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Lateral Behavior of Group Pile in Sand

7 4 4" Kim, Young-Su
7 ¥ =" Kim, Byung-Tak
Abstract

This paper discusses the lateral behavior of group pile in homogeneous and non- homogeneous (two layered) soil. In
the group pile, the model tests were to investigate the effects on spacing-to-diameter ratio of pile, pile array, ratio of pile
spacing, constraint condition of pile tip, eccentric load and ground condition. The group efficiency and lateral deflection
induced in active piles were found to be highly dependent on the spacing-to-diameter ratio of pile, number of pile.
Lateral bearing capacities in the group piles of fixed tip, in the case of 6D spacing and 3 X3 array, were 40 - 100% higher
than those in the group pile of free tip. Based on the results obtained, a spacing-to-diameter of 6.0 seems to be large
enough to eliminate the group effect for the case of relative density of 61.8% and 32.8%, and then each pile in such a
case behaves essentially the same as a single pile. However, in the case of dense sand, it can be estimated that a spacing-
to-diameter of 8.0 seems to be large enough to eliminate the group effect. In this study the group efficiency is illustrated
in experimental function with spacing-to-diameter, S/D, relative density and number of pile. The distribution of shear
force in lead row piles, in the case of 3 X3 array group pile, was 41.6 - 52.4% for 3D spacing and 34 - 40% for 6D
spacing, respectively. The shadowing effect for the parallel direction of lateral loading appears to be more significant

than the one for the perpendicular direction of lateral loading.
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En2/Ent 0.25 - 0.75
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Case of 3*3 array, 3D spacing, Dr=61.8%

R Center load
N Eccentric load \ .

(unloading column)

Eccentric load
(loading column)]

TTRUURE U R S

Case of 3*2 array and 3D spacing, Dr=90%

Eccentric load Center load

Average lateral load per pile, Qg/n(kg)
o

(unloading column) .
4 |- o —
Eccentric load
B y (loading column)
2 |- = ]
0 1 ] ! ] ! ] 1 ] ! 1 1
[} 1 2 3 4 ) 6

Lateral deflection, y(mm)

T T T I T I T T T T T
Case of 3*3 array, pile spacing ratio=2.0, Dr=61.8%

Center load
Eccentric load

(unloading column)

Eccentric load —
(loading column)

Ly Ly by by ey

Case of 3*3 array and pile spacing ratio=1.33, Dr=61.8%

4 |- —
) Center load
Eccentric load

.

- (unloading column) .~ N
~

2 // Eccentric load -

P (loading column)
B — _
0 P EU AU NI ST BRI
1] 1 2 3 4 5 6 7 8
Lateral deflection, y(mm)

3% 7. 515 HHl 20T Qg/n - y BAH|2| W3}

Average lateral load per pile, Qg/n(kg)
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Case of 3X3 array, Case of D=90%,
32/S1=1 0 Sz/S1=1 .0
Pile spacing i Pile spacing
DH(%) Pile

3D 4D 6D array 3D 4D 6D
90.0 { 0.40 | 0.46 | 0.71 | 3Xx1 0.563 | 0.64 | 0.87
61.8 | 0.50 | 0.67 | 1.04 | 3%x2 0.40 | 052 | 0.73
328 | 0.66 | 0.82 | 1.08 | 3x3 0.40 | 046 | 0.71

Case of Dr=61.8%, Case of Non—homogeneous,
3X3 array 3D, 3x3 array
Pile C E i H/L H/L H/L
spacing enter |Eccentric
s s loading| loading Em/Brz | 75 | 0.50 | =0.25
1 2

3D | 050} 038 | p48 | 043 | 0.39 | 0.38
3D | 4D | 0.54 | 0.44

6D | 0.63 0.49

0.56 | 0.38 | 0.41 0.39

12 T | T f T T T I . T
| e —— i
10 | - —="— — —
1=y | o i
- e
Tos|-. .~ o o o _
@ | R . . ]
é . .« o ¢ ¢ 6D spacing
$ 06 [~ ¢ ’ " " u Dr=90%
& - f . " . — - Dr618%-
Coa -0 o %~ R . - De3sv]
& | 0w . Y 3D spacing 4D spacing
0.2 . hd ® D% . Dr9%
’ . & Dr=328% Dr=61.8%
- Case of 3*3 array B oo, Dresav ]
0.0 R | P B N S I
0 1 2 3 4 5 6 7
Lateral deflection, y(mm)
(a) 3x3 L=HA ZH2
1.2 T I : T .
| Case of Dr =90% -
10 — —
= . . 3*3 array, 6D spacing N
P spacing PP
< 08 —
2 .. - _
% 06 - L IR = *3 array-
— D spaci
g‘ B ./. -/41) spacing;:)_, »/./ spacing|
S 04 [33array. :./ N
5% I spﬂ‘%
02 = ‘ @ 3*2array |
[~ l3D spacing | B 3*1array -+
0.0 1 L L
0 1 2 3

Lateral deflection, y(mm)

(b) MU 90%2] 29
08 8. 2T GE P 580 sl

126 st=2NEB8asl=2a M6 M1z

14 T T T T T T T
| T ! T T T ! i
12 |- Caseof3*3 array _
“ | Dr=328%, Efficiency=0.424 exp(0.157 8/D) -
5o 4 -
> 1.0 — > . . —
L T~ ~ 1
208 o . ]
e - Extrapolation line |
® 23 »
? 06 | . - ]
= N
G 04 |- /-((
L . Dr=90%, Efficiency=0.218 exp(0.195 $/D) |
02 - “Dr= 61.8%, Efficeincy=0.254 exp(0.235 S/D)|
PR [N NI ST T N N
0.0

N

3 4 5 6 7 8 9
Ratio of pile spacing to pile diameter (§/D)

(a) AT A (Dr=90, 61.8, 32.8%)

14 T T T T L T T ™)
12 |- CaseefDr=90% 1
= o .
s 10 | -
&
H F 3*2 array(6 piles) -
S 08 (- S -
%  3*1 array(3 piles) 5 - .
s 08 — - — .
2 r 8- 7 3%3 array(9 pit b
4 e ¥(9 piles)
O 04 | e ~
02 — —
0.0 . | L 1 L I . | 1
2 3 4 7

5 8
Ratio of pile spacing to pile diameter (S/D)

(b) == WPl HBF (3x1, 3x2, 3X3 array)

10 T T T T T T

6D spacing, Efficiency=1.062 1°'** -

e
@
1

j=2
R
§ 06 |~ =~ ADspacing, Efficiency=0890 n** _
§ ' T e

L - — 4
I - I SR
S04 |- - .. =
4 3D spacing, F"'nem:y—o 697 n*“”
I .

I
»
|

1

Caseof Dr=99%
00 1 5 N 1 s 1 1

3 6 9
Number of group piles

(c) TUS 2o G

10 T T T T T T
[ Casc of Dr = 61.8%, 3*3 array, 3D spacing
= 08 - —
= - Center loading 4
H
2 08 / -
2
£ + -
]
g - Eccentric loading
I - 4
02 —
00 L i . . 1 X
1.0 20
Pile spacing ratio
OlEE 5
(d) 2= 34 HH|e g
F I L S B A B
- Case of Non-homogeneous sand T
= 08 [ 3*3 array, 3D spacing for y=2.5mm —
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> 1
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£ [ ~ ]
s
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5 04— g~ -
= L T i
© ~E,/E,< 1.0
02 — —
oo LL v b
0.00 0.25 0.50 0.75 1.00
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Case of 3X3 armay. | case of D=90%, Sa/Si=1.0

$2/8:=1.0
Dr Pile spacing ) Pile spacing
(%) Pile array
© 3D 4D 6D 3D 4D 6D

90.0 |41.6| 41.5 40.0 3x1 40.0 | 41.2 | 38.0
61.8 [47.3] 42.0 35.0 3x2 423 | 420 | 40.0
32.8 152.4| 44.0 34.0 3X3 416 | 41.5 | 40.0

Case of D=61.8%,

Case of Non—-homogeneous,

3X3 array 3D, 3X3 array
Pile spacing | Center |Eccentric B /E H/L H/L H/L
S; | S, [loading | loading | "'""| =0.75 | =0.50 | =0.25

3D | 473 | 486 | 018 | 44.0 | 45.4 | 471
3D | 4D | 45.0 | 48.0

60 | 47.7 48.1

0.56 | 43.4 | 46.7 | 4838
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