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Centrifuge tests for seismic response of caisson-pile composite foundation

Abstract

Dynamic centrifuge tests are carried out to study seismic response of caisson-pile composite foundation.
With Shanghai sandy silt chosen as test soil, laminar shearing box used to eliminate reflection at the
boundary, and Shanghai artificial middle wave is taken as the input motion, three tests with different
foundation types are conducted under the centrifuge acceleration of 50g. Single pile, caisson and
caisson-pile composite foundation are the foundation types for those three tests, and all the
superstructures in these tests are simplified as mass points and connecting columns. Test results
indicate that, for soil with low stiffness acceleration decays in the process of earthquake wave
propagating upwards;adding piles under the caisson could decrease the earthquake responses of both
the foundation and structure, so the reinforcement of the system in resisting earthquakes is
expected;frequency characteristics of the responses at soil surface, foundation and structure are all
different from each other depending on their own natural vibration characteristics;and for the interaction
between soil and foundation, or foundation and structure, only the earthquake component with similar
frequency with both interacting sides can cause remarkable earthquake interaction.
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Centrifuge tests for seismic response of caisson-pile composite foundation

ZHONG Rui"?, HUANG Mao-song"*

(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;
2. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China )

Abstract: Dynamic centrifuge tests are carried out to study seismic response of caisson-pile composite foundation. With Shanghai
sandy silt chosen as test soil, laminar shearing box used to eliminate reflection at the boundary, and Shanghai artificial middle wave is
taken as the input motion, three tests with different foundation types are conducted under the centrifuge acceleration of 50g. Single
pile, caisson and caisson-pile composite foundation are the foundation types for those three tests, and all the superstructures in these
tests are simplified as mass points and connecting columns. Test results indicate that, for soil with low stiffness acceleration decays in
the process of earthquake wave propagating upwards; adding piles under the caisson could decrease the earthquake responses of both
the foundation and structure, so the reinforcement of the system in resisting earthquakes is expected; frequency characteristics of the
responses at soil surface, foundation and structure are all different from each other depending on their own natural vibration
characteristics; and for the interaction between soil and foundation, or foundation and structure, only the earthquake component with
similar frequency with both interacting sides can cause remarkable earthquake interaction.

Key words: caisson-pile composite foundation; centrifuge test; earthquake; interaction; frequency characteristic

1 5 = B3I T SRR 170 30 75 4 B KR PTRE T -
1Tz Al R LB, H i A AR SEAT S AL
ORISR 5 B — FIAE DR RIS bR o,

11 B FRBT R SER T 5, i 0 S AR SRR (18
SARTEREM SR A B P URRE -

AR ARSI T TR S — (A G
= (M) R T 2 B IR A A 2 B JEE TR
WITTAES I BERS ) Y, sk s PUR A

Wk HI: 2012-11-22

TEHEA -5 M R AH BRI o, A
AR KRR 5 (5P Stewart 2614731,
Mylonakis 2517 Tsigginos 21*1) . t{t J5 7% (Jeremic
207100 Guin M) KR 7% (Chau 251721 2%,

) 3 BN REW AL J5 R BN ) 451, PRI

FEEIH : EK HRFEEG T BIE (No. 90915011); K HE fUERIF 7O TR (973 w18 #RE (No. 2013CB036304).
BfEEE A B T3, 1986 R4, FELARSAR, EBEN LA MEE AL GUR S T TS E-mail: esopo@163.com
AR SRS, Y, 1965 4FA, WL, BuR, WA, FENTEE TR P S B2 TAF . E-mail: mshuang@tongji.edu.cn



523

BlOBEE: ORI S5 R Al b R e B i 381

22N T A TR 1) SIS . Curras 251
KB 73RS, ) A - 45 h i FEAH B A
HEAT T, H I SEB0B R 180 7 A M Winkler
ML (K T AL 5 9:3E4T T 48E . Boulanger 2R
B JTHEL M py IR T7 V20T Ak &5 Fa b 7R g
HATRERT U, 8IS 530 ) B0 REe 45 R rxr L
1% VEAS R T WAIF . Wilson! X v b b -+ FH 4k Al
e A 4 A b R A A FH ) AT T B
BRI, FERHZ I AT T AR I

AR SCE ] A~ BEAl— 45 A6 B 7= ) 1 ) 50 A
BE S A R IR A FH BT 30 0 B W LB i
RIS GAFE A Y DORFIDUR AT 5245 360
DR N 2B G LA BEAh A 5 A4 1 T3t F58 i )9 R 2
FEJ Py I A o 8 45, 3 e Y AR 5 LA e 1, 0
XFECRIFIE T IOBEIIVER o S At 1oy JEAtiRn 45 F i
e N 4 REAT I o A, WAL T - - S5 A AR
AN AR
2 R wit
2.1 RN ERE

ARG K [FBF K 2% TLI-150 B2 1 B0l i
B, Bl 756 s KB L I B2 R 50 g0 $RBN iR
KIREN LA 20 g, B RFFINA s, PRENSIZEA
20~200 Hz. A/ 0] eI BRI 09 7E AR i
KA, R R & 2R BT DA,
K1 FTR, B 22 2R, J2R RV S mm [FIAH
XA o

1 BEREUIAE

Fig.1 Laminar box

22 RBAHL

AR K] EiE@;, A0 5ok 1, 2400 ith 2 15
2 R, 1 1% S /KR E Ky, R LN )%
PE RS BT 3 ) 66.7 mf/s, %R 1.467 glem’.
23 EAMFER

BN TR A, ARG IS R 4

O AT AT SRR N L T 0.34 ¢
(ARKRH 50 g B IEREY), #elesh & I
IR 17 g)o BTSN MRsh A H R 6], 75
TOW AR T IR AL B, B84 2 U N
W RZ W S IL Fourier IRELE Q1A 3 R, HUEZREIN Y
20s. TR A E R e BN Tl A 9k,
DAY AN St o o 17 45 SR A 1 30 FERF IO 30 s, B
AT R R WS S O T M AN )
PRARRFERT LSRS5BS R M, WA
EIEIE S Vg ol WIS e 2 R 7oy AFI DR REK (A E D
R A HURZ I 4 A B BEERRFRR IR, 735 dr
YN G 25, 3R 4 SR, IR AR
0.391. 1.123. 1.709. 3.613 Hz.

100

IH 80 |
4

4=

60
40

20 F

INFRERLAR N R

oRRA2/ mm

B2 Rt R Lk

Fig.2 Grain-size distribution of sandy silt

05 r
)]
S
0.0
ig
= LIPN

-0.5

0 5 10 15 20
t/s
(a) IR

03 r
- 3= 445
&
:’%\E[ 0~2 o
m
mE
B 0.1 15
5
o
—

0.0 L

10" 10° 10'
f/Hz
(b) Fourier lEE i

B3 RERABTE

Fig.3 Input motion in tests



382 E- R S 2014 4
2.4 RBGRBARERE 833 833 833
SEHEAT 3 ALAY, IR A | BT vf“ﬂwzi
LM K 2 R R AR A bR, BRI 25— R
y - =11 = . E 1t o Al-3
B 10 mm, BEJE 2 mms BERTRUUREEY 8 cm, gt
fm 12 cm, MIEEJEA 0.5 cm, T, JEARJSEA 1.5 cm. - *}! o IS
LI- wh
BB M T PR ST AL, HUBE S M K 1 v
2.5 cm, YUAH A SENE S BERE EA7 7 ARB KA 4 em. L1l 1 D_‘j]uﬁ%g;
T BER AT B T S AR ] R
A\ o Al-0
£1 BLRBHE () WE 12 i35 k-4 R R i
Table 1 Centrifuge testing programs
e LA % e e 10 10
1 (1 13 B B~ K R A, AT a
2 DRI SR HhFE 0 s2-1 A5 i s03
3 DUR AR 5225 HE R~ S50 b 7 o

R TN . AT RINAR A 3 R
FRIEAS, RTEARR, RS —H “ Xa-B 7 K
XER: X RN (X =A. S, Lok
IR NAR . M) a BARIRK S
B FTAL IR, I A3-2 KR 3 4RI 2
SN A A . HLAR AT R U T I SRR A A
AR, AP RIS W . 3 4R
LRI AT B W 4 s, B RS 50 g B i
FE 37 R ARG A A B 450 1) JUR RS

NI 1 EEMTURNE S B RN, TR
SRR ST /NN, DAL ] 2 e S5 e 3
M. G 2 RIS 3 43 SR T UORE A UAR b
HAFEA, AR L EAREE 2 A1k 3 KA
[Fi) it 1 2 MR i 7 F 250, DR v 6 PR 43R 56
BI B A B 45 R R G A g W, ok L 4R
L g BRI, AN T AN e DS 25 5 1K
N
2.5 BLRRAUXR

AR SO 50 g, BT JRUR K FE AR AL
b A 50,0 3R56 - LLBT D) s 2 S 45 ), AHA
FEAy 121, BT ARSI G X G ok DO Ik s8]
H AR B R RARAK, R v] 2B 30 S 5050
SERbRIZE R, A F R A AT AN R AR TEATL D,
AL 1T 75 % JE R[] () B AR AR o BRI
YU R, AR TIPS W AR ), S
PUERIRE, a3 2 fron; YA 2 2R A 8o R
REA%, DAL LA ST AN ) S 2 167 B A AR, sk
3 Fns [RIEE, A R SR DL s R ) 5
PR ARG, WK 4 Pros. & 2~4 PRI /NS
S R iz B BESA AL L

o A2-0

(b) KB 20 PUR -4 M bR i (BRI S %)

A3- A3-6
$3-2 $3-4
$3-1  A3-5 |y s33

L3-4 5

— A3-3 ©
L33 ¥
132 T oI

2X2 FERE y

—

L3-1 L7
o A30

(c) IR 3: POMTINME S A L hll— 45 A0 H o Wiy S (A S %)
B 4 REHER R A2 BRESAT B (AL m)

Fig.4 Layouts of the modes and sensors in tests
(unit: m)

3 WA RS0

3.1 B Rk BE-EmN GRAK 1
311 HJZ NIg R K 4K i

Bl 5 D0k 1 b2 S AR s B A R 3
FAL-0 kst b B IR, A BL
SE P HARBER AT A AR BoRiki 158
W5 HARB) G 8 « Al-1~A1-3 A IR H
H S I E WL, AT-4 Ay SR L 8 405 A 3k 82 Wi
o 2 5 BN L AR RN S LA RS T AT-0
WEAE FRITBOR R EL R DL b 0 £ 18 6 4
JIBESLR O CIE A S



2 B BIAE: DUREINAE S A Atk R B 200 56 383
R2 . HELRER
Table 2 Similarity relationships of piles and columns
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Table 6 Peak values of accelerations in test 2 and 3
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