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MODEL VIBRATION TEST FOR NONLINEAR INTERACTION
OF GROUND-TANK-LIQUID SYSTEM

&I IE B3 - R R i e

By Masaaki YOSHIKAWA and Hirokazu IEMURA

This paper describes model vibration tests to find effects of softening characteristics

of ground on an underground tank with water 60 % or without water during severe

earthquakes, For this study, a new model material-a polyethylene and salad oil mixture

was developed which has superior reproductiveness of softening characteristics of

ground,

Using this material and a shaking table, this dynamic interaction of ground-tank-liquid

combined system was investigated, By comparing underground tank embedded in soft

reclaimed lands and in rather rigid grounds of two layers, the dynamic behaviors of the

tank were clarified, As the results, the underground tank during severe earthquakes are

influenced greatly due to the softening of the surrounding ground, and the strains of the

tank do not increase in direct proportion to the input intensity since the damping

constant of the ground including viscocious hysteretic and radiation dampings increases,
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Fig.1 Ground-tank-liquid model.
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Photo1 Ground-tank-liquid model,
Table 1 Design details of prototype and model.
Unit Prototype Model Aim
SOIL PART (Execution}
Comp-mixed(Surface) Poly -Ethy-: Oil
100g  :95cm3
Soil Layer Depth m 60.0 0.2
Density glem? 1.7 0.88
Poisson’s Ratio 0.45 0.45
S-Wave Velocity mis (553.6) 32.0
Shear Modulus MPa 4428 0.9
Young's Modulus MPa 1279.2 26
Natural Frequency Hz 2.31 40.0
Damping Constant °lo 2~ 5 2 ~ 5
Bearing Soil Layer
Comp-mixed(Base} Poly-Ethy-: Oil
100 g :35cm3
Soil Layer Depth m 30.0 0.1
Density glem3 1.8 0.93
Poisson’s Ratio 0.4 0.4
S-Wave Velocity mis (865.0) 50.0
Damping Constant %o 2~ 3 2 ~ 3
TANK PART Aim Execution
Volume m? 6x10% |2.2x10°
Height m 300 0.1
Diameter m 60.0 0.2
Side wall m 25 |83x0°
Thickness
Bottom Slab m 5.0 0.0167
Density glcm? 2.4 1.46
Poisson's Ratio 0.17 0.17
Young's Moduls MPa 206x10° 418
Damping Constant °he 3~5 3 ~5 [45~70
Natural Frequency| Hz
Fix Base 7.75 | 134.0
Hinge Support 3.10 56.3 33.5
Spring Support 1.20 20-8

1 MPa =102 kgf/cm?

Table 2 Similarity and scale factor,

Function l Similar Systems Scclp foc Lor
Length lm/lp 1/ 300
Detlection im/lp 1/300
Volume tmilp) 3.7x:08
Density omi0p 1111935 17164
Unit Weight (9m/%)igmige) V193311164
Mass (Omigp)im 1) (1944 2.26)x 10
Time (Im /L)' 2 (@tmictp 2 1717 3
Period (Um/1p) Yooy 12 1117.3
Frequency (trm /1) it} 17.3
Velocity (Um o) 2tmictp)'? 1173
Elostic (0m /el Lp)Emitp) | (17 30r 2032107

Modulus x (Em/Ep) (VmiVp)
Stress (omIop)im L p)&mitp) | (1.7 3or 203)x 107

Spring Constant
Kinetic Viscosity |
Strain |
Poisson’'s Ratio
Damping Constant
Acceleration

(9m 190X ml p)tmiczp)
(Ui L P ey’
EmiEp
VmlVp  [Sultix
hen/hp {
Cn /et

m:model

p: prototype

(5760 678)x10°
1.9x10°%

1
1
1
1

*
[Soil or Tank)
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Fig.2 Nonlinear properties of model ground {G/G,,
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Table3 Damping constants A, versus strain y level,

STRAIN REGION
Damping Constant (%) Microscopic] Middle

105~ 10° [10° ~ 10° | 16 ~ 10 10 - 107

\ Lorgei

_(i)Free Vibration 2 ~ 3 3 - 5 8 ~16

(2)Wave Propagation P~ 2 3 -~ 'S5

(3)Restoring Force Curve 4 ~ 6 (15 ~21 122 20
(&)orléYResonance Curvel T -3 [13 ~15 (16 ~20

(4) See Reference 8)
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Fig.3 Frequency-response curve of ground (horizontal).
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Fig.17 Frequency response curve of strain (combined

system, with water 60% in one layer),
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Fig. 18 Frequency response curve of strain (combined

system, with water 60% in two layers).
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VM EFEL L A ERERL TV B,

(2) & % %

I, 2 EMBOEREFRIED S v 7 2ERIZONT,
Ju he& o, DBR (Fig. 4,7,13,14) # £ &, Fig.
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Fig.19 Coupled vibration characteristic.
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Wik, g, ¥ 7OV ETNHATEIRE %X 512
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ML OWIBER g (or ) EEFELLL. AR &
% sloshing O HIRIBEHOBE T IR/NhS VDT, &R
D sloshing 3B —FR ¥ v 7 DS (Z&ER) #HH L 17,
AEFROBFIERIC b (sloshing DFHBEEHIZ hs) &
HERLL 2.

Sore DBRICBNT, B—RihiE (S8R, =R
DOHARRSHIADIHE I L > T T DT, H—
Ry (1SR ORKRIESHE (BT & T,
BHEER T, & Toioxih) 805, —F, 2420
HRIRENE (f1, Blsd) B Rl (S &5
Yo7 Ty (AR T.) ORRIENTOHER T, #H—
FHBOLERSEEHET S, Lo L, 2EROER
(s Lk, AR 2R KHEETAE, HiLiH—
ROZRBFHE R FICEBIET L, 3350 AN
FII LT, BRISE—-RMICER (KR0S vy
BB OB D) $H &b 5

he—a; DBfR (Fig.19) £V, LUEED AN IIEE
ERIC2BICHETE A PENT 5. RO,
xﬁﬁ%QAﬁMEFtﬁ? SEREH(Fig.13,14) 3,
BUDATIIHERFC AN TR T 3, R4 5
TLTOKZERLLEI DN A B, JORENT %2
FOEBIRE P KEL LBHELT, fira OBRICH
T Coupled motion & L THEHE Lz, LizhisT, &
RO AT IEEE I U T, BESRES O L I 5 >
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7 - R OMAEEHBSEOEREMAE LTV &
Zohb., WK v 7 OB, hEBEWICE~ Tl
DHBESRPKE V0, B-F-HBRE S SHOERN
ZROONILZV. 20100, B—ROZEMEOILEE
EARROBREEL, %huFauiw‘ﬁEt&c:ﬁu\f.
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a) 1 BHR-5 v KR (RS
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NI L, 2IRE-FRY Y2 EBIC L L MR
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ATIEE 65 #NAHL D E DS T L, B o#t
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BRI EREEEEL, BRIBHHE T R
sloshing 254 U A, AFIINEE 70 #VHELLUF O 4815
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g v 7 EMO MR sway, HBFHO 1 R A BKTE
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c) 2[EHMR- v o RIkR (ZEEREE)
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IEIE S 5720, MATMOY v 7€ — FIdi—3R 5

7 ®OE— F (Fig.8) LT 5. 2RET— Fidipmy
(ovalling) MEHbI %.
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KPR B oM IEEBMNEEER IC BT AR %
BHNTEELUTOEBNTH 5.

(1) 1, 2Btiigdh oy » 7 13MER, MR
FEERICAE < ERExI 5.

(2) BIMBEIBIECHEZC L OBEEDRS 2T S
12, Fv 700 HIIHBIICHE L THEMU L.

(3) 1, 2@BMhD ¥ 7 -k & sloshing & 13,
TREERE, MO L VIR ASEET S LL
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i) v 7 ERTOXRREMEH &0 2 BB A5 1
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HOPEBT 5B EEETANENH 5.

i) &> MEsED R THA M, tihos
BRI, B—RBOISERE S 2 E B L, TS
Y DEENPRLUBICRE RN ENDhy b,
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6. H W&

TS v oEHTFEDMBOB S ICERANS
&, BRI AR A L SICERL T ALEN S
H. TTIL, 1 BHBICSOOWTOEEREEIZSDVTIEH
HITOU o SRV K 2 BREEOHBIZ OV T G,
WNOFT AT BN T, Fihfg & BRI O 4 A WK
BoPtEmEs b e, B—RYEBEEcir
RERIIEST, HAKBERE 25ke, 350, FKEH
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T, XHBOCAKMEREOREZ{T-> . —%, Rk
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o, LEh-T, MERICERBBOKIERRZICL->T
HUBIRIK-5 v 7 FOMEEH O % K 1 KRB
KEY, 1, 2@MBEHICE Y B Y v 7 OIREEESHE
BTE, MBI/ O ISR EEAN S Z2 55211
ULBHbDEEZS.

Sloshing IBIL €, AIMHESHEMS 5 &, K
HERILL, 77 ROBERREE LA D sloshing iz
FEICETL TV, UL, FHEOIRED K x X
T, WMEOHRRREFE LBV, FOT, EHIKE
iR % {70, sloshing O RIRIREI K 2.2 Hz O #h # #8
VRULG A1, 20OMR, HHESHRCAERIZETT
HEEMBA EHDVED A & THRIEO KA EM
HELUS. T, BHOERSBEA LTSS/ N2
0, by 7B TS PARG 1m0 LR, H
R 7IZB0NT S, KARBEIZH - T HlEES) % i
L. RELGEHBEN Y v 7 IERT 5D, KERWLT
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HiRREEcRL - nnsEZE2 505, L L, BRE
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VI RPHIREZ AR UBAEREET S &, MK,
T8 v 7 I ZBIBMBOREZRIRE LRI NBE B0
TRRICIEE SO L ICHBRR 2T XE12H 5,
COMESRBEOEELZEX D TH 5 M, sloshing
1234 2 REWRE UC, RmBHE & mEES 5101
RBBHIEPAECHDEERD.

ABISTIE, B (SHE) SHRETH»SAHT S
BEERRELEZLOTHY, RERSAKT 5551
DNTER - TV, TRANEEIEA L — TR E

HUKOT, EEGRIGFMERICAN, 24 - THT
32~ 5L X5z, BRI L o BEBHI KR
TA, AAKIKEHN, KEFEOBENZERLRPE <
Ui, LEdi-T, EREORFUEARFRER L0/ hs 2
ICEEIC D D EPRINS.

#H O OBIAEROTLEHICHLY, THEEORE
W FERF T8, (WHE R L, BRI HV
EPOIEHBRRETILICEROEEZ KT 5.

2 £ ¥ ®

1) EEEH AT S v 7 OtERES OB & R
TR, #5273 [u], pp. 1 ~ 14, 1978 4F 4 A.

2) EVEMIL - —Es DERERICLAEA L N.G i
Ty vy oeE s L ORI E T L ETFEOER, BN
FIRSE AT S, BIFEERS 377026, 1978 46 A.

3) EMELEE - W (ERREs  LNG i P EIS B %
#, AASEEHE, No.84, pp.72 ~ 84, 1980

4) HHIHE—- - AMBTED AWM Y 7 DB E—
APl #ET®ICHEM LT —, JIIBETHH, No.71, pp.
52 ~ 59, 1979 47 H.

5) REERT - AW B EEKEFREZREICLAHTS
7 REIREEBR O, RS 34 MERER RS
EIEAMZEE, 5186, pp. 418 ~ 419, 1979.

6) HiAIETE - FENERE, MG NS v 7 O8AEE
(No.3) —IEEIMEERERICE TS5 v 7 D0FH
KOWT, LRFESE 33 [AEX N RS H TS,
% 188, pp.336 ~ 337, 1978.

7) AR - BN R IR T S Nh A
Ty v OBEBRENER, YR 33 HERFEMHE
SRS, %180, pp. 326 ~ 329, 1978.

8) HINIEMR « (LhHE—(3H | A S O 7 SRS -
~HhAE O JERRIE IR EY 1B 3 5 RERIUBAS, TAR¥RER
YEEH, #3348, pp.53 ~ 61, 198346 H.

9) FHINER - BEEE | 8§55, HBREL, 8ok
516 MBI REkS, pp. 1257 ~ 1260, 1981 4
6 H.

10) FHINER - ILAE—E» | ER- oS SnNEA
fERIZBE 4 5 B, TETHSREEE, Vol
23, No.3, pp.178 ~188, 198349 H.

11) AATE - BHEBA BEi2ESCAVEERANG Y v 7
OMBISEMANT, ZFETHM, Vol.12, No.3, pp. 6
~ 18, 1975.

12) HeEEEA - BUREE S D @S v 7 NORIKENEE 2B
T HHE, LARFERFHHREE, F 2905, pp.53 ~ 65,
1979 4E 10 H.

13) FHNIEM - L #  EAthE 2 o288 MER-
BOIARTERIRE) B ¥ 5 KERMIBTFE, 55 6 MEKH
BI¥EY RV A, p. 1707, 19824812 A

(1983.12.14 » 44)




