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Lateral Behavior of Single Rigid Driven Pile
in Non-Homogeneous Sand
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Abstract

A series of model tests was performed to find the characteristics of lateral behavior of
single rigid pile. This paper shows the results of model tests on the lateral behavior of single
rigid driven pile in non-homogeneous(two layered) Nak-Dong River sands. The purpose of
this paper is to investigate the effect of the ratio of lower layer thickness to embedded pile
length, the coefficient ratio of the subgrade reaction and the pile construction
conditions(driven & embedded piles) on the characteristics of lateral behavior of single pile.
The results of model tests show that the lateral behavior in non-homogeneous soil depends
upon drop energy considerably, that is, in the case of H/L=0.75, as the drop energy increases
three times the decrease percentage increases about 2.12 times. In the driven pile with
non-homogeneous soil of Eni/En2=5.56, the effect of upper layer with large stiffness on the
decrease of lateral deflection is remarkably smaller than embedded pile. In non-homogeneous
soil, the maximum bending moment of driven pile is in the range of 100 - 132% in comparison
with embedded pile. The reason is that the stiffness of soil around pile increases with drop
vibration and so the pile behavior is similar to the flexible pile behavior by means of the
increase of relative stiffness of pile. In this paper, the experimental equations for lateral load
and H/L on yp/ye & MBMp/MBMg are suggested from model tests.
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Test Pile Construction condition H/L Remark
Upper Lower
0.0 61.8 61.8
1 Driven(DH=5), Eun/En2’= 0.18 0.25 - 0.75 61.8 90.0
1.0 90.0 90.0
0.0 61.8 61.8
2 Driven(DH=15), En/En2=0.18 025 - 0.75 61.8 90.0
1.0 90.0 90.0
0.0 61.8 61.8
3 Embedded(DH=0), En/En2=0.18 | 0.25 - 0.75 61.8 90.0
1.0 90.0 90.0
S S JN Y TN Y
4 Driven(DH=5), En/En2=5.56 25 . . . Epy/Ens, DH
1.0 61.8 61.8
0.0 90.0 90.0
5 Driven(DH=15), En/En2=5.56 0.25 - 0.75 90.0 61.8
1.0 61.8 61.8
0.0 90.0 90.0
6 Embedded(DH=0), En/Enz= 556 | 0.25 - 0.75 90.0 61.8
1.0 61.8 61.8
Embedded
7 0.5 61.8 90.0
Driven(DH=5,10,15), Eni/Enz= 0.18
* RSl digh EEe] Aty Al$8] (Kim et al, 1998)
X 5 UK 72 J[F(EAHH HolAlT, BL&7L, At ZAAST, K)
Y. 3,
Diameter | Pile thickness Embedded B'L K”, 7L ftl;}f?;i
(mm) {mm) length{cm) D,=32.8% 61.8% 90% (103 txm?)
0.74 ' (R") 082" (R) 125 " (R)
120 025 21 0.18 * (R) 012 7 (R) 003 » () 341
1.84 * (R) 199 * (R) 2.80 2 (7

1) A=/ (E/4ED) (Chang, 1937); By = 2% A7
2) K= EVEL! (Poulos, 1971); L=2% Z<]4o);
3) 7 =/ (wED ; E = 214x10° /e ; 1= %
=R (=Ey/Denyz"/D at z=D), & 1,442/m(Dr =90%),
4) R = L5 (rigid pile); ? = 2435 FATE] 7|E5k Abole
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Upper sand (EN\ Model Pile
Lower sand (En2) H

Free -tip

\
KFG-5-120-C1-11
¢ pdl f
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Nak-Dong River Sand
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No L/b PﬂSor?g.nS. H/L | En/Eie y/?) i/lfijMy*” y/QD I\imj/ul\niiﬁ’ 1"33 ¢}, :‘7;
1 00 | 10 | 0029 0000 | 0328 | 0334 0.43

2 _ 0.25 0.038 0082 | 0207 | 0337 0.29 — 043
3 (I?D“H"fg) 050 | 018 | 0029 0074 | 0250 0.343 0.29 — 0.43
4 0.75 0.023 0087 | 0202 0.350 029 — 043
5 10 | 10 | 0033 0003 | 0192 | 033% 0.29

6 00 | 10 | 0023 009 | 0202 0315 0.29 — 0.43
7 . 0.25 0.032 0111 | 0185 | 0391 029 — 043
8 £§;Zi‘;> 050 | 018 | 0027 0098 | 0158 | 0357 0.29 — 043
9 0.75 0.030 0097 | 0145 | 0363 029 — 043
10 10 | 10 | 0016 0071 | 0.41 0307 029 — 043
11 00 | 10 | 0033 0003 | 0192 | 033 0.29

12 0.25 0.022 0084 | 0201 0328 029 - 043
T e 7050 | ss6 | 0030 | o074 | 023 | 03 029

14 0.75 0.023 0062 | 0308 | 0358 029 — 0.43
15 10 | 10 | 002 0000 | 0328 | 034 043

16 00 | 10 | 0016 0071 | 0141 0.307 0.29 — 043
17 ' 0.25 0.032 0091 | 0162 0.331 029 — 043
18 <§§Z§2) 050 | 556 | 0026 0.071 0.166 0.296 0.29

19 0.75 0.029 0083 | 0200 0327 029 — 043
20 10 | 10 | 0023 0000 | 0202 0315 029 — 043
21 Embedded 0.040 0071 | 033 0.371 0.43

22 DH=5 | o | g |00 0074 | 0250 | 0343 029 — 043
23 DH - 10 0.034 0106 | 0251 0.407 0.29 — 043
24 DH = 15 0.027 0098 | 0158 | 0357 0.29 — 043

) My = TEe] §8 JTAE(T0kgem)

BEMBRTSREHE 171



HE7. 2 EnfEe ol gt & 8 A

H/L
Eu/Enz | DH (cm) -
0.25 05 075
018 5 50 (1.39)" | 65 (1.48)" | 80 (1.33)
' 15 26 (1.44)° | 31 (1.55)° | 36 (1.38)"
_ 5 60 44 36
5.56
15 26 20 18
5 65
0.18 10 40
15 31

* 2R Hololl gt ZHdo] & Fol ApAjsle HlEe] TYF
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Attt RPAEES] AAET oY FHS
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SHEEe] ZAdo] & Al A &EelSlrr) o] 24
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Lateral deflection, y(mm)

(a) whde=
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- | HL=10/ .
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. - N
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5
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- 34— S S ]
E - ¢ /} . . . Q - y relationship .
3 2 —-‘ S e s =y - HLS0T75 - —
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0 1 2 3 4 5 6 7 8 9
Lateral deflection, y(mm)

(¢) ¥E &% (DH=15cm)
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- . . ‘
- -k - HL=050 4
1 , ) ) . . —> - HL=0.25 —
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0 1 2 3 4 5 6 7 8
Lateral deflection, y(mm)

(b) ek E= (DH=5cm)
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_— 3 Q - y relationship
= .
it
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= 2 |- DH= 0cm
-
= 4 DH= 5¢cm
1 r DH=10cm
7
DH=15cm
0 ¢

0 1 2 3 4 5 6 7 8 9
Lateral deflection, y(mm)

(d) &el 95 (H/L=0.5)

a8 3. Q -y 3 (En/Ep=0.18 =)

EolldA], TEAe) Q-y F49] M7 FotA
o 8 ARk ok o] JdidE 90%%
AR Fdef ZH3t] Yepgde) Ear,
et} S/ eSS A9 71€717F FekA o
el gelar) W Feld S (DH=>5cm) oA
2 geURZ Q1% & FElSle Fvks
T5 Mol 2sH(densify)7F dolui,

At ge] dofjut 27 Q-y=Ae] 718717k a2
Al @kt

H1FE (H/L=0.5) ARlA] Q-yaAl g
FEFES AlEA] B shs #E x|l 9FE
vebd AL a3 3-(d ek 2o &8 o|A7t

7l W uwgle) gAaglde] FEiEkAl
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Aol Q-y FA-E 4kge] 8 o]l
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BEHMBTSEHE 173



- y relationship |
—5 - H/L=075
). H/L=0.50

—5) - H/L=025

Lateral load, Q(kg)

1 2 3 4 5 & 7 8 9
Lateral deflection, y(mm)

(a) wi4&=

7 L T
6 |— ]
£° 7
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§ }.— 7~ Q - y relationship
24 - T —O - HL=075
1 " ¢ - H/L=0.50
: ) —< - HL=025 |
0 i I H I 1 1 I 1 l 1 | 1 l
[ 1 2 3 4 5 6 7 8 9
Lateral deflection, y(mm)
(b) &e} % (DH=5cm)
7 1 I 1 l 1 l T | T I T | T | T | 1
¢ -
6 — HL=00 o o T : —-1
Sl ) ~
e L ARy~
5 - (A I
=~ R P an-10
%k Z ‘
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s T /7 T
T‘ 3 — - .. . . o
) = Q - y relationship |
2
S22 -~ HL=075
; ¥ -8 HL=050 |
—$- HL=025 |
0 4 ISR AN AT AU M S B

0 1 2 3 4 5 6 7 8 9
Lateral deflection, y(mm)

(c) &€l ¢ (DH=15cm)
38 4. Q - y 2| (Bn/E=5.56 =)

174 %154 %B63% - 1999% 12A

=15cm)-0.592(DH=5cm) ¢} HHZ oA,
H) Auke] s 1l (yp/ye) i ek ol
A7} 255 A ekt Get o) 3u) Z7tel
SRSl 1560 Al 28T H/L=
0.59 T AA ] yo/yets 4432 o)
(D =61.8%)° SFshe FAuke] 3
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W5} @io] shEFe] AUTES} 2 B

At S HolF= A 2

2 B & Aok

18 4-(a), (b) 1831 (¢)= B2 (Eny/Ene
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¥ 8. Q=4kg°i|A1—4 of@lat=sof st StElU=)
= H (yplye)

H/L
En/Enz (DH) -
om 0.25 05 0.75
5 0.625 0.653 0.814
0.18
15 0.410 0.413 0.585
5 10.796(1.273)"|0.858(1.314)"10.983(1.201)"
556
15 |0.642(1.566)"|0.598(1.448)"|0.638(1.091)"
5 0.653 (H/L=0.5)
018 T 19 0,655 (H/L=05)
15 0.413 (H/L=0.5)

* BUT H/LAA Q) A)ukuty A<=n) (Ehl/Eh2)l tig 5
g v9) v, & Buw/Ee5562 yo/ve / Eu/En=0.18
9] yo/VE

50 LI L I L L e I I D A B
B M -y relationship 1
40 +— - - - - - - =& - HL=0I5 . - . . . . . —
= - H/L=0.50
—5 - H/L=0.25

30 — - - w0 s T Lt
20 | - LSBT
LEHIT 1

S
I I DR T T

|
0 1 2 3 4 5 6 7 8 9 10
Lateral deflection, y(mm)

Maximum bending moment(kg*cm)

50

40

30

20 —
M -y relatioship

—£5 — H/L=0.75

Maximum bending moment (kg*cm)

10 - - HA=0.50"]
—< - H/L=0.25
0 i I i I 1 I 1 I 1 l 1 I 1 I 1 I 1 l 1l

[ 1 2 3 4 5 6 7 8 9 10
Lateral deflection, y(mm)

(¢) FE 2% (DH=15cm)

FTH3F i3t & 837} Zo] veld 4= Qo
H 8ollM9} Zo], e AlFol mE +H
72232 BESHA v vk 357—, &
H/LelM o] SebEse] ] 2hhs AHH3
o] 73dol & A (En/Ene=5.56) B} 353
o] 3ol & 7-(En/En2= 0.18)¢] v]d X
Ho| A o 2R 7‘: 25 eI et ol &
oA En1/En2=5.56%1 B2 A|¥ke] et 31\—1—
7t Eh1/Eh2=0.18?l vt Z|wke] &El 47t
ZHA VeI 53 2o, 3EF AlFA] e 2
Foll o7k x]ure] =} AjujE o] En/En=0.18
H)Zd Rpke) o] 223 Bt e 99
o EAeta lo] o] BdsA LAYt o= Q)
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o
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T I 1 I T I T '[ T ' T I T l t I T l T
1-2z/L=0.57

'y
o

vl
]

I

N
o

M -y relatioship ~

— — HA=075

Maximum bending moment (kg*cm)
T

10 - -+ HL=050 —
—<> - H/L=0.25
P AT NN NI I N N B S T

0 1 2 3 4 5 6 7 8 9 10
Lateral deflection, y(mm)

(b) ¥et 2= (DH=5cm)

50 T I T I T I T I T I T I Ll I T I T I T
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