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Synopsis

Many centrifuge model tests on saturated model ground have been carried out for investigation
on the liquefaction phenomenon. However, there were few investigations in which the degree of
model ground saturation prepared by various techniques was measured and the performance of the
techniques was discussed. In the present study, the model ground preparation techniques for
manufacturing fully saturated model ground were discussed. A model sandy ground was prepared by
three various techniques and the degree of model ground saturation was estimated by measuring the
P-wave velocity propagating through the ground. The degree of model ground saturation was greatly
influenced by the type of preparation technique, and a saturated model ground prepared by
percolating CO, gas followed by fluid in a vacuum condition was recommended for manufacturing
fully saturated ground. Then, the modeling of models tests on three different scaled models were
carried out on the saturated model ground manufactured by the recommended technique, which
demonstrates the repeatability and reliability of this centrifuge model tests for the simulation on
prototype behavior.

Recently, the grid-type ground improvement by the deep mixing method (DMM) has been
applied for the liquefaction prevention. The grid made by treated columns is expected to function to
restrict the pore water pressure generation between the grids due to the reduction of shearing
deformation. The existing guideline on the grid spacing is pointed out to have limitations for
practical aplications. In the present study, a series of dynamic centrifuge model tests and numerical
analyses were conducted to investigate the effect of gird spacing on liquefaction prevention. The
seismic ground response and the pore water pressure generation in the ground were measured in
detail. A new rational design guideline on the grid spacing was proposed. Further, a new

arrangement of grid type improvement was also proposed for more economical design.
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AEEATO ZENMETH D, m ORI EEBR O RN FEY)
D@ EFHR L TWDZ & ORFESE L LT, Modeling
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BT DK BEE DFEE1S %Lh F & /NS 35
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WAREIC Ko TR 2K L. 722k, =0
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200HzCH Y, FEWHaE TIIiREIE4 Hz (B C0.25 s)i
Y49 2. Modeling of models BT D Fhk THER S
LA D EE R LMD 1O, Kz OEEIZE T 2 AT
WO~ THD. AEHOFZR-3.51R LTV 5.
(@), (b), () IxZFNEI10g, 259, S0g3HTIT 5 Kl
B THRI300 gal D AT TE AR LT 5. 3FREE O & s
ETOWBEET DL, REEOFMED DI O
RERIZR 2> TWER, ZOB%OWFITIZIEEL L
TWDZ ENbhotz, £, ThODOWEE2FEY A7
—VICHE L CERAEDLEEZLOEZE-3.5() 2R LT

#-3.2 Modeling of models Sk D 7 — A —%&

br—A T30 U I 0 2
FBEE bW 57012, 10g, 259, 50gDEBRIZHT 5 4, (9) D, (%) v(m’/s)
HEPEFR OBIREEE A3 10 mY/s, 25 mY/s, 50 mYs & 725 X H 1T MS50-3 48.7 44.1
Gliki- 30y, M50-4 % 51.0 41.6
M25-5 33.9 183
3.3 BAERAE M25-6 25 53.0 20.9
K —2AD—EHRK-3.212, BIELLIZANEER M25-7 41.0 24.2
=3 3TN LT\ D, FETUHAE O AH S 1345 %, fufn)E M10-4 46.2 13.1
13100 %% BAZ & U ORI s 2 fEHR U 7= i DA 5 M10-5 10 44.0 132
BRCIL, PTE o DALEEICEE LI, IRBEIC K M10-6 50.0 49
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#-3.3 Modeling of models Sk TONMIRS M —E
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= ODILEE (9) 1 10 25 50
PRI e /1 1/10 125 1/50
ATVIREE T O ERE, 50 i
HRENRER (sec) 12.5 1.25 0.5 0.25
IRENE 4L (Hz) 4 40 100 200
0.75 (75 gal) 7.5 7.5 18.75 18.75 37.5
1.0 (100 gal) 10.0 - - 25.0 -
1.25 (125 gal) 125 - - 31.25 -
1.5 (150 gal) 15.0 15.0 375 375 75.0
B A v — 7 i 2.0 (200 gal) 20.0 - - - -
(m/s”) 2.5 (250 gal) - - - 62.5 -
3.0 (300 gal) 30.0 30.0 75.0 - 150.0
3.5 (350 gal) - - - 87.5 -
4.0 (400 gal) - 40.0 - - -
4.5 (450 gal) - - 1125 - 225.0
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E-3.9(b) TR L722.5 mDIEHEIZE T, &I
FECRRZR L EBRT — X 13Ny F T - ENCIEIE
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T EERLTWE, E£72, IREINEEE OB X3 5 [’
BRKED EREMEIZOWT S, EOMEEICERZR < IF
E—H LW, 2oz b, AFgECORIRLIZE
T 5B DR ERRIC OV T, EM R — L TOEE)
AEBTARBEILE N LR TE .

4. BFRBRICK DBRRMFRICET HRER
B9AR Y

4.1 REEREESUNIEICEL BRI TZOBE
HRAL 2 39 % TR, IR LR D5 2 80
S HE, BRI LIS W EICEE#Z 5 H1E, 1T
KO T T3k, RRIRRAEEB TS, SAWZER &2
42 THESERD L. E-, RIRMEAE T T HEEY R
RETEDLLIE, MORKEZHEC LY, 4L
L7205 IELH 5. AR TIE, EEERSH
TV HIEERALE (LI, DMM) T2 X - Cafm
s A B RISV AT, B ABETE 2 3095 TiEIC
DN L7z, Bk ot R A ERAL 2 Bl 4= 5
AH= AL, ECRIMEE A L ECALER o BER DS H
BREO TR OBBAWIRT 2 Z & T, RkMboFRAE%
PHILTNWE EZx 6N TN,

-152 -



TR

R’

AN
=

HHAR GER)

SR TR X 2 W RACHD IR0 R DR GT Be O RVRFE A Al L 728 LS R E DR R

HHAR R

O oo oo O =0 O Ot oo 00 | mmO =0
72mm 72mm
| R=554 b | el
'100mm; 8Omm: \ 120mm i(IOmrr \
X | 2 ] \
EEE \\;>° 30mm IEEE | 77 40mm
BROKES ] Lo | [ 4o 400™™ BRsAES T oo | [ gedOmm
NLJg 408m AV PL . 40fm
e § 1 e e §
R®BE (REBHRE) BKFL RBE (REAM) EKFL
(a) ¥Rl 8cm & 10 cm (b) ¥7RFE6cm & 12cm
B-4.1 &R O SRR 0 72 oD O FE A FEERAEM [X]

AR O X 212, #TRICE(LAE L2 T35 2 LI
F o T Z M 2 TIEORG <X, BE(LABE L0
BEORIG (W& 7R OB ENMEE 725, K 1-HRS
BODIE EHIRALOIHII RN R EL 2D Z ERFREN
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BATEIE, ZREN180cmE72cem (EMHBAR T45me
1.8m) THD. HTRHEINS cm& 10 cmDFAAHHE D

HEI A R-4. 21T R L TWS. ZORBIASIZONT

HEZ2 emOX—7 T4 M EIFHIHAEDEDLZ LI
FoTIERIL TV, HE~DBEKPHIED FTE BT
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El-1 49.7 23.6
1.5 (6 cm)
El1-2 44.0 15.2
E2-1 44.0
2.0 (8 cm) 215
E2-2 41.7 13.0
E3-1 44.0
2.5 (10 cm) 215
E3-2 41.7 13.0
E4-1 49.7 23.
3.0 (12 cm) 3.6
E4-2 44.0 15.2
M25-5 33.9 18.3
M25-6 6.0 (24 cm) 53.0 20.9
M25-7 41.0 24.2
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PIRENEHA] (sec) 12.5 0.5
IREE LR (Hz) 4 100
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1.5 (150 gal) 375
AfRE (mZ 7)3[] I 2.5 (250 gal) 62.5
4.0 (400 gal) 100.0
5.0 (500 gal) 125.0
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REEIX100 HzTh ¥, FEWHLE TIIREE %4 Hz (AT
025 SHIMMT 5. ZZTiE, B2 7TRHBICLDH
B COBMRAIHIB R 2 T2 &0 ) JICER LT
DT, HDHREDRDEICONTORBTE2IT- 2.
REFI AR D Z L2 & » TRF IR O BB 13251k
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AREBRICB W T HIRBIONRGEEZ AT v TR E Lz,
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400, 500 galZx HEE L L7c. LATFICR T EERERIZHB W T
ik, MU NI L7z & B 2 D S IR E X
D HREWIREIINEE TOFHMEZ M GV, &
BRCIix, 520V 7Y o EEEE2kHzE LT, IR

By b oD ik BE RO IR K 2 U AE L 7.

4.3 thEENINERE R CHEEKEO R
(1) IREIEEE & AN o BIR
TRAEDS A C D NHEA T » 7 F TOIRBIIEE & His
WTOE—7 IEHEDOBREZE-4.31I27 7 » h L7z,
Z CHREIINE B & TR A TR L7 E o v — 2
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WA Lo 83 LicE#go e — 7 IEEL 7' a v k
L7z, ASEEAHIOIRMERE L TR nE B bR D
SR A Iy FTERLTWD. Ny FOEIT455E
BRI SRR 10 %OFPHTH 5.

X-4.3(a) 2R L721.0 mOEEEIZ 1T B k1 RiFEA6.0
mTOEREIICTER T2 &, IREVINHEE H385 gal £ D
BAIITHENTOMEE HIZIER COETH L. Zh
1%, HEBEAERIE L TWARnWED EEZBNRD. 61T
PRENNIEFE SN0 L C 140 galf 1272 % L, HiRpN o
BRI IRE PSR LIRIME L WD B X bR
%, [FAEEOBSE MO TR TOERIZE VT H AR
TE, ZNEh O T-RIFLTOERICB WO TR L2
U A IRENINGHE B 1385 ~ 140 gal (L=6.0 m), 170 ~ 285 gal
(L=3.0 m), 250 ~ 270 gal (L=2.5 m), 385 ~ 390 gal (L=2.0 m)
Thotz. BAHBENLS mOEEAIE, 520 galfiE OiEH)
IERE AN 2 T b AT L2 dr o 7o BeBERYICHR
FHEEZ KE S LTV D0l ERROERIEN AT D
WERINEE SR OR > 72l TiEd 223, #H-HES
VE TR A T < WEANIE R TE 7.

X-4.3(b) 27k L7225 mOBEEIZBWTY, (RIEFREE
DT MR & DHPRACINHIDRPIEFE TE D, M-
FE7236.0 mCTOERFERICEHT D &, IREIINEE 235
gal R [ELL R OGA T HEN COMEE HIZIEF Lo
ETH DA, 300 galfFE T i Mk PN o s B 1 LA I8
LLTWS. Zihb, 235~300 gal CHIAEASIR(L L T
WhEEZLND. —T, TOMOKTFRIEOEAITI,
500 galfLfE DIRBIINEE 2 N 2 T HIRIRIERE LT
Mol Zhnb, 2.5 mOBEEIZBWTHE-HIg Ik
WIE EHRIRIEAAE T WENIEMR T & 2. £/, 1.0
mOFEE LY 2.5 mOEEIZBWT, wRIbiTE LTIz
VMBS B o 7=

(2) IRENINEHEEE & I B A O BILR

WAL E C DR AT v 7% TOIRBIERE & ik
ERIFBAKEDCEGZER-4. 4270y FLTWS. 7277
L, IREVIGEEIZED A — A L, SEREIRI R K
A ERE TR S 2 LIk o GRREIRBEAEL E L
THRLTWD. F, KR K DMBKED EHAE
HOENE R LT WE DI, ZNEh oK HFET
DEERFERIABPIRE AN TN D.

H-4.4(a) (278 L721.0 mOERE TIE, RENEE A K
EL R DITONTRAET 2 IBEIFBRAKE O KME LK X
7RV, HAHFE1.S mOBE % B Cl IR R A
IXLOFETELTWe. o, #HTHRAHRWIZE, B
MR E L .01 ZET DR OIRBINEE TR E < oo
TV, IBIT, BTERESEZR 25 EBR T OBREIRR A

-155-

e REREIM R AE L Au/o

300 300 400
TRENNNE L (gal)
(@ GL.-1.0m

I
500 600

e REREIMBRAE L Au/o

300 300 400 500 600
PRENINEE (gal)
(b) GL.-2.5m

B-4.4 7RI & 2500 S W73 A O IR B N

& M PR D 1 R PR B K = 0D B

JELE % [F) CIRENINGER L Chui 92 &, TR MZ
CBREIMBKELRIT NS WER RS 7. Zhbhb,
BRI P E ERIBKE T B L <, iR s
ETIZS WD EBHEID BV,

K-4.4(0) 2R L7225 mOEEIZBWNTH, 1ZIZFEER
IR T HRRIC & DHPRACINRID R SRR TE 5. KT
@736.0 mDLE IR FBAKEL231.0E TET 5 23,
&Y BT RIFR SN FEERIZ IV TIXS00 gal DIRE)
I DA 2 & I FI BRI 1,01 E T L2
Mhoto. Fi, BERES R D FEBRTORBIRR AL
e [A CHREINEE CHk 3% &, FRRI3 g EE
WBEIFBEAKELRIZ/ NSV, b, 2.5 mOEEICBY
THAETRIREA T SRR 4 Tz < WD RS
T&7.

IRBYIF O SIS BN EE & BBRAKE ORHEDN D, #1IR M
AECE BAZ R TR IR 2 3D 21 SR b o il 2h
NHDZENHRTE, E, WIRALOINHIZhRITH
TR T, BHTHHE SREBINEEIC L > T
HEOMEIZRITENT D2 L b i,
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4.4 BFTELE L/IH &RIREINEIN R
e 7-TIRRL & TIRLB IR HO L3R L/ H 53 2 i I R
KIEHR DR KEZR-4.51R L TWA. 7238, IREINHE
BEA150 ~ 180 gallZ 3517 5 EHRE & ALFIC, 250 ~ 280 gal

BF2FEBRELZ =AM TTry FLTWAE. ZREN
@%ﬁﬁ%wﬁb%ﬁm;5&%%%%&@%%%%%
TWD. ARIFFECHRIBRKEZFH LA E 1, EpE
THIRMm2H1.0mE25mOEITH Y, RIRILEREIZ3
9B AR 2R 1 Xd/ H=03 L d/IH=0.7TH 5.

X0 52 &, FEH 22 R RO B N (2 B4R
72, HINREWIZ EFAET 2 mREIHRBKEIZRE <72
STWS, BVAZ DL, WL OERECIREINEE |
BWTH, RRMEEEICH L TR RIS 725 &’
WAERIEH SNDEZ N bnD. HERE VA
(d/H=0.3) \ZBF 2 EBRFERITIER T 5 &, IREVIHE
23150 ~ 180 gal DIGANZIE, LIHR0.9L 0 K& 725 &l
FIFBR AR LOICE L TIRIRIE L T 5. —J7, 1EE)
IEE 73250 ~ 280 gal DIFAIZIL, LHAR0.7L 0 K& 2
5 EBEIMBAKTELRLOICEL TS, 2O b,
IREINEREE 23 K & WG, X0 /NE7RL/HTHIRRIbA3 4
CHZeEnbnd. 2F0, HD—EDOLHEWT-T X9

TR EZ R ET DO TR, HEINDIEHOKR
EXEEBEL K THRERETILETHDLEEZEZD
ns.

TIRALEAN OV (d/H=0.7) 128\ T, [FERIC
WEEE N K EVIEE LW /NS RLHETHIRRER 4
CTWe. 518, [F CHREHINE R CERE 28 87 5 F28k
FERZ LT D &, BRI W CGRFIBRKE S
LOIZET DREDL/HBEWHIE TO LD LY /SN2
ENDND. TR, BEMRWGEITIIVNSRL/HTY

® 150~180gal (d/H=0.3)
O 150~180gal (d/H=0.7)
L A 250~280gal (d/H=0.3)
| A 250~280gal (d/H=0.7)

e KRB BR K E B Au/o?

05 1
Tk L/H

B-4.5 #&FTiEL L/H & s RIFBRUKE oo B

(e SN 5 i o
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24M7-1 21.6 20.4
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1.75 (7 cm)
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B e 2 1.75 (175 gal) 43.75 43.75 43.75 43.75 -
(m/s%) 2.5 (250 gal) 62.5 62.5 62.5 62.5 62.5
3.5 (350 gal) 87.5 87.5 87.5 87.5 -
4.0 (400 gal) - - - - 100.0
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