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Centrifuge tests on seismic response of piled raft foundation with large spacing
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Abstract: Centrifuge tests are performed to study the seismic response of piled raft foundation with large spacing in saturated
soft clay. By laying sand on clay surface before centrifuge consolidation under 50g, the soil layer with upper over-consolidated
clay and lower normally-consolidated clay is simulated. Structural models are simplified to mass points and members. Two
foundation types of connected and non-connected piled rafts are considered in tests. The responses of earthquake acceleration,
displacements, pore water pressures and pile strains are investigated. The test results show that in the natural vibration
frequency range of soft clay ground, the interaction of superstructure-foundation-soil is very remarkable, and the acceleration
amplification factors of structure and foundation are higher than those in other frequency ranges. The earthquake induced
instant settlements of the connected and non-connected piled rafts are larger than those of the surrounding ground, but a long
time after the earthquake the settlement velocities of foundation and ground are almost the same. At the end of the earthquake,
more than half of lateral displacement of superstructure and foundation inclination of the connected piled raft are reduced
compared with those of the non-connected piled raft, but with higher acceleration amplification effects of superstructure. After
the earthquake some loads transfer from pile group to raft on account of soil degradation and loss of bearing capacity of piled
raft. However, there are generally few changes of load sharing ratio between piles and raft. The research has revealed the
deformation control mechanisms of pile foundation under seismic subsidence in soft clay, and it may provide evidence for the
design of settlement-reducing piles.

Key words: piled raft foundation; soft clay; seismic subsidence; settlement-reducing pile; seismic response; centrifuge test;

load shearing ratio

0 5 ESWA: WEABFHELTIH (41372274

PEAE AR A TR IR H L R BL Al A A% S b it 2 B 2016-02-29
*ERMEE (E-mail: yangjun851113@163.com)

it



128

B B, SR ORIA) R AR Al 2 o )8 B o R IR T 7 2185

[ — AR, AT B A SR K
&) KISLFEVER, FEm/D LAl F b & R i SR T
ARl RE 71, IR ESEbs TREAREI T+ iz
(IR MR (BRE) Nk L2 RA R rK
BAE I, FUAE R v 2 K ) B A A PR A B I AR R
BT BT, BEREE AT K S~6 kRl b, BPE
PR i [X 2 2l S R FH PR sl D R b At (A
PRl a2 At U,

BRI, ST XA A ORI 90 5 B P e R A
R N 2 = O e o 11 = o 1 e N
55 e b A SRS 3 s =B S S S 1 s S i
PUEVERE 7 TH IR T ORISR B, DB A 1%
iR T ONLR 1g 251F T IRsh & ARG i
%%, U1 Horikoshi 25", Matsumoto 25®1f1 Nakai 24!
S TR AR AE At 5 45 4 1) 3 A LA P il Rt
ATRIGHE TS, BRI TR S . RS B AU
i1 N2 B A 6 R 1 5 o) B P g 0 4 ) ) R 5 1) 5
i, Banerjee 25 AR A ES Lo B0 5 T 40 B T ikt
b 3R v R A A STk 7 b RE A T R A B S A R 40 A
M, e R I R B O ML AR AR I R
ST ERER T R AR B BEAESE R T AT 5 5 AR AR
B AT E R

AR SO St AT 8 e oK i) P R AR R A At
F16) UL 2 M N7 ) AP i 2 ) 8 o WU R IG5 . A
oL 5K B A - 37 b S [ 45 28 - AN I o [ 45
(ML EHE, RIGAE s+ R P R, ARG
1E 50g S5O EE NI TIE S5 . FE AR TR A A R A
FFFRIAE,  FERE 2O ELFEAT Sk W AT Sk B el A2
TR 1R O ) S B P TR 5 R R L s b A B
Tkt ¥ Ak 28 sk P RS A% L AR FLBR K IR A B &
LG, WA REESERIE A (SRR Sk
B9 FE D) T BT B HE b St 38 23 Ak 2R i i SR e
1 7 [ o

1R S
1.1 RIERG

AVRARIG R LE [RI5F K2 TLI-150 ARV A L B0
RIGHIRLE T & LT, RIETE 50g B OIS T
B RIRBINIE R 20g, RN 20~200 Hz,
RFFEERS A 1 so A4/ METIFE L TR, iR 56
KA RXZRE VI . B4 R 8K 50
cmX %5 40 cm X /5 55 cm, 22 EHFHERSM, F
i) B ARSI RS AT 5 mm. A P UBEREIEA JE Ny
1.0 mm ¥ =y AR AR, DR fSe i 7% R RS A f AN 1t
A FAWIKENZE KA, HEAHESMUHEZK 8 E A
T, TTTE SO AR AT OO HE K [ 4

1.2 REAREHE

AUCRISL AT, X507 R 1 PR, W
ARG EARAE R — BT ORI N AT, (H AR
AR CAnEAERCH] . BB O B 4D B
SRR ARBUAIE A A B WA 1 s, B ERE
ORISR RT, 9 2R I0 B i 458 1 12 7 U AN [RD 4
SERRETIRA R R A% i A B 7 WA 8 e 4 — B

=1 HhELREHER
Table 1 Dynamic centrifuge test programs
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Fig. 1 Layout of sensors and models in tests
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Table 2 Similarity relationships of model piles

LYELN, R CRRE &N R IR HE)
AMZE/m 0.01 0.50
B¥JE/m 0.001 0.014
¥ KA & /GPa 70 206
FARIE EI(N-m®) 20.3 1.27x108
EIFAfLLEL 1 50* (50
PUENIE EAN 1.98x10° 4.28x10°
EA AR 1 46.5* (50%)
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Table 3 Similarity relationships of model columns

LYELN BRY AR JEAL GBED
Hi%/m 0.005 0.25
¥ KA & /GPa 210 210
FARIE EIN-m®) 103.03 643.9x10°
EI fflLE 1 50* (50
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Table 4 Similarity relationships of model rafts

LYELN B (BBE4) JEA GREEL)
A+ /m 0.14 7.00
JE % /m 0.01 0.50

P /(kgm ™) 2700 2500
Jii & m/kg 0.53 61216
m ABALAEL 1 48.7° (50°)
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Table 5 Similarity relationships of model lumped masses

LY/E sy BERD CRAE) JER GREBEE)
RBYm? 4.5x107 5.625
S /(kg'm ) 7850 2500
Ji & mikg 0.353 40772
m AL 1 48.7° (50%)
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Table 6 Physical parameters of kaolin clay
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Fig. 4 Ground settlement and pore water pressure during
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centrifuge consolidation
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Fig. 7 Time histories of earthquake acceleration
10-

—a— 1
5r —e— K2
0_
&
e -5+
L)g
—10+
~15F
-20 I I 1 1 I ! )
0 025 050 075 1.00 125 150 175 2.00
T BE W R 2R 3K

8 fEEIEERARE

Fig. 8 Peak acceleration amplification factors

A e 7 A AR B g . tHIE 9 (a) FTELE
P92 R 3 BT AR 2 # (VDD 3 T
HRE AR RS (LV2 A LV3), 31X 536 41452 3] () 1%
A 2V AR FHIING O o ANRITR BE L AA I 1) 57 2 it 75
RATFRIZH AN, UL E VR R g 0 A A%
SREA B 3, Tobar T2 NIRIG L5 KA,
TR (LV2 F LV3 BT EER BETE D 8 45 R A
YN THU T AR R A, MR AR 2R B — R
FEABRREVER, N EAS [RIZE AR AR )32 3 5
Wil f7 7 22 57, TR AR KIS SR 20 B 2%, i LV2
AT LV3 56 L) AR AR T KN RIFIEA B4 —
HE 9 (b) AIMLAEH, MERAENMEIFERE
77 2840 B R, SR R AL RS TR s A7 T A AR 2R N
FERIFEOEE 2 1], IF H 5 3 s i, K7
bR R FH T SRS TR RASE 2R A 0 B [ B R A KP4
Hi25), ZH KA I AE— itk 5 R K A%
BT R A BRI . BT bR AR R i TR s, +
PR FLIK R ST AN B S i 8, 7% Je M I oy P st

/N,
100 -
LV1 (3R%1)
80
E 6ot
g Lv2 (iA%1)
= 40
= LV1 (id%2)
e 20f
H LV3 (i%2)
0 LV3 (ﬁ(w) LV2 (%2)
-20 1 1 | 1 1 | | )
0 5 10 15 20 25 30 35 40
1] /s
(a) Al AT
8 —
6 -
4 -
g 2 0.8 om LS4 (IXHK2)
&0
=
2 -0.3 cm LS4 (K1)
4|
6L

s} [ /s
(b) KRBT

9 R EMBELTR
Fig. 9 Seismic deformations of soft clay
K 10 Dyt 2 s A48 SR /K s i T2 2k - B0
e rpi ALK T B R A AR I R Rt BT, A



2190 H O+ T OB % M

2016 4F

HWRREAEE R (£33 ) Wk BIE R, FFAER H]
WIRFEAAZ . A ELE (P Py HH T,
HEFREHIER, SAGELBAKE AT 3
kPa. fEMRJEHRSLI (P SR P Tk, TR — IR S
fr B AALE (P AR B AR B 11 kK 1
R AR R LUK T B £ M= SR I
FLISAER A 50 d WFRFEEREAR, RIULA R IE g% H
B, Y LB KIS 0 32 R HARB IEVE RS T 2 1
b P ] 235 T R AE R R I R SR — BN A

Py

HBFLBRAKE 1 /kPa
[ 8]

Py

RVAMAWA AL

0 5 10 15 20 25 30 35 40
i /s
(a) W1

AEFLEK FE S1/kPa
N

WV WA \,r’&f\ﬂ/f‘?%'
3

1 1
0 5 10 15 20 25 30 35 40
i fi/s
(b) KH2

10 HhRBERBFLIRKEN

Fig. 10 Excess pore water pressures during earthquake
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Table 7 Load bearing ratios of pile groups before and after

earthquake
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Fig. 16 Fourier amplitude spectra of acceleration
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Fig. 17 Amplification factors of spectral acceleration
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