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Fig.1 Three-dimensional (3D) finite element (FE) model
of the clay-pile-pier system (Unit: m)
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Fig.2 Schematic diagram of hyperbolic dynamic constitutive

model
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Tab. 2 Basic properties of the pile-pier system
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Fig.3 3D FE model of the clay-pile-raft system (Unit: m)
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Fig.5 Comparison of computed and measured raft accelera-

tions from FE analysis and centrifuge test
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Fig.6 Computed and measured maximum pile bending
moment profiles for a 4 X 3 pile group from FE

analysis and centrifuge test
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Fig.8 Plots of raft acceleration amplification factor against PBA involving different added masses (a,, is acceleration

amplification factor at raft)
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amplification factor at pier top)



46l LA MR TR e PR RO AR T B R A 2 AT 1535

3 o FAR
3 — BUEA

i BETEOR R

PBA/g

(a) HEF 1 NIE4.909%10° kN » m’
(a) Pile flexural rigidity = 4.909 X 10° kN » m®

o REAL
J8 — R A

PP 3 ONES 8

0 03 0.6 0.9 1.2 1.5
PBA/g

(b) HEFHLERIE3.436x10° kN » m’
(b) Pile flexural rigidity = 3.436 X 10° kN * m’

P10 A [ A B 4025 32T R £ o 8 ik DR 2R g e s W {0 o kB8 22 [ ) 78 O AR IR

Fig. 10 Plots of raft acceleration amplification factor against PBA involving different pile flexural rigidities

o HAR
— BEMS L

a,=0.485PBA™™

I BE TR R E
~

0 03 06 09 12 15
PBA/g

(a) P& B 5T MIE4.909%10° kN  m’
(a) Pile flexural rigidity = 4.909 X 10° kN * m’

o AR
6% — BEMSHL

IBLY: IS O

0 03 06 09 12 15
PBA/g

(b) HEEPTLRNE3.436x10° kN * m’
(b) Pile flexural rigidity = 3.436 X 10° kN » m’

L1 O TR B 70 25 PO 38T A 0 T 8 3k 2 0 O AR 0015 2 o DA (0 3 52 22 T ) 722 A 56 A% T

Fig. 11 Plots of pier top acceleration amplification factor against PBA involving different pile flexural rigidities

PSR € I N = & ol | D o NG R SR @ AN
4.3 [EFSH

B T bR o A B DR Y 5 e R AR A [ R
S TR G FR AR DR 4 T b VTN R e e (R
B2 PBA | L &R 4514 57 i FAE B B0 25 W BE X 7R & K iy
ST o e BE TOR RS2 . SRy TSR] BRI BR
25 36 > 3O R 40 RO 1 4 Zhang S5 1 i
W 5E TAE 8 i 2% i i) 728 1 5 Ak ) an s o 1 49 0

(a) Jin s B R R as

(b) L#R&5# 5 R cme/ (0wnly A )

(¢) HELAIR LY« |:<ZE,‘II,) [OsniIHszoil:|/( Gsonmm/s )o
FE R o I S0 a UK @ Ba; B

SR T m, = M+ My T my, me NS R
M e AR BB m, O b RS BR AE  o  RAR
WL, MR AL R BRI D E, T R B4
S PO NI EE Z A Hoy W MR G B+
(NIRZIE S N R A = R
J - Grandz
GSO.IZOT (6)
B (DMRAR(6) T, G~ 3235(H,,)""" kPa.
ALY 25 OC RN T K

TR AN R B b R e

( PBA )ﬂ ( My, )7
a—a- . .
g (Osoil lp A raft

[(EEPIP>IOSOHH520H '

(7)

Gonmal;
X RBfa,py, S HRME B, HTEE~110r
7 s =X (7)), T e 22 o0 2k [l IH 43 7, mT 435
UCY e S e QU YIIBEYE9) ONEL S GOE ST v
o2 o R AR

—0.442 —0.057
0.119 (PBA ) ( My )
Ay — V. o \ T M
f 8 Osoitly A

|:<ZEPIP>‘O“’“H§>H} 0.043

: : (8)
GsmlmsrrZ:
—0.554 036
0.136 (PBA ) ( M )
a,— U. ol —— off ——MM .
: g [05011 Zp A raft
, 0.083
(zEPI})){Osmle_oil (9)

Gimal,
wE 12 Frs , BE 287 3R 1 =20 (8) #1(9) B 43

91 A 255 i I M 7= A R 7R 15 B AT B TR ) o e
N i g8



1536 ® o T OB % 55 35 %
16.0000 T 1472622 1N » 160000 7 1472622 kN + 0
m,=100 t m, =100 t ° .,
°E=1472622 kN * m’ 9E]=1472622 kN * m’ oy
40000} m=320t o 40000} m=320t R &
= *EJ,=1472622 kN * m;, gae = xEJ=1472622 kN * mzau,, A
= m, =960 t & e o, m, =960 t . Bl 7
= L & By
¥ 1.0000} e ¥ 1.0000f Y ASA
K N < >4
® . o = g
= K , i - ,
B sool @ EJ,~490874 kN  m B osool @ EJ,=490874 kN * m
= m,=320t ES] m,=320t
4 EJ=3436117 kN * m’ A EJ=3436117kN » m’
m=320 t m=320't
0.0625 : : : 0.0625 : ' -
0.0625 02500  1.0000  4.0000 16.0000 0.0625 02500  1.0000  4.0000 16.0000
I HOC R A IR BEHOR R B A

() R G IME TR R ot B AE 5 @) HlME

(b) MR i B UK R B HAE 5 2 (0) A

(a) Computed and predicted raft acceleration amplification factors (b) Computed and predicted pier top acceleration amplification factors
12 7RG Bt BTOU AR in 3 B R 2R B0 T3 5 T 00 £ 0 L 51

Fig. 12 Comparisons of the computed and predicted acceleration amplification factors for both raft and pier top

5 TN A

WE 6 JTR, HFREG AR, EERT
o FRIATR B 5 25 R i) R A A A T R AT UG 8 67
B AR E IR ST I A5 A T RONE B B
PORGIRIR R~ G L S L DA =S N
B RBCTE o
M s ”
EI
K @R @ B D, 53 B A BRI 1) 5 K
B R M, AR T W EECE B R K& A ET
R T EECE PR B PSR s AR T e
BERY A2
[ PN A 2 25 ) i RR B 5 B R A 5 2 A Bl )
Wl R[] Y O R HEAT T — R BEE S BF R R
B AH X T M 7R Bl e A RE I A AR AR
Wi 17 5 M 75 2y e {0 3 82 22 [ 19 G TR 1 5 5 AR R A
HYHT IR A s A 2R R I, 5 R B X AT, X T
iR A FH T A A S 1A e e 6, 2 FH R A e
B PBV ARy 52 i B4R A o X T BT BE
120 4 ELSE =2 9%, PBV 5 PBA Z 1Al /Y 3¢ & 40 &

o= (10)

13K .
4 0.888
PBV=0.561PBA™
w3 o 0 0 o°
. o o 0%0 ;. 21
E2
S o FEAK
. — BN AW
0 1 1 1 1
0 03 06 09 12 15
PBA/g
P13 R e (o 3 B 5 e o e (3 ) G R

Fig. 13 Relationship between PBA and PBV

5.1 HrEZEHRENRE

i &1 14 W50, BE B A 5 45 R T A 00 3, M
ek B PR T A SR AR A B R AR B b
N IR T N R i R R (D e N R
320 t B, M IO BRSO R HUORE A R A 0 (B R
R DI INTRCS. T NN /8 - Ik B N R 8 5 A 1y
B Y 5 45 4 F Bl 960 t H PBV>>0.2 m/s i,
B B30 e K5 0E R B A QR AN A (I R 24
S 23000 kNe=m ) , ¥t B 06 B A 38 2 28 kB R B
Wo w15 AT EL, X T T R = 4 M B 2 A
i, PBV<C0.1 m/s B #F B 5& A 4b F 50 1 A8 B

6.25 6.25

6.25

- o ) = 0763PBV0454 - quia = 1.397PBV(MS1
g 1.25 >, = 0.304PBV"*" %’ 1.25 .! o o fgo0 % 1.25+ 22O 2 OoUHH  ©O0 O O
& 0.25 S— 025 i £ 0258
fﬂp 0.05§ o BEAH ﬁp 0.05 o PEAA ﬁ 0.05% o BEAH
: — RIENEGHEL | © — EAENEWmE | © — BENE L
0.01% - : - 0.01 ! : ! 0.01 . . :
0 0.3 0.6 0.9 1.2 0 0.3 0.6 0.9 1.2 0 0.3 0.6 0.9 1.2
PBV/(m+s") PBV/(m-+s") PBV/(m*s")
(a) MHEE S5 M ST 100 t (b) BriEs 4544 ji 320 t (c) MriEs 45K T 2960 t
(a) Added mass =100 t (b) Added mass =320t (c) Added mass =960 t

& 14

I AT 15 445 ) T T O S A2 R A g e U R 2 (A Y R O R A

Fig. 14 Plots of maximum pier bending moment coefficient against PBV involving different added masses
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Fig. 16  Plots of maximum pier bending moment coefficient against PBV involving different pile flexural rigidities
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Seismic response characteristics of clay-pile-pier systems

ZHANG Lei, XU Xuhan, CHEN Cheng, ZHANG Pan-pan, RUI Rui
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Using equivalent elastic-perfectly-plastic and hyperbolic-hysteretic constitutive models to respectively depict the dynamic
behaviors of pile-pier systems and soft clay, a series of three dimensional (3D) explicit dynamic finite element analyses are per-
formed, with the investigation foci placed on the acceleration amplification coefficients at different locations, and bending moments
of both pile and pier during the seismic ground motions. Several important factors are considered, namely the peak bedrock acceler-
ation (PBA), peak bedrock velocity (PBV), pile flexural rigidity, and bridge girder mass. It is found that the soft clay has signifi-
cant amplification effect on seismic ground motion for PBA less than 0.15g; for PBA larger than 0.2g, the acceleration amplifica-
tion coefficients are generally less than 1, indicating that significant hysteresis damping of clay is introduced during strong ground
motions. The bridge girder mass is found to have an evident weakening effect on the acceleration response at pier top. On the other
hand, largely due to the highly nonlinear behavior of clay under dynamic loading and the complex seismic clay-pile interaction, the
increasing trends of maximum pile or pier bending moments against PBV are also significantly nonlinear; for PBV larger than 0.2
m/s, plastic deformation of pile-pier system became significant; the pile flexural rigidity and bridge girder mass are found to have
respectively more pronounced effects on the maximum bending moment responses of pile and pier, suggesting that their seismic re-

sponses are more dependent on the kinematic and inertial forces, respectively.
Key words: clay-pile-pier system ;seismic intensity ; soft clay;acceleration amplification coefficient; maximum bending moment
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