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Experimental Behavior Characteristics of 2x2 Group Pile under Lateral Loads

A e Kwon, Oh-Kyun
LI Park, Jong-Un

Abstract

In this study, the large scale laboratory model tests were executed to investigate the lateral resistance characteristics
of 2x2 group pile under lateral loads according to the array method and installation angle of piles. The effect on the
behavior of 2x2 group pile was also investigated through model tests varying the pile diameter and length, distance
to pile top from the ground surface, center-to-center (CTC) length and surcharge etc. From these test results, it was
found that the lateral resistance of 2x2 group pile of which piles were constructed slantly in both directions was greater
than that of group pile of which piles were constructed vertically. And as a result of parameter tests on the lateral
resistance of 2x2 group pile, it was found that the most important parameter was the pile length. As the embedment
depth ratio (L/D) increased to 36.5 from 26.5, the lateral resistance increased 3~4 times or more. But the center-to-center
(CTC) length, distance to pile top from the ground surface and surcharge did not affect much on the lateral resistance

of group pile.
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Table 1. Specification of model pile
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Fig. 1. Photograph of pile head plate

Pile tybe Diameter (D) Thickness (1) Length (L) Tensile strength Young’s modulus
yp (mm) (mm) (mm) (kgf/cm?) (kgf/cm?)
. . 34.0 3 900
Pile a‘.[tached with 340 3 1.240
strain gauges 3979.6 2,100,000
48.6 3 1,240
Plain pile 48.6 3 1,240
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Fig. 3. Position of cans and measured relative densities of sands after testing

(b) 7° (c) 11.3°

Fig. 4. Penetration units according to installation angle
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Table 2. Summary of test program

Diameter | CTC Length | Distance Surcharge Inclined angle Test name
(D) (C) (L) (F) (W) (left, right)
(0°, 0°) C2.5D_ L36.5D_F5D (0°, 0°)
(—=11.3°,+11.3°) C2.5D_ L36.5D_F5D (—11.3°,+11.3°)
34mm 2.5D | 36.5D 5D 0 (0° +11.3° C2.5D_ L36.5D_F5D (0°, +11.3°)
(-11.3°, 09 C2.5D_ L36.5D_F5D (—11.3°, 0°)
(=7°, +7°) C2.5D_ L36.5D_F5D (=7°, +7°)
, (0°, 0°) C2.5D_ L36.5D_F5D_W20% (0°, 0°)
5D 20% of Yield load (W)
36.5D (=11.3°,+11.3°) | C2.5D_ L36.5D_F5D_W20% (—11.3°,+11.3°)
. ' D (0°, 0°) C2.5D_ L36.5D_F3D (0°, 0°)
2 ' (-11.3°,+11.3°) C2.5D_ L36.5D_F3D (—11.3°,+11.3°)
mm
o6 &0 (0°, 0°) C2.5D_ L20D_F5D (0°, 0°)
: 0 (—=11.3°,+11.3°) C2.5D_ L20D_F5D (—11.3°,+11.3°)
o D (0°, 0°) C3.0D_ L36.5D_F5D (0°, 0°)
' 36.5D (=11.3°,+11.3°) ©3.0D_ L36.5D_F5D (—11.3°,+11.3°)
' (0°, 0°) C2.5D_ L36.5D_F5D_D48.6 (0°, 0°)
48.6mm 2.5D
(=11.3°,+11.3°) C2.5D_ L36.5D_F5D_48.6 (—11.3°,+11.3°)
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Fig. 7. Photograph of lateral pile load test
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Table 3. Results of lateral pile load tests

Test No.
Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8
Case 9
Case 10
Case 11

Case 12

Case 13

Case 14

Case 15

Yield load (kN)
3.00
3.50
2.72
2.80
3.42
2.71
3.40
2.72
3.51
0.68
1.00
2.43
1.90
2.28
1.65

Lateral displacement (mm)
14.0
12.2
16.0
14.0
141
8.2
12.3
15.7
12.5
8.0
10.0
9.7
16.2
12.2
19.0

Pile condition Array condition
(0°, 0°)
(=11.3°, +11.3%)
(0° +11.3°
(=11.3°, 0°)
(=7°, +7°)
(0°, 0°), W=20%
(=11.3°,+11.3°), W=20%
(0°, 0°), F=3D
(=11.3°,+11.3°), F=3D
(0°, 0°), L=20D
(=11.3°,+11.3°), L=20D
(0°, 0°), C=3D
(=11.3°,+11.3°), C=3D
(0°, 0°), D=48.6mm
(=11.3°,+11.3°), D=48.6mm

Standard
condition

2X2 array

Changing
condition
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Standard Codition

—=—52.5D_L36.5D_F5D( 0°, 0°)
7 | —#—S2.5D [36.5D_F5D{-11.3°+11.3°)
65 1 —#—s525D_36.5D_F5D(0°,+11.3°)

—e—52.5D_136.5D_F5D(-11.3,0°)

5 | =%=- 525D L36.5D_FSD(-7°47")

Lateral Load(kN)

Lateral Displacement(mm)

Fig. 8. Lateral load-displacement curves according to pile
installation angle
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o] 27 34mme| WEI 47 48.6mme] LE chate]
Aoz HAE WEI FEOD +113°7AA A
5l 79 thole] HAARS ANk the 4y =
AL BB WEAT WBkAIZ] Aol e U
A7t Fig. 9] vkt glek 270] 34mmel B9 2
Qgolult Aol A9 315011, £113°7AkA B
308017, 2-5789] o] DS whElel, 4|7 48.6mm
SRR

0] 9ol G0l o & At A
Zo|7} o 35D Ak Hek. o7 4, BE E2

op from the ground surface)+= &

<]

o|(distance to pile to

_E_I-IH_

I
el
7

o HE TELE Zgo|Ezr| Q] Agjo|t) TEZ

o] 34mmoj A 48.6mm= # AW, FE =Z7 0|7}
SDoJ|A] ¢F 35D 7raslA|uL o] Ao ke 1] =
2] oF Ao @ glthE]o] HAEIAT) = skx] AL wm
T WEAA ] & A5 FESIEol AA UEhdth =
E gEo] ojzlog AxE oIz TjutErc) ofR o
Z A BadEoA A o] o A aEHE A
o7 Yyehgtt I8 gubde s dEZdo|r) FYst
Z70) A dEZ Ao AR W, $HA X Y% Z7}sto]ok
sh=d], YA A= HE 42X go] @
3|8 ZhAasl= ZloZ Uehton, ol AFeas It
Tk

ROl A T WAl o] T4 (Center-

to-center, CTC)O] FeldEe A vA= TS 9t

O
Ai
~N
i.
=)
2
»
ﬁ
(98]
N
5
5
L,
ME
HH
2 o
o o
P‘L
~ 2
ofx
jukad
e
N

o] 25D 3091 %0l Tt ZH AT
G AE A48 B 1S BT Wk

Zg-7-oll tiet 2317) Fig. 109] YRt QU Fig. 10(a)=

C2.5D_136.5D_F5D_Diameter

—&— C2.5D_F5D_Pile Diameter (0%, 0°)

5 ~@- €2.5D_F5D_Pile Diameter(-11.3%,+11.3°)

Yield Load(kN)
]

10 20 30 40 50 60
Diameter(mm)

(b) Yield load according to pile diameter

Fig. 9. Effect of pile diameter on lateral resistance of 2x2 group pile

12 S=EXEESE =2y

HI34 M6=



C.1.C_L36.5D_F5D A2x2_S2.5D_F5D_SG

7
B 5 —a—(2.5D_L36.5D_F5D(0°, 0°) —&— A2x2_CTC_F5D_SG_(0°,0°)
7 4 —&—(3.0D_136.5D_F5D(0°, 0°) & —@= A2x2_CTC_F5D_SG_(-11.3°,411.3")

. 55| —=—c25D 136.5D_F5D(-11.3°411.%°)
= ¢ 113 41137 s
=z —8-3.0D_136.5D_F5D(-11.3%, +11.3°) =
o =
o o
o < =
- 3 AN
— 3 N
[ \
o = S
k- 2 2 ‘m
- >

1

o

a0 100 0.5D 1.0D 1.5D 2.0D 2.5D 3.0D 3.5D
Lateral Displacement (mm) CTC
(a) Lateral load-displacement curve (b) Yield load according to CTC

Fig. 10. Effect of pile CTC on lateral resistance of 2Xx2 group pile
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