEAE, No. 49, Vol.5, pp.28-30, 2001

14) Imamura, S., Hirano, T., Yoshino, O, Hagiwara, T.,
Takemura J. & Fujii, N.. Chemical gouting as a
countermeasures against soil liquefaction of sand with
existing oil tanks, Proc of Physical Modeling in Geotechnics,
pp.575-580, 2002.

16) SR E—RS, BT, WA, BRI A
Wi A O8NS IS RIS ME S R, S5 35 AR
SFFIEIER S, pp. 2221-2222, 2000,

16) Imamura, S., & Fujii, N. Obseved dynamic
characteristics of liquefying sand in a centrifuge, Proc of
Physical Modeling in Geotechnics, pp.195-200, 2002.

17) Whitman, R. V. & Lambe, P.C.: Effect of boundary
conditions centrifuge using  ground
motionsimulation with earthquake ground motion simulation,
ASTM GTJODJ, Vol. 9, No.2, pp. 61-71, 1986.

18) Law, H., Ko, H.Y., Sture, S. & Pak, R.: Development and
performance of a laminar container for -carthquake
liquefaction studies, Proc of Centrifuge 91, pp. 369-376,
1991.

19) L HET%, LD, & R, BRI  uiE
TN AW OB, AR S B4 RS T
HEFEREE, pp. 610-611, 1994.

upon experiments

20) TR R 350 IR IBAC B LA 3R ) g
5 ﬂm,ﬁal%ﬁi%m$mmew&

21) bk BEKER, B ohde, L¥EZ, MO BK
B RE N LA DR ER & O Bikic B+ 5 kA +
KSR, AT, No. 694/11-57, pp. 221-228,
2001.

2) F U v A MERAE L BE Lo Tk
B % TR R, 1987

23) AAGEEK B  MIEERTE - AR, VIS
@, 1990

24)E S, Wi Z, RIERN  FRIRGAHE o)
BOGREE - ETHEE %27!M'“L”"‘Méﬁ;§2§r\,
pp. 933-934, 1992.

25)Torstensson, B.A.: Pore pressure sounding instruments,
Proc of the Conf on In situ Measurement of Soill

Properties, ASCE, Vol. I | pp.48-54, 1975.

26)Ishihara, K.. Stability of natural deposifs during
carthquakes, Proc of 1™ Int. the Conf on SMFE, San
Francisco, Vol.1, pp.321-376, 1985.

27)Seed, H.B. & De Alba, P.: Use of SPT and CPT fests for
evaluating the liquefaction resistance of sands, Proc of In
Situ ‘86, ASCE, pp. 281-302, 1986.

28)Shibata, T. & Teparaksa, W.: Evaluation of liquefaction
potential of soils using cone penetration tests, Soils and
Foundatiins, Vol. 28, No.2, pp. 49-60, 1988.

20)ERAHERT, FERN SR, BEBMT, BHEER 2—UF
AR OV HE N SRR & S s s B oIk {k o
BEOBIR  H30ME - H 1SRRI Ao MO T
pp. 983-984, 1995.

30)Meyerhof, G. G.: Penetration tests and bearing capacity of
cohesionless soils, Jowmal of the Soil Mechanics and
Foundations Div., ASCE, 82(1), pp. 856, 1956.

31) (W) FARIFE 28— o R LERE
~vz=a TN (E), 1999.

32)Imamura, S., Haglwara, T. & Nomoto, T.. Nishimatsu

Proc. of Centrifuge 98,

- i1

dynamic geotechnical centrifuge,
pp.25-30, 1998.

(2003. 1. 27 2=14)

CENTRIFUGE MODEL TESTS OF EXISTING OIL TANKS
ON LIQUEFIABLE LOOSE SAND IMPROVED BY CHEMICAL GROUTING

Shinichiro IMAMURA, Takayuki HIRANO, Toshiyuki HAGIWARA,
Akihiro TAKAHASHI and Jiro TAKEMURA

A series of centrifuge model tests was carried out in order to investigate the efficiency of chemical
grouting as a countermeasure against the liquefaction of sand with existing oil tanks. The test results
indicated that the improvement of the area beneath the tank by the chemical grouting was effective in
reducing the maximum settlement and differential settlement of the tank and the maximum settlement
decreased almost linearly with the depth of the improvement. Some differences were observed in the
recorded acceleration and subsidence behavior between 2D plane strain models and 3D models with a
circular tank, which clearly showed the 3D effects in the settlement behavior of the tank under seismic

loading.
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