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Abstract: The traditional p-y curve method for analyzing the dynamic behavior of pile foundations
in loess during strong earthquakes does not simulate the pile foundation structure, so the relevant
dynamic parameters of the pile foundation in loess are inaccurate. In this paper, we present a new
dynamic analysis method for pile foundations in loess during strong earthquakes. We designed a
hardening soil-small (HSS) constitutive model based on the hardening soil (HS) model, and ob-
tained the related parameters of the pile foundation in loess during strong earthquakes through
the constitutive model. Then, using PLAXIS software, we constructed a finite element model of
the pile foundation in loess. Based on these two models, we conducted experiments on pile foun-
dations during strong earthquakes to analyze their horizontal displacement responses and the in-

ternal forces in the pile body under the coupled load. The experimental results show that the pro-
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posed method can accurately analyze the dynamic characteristics of pile foundations in loess dur-

ing strong earthquakes.

Key words: action of strong earthquake; pile foundation in loess; HSS constitutive model; finite element

model; related parameters; dynamic performance; vertical load; horizontal load
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Table 1 Setting of soil strength parameters
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Table 2 Parameters, parameters’ meanings, and value obtained method of HSS constitutive model
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Table 3 Values of HSS constitutive model

Eo/MPa 19
Exf/MPa 9
Exfi/MPa 9
Ef/MPa 29
m 0.7
Yo 0.000 2
Riner 0.8
Go/MPa 89
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Fig.1 Sketch map of the finite element model of pile

foundation (Unit: m)
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Fig.2 Finite element meshing (Unit: mm)
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Table 4 Physical condition of pile body

P AR B NI B i e MY B2 LIRS BE 4 WIBE L
E,/MPa EI/kPa EA/kPa L/m E,/E,
3X10* 1.362X10°  2.245X107 18 1100

T RS T B I 1 T 2 R AR D
10 52 2 BE R IE 30 m, 56 & 50 m N i BB
SN JE T A0, R 3 A v I 2l DA R AR S I
T AR AT B . R R b Ry AR DX R A
3 JIC A R S L i o A T A

1.3 THHEESHIEE

FESI AT SRR AT 1 3 1 v bk 3 3l ) PR B,
AEAERURE B R I0] fAT 38 i 28 A A7 7E X B2 1) 2 5 K1
faf R AE AR 3L L3 R S ik A (D

F () =Fsin(wt + ¢) @Y
AP AR F #oR 88 F =200 kN ; fif 2000 % H
w TN o =2 Hz; i8R M H ¢ 38R .1 =10 s3
o NP A .0 =0,

ET 11N &SR E S RE TS HT
FoA PR OT AR Y, R BB H A S B i E T b
RBAPER R E, =3 X 10" MPa, B IEFi & E, =
30 MPa, 100 kN,200 kN,300 kN Jz& B [a] fuf 2% A9 HL
L o L Ti] TRT 145 90 7 28 D 7K SF- fir 28K

AR SCHE T 4 o R IR TR R HSS A Ky
B R B RS T 8 L R i 3 h S
A 31X 48 2400, AE & far 24 T T 19 A 35 475 B 7K 1
(A% WE L A B P e I T 4 BT SR R OIR S R 8
ot SHI DAL N

2 KWOH

2.1 HBATEERTHES KA A0 A
S0 FE T8 4 iR A BR TR AL RD HSS Ay
R, BB 4 PR/ i A 3 B i i 2 0 09 07 32X, B AE



476 o

T B/ % i)

2018 4

NP - RO R i ) e o A - A - N
100 kN,200 kN.300 kN N ERM 4 FpfralE, I

A
0.03}
0.02
g
3 0.01
i}_]
B
X
2001 |
-0.024 2 4 6 g 10 "
N F7it /s
(a) P=0 kN
A
0.03}
0.02
g
¥ 0.01
ja
N
v
N 0 |
2001}
0.025 2 4 6 s 10
Al
() P=200 kN

A 3

B RROPR 2SR 0 e B R A 00K S B BT £ 1AL
K 3 s,

A
0.03
0.2t
£
B oo0.01
E
< of
2001
-0.02 2 i 6 8 0
ISyl S
(b) P=100 kN
A
0.03
0.02
£
2 001
@
R
A
~ oF
-0.01F
-0.025 2 4 6 8§ 10
Sipal NS
(d) P=300 kKN

RE A AER T AR TR 69 12 A5 B A2 o 4%

Fig.3 Displacement time history curves of pile top under the action of different vertical forces
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Fig.4 Horizontal displacement distribution of pile body under the action of different vertical forces (z=0.2 s)
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Shear force of pile body under the action of different vertical forces
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Fig.6 Bending moment of pile body under the action of different vertical forces
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Table 5 Shear force and bending moment at different moments under different vertical loads
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