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Numerical analysis of dynamic response of large-diameter rock-socketed
monopiles under seismic loads
HE Rui', ZHU Yuanzhang' , ZHANG Jisheng', JI Ji', GUO Zhen’

(1. College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China;
2. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: Large-diameter monopile is taken as the research object to analyze the deformation behavior of pile, soil and rock, and the
stiffness of pile foundation under seismic loads. A nonlinear viscoelastic constitutive model of soil and a damage model of rock mass are
introduced to describe the stiffness degradation characteristics of soil and rock media around piles in the finite element-infinite element
coupled numerical simulation. The numerical simulation results show that the dynamic responses of large-diameter rock-socketed pile,
such as displacement and acceleration, the nonlinear hysteresis characteristics of soil and the damage degree of rock are mainly affected
by the depth of rock-socketed pile, the degree of rock weathering and seismic intensity, and should be deeply analyzed in the design.
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Fig.4 Influences of h, variation on horizontal displacement of monopile under seismic loads
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Table 2 Peak values of pile acceleration and amplification factor along depth
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Table 3 Peak values of pile acceleration and amplification factor along depth
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5 0.122 1.224 0. 100 1.004 0. 100 1.005
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150 75 ¢
100 50
o 50! |2
e £ o0
= I <
B S o5l
-50 -501,
~100 -75 . . .
206 -04 02 0 02 04 -0.1 0 0.1 0.2
71% 7%
(a) E:=2.5 GPaRP R ToAb 4 A ol il £k (b)) E. =25 GPaRfAETRAb + A [m il £
10 0.4
5 03 Rl
< /7
a9 7
<0 § 02 o
-5 0.1 it
/
-10 f , . , e -
-0.02 -001 0 001 002 0 > 4 6 3 10
Y 1% tls
(¢) E,=60 GPaftE TR AL - A [ £k (d) AR m AR &R

B 14 E, TR T ERFER 0
Fig. 14 Influences of E, variation on deformation characteristics of rock and soil around monopile

L R R R , S ECA R E, SO A L AR ATI AR A S B B i [ R TR B B 2, 25
R E, )\ 2.5 GPa $1iN %] 60 GPa B, M4 (4 55 I AR (LIS /1N 95. 3% , BT I I R ELIB/ N 89. 5% s Mk & T 243 43
AT DL T A —E 4, 7 AL SRS BT B4 L A AP AE
2.3 MERKEE

TRIFICATRIE N 1D AR E, 25 2.5 GPa, 43 ki A JE S 19 7K SV 3 752 0 058 100 3o 32 X e A SR ATE I 7 174
LA
2.3.1 FHETBHFK

HiE 15 R 16 AT LUE Y, 5 AR a,,, 8O, BRES T2 R W 9 I8 2 53 A1 9 22 (BB, MR 48 R JS i Bk Ax
AN s @, BN B AABE2) o P17 IR 4 T, SRR B0 o ok J88 06 i 9oAvE B % 32 1) 8 I s/ s , g A
1 HBRC B T 38 B2 A L ) i/ ISR B
2.3.2 MEE/HEEAAALA

UNIEL 18 B A L AR X A% A e R P Bt 1 R g o BE SN T A O, 7 Z=0 R Z=3D IRBEAL 7R
EPRARTRCRG 2 ~4 s BE AR RERS 02 ST I 2 MR AR IS R S A S — 5.
2.3.3 #RAEL

P19 iy i o AR e AR R RS2 e pl B 19 nl RN A S A 728 LA BB T BT X A [
b 55 BE A0 Bl ) W I« B M S R B B AR T AL A 5 7 - B A [ it £ A A B, L ARHE



CIRR ] B F, A MURAERTR R AR R B g 1 (R ST 73
—_— Z=0 iZ=lD 72220 e Z:3D Z=4D — ZZSD
0.04 ¢ 0.09 0.15
£ 002 !; /‘ I g 006} = 010 i
3 W TN 3 3 I
5 oMl | \,]‘ s 5 003} 5 005 I j“ |
B AR B o L
S 002t V| Z 0 2 OrAngl L! \‘"‘l‘l’v \
004} | 003/ ~0.05
-0.06 . -0.06 s -0.10
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
tls tls tls
(a) @mx=0.05g (b) @mx=0.10g (¢) dmx=0.15g
B15 a,, A3 EMEZMERHN KA
Fig.15 Influences of a ,, variation on horizontal displacement of monopile under seismic loads
0.0 Onex=0.158 . Gmax = 0.15 g A HE T 358
g - admx=010g 30 o
- = 0.05g 5|
E o010} ”',f 1k
® &
& 005} = 0p
B i
% o} B -1
= |
=
-0.05} -2r
-0.10 s . . . . 3 . . . . .
0 2 4 6 8 10 0 2 4 6 8 10
tls tls
E 16 #EAIFHXTLL B 17  HETONIE BE A 72 i 4%
Fig.16 Comparison of pile top displacement Fig.17 Time history curve of pile top acceleration
*4 MSEENEEEERMKRE
Table 4 Peak values of pile acceleration and amplification factor along depth
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Fig.18 Influences of a,, variation on relative displacement between pile and soil at Z=0 and Z=3D
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