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Analysis of behaviours of single pile and pile groups subjected to

lateral loading by 3D finite element
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Abstract

Pile is one of the key elements of a building, which is
responsible for supporting the weight of the structure and
transferring it into the ground. Usually, the pile not only transfers

the weight, which is the vertical force but also the lateral force.

Therefore, the behaviour of single pile and pile groups subjected
to lateral loading should be investigated. In this study, the
behaviour of one-directional lateral loading of a single pile and
pile groups was analysed by a 3D finite element method (FEM),
and their results were compared with the experimental ones of
physical model tests of the previous studies. In addition, the
effects of influence zone on the behaviour of pile group were
also investigated. The followings are found. Firstly, the
relationship between the lateral pile load and pile deflection
analysed by the 3D FEM are close to the ones observed from the
physical model test. Secondly, the pile arrangements in the box
pattern are more susceptible to the shadow and edge effects
than the ones in the side-by-side pattern. With increasing the pile
spacing in a pile group, the effect of influence zone decreases
and thus the pile group efficiency increases. The pile group
efficiency can be explained by the influence zone, which can be

visualized and illustrated by 3D FEM performed in this study.

Keywords: Finite element method, Pile group, Single pile,

Lateral loading, Influence zone
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Parameter Symbol Value Unit
Material model - Linear elastic -
Drainage type - Non-porous -
Unit weight V4 13.50 (kN/m?)
Young modulus E 3.20x10° (kN/m?)

1 Lateral loading machine
2 Displacemant sensors
3:Load Cells

4 Universal joints
5: Pile Cap

6. PVC pie

7: Concrete tank
4 Wletal frame
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Effective dilatancy angle (') wag Effective cohesion (¢') #l4lu
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FEM (This study)
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Parameter Symbol Value Unit
Cross-section area A 3.14x10* m?
Unit weight V4 13.50 kN/m?
Young’s modulus E 3.20 kN/m?
Moment of inertia | 7.86x10° m*

ﬁﬂ?ﬂ»ﬂ‘ﬁ 3 W'ﬁ']ﬁLG\@%mEN‘Wﬁ’]EJ KMUTT

Parameter Symbol Value Unit
Material model - HS -
Unit weight V4 15.23 KN/m3
Secant stiffness modulus Esr(e)f 24,000 kPa
Tangent stiffness modulus Egs:; 19,200 kPa
gﬂrizz?;:g/reloadmg stiffness EJff 72,000 \Pa
Power for stress level
dependency of stiffness m 02 -
Confining pressure reference o':;ef 200 kPa
Poisson's ratio Vv 0.2 -
Effective cohesion c' 0.01 kPa
Effective friction angle, ¢' 34 deg
Effective Dilatancy angle 78 ' 0 deg
Material behaviour - Drained -
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Test Name Pile Pattern Pile Spacing, S
PG11S0D-ANO 1x1 0D
PG21S2D-ANO 2D
PG21S3D-ANO 3D

2x1
PG21S4D-ANO 4D
PG21S6D-ANO 6D
PG22S2D-ANO 2D
PG22S3D-ANO 3D
2x2
PG22S4D-ANO 4D
PG22S6D-ANO 6D
PG3152D-ANO 2D
PG31S3D-ANO 3D
3x1
PG31S4D-ANO aD
PG31S6D-ANO 6D
PG33S2D-ANO 2D
PG33S3D-ANO 3D
3x3
PG33S4D-ANO aD
PG33S6D-ANO 6D
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f——— — -~
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™ O
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1«

|
C
C
C

(n) @)
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Deviatoric strain ( 74)
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v A
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FEM Aaud19uan@1991nka EXP 199910 3D FEM lasunansenu

91 Boundary effect 1n1nn31 EXP Fadaualiien R-square anas

1000 [

T T T
Side-by-Side Spacing
Type

900 - 2x1 = | o
EXP 3x1L |
Singe Pile| O

21
FEM 3x1

[Single Pile | _@—

800 -

700 -

3x1 (3D)

600
: 2x1 (6D)
500 2x1 (3D)
400

300

Lateral load at pile head, P,, (N)

Single Pile
200 E
100 e
0 !
0 1 2 3 4 5 6
Lateral displacement at pile head, y,, (cm)
(M)
1000 T T T T T T
Side-by-Side Spacing 1
Type 3D [ 6D
900 |- 2x1 - [ O : T
EXP 3x1 | |
800 Single Pile - | -
21 -u-[-e |
FEM 3x1 | |
700 Singepic]  —g- | s i
1
600 - E
2x1 (6D)
500 / 2x1 (3D) T

400
300 single Pile

200

Lateral load at pile head, P, (N)

100

0 1 2 3 4 5 6
Lateral displacement at pile head, y, (cm)
()
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