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Analysis on the seismic response of stone columns composite foundation
in liquefiable soils
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Abstract: With the application of a plasticity model for large post-liquefaction deformation of sand to model the liquefiable soil and
an equivalent nonlinear incremental model to model stone columns (SC), three-dimensional dynamic responses of stone columns
composite foundation in liquefiable soil are numerically investigated using finite difference code FLAC3P. The analysis investigates
the effect of the SC’s high stiffness and improved drainage on soil liquefaction mitigation, the excess pore water pressure (EPWP)
build-up and dissipation, the deformation process of the liquefiable soil from small to large deformation in the pre- and
post-liquefaction regimes, and the variation of stress distribution between SC and surrounding soils. The results show that the model
and the program can reasonably reproduce the seismic response of stone columns composite foundation in liquefiable soils and its
effect of liquefaction mitigation. The vertical stress and horizontal shear stress gradually concentrate to SC during earthquake shaking
and vertical effective stress ratio may decrease to 1/6-1/3, the deformation in soil and SC is incompatible and the ratio of shear strain
in the soil and SC may reach 7-10. A ratio of SC permeability to soil permeability larger than 100 significantly decreases the EPWP,
while the stiffness of SC slightly decreases EPWP but helps reduce the surface peak acceleration.
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1 AR . R N A A ORI AL
5 A B K TS S B A ER A8 3
SRS R M LRI F KT R e — 20 SR MR 0L 7 0 35 R FH R T 2

i3

Wk FH: 2017-05-02

BEemWiH: EEAAREEHES (No.51678346, No.51708332).

This work was supported by the National Natural Science Foundation of China (51678346, 51708332).

FEETEN: BT, 5, 197494, HEmad, FTENFE L TEPESTNTIF. E-mail: zouyx09@mails.tsinghua.edu.cn
WMIRERE: TRER, 9, 1960 44, L, #¥, RENEE L TR TAE. E-mail: zhangim@tsinghua.edu.cn



2444 =

b 2019 4

DL mr i L HU AL BE /7 - HauslerBWF 78 20 # 15 YR58
FUHLRE 102 ANAS [F] B [ Ak 1 37 Hh 30 37 18 25 S 461
RIR DA Bk B A HE K ()35 21 44 451 A BE A
SR B LA, BARmERMREEE . NIEAE
b O L S v ) i S I S R | S S N - P Y S
PEAARNT 7 AR T Bl — 8 [ LV R AR, AR FH B 2 (1)
I BC NPT IRD BE ] AR R T, AR e A
LR R, Hmzi@E MR A HE K@ E n] )
il LR PR R ALK R TE L, PRk, A
A GG AT A L BUIRAG RE 0 o A AR ) T 1
IRAER R AR RN %2 2 R R AL F U,  HAF
AN BRI, ] R AR B A ) AR A
J I AR o FEMa AR )R e, ATV I M
AN EHEARTE . R, FLEAEES) I3 4%
AN SRR FEZAL

FE AT RAC RS R A TR AL A AT I, A4
Wy G B PN A 8T 0 MR AR O R TR
AR JE 32T B Rt IR , A BEA R A
PR 55 2 K% 3% . Green (41, Olgun 5IF1 Rayamajhil®]
SR FH 2R S E B AT 1 B 5 P Ak, o0 dr
A A M BR P0G 1) 7R 3 A8 T 5 B A% By A
PE, 15 H BT R AR DA K 3 AR v S il
WA ARSI BT R 77, (HIRERUANRE I ke L
FEAE ST SRR e A4 1 . Elgamall’l,
Asgaril®l, Forcellinil®)55 % H b A0 B Jor i T 54
I ARFIRER, B LAEA M RLE AR 2 5%
BERE T AT S AT A SN )
T B T BURAR I, IEEAT T AR 157504
(RS AL o E B 8 AR R 2R N 5 N — AN 4
S B AR SR I ADUSADLAE AR (5] AT 2508 ) B 42 T 1)
PEFRBI IR, 5 R S50 i 3R B W) 46
A J5 R BY 838 14 B AN A 75 280 AH i 4 2 ) B T 2
AEFBY R 7 B S PRIl GAABRT . A 2Lt 7
X0 R YR A AR A 7 )R FH AN () AR R AR 77 =X
iR, 4. Papadimitriou 21O H 1 Fit i 48 1A AR 7Y
AR+, TR SE ST Biot 3 77 [F 45 5 FER 1
2 LR oy w1 10 o v P 2285 AR S
H Finn/Byrne B RSB ANES L3 LK, SH#EAHE
AU 4353K B Ramberg-Osgood =JF £ P52 1015 2§
FAMEARERIN-R200 47 o AN SRR 8 2 1 12547
R RS B RR, AR A R R
WPRLZ) 7345 1 I He A AR T 1) 224k

2 W RBAAR R S A AR AR
T R0V R AL K AT ), i

o 72 A A AN = PR SE PRI SN, A FEA KA |
VIERALE] . ARM iR 5 TR SRS, RIS AT,
SEH 7 —ANRURIRD B AL AR T () A R
TR 5. TR IR T, sk RIS 11
K RAE €, 53 fif A ORI ) A 5] RS AR €, Al
BIU) 5 R AR AR €, F it — 20 23 fif oy ml 30 P B D 4
NAR €y e SANAIIPEBT VIR N AR €4 i » 7R TG
kA T LA S BT N AR R A B 3 AME
IS AR oy B 2 (AN N FE B R o K g IR DS TRl A AR
RS AR R T BRIR D ik f5 T 30N )
IRARIBIRIAE SRR R, FaHAEE I A
A Eo WAFHBIRRLITH 0, EFEFHNITRET
E, T RARFAABNERAE, Bk, FEFLE K
()R T 1 BT AR R AR 2 A A R £, > Eye o » BT
T EFFRARE, FCAOAARHE 57 T — N AT LA
REANED LA G KAS T I AR R . T4
SEOTHER P IR A R AR TR 78 70 AR ) Al 1,
P =28 777 (8] a2 57T A BY K T b 1) 877 Bl o
B, SINIEFAIRESAR R, @ 7 =4erb B R
AR TE AR AR

ASCRH 1% = R WA K AR T A AL AR R AL
AIVRAG AR AR A S IS AR R AE FLACSD Hhgt
AT R, SAHKIGA BT . ASHEKAEK =5l
46 JEH =5, R =4E 5080 iR AL 1T
T 5150 45 AT & LR, ik AR AL
= MIBAGHT /N T BIA f5 KA T 77 T ) e 71 AR
J7 AE A B = G v S ) A R . B ALAE
OpenSees T2 7 AT i Ak Hh I BRI Atk A TE AR 56 At 3
FI5 AT Je 5 0 B AL 1R o) B A 15 B A e B
FA0O231, A5 /0 e HE IR e e 0t B 2 LS
BR[17-23].

P AR 22 R AE BN Af B4 TR AR & A
RELJE LU B el e 5 B S AR AR T AR )y, 2% FE AR Y i
R, RS ARG AR Y AR PR T AR P i 75 22
wENHMEIEAR R RIE Seed?4 1 Rollins]
SERTEA B U W, WA MR UG f R AK
BYIRE G, KRxH

G =0(K,). . (00/P.)" (D

Ref: o, HEHEHH(KkPa); (K, A5 HIx
%5 R B BT A SR R B 2974 80~ 18002415
A a=217; p, NbriERA .

BT YIRS PL Sigmoidal PR 7R )
B DI R 4 PO TR A



% 6 W

ARM RS AT A A SR B M R B g W S22 H 2445

G/Gmaszs(y) (2)

a
Ms(y)=y0 +
1+exp(xo —blg}/) (3)

A GoAZhBIUIEE (RILEE): ¥ NzhiIN
B MONBIUIRBE L a. by x, By, HILESH.
B B F— AR 5% i T 20 S R B 0N

=Gy 4
dr dG
G=_—=C+r— (5
dy dy
dr:thyszax(Ms+yd§/[S]dy (6)
v

A GONVILENBIYIER; 7 BTN ); dr
NBINtE e, dy Bl BTN .

RBLE K RN

K= K n(ou/p)
BV LRI S o v o 2 N s S 7 =

¥ LR ARSI B, I
SR BE IR — P 5 L R I o e R, BT —0OT R
N FLACP 2 ¥

AN FLACSD A BRZ 50 B AR Re27T), bz
A T AL S R A A S AT = 25
JIE LA AT, B R OGVELE AR F T R I B AL
2RI HE 7K 82 %o i ] Ak BE R VA 3 B AL RX
R MBI NGB J5 KA A JE, LI
FMEHEL LS AT 58 )7 Bl A4

3 TR

3.1 FEERAM RS
ARACEANES R R 10 m, 8 8 m AAH
XS D= S0%[0 2R SRS, R 2m Ay
FIXTE ST D = 65%MIEL S SLAD, B8 23
Kyoa 53 %10 6.12x1075 m/s 1 5.10x1075 m/s, b+
ORI A X BN 2,67, fe KA/ FLER L4 50N
0.887 1 0.5111281, fbH AR SN 1081,
PN IE T AT E, WANEHOER S, PN d,
WEKC L g 8.0 mo 5 8 IR A AR RO BRMED 81, HY
AR G E e X 1 172 BEATRE . A A b
HA A A B AR R a1 TR . B A
KR SR 2, HG/G,, —7 & A WE 2

Jli7n. 5 Rollins S5 G DO A AR 5 00 o il 2 4
EAL, FEBN BN ARECRIS (> 0.5%) T4z, DLk
G J3 01X 455 R B A B 5 i %2 1 AR T S A4
mtEARE . M ENSIE BB ko, D58 B 144
BRI AR, WA PgRs®AN, &
A FT IR P AR R 207300, SRy oy i A A HE K KR 5
W, JEHZ NAFEE R BT, PR T 3L 18
AR S HU 8T, W 3.

BRS04 2 AR A T 56 . QORI &,
HhRE B MRS EB U X 7 Tl KPR N s @7 FEXRTRRPE,
320 A AMRAS 6T A7 8 )1 A AT HR AR 2
W O FAE Y m[EE LR, T ERHE
@A A A KIS, T B mHKd
gt WEEESLENO.

(b) A EF-1H
gp3

gp2

z
y \]/x gpl

o
(a) M%3DE] (c) Mi&-Fmm K

B AR E R AR R A R 2>
Fig.1 Schematics of stone columns composite foundation
and model layout

gpbgp4

1.0

wi IR R 2 R
" Rollins%%(1998)

08 |

== AKX

o ®

¢ Rollins et al.(1998) ¢

0.6 | = Goto etal.(1994)
. (199

2) o %
ctal.(1988) Q
and Uchida(1995) ¢ oo%¢

o

. *
0.4 |+ Lida et ak(

G/IG

e

5) % bR
ida 1984) 9 A

« Kokusho et al(1994) % ? o Seed%§(1970)

- Konno et al(1994)

o Sced ct al(1986)

@ Shamoto et al(1986)

0.2 | 4 Shibuya et al(1990)

x Souto ct al(1994)

o Yasuda and Matsumoto(1994)

o Yasuda and Matsumoto(1993)

0.0
10 107 107 107 10°

v /%

2 BAME G/G,, —y itk (B FRIE Rollins %[251)
Fig.2 G/ G,...~ ¥V curves for the gravel material
(sourced from Rollins et al(25])

3.2 HEFEHEA
TR b 7E % N1k 1989 4F Loma Prieta Hi=E



2446 = +

b 2019 4

F1 WD LR S

Table 1 Model parameters for saturated sand

G, K h M e de, d;

o Yar n” n A e ¢

225 0.004 1.7 1.35 0.35 30 0.40

10 0.05 0.4 8.0 0.021 0.833 0.7

R2 WAEMBHERSH

Table 2 Model parameters for stone columns
(K2) a b % wo 01 v

80/120/180  0.956  —0.508 —1.455  0.053 40 0.3

x£3 IHEEMKRSH
Table 3 Simulation Model
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