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Abstract: To accurately analyze the seismic site effect of circular underground cement—soil pile
foundations and improve the seismic performance of buildings, in this study, we used ABAQUS
finite element software to analyze the seismic effect on circular underground cement—soil pile
foundations with different random parameters. Specifically, we analyzed the parameters used in
the calculation, the geological conditions of the site, and the equivalent composite soil parame-

ters. Using a simplified model of a two-dimensional composite modulus, we discuss the influences
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of the reinforcement depth, a newly built structure on the foundation, the topography of the un-
derlying bedrock, and some random parameters (e.g., modulus of cement soil, seismic attrib-
utes, and different scenes) on the seismic site effect. The experimental results show that the peak
acceleration response on the circular underground cement—soil pile foundation decreases with in-
creased reinforcement depth of the cement—soil pile and composite modulus, and is significantly
lower than that on a free field. A new structure on the foundation experiences a strong disturb-
ance in the ground motion characteristics around the foundation, and the interference amplitude
and area have a high correlation with the structure scale. We found a certain correlation between
the bedrock terrain at the bottom of the foundation and the ground motion characteristics of the
upper foundation. The influence of soil conditions on the seismic effect of the composite founda-
tion is great, whereas the influence of the pile modulus is relatively small.

Key words: multi-factor and complex parameters; circular underground cement; soil pile founda-

W SR Z A Je SR T 1 T H R K Y8 -E k35 375 M M 7 AR 43 B 459

tion; site; seismic effect

0 35

Bt 2 R B O T B — o 3, R
T — 3 20 % T P o I e ) 5 e A e ) —
B 22 T 3 B Ml DR AR HH I 3 Rl R O ) A
B AT — Be T REAL 2 )5 ARAS 1Y L (B M T K U
E by B g 2 G oh T R AR R A2 S R R
HY T [ B 0 3l XA T R 22 e Al L X R AR K
FORTATHE = A5 AR T B Rk 5 9O, B
Xt LA B0 AR 2 e 52 3 X MR AR N BE AT T AT R
AIBESE

WY SR S L)Y g L DX TR e 2k % 3 O
FEM R, ia ] FLAC3D B8 73 A B F o ok JH 2 2y
M 5 i W 5T 1 5 3t VA L Jon s B sk B TR 1L 3
T AL RS 5 2 o 2 5 R R AR o JRE B Y 7 AR R AT 23
Mrom g, 45 RE W], BEE B 525 A8 0. 7 1
WA {3 R %) 78 A% TR 1 328 T 0k /N 5 i A A B 3
Ko ABZT5 ¥k B A 1 B0R FRAE 73 B 45 2R A e
B AR AR B AP1000 A% B 25 1 b5 o 152 11 M Jk
f 5 T g 2 50, JT e T 3 M Al 2 P 3 7 S B B
BT o TR LAAS W] A4 4 52 2l B A 5 T AR
TR ELE , IF 20 i DLAS [R5 16F A9 N T 4 72 3 s
JE IR A O i A MR Bl . (R %07 Wk 0 R B
IRt ] RE X I IR A% L T O RR BT AR B R R
B,

[ H T 7K 8 52 5 1 5K 14 1t 7 A5 R AR ) 40T
FURAE T I LV A5 Y B4 B 5T A R A 2 52 B AR
Mo 0T FDE T 7K e L A b Ak 37 3b 752 3000,
Sr BT RS BE R T ABAQUS A BRIT 5 A4 . 43 BT AN [F
BEALZ B0 BT 3 7K P8 1 b 56 37 b b 72 2000

il

1 BEARENSHEHERM TKELHERE
EAREEEMBERN S

1.1 ABAQUS % BR JT &k 4 & /v
AR SR A R IC# A ABAQUS. R & & ik
TR ¥R 1 R E Mo R oK Je b b 3 59 — 4 A R T RI A,
JERIF 2 5 G A5k 15 AR RS TR, 4 T 5 BB [ O B
b b I FOBT AR A4 T RN S MY K e AR A
iy N\ M52 0 R A AN AN [R) 37 5 A B A5 B AIL 2 HO0) BB
L N O S A S R A @ VAN O - R
ABAQUS & — i #5032 55 J7 v, n] 4 380 g DA K&
RS SFSE M 1] A, — kA PR T A Y 1 38 SR L
5 A2 B S L A FE R a8 A e i LR
A0 B R 5 A% . b B AR R R O Ml 3 B
HINERERE,
1.2 HEFEMSH
SCEEE AR B Biot [ 45 J5 R 1 A 8% N 71 5T
J5 i R E-B AR A R H R 7 0 AR 56 R S
it 185 3R 32F 10 B A 7 1 3 g SO 43 A 1 i B ) 4
X E-B AR KRN .
9 o3 \"
EDRﬁ}MﬂuJ,

(6, —o03) (1 — sino)

S =

2Ccosp + 20;sing
Ko HEE;S RN HKFV Ko BRI &S
BGR, o NEMRESEGP A KRAET].
3 ok S AN R SRR AR T X A B ) AR T B R R
S 3 BT 5 SR A 42V Ak B T WF 58 5 VR N AR Bl
FIETC W S 25 TR PEFEAT AR . AR G B AR AR DA e
sl R IES BNk 1.5k 2 g,



460 WOk TR ¥ R 2018 4F
x1 HMETFIEYEREERUAR(BE E-BER)BABESH
Table 1 Main physical properties and static attribute parameters of site soil (Duncan E-B model)
IR RS AR AR i SR RARR 5 5 8
I —— S -
/(g s cm™?) 0o/ (") Ap' /(%) R; K n K, m
ik 1.98 52.4 8.9 0.8 1028 0.28 806 —0.15
iR 1.48 29.6 0 0.5 176 0.65 135 0.18
A< A\ BE 3 1] ) % 5
£2 BHEXR(SNREMED)DARESH 13000
Table 2 Dynamic attribute parameters of site soil Sa a Sa
7o
(equivalent viscoelastic model) H H} m
FEMN K: A% g K. " B e T e
LD 3 895.1 10.1 0.55 20.1 0.56
ik 680.1 9.1 0.55 20.6 0.64
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Finite element model of the composite modulus of

circular underground cement—soil pile foundation
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Fig.2 Finite element meshing
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Table 3 Engineering site conditions

+ 2% + 2k JZEE/m  Y/(kNem 2) vs/(m s 1) 7 A B
1 ESiRE/ kD) 1.9 18.9 123.1 0.000 4 1.13 0.46
2 (28 4.8 18.5 108.7 0.000 3 1.13 0.46
3 LS5 HE R (R — O 2.7 19.1 129.7 0.000 26 1.16 0.356
4 W TURS £ (e kb R ) 5 19.9 169.5 0.000 27 1.11 0.47
5 TR - e iy b R %) 5.2 21.6 171.4 0.000 33 1.11 0.47
6 AR Omy ey -, 7 — h i) 16.5 19 205.5 0.000 5 1.19 0.46
7 B A R Iy £, ) 11.4 18.9 240.1 0.004 6 1.2 0.46
8 A R R Il £, — % 50 2.1 21.1 215.5 0.000 38 1.2 0.46
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Fig.3 Time history of the input ground motion
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Fig.4 Peak displacement of different points on the

surface at different reinforcement depths
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at different reinforcement depths
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Fig.6 Peak acceleration of different points on the surface

at different reinforcement depths
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points with reinforcement depth
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Fig.8 Interference of the dam to acceleration

response spectrum
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Fig.10  Model of deep soil pile foundation site in U-shape valley
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surface under different composite modulus
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Table 4 Soil thickness at different sites (Unit:m)
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