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Computational analysis of dynamic layered soil-pile-structure interaction

LU Hua-xi', LIANG Ping-ying', SHANG Shou-ping’
(1. School of Civil Engineering, East China Jiaotong University, Nanchang 330013, China; 2. Civil Engineering College, Hunan
University, Changsha 410082, China)
Abstract: 3D finite element analysis of layered soil-pile-structure model test on a scale of 1 © 2 was carried out. General
finite element program MSC. Marc was adopted in the analysis. The viscous-spring artificial boundary considering the dynamic
nonlinear behaviors of soil was used to simulate the far field, and the 3D contact model was applied to simulate the effect of
separating, sliding and pile uplifting in the dynamic soil-pile interaction. At the same time, the problem of the energy
dissipation during dynamic interaction was solved by adding the damping component, and common equivalent linearity model
was chosen to consider the non-linearity of soil. The rationality of computational model and analysis method was verified

through comparison between the calculated and test results. The present work laid a foundation for further studies on dynamic

soil-structure interaction.
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Fig. 1 Model of soil-pile-structure
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Fig. 2 Finite element model of soil-pile-structure
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Table 1 The calculated and measured results of frequency
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Fig. 3 Comparison of results for model neglecting the gravitational force
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Fig. 4 Comparison of results for model short of artificial quality
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Fig. 5 Comparison of results for model of artificial quality
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F 2 035 m/s’ IBEMEERMA T L BEHMERGSEAKEHESH

Table 2 Maximum horizontal seismic shear of each floor (0.35 m/s’)

EL35 [.i% CN35 1%
o — T -G R IR T -G R IR
IFESRIEN e ik z Y% WIRERIEN e ik 2N W%

+ 2 2583.71 2329.82 9.83 4568.28 3972.09 13.06
INE 5371.91 4828.45 10.12 0546.01 8291.53 13.14
)z 7727.67 7005.99 9.33 13923.82 12095.35 13.13
= 9717.26 8898.42 8.43 17429.31 15166.31 12.98
=& 11180.23 10363.12 7.31 19909.74 17380.83 12.70
— = 12109.77 11339.09 6.36 21495.26 18854.23 12.29

-2 12586.19 11892.99 5.51 22249 47 19624.71 11.80
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Table 3 Maximum horizontal seismic shear of each floor (0.70 m/s’)
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{5t T TG RN e T Gl AR
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L)z 5116.36 4568.28 10.71 8999.51 7626.41 15.23
PAY /= 10638.89 9468.18 11.00 18805.64 15919.74 15.35
Tz 15379.89 13875.18 9.79 27429.93 23464.98 14.45
Pa)z 19342.62 17620.63 8.90 34335.74 29422.64 14.30
=y 22271.86 20521.01 7.86 39421.29 33718.81 14.47
s 24220.36 22565.37 6.83 42560.61 36954.29 13.17
— ).} 25173.20 23667.64 5.98 44276.45 38464.43 13.12
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Table 4 Maximum horizontal seismic shear of each floor (different foundation stiffnesses)
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#IN
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N 10638.89 9559.89 10.14 9531.69 10.41 9501.35 10.69 9758.71 8.27
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Py 19342.62 17763.96 8.16 17755.48 8.21 17682.98 8.58 17914.40 7.38
= 22271.86 20625.75 7.39 20623.76 7.40 20573.96 7.62 20812.84 6.55
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= 25173.20 23766.20 5.59 23764.22 5.60 23722.24 5.76 23920.16 4.93

F 5 LEEMZ R RAKFHREN S (LESHRIEFRED

Table 5 Maximum horizontal seismic shear of each floor (different structure stiffnesses)
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=)z 22516.17 22192.03 1.44 26706.93 18862.27 29.37
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— )z 25642.60 25287.67 1.38 29981.96 21697.14 27.63
4.2 BT 0.6, 0.8, 1.0, 2.0 £ CFIC/HKHEALEE R K

4.2.1 TMHT

Yol A AR RE S 3, kb SRS
TR AR g 2 2 Eh St fg, Rk T+
JESRARIFEAR R ZE . LIRS e 52 by 2 00 SE ik
ik LIRS YIEE: G, IR, AT
LA A BT I, R AR B B DR ) 5 3R LA 0.4,

0.4G, 0.6G, 0.8G, 1.0G, 2.0G) #4771 EL Centro
P 0.70 my/s” I WA SN R AOMLTE NS0 HT . 2
4 5T AR A AT S R RE 2 ) 5 KB ) B K
(] P M A R U R A EE . MRE R 4 R g5 )
P28 4ok bt L PEAR A L, ¥ 8 Pk, mTLA
?E”]l:



710 o

2007 4

11 -

10 -
g 9r I?{E’:
g sl '_/')\ —— TR
32 —»— JUEl
5" - —~ =R

6| bﬁﬁ#ﬁhﬂ“ﬂnhmﬂ'*’ig

s w’l\v —— )

0 020406081.0121.41.61.82022
LB

8 ZMEFRKFHEN NITEME I ESHEN
Fig. 8 Relationship between reduction of horizontal seismic shear

and foundation stiffness

(D) FEVERE T, Eigikgtit - Gk aAE
FAR R VST 45 2 i de K0 ) 350/ R A T fg A
RS A, W T 4 - SR B J R EAE 0N A7 AE -

(2) b G Ry (0 B ) Fr ool 7 45 JE 3 /N —
L, TTE 2 R THUF BY g 47 o BE T K — 4% % AL
S N SY IS UK R DN € M R Y AP g
E EBHE R

(3) Syt iR AR BN, LA R 25 25 0 B 0
AL TS HNER I . ARG Hrb,
b P 2.0G6 TEALEALE] 1.0G 0L, 45k %
J2 TS D34 035 W RO, HAPEM 1.0G T ELIZHT K
3] 0.4G KULHS, S5 2B 4ol ket
(e 3K T ASCBIR Y EIRas e, — B
Bggmt,  EERAR RS ROV I T AR AR A o
4.2.2 EEREEHARIEEL

A PO ) ) VR iR P A R R B A R A
B o BRI EIRY (IREE 1 C40 SREESE SR, BURIREE L
SRAEAEGCR €30, C50 NG ULIEAT T EL Centro 1)
0.70 m/s” A EWE AN T HHLAE SSNAMHT, I A
I R il e ) 2 A M 352 B I &35 SR BT T LEARE K C30,
C40, C50 Jrik 1o 8 55 2 M EE 45 R 70 i b
C30, C40, C50. % 5 il T 45RO B KK P-4
Fee BY A VA S S WP L R ST LA, b C40
FAF NS R B D HTRAERE 3 TP gy . iR S5 W)
THRERBY sy mkbt E AR iR 224, W 9 FroR.

e - B SR
E 9 S#E Bk FH R HinEAE AN Tk

Fig. 9 Relationship between reduction of horizontal seismic shear

and structure stiffness
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Fig. 10 Reduction of horizontal seismic shear
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