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Effect of Relative Density on Lateral Load Capacity
of a Cyclic Laterally Loaded Pile in Sandy Soil

oA s Baek, Sung-Ha A R Kim, Joon-Young
°f & ¥ Lee, Seung-Hwan 4 % 7 Chung, Choong-Ki
Abstract

Pile foundations used as offshore support structures are dominantly subjected to cyclic lateral loads due to wind and
waves. In this study, a series of cyclic lateral load tests were performed on a pre-installed aluminum flexible pile in
sandy soil with three different relative densities (40%, 70% and 90%) in order to evaluate the effect of cyclic lateral
loads on lateral load capacity of a pile. The cyclic lateral loads increased the lateral load capacity of a pile at 40%
relative density, whereas they decreased it at 70% and 90% relative densities. This can be explained by the fact that
the cyclic lateral loads slightly densified the surrounding soil in relatively loose sand (40%), while the surrounding soil
was disturbed in relatively dense sand (70% and 90%). These effects were more obvious as the cyclic lateral load
amplitude increased, being independent with the saturation. Also, from the test results, an empirical equation for the
lateral load capacity of a cyclic laterally loaded pile in sandy soil was developed in terms of relative density of the

soil and the cyclic lateral load amplitude.

2 X
T EES ARShe WET2E B 25, 0 59 R Y vk AdjdoR Weth & AT
M= FYF WSSl WEe] R SIAA Yo vA= JRFe B skl MR HE Al 7HA AieE
(40%, 70%, 90%)= =/d% Wefjx[qtof A MYPLHAHE SYSHATE LU= 40%2 24 o efA|utol=
F "hE A8} A] 9HE 28 xJdlo] 2R o) ulal uksF kx| 2| go] Zrtslgh i, A E 70%9)F 90% 2
244 | m ARt A= Y v A T 1 Auke] neta R Qlste] et SRR o] sk
ot B SAAYY St ¢ ghave P RS A7) AdeE o Q’S}ﬂl LERg o,

s A)ute] ws} ofols 2 JUL WA Ytk RN e BEato] weANte) AU, P iR
o) Z171e] W2 WSS D FUANA A A% AVHRT, o1 DI WHIEE A0 W W)

A7 A B8 FHssES shar.

el
T

BFARE (Member, Ph.D. Student, Dept. of Civil & Environmental Engrg., Seoul National Univ.)

A AT (Member, Post Doc. Researcher, Eng. Research Institute, Seoul National Univ.)

SHEL BlALYL (Member, Ph.D. Student, Dept. of Civil & Environmental Engrg., Seoul National Univ.)
H

H59l, ALt
A3, A
5318, Agost 3}
A3, Aedisha 374 F8HL 34> (Member, Prof., Dept. of Civil & Environmental Engrg., Seoul National Univ., Tel: +82-2-880-7347, Fax: +82-2-873-2684,
geolabs@snu.ac.kr, Corresponding author, 1A1A|A})

* el HiE BoE dste YL 2016 10 31U7HA] T 8- SRR RuiFAl7] sk Axte] HE Y83t A =25l AAskd Edyck

Lo ok
|=J B OK
AL ol A
o
o £ et
o - oM

AW N =
ol oy WOH

F}'_
m&

Copyright © 2016 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

DXt ATHEC0 e 2

od

Et=THOH Al 250l IEHNIRIE I 41



Keywords : Pile foundation, Model pile test, Lateral load capacity, Cyclic lateral load, Relative density

[e] i By
o a7k F7beka qlom, QgAel A etug 9t
M7 uAgel BeAG A7 s AaEw gl
MTEBS QO WE/ o] o) X,
FATRET T TaBe] g o5t AXFFS
Ml e wh, w25, s ol oSk 2w
EstES AWHoR wich oeby sjgTaRel
A B AREAS B SIsiAE AT st

S
N
\.-lk
s]
=
P

S
o0
\.l\)
s
ugQ

o
=N
[\e]
[
(e}
N
Iy
i
4R
o
ot

o T
o
R
iz
1o
2
ot
)
N[}V
u=)
=2
o)
S
O
of
=L
Wi
>l

=
= 34709 AU EAY ANE g o R ek v
shso] ikt A= o] mefja]ute]] Ax|E HEo| #|
A A mA= FFe BRI 1 Zat, w5l 8
Feor SEEEe 27|ARREARe; SRR
| TAES 93t E5F LeBlanc et al.(2010)} Nicolai
and Ibsen(2014)2 1g B UEAF L =af5to] 27| %]
¢l R vhEshgo] R x|uto] HA|E wWEo] 2|4
AZo| v|x= 93FS H715F9th Long and Vanneste

]

(1994)9] A-eb= Wi =2, o] Aot Y
Eopgo] FH ARk AYgEE STMAIAA T
oA 7k se-we FAS 27] Aol SUtEe
S ZRISIATE olef o] Hex|Rte] dald W5

42 g=AgtEstel=Ed M3z M4s

A7 9 IR Y FHsiEo] AshEs
799} k27 rehdth nhebd chergk Algo] me

Hrol MK ] el sl e wEskEol 17
A% 9 ARl nlxE G JuH o Bristel
Mol whgE Bk QAR o]o) Watgh AT R
3k Aolth. Paik010)& 1g BYLEABE U5t
of e A|utol A FF WHEEES W W] FY
o SR GE Fk u glouk, ol AU 90%
of vig Uk Autel A5k S AR Ansict

olof H Ao A= A2 thE A EE(40%, 70%,
90%) =2 /e HAAHA 1g RPUHAHS 53
sto] mefx|gke] At eo] wet e vHEskEo]
T50] FgF SeAAHof| vjA= FFS HE
2 greteinh RPAIE dTE vg o

A, ek vHESE] A7) E U5

2.1 BEAIE AH|

2 A HPTEAIFS T 20mme] FF3otad
e 600mm, Zl°o] 1800mm, *=°] 1000mm

ut
>
1}4_‘
mrﬂ

o
)
Ho
rg
S ]

Z
FEZOA T UHFig. 1). LA
=]

[ 7150l A= e dorAl e

S~
i)
A
1o

o
O:

| YEA7 9] 10842 312 3}of(Poulos and
Davis, 1980; Rao et al., 1998), & E o] TE-S FA]
o 4% PR 4 QEs AT B YRR 5

ol AN E| o) s e AA[sto] ool
A X}



1200 mm

300 mm, 1 400 mm_ 1
:‘—_"" : B g = === La----
| Iam} mm  [450 mm
Maodel pile
o : : : 950 mm | 1000 mm
Fixed base
‘/
 — |  — | | — | | — [

n LvDT B8 Loading device with load cell

Fig. 1. The schematic diagram of model pile experiment set-up

Table 1. Material properties of model pile

Scale factor Prototype Model (A=15)
Outside diameter (mm) A 450 30
Thickness (mm) A 40 2
Length (mm) A 21000 1400
Embedment depth (mm) A 14250 950
Flexural rigidity (Ncm?) AP 2.29E+8 1.19E+3
AR 2] S 23 (prototype) O A3} Tai(1989) 100 =
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Fig. 3. Sequence of cyclic loading
Table 3. Experiment programs
State D: (%) Saturation Loading conditions (Number of cycles: 20)
X Static
Cyclic (0.2Hus, 0.4Hus, 0.6Hys) and Static
Loose sand 40 -
0 Static
Cyclic (0.2Hys, 0.4Hus, 0.6Hys) and Static
X Static
. Cyclic (0.2Hys, 0.4Hus, 0.6Hus) and Static
Medium dense sand 70 .
0 Static
Cyclic (0.2Hus, 0.4Hus, 0.6Hys) and Static
Static
Very dense sand 90 X - -
Cyclic (0.2Hus, 0.4Hus, 0.6Hys) and Static
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Fig. 5. Cyclic lateral load-displacement curves (Dry, D;=70%,

Fig. 4. Static lateral load-displacement curves H=0.4Hys)
Table 4. Static and cyclic lateral load capacities
40 70 90
D (%)

Dry Saturated Dry Saturated Dry
Static lateral load capacity, Hys (kPa) 0.0658 0.0608 0.1437 0.0968 0.1673
. H = 0.2Hus 0.0705 0.0638 0.1330 0.0874 0.1455
Cyclic lateral load H = 0.4Hu 0.0840 0.0745 0.1238 0.0823 0.1318

capacity, Hye (kPa)
H = 0.6Hus 0.0883 0.0800 0.1196 0.0801 0.1226
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= Hus[1+0.5532(H/Hus) }
Hus“ _031 58(H/Hus)}
= Hus[1-0.4845(H/Hus)}

Cyclic lateral load capacity, Hy (kPa)

70

90

Dr (%)
40

State
Loose sand
Very dense sand

Medium dense sand

0.20

Table 5. Empirical equations of cyclic lateral load capacity of pile foundation in sand
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