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ABSTRACT

Behavior Characteristics of Pile Foundation in Sand

Subjected to Lateral Loadings

Lee, Tae Gwang
Advisor : Prof. Daehyeon Kim, Ph.D.
Department of Civil Engineering

Graduate School of Chosun University

Republic of Korea is the country that imports most of their energy source from
other countries. This makes the country eager for developing alternative energy.
Onshore wind power generation has many weaknesses such as constraints of
space, relatively low wind gauge, noise, sense of incompatibility and controversy of
environment effects. These weaknesses made the onshore wind power generation
economically infeasible in producing high electricity compared to offshore wind
power generation.

Foundation of offshore wind power generator is different than those from
onshore. Normally, foundation supports bridges or huge buildings while the
foundation of offshore wind power generators has to maintain the support from
waves and various unpredictable heights of waves. The offshore wind power
generator gets considerably more wave loads from those factors mentioned, also
they get more horizontal load from sea current load, and moment compared to axial
load. Therefore, in order to fulfill the needs of reliable and economically feasible

foundation, engineers should consider not only the working load that can endure

_iX_
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extreme conditions but also apprehending precise behavior of continuous dynamic
load while designing the foundation of offshore wind power generators.

To actualize the foundation, a model pile was made in miniature, diameter of
50mm and length of 55071,000mm. Pile is commonly used as foundation in long
span bride and marine bridges, the size was proportionately reduced. Also,
calibration chamber was made of 1300x700x1000mm (length x width x height) and
a 500mm height of sand-bed was made to perform “Static Lateral load experiment”
and “repetitive loading experiment”, total of two Lateral load tests. Each pile has
the same depth of 500mm. To understand the nature of pile’s behavior on different
position of horizontal loading, two indoor experiments were performed; “steel pile
test” and “steel + mortar test”. We used sandy soil that has ability of embedding
model pile in relative density of 309, 60%, 90%, in three conditions of a pile that
has length to width of its diameter; 11, 15, 20.

Through our experiments, we could analyze the behavior characteristics of pile
which include relationship between horizontal load and horizontal displacement,
displacement form of the pile, and ultimate lateral load capacity.

As a result, in Static Lateral load test, the bigger length/diameter of model pile
led an increase in load displacement. However, when performing “Cyclic Lateral
load test”, the increase in number of under loading led the decrease in horizontal
displacement from each repeated lateral load. While performing Static Lateral load
test and repeated loading experiment, we could observe the decreasing in ultimate
lateral load capacity of the pile. Also, it turned out that the higher density of the

ground, the lower ultimate lateral load capacity by repeated horizontal loading.
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TH3F 3 LHFA fFEHE EHE ¥
(rosqueot 5 2007).

weha g5 e FHEAFAN DS FHse T EEA FUHE RdE BE¥XE
Z7317] fiste] A wko] wjdE gojojrt EEtAY S2E FHGEE HA AT F
g2g 25 AXsdE As A= ¢ wAdE Solojd ZEHAS HAY

AL, FHAS7E AZAHAES W Brp &S A E AT 7 Uy

K
kl
,y
i
2

Linear Potentiometer o

Linear Potentiometer
n
N
Linear Potentiometer

o o

N N

n n n

— — — Sand

n n n
o — — —
n

n n n

— — -

T T wn

a¥ 311 P E AolAY wAxE (&9 : cm)

@9, mPuEe] U FAARAGe]l FATNE FF BH] PolAE AW W
4391, o @ ol 43

Al(Linear Potentiometer)E ©] &3 A ZF X HHE
2 (33ezHYH TE ZF xHo f2d RHEES AAFIG.
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017]}\-1, :—,-‘Jé o]-TOﬂ _43]] l_:.‘:i_o“ _’Qr]_;]_t_l.g _?—:J!
M, iR " ATE 2| A" 245}
%} F

H(=EXe)

= EdE
AldEEe] oy 22 ZHES gAAS
AR ERY WAV AXE ARNAY FHAE
250 Mgl TF AR, Al T HAH)
AH&-H W9 A (Linear Potentiometer)= Z©]7F 50mme|th. TEo 4] ojojE A
A A9 Al(Linear Potentiometer)o] #23 wl dAHE o35 H438 393 2
Sol A=z Za oo WS EF Aoz gtEidu. A Sl s WA
(Linear Potentiometer)& |3} 1 Z] Sl RS
meter)E A X33 A HES

I g dH9 A (Linear Potentio-
L 1:}_;(
g o vt F OSSR 25

ojojztel A oAE EXTh TH ¥F
of Yeh A

KR
=
o

o2 WA (Linear Potentiometer)E 3ty A XA
A 2] A] -’F%ﬁﬂ% gty Auke g3 st 9
AlolA & MdAst= AL 27 312

(a) TZo] ghojo} %3

(b) ZWEs} 9fofof
a9 3.12 golo] HA AA(AF)
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(g) ¥ ¢4 (Linear Potentiometer)?ll
AAH 9ol
a9 312 golo] Ax #HA

(h) ¥ 9 4 (Linear Potentiometer)

ICollection @ chosun



AAE Aol BRAES AT F £FHFY 279 ASEe AFHEA =
* g AAseh

9 ARG FFol ARTE TF TR Y] FRTE 2A%
E AR el #52 As stgom, 44 ﬁ’%ﬂ/ﬂ% e 7
AP Aol WA AAHS ZHGT HHA B AFANE
g ARZACE o] RYAPL FYHAh

ol
2
_(?L
>

ANWAEANA FAse] 48 Wi s 2ok

(1) =348 AE8S Hal 198 3133 o] LEFH A0S X3, 2=
9}o]o}(Load Wire)Z ol%ﬁﬁfﬂ FRA AP AABATH

(2) NPEE 7taiA e FH3ts ZVIE S48 A8l AEAd 35 A (Load

CelDe AAs A

(3 2L AFEEHY FHE AR ZULE AAFES TR3AT

(4) BAFHAS A 35 AdEEE Smm/mine 2 A FA5H e
AAAe] SAYAE st gtolojeo] W =, 25 W7 o 45mmrt 2

A8
B) HEFFAINAE S Tt AodE 2F 3149 2ol 3Y 219 ¥+
A" = AAE(H, )8 40% HZ3te TR 10

3] grEjA AL AT A REe
stAE & 7SN FERFBAAE(H, )Y 40‘y°ﬂ g Fste H3t
A AT W735(2010)9) F3F%
4& Fa g

6) 1 aL FEAFANE S FHstE T A £
o] rAste] A Ao JeFS vl & 9lo =2 (Grade?t Dobry 1998,
rosqueot & 2007), & EFAPANME EFLH FH}FS F&3] =A A
SHHHESLE 13]9] AYsHE oF 202 AQ)Fo2ZH A3t AF T IR #
deo] BAsE AE JA A

(7) oA A 71 @459 T Al@LFo A AsiA ol APH = &
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ol ¥ 9] Al(Linear Potentiometer) & o] &34 #52o +HWHAE A3}

‘ _ Load Load Wire

Load cell

a9 313 99UE 2PAYY duE 2 ANTAE

.l—

Hu,s(40%)
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
=gl
@ @ ® @ ® ® Q) ® ©) )
~Hu,s(40%)
loadng ~— --—-----—- Unloading

T ool JBFAZ
sts AR sfoloE dAst &

3o

500kgf94 A 7kA =L A gom 59
Eshe A de 7ML
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19 315 5933 AdEA

2 dTNME 25 FHA dg Zoje n(IL/D)e mE RFLH I =
Atz tollM AHsH Aol HEFHGTES T MATFY FHAT 54
ZAb e BlaEtr] el & 359 ol 1639 EITEAGAES FHstAY. 18
dilegstsol wE TEY WNESIFIAAY WE At 339 A¥S
F7tste] & 1939 I AFASAE S FHAUT 4 AFFTFA FATIZANAM A
A ZA2H0)% FH+EZ2e2(SME Uelz, F dds 25873 qg 2
ol¢] ®|(L/D)E L‘rE}‘ﬂiE‘r. a3 A HAlE EEERC 248 AlANY Jdd=
(30%, 60%, 90%)& YEtdH, vl AA= WESFHsFB), 3859 AsHDE HEbd

.
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B
g R ] A dkzA EZ24A AFEFF EA 7=
(L/D)
20 Dr = 60% S-20-60%-B(I)
Dr = 30% S-15-30%-B(D)
e 5 WE£43F = B
kU — ) 15— o/ _
Dr = 60% AA=HAG - T S-15-60%-B(I)
Dr = 90% S-15-90%-B(I)
11 Dr = 60% S-11-60%-BD)
20 Dr = 60% SM-20-60%-B(I)
Chl PN
W5 F = B
. 15 | Dr = 60% et SM-15-609-B(I)
AAFHAS = 1
nEg=
11 Dr = 60% SM-11-60%-B(@)
34 FAAZA
B A7 nYPAFHA $HI}EL B 2y L= MYE 19 3169 e ¢
= 2=y HY A (Linear Potentiometer)E o] &3l =439, 2ZTHERY HY
Al(Linear Potentiometer)”} X @ X H L& Ao Uizt dole] H|(L/D)e] 2091 74

Folle 259 FF, 259 Fi9 "}@EQ X]‘“ Ato], AHAES] AW, AHEES
AFAN D5 SHE Alo], RS SR F 67] AHo|th REA T g Aol H]
(L/D)o] 159 ZA$ol= THe F8 AAES XFW, AHZEY XNEHI TDE| 35
Atol, HE 4 - F 57 Aotk FEA A i3 Zol B|(L/D)7} 1191 B f-el=
w5 FR=AMEAES] ARWE, AMHAES] AFHHY TE S Ate], wE JHF F
47N Ageltt, Aol A8d 2=xd 9] WA (Linear Potentiometer)?] 5784 ¢
= 0~50mme]| .

AU AgoA ALEE 35S ¢+ 2= (Miniature Load Cell)& ¥ 3.179 &
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U 9ow 3EFE o] &3 2= k& 500kgf7hA] A £ Q)

228 g9 #HYA(Linear Potentiometer) 2 ZX3 ¥ dHolgExk 254
2 3% FHAs 52 11 3184 yERY dE dlolH ZA(GTDL-350) A&
o2 7]&50o] AFAct. GTDL-350 AE> 1671 Ad7x AR 7bssts, deolg =2
AA ZAHE HolHEL A7HU AZE X Edsle] FX2 W= HA 24
of &3 F Utk

1Y 3.16 2ZYEY WA

(Linear Potentiometer)

19 3.17 == A (Miniature Load Cell)
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AFAAE BB A0l F Aoled MILDIE B2A & F BIUs o
9 WAl RSt FYHALED gL MMETEY 5T
A0 hE T FAAAHR BHY ATEYL Hesr) Aste] 2 2

2ad, 49 292 44 @4 2%} wasidd.

1

My oo £ rlT
Sl
fr ot
i,

oo

% st @A AT WP L A WP 7ZE Ao BE FAIHL
AH &2 %247 A7 50mm, o] 550~1,000mme] EEREL AzEY 191
1300x700x1000mm (Zo]xYulxEo])e] RPEZS R3S 500mme] Eolz T3}
o AH%R ASFAYH VRASFAY 244 FHANLEL AAsAT TE 29
dolt: 500mmE ¥ 59U . 2T £PUF AFAS 9K BE AT 54

;{EI

yotalr] 93t ANAFL Ry TEo] ZAHE AY ¥E 30%, 60%, 90%<] At
E Autol A e A Ao oisk Zole] v[(L/D)7F 11, 15, 209 371X 27 dlstH

oy, da+ners U5 o7 d5or AyS dAsn.

4.2 stFA St AR & stF - WY B4

o %
] o

A

39 415 39 425 @dE5dd oA BHFE s R wEFHET
€2 W dFAs AR W& sF - MY WAE ZILH FTHEE YEd
o FEEYgE o5 FRAA9 W st E4stAT. THY FHATE EF
Agke] Frago] EARA TEIG Atz st FAH 9FS T U A
W=7 60%9] 22 At 2306 RPTH HAA g Zole ®(L/D)E 11, 15
20, 37HA = WA A AUWAFS AAEAY. AUlAddE e AL & 4190 HERAIH

B o

i
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e (L/]D) Az SEEL] AYFFY EA B
20 Dr = 60% S-20-60%-B(D)
o NESYEE = B
37 = — fo) _15_£N0/ —
) 15 Dr = 60% AA=BA = 1 S-15-60%-B(I)
11 Dr = 60% S-11-60%-B(I)
20 Dr = 60% SM-20-60%-B(D)
!
MEERRT = B
+ 15 Dr = 60% . SM-15-60%-B(D)
o 3R5HAG = I
11 Dr = 60% SM-11-60%-B(D)

79 41@% 39 42T GILH QolA FY5Y FPANL 44T W $HF
A Ao mE HF - W VA DIVHY FHEE e
o H7e] ojg Aolel MWD 11, 15, 02 F7F T 4% 35 - @9 FHe 2
AL g7t Sustn el mE weE o 4 w

iV
o
£
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o)
o
b
o
=)

?
9
fru
ol\
S
_O|L
rlr
=Y,
o
fru
N £
fu)

™ 41t 29 4200)= BAFBAS ADAA 2RE FRFAFAAA(H, )9
40%°l sigste FHGEE 108 WEAA AT | A AXl wE #F -
A9l BAS RYTFY FTREE el Aotk TN Hole wieh 2ol 25
of MEFFI}TE ASAAE W FHATE) WEATE ST wE wH F
A TSt BFE HAth au TR sFo] W
o A=Y F7ket7) Wl st Als
A7t S7tEeE HEFT 187 st THY FPUAFL gasis E

e

A sRuds 29483 ANPFos Fhse A 2 4 Aok
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Y
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N
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3 AF AFAE rosqueot S(2007)0] g HX 139 wrEFHstFo] o3 @
SR #ENE AnEs dEFFAS o ASE "Ry u$ age dF
z

i)
xz
ruS
ol
POt
£,
o

S0 A+ et B 4B WEEG A Fon 49 uagel ol

Ae AFE ¢ F Utk ol ¥ 41@9 2¥ 42(a), ¥ 410k 2¥ 420
BAYE u 3F 2ol v aF - Hﬂ%"] aPz7t v AIFYA Aer Hop &
59 i IE ATEHe] H=F AR wddd. AWAEY Z2H(E £ 4290 o
238 g

# 42 stz-A9 2239 25

AEFTF 84 7% A2 H M) % ¥ 9] (mm)
S5-20-60%-1 188.36 25
S-15-60%-1 565.85 21
S-11-60%-1 968.24 5.14
SM-20-60%-1 374.56 24.55
SM-15-60%-1 611.91 19.99
SM-11-60%-1 1124.75 6.13
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TZEHF|(mm)

(a) A+ A

TE—— SH-20-60%-B

SH-15-60%-B

SH-11-60%-B

43 F59 AP

I9 43% 29 44% SEEH ol FUEET} 60% Atz FH 9
Ast R WEFFsFo] AT W HAAGEH Y BEed FHEH FHB T dol9
AIL/DEE YEpd Aot} stFe A RN A 044, 9 WEFFFTE
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B 103 A BPos SRR ARG ABe E 439 ehigieh

as 78 | | Auwza EEEX] AYEFY EA &
(L/D)
20 Dr = 60% S-20-60%-B(I)
MEEYHF - B
7 15 Dr = 60% ARz A = 1 S-15-60%-B(I)
11 Dr = 60% S-11-60%-B(D)

9 437 19 44004 B uigp o] dEZold i WG T £33
‘f‘-&ﬁﬂi H SA4HE €59 HYeS ST golt. &5 sHFolAFEH 50mm*]
, 200mmA A&, 350mmA A, 500mmA A, 700mmA| 7, 950mmA e HYAE A
6}%1‘:}. 2 ZF oA 5 - W99 BAE AY -’F’—‘!"ﬂ Vg FdE UE R
B AHE AFE HY7 A Ao a5 - He] FAY 71&717 St
= As & F Uoh
BAFAFAARAG 24NN S-11-60%-1 A@e AL S-20-60%1,
S-15-60%-1 4@ #= 28 EdF 379 HH7F ()Y Aoz Eldn. o =Y
ZEol Ao digk Aol H(L/D)7F 1190 ¥ ZEL2 Broms(1964)9] AHAE 9] x|k
oAlA &S 2o WY FHS 2 FAS Kol ERIPEH AA dig Zol H
(L/D)7} 15, 20%]1 ¥ T2 Broms(1964)9] A ES X|ute A 71 &0 ¥19] e
o 2 e BT alnE FH FRHAFAF A4 S-11-60%-1 A3 7
S wEzole] 200mm Aol BHAFACIT S-20-60%-1, S-15-60%-1 Aol A%
gEdole] 1/3A 0] AAFA Q) Aom AddEn.
WESFEE AW 24N $-20-60%-B AAH S-15-60%-B 4@ 7
A BF HAE vl FAE W EIEHY ¢ 7“74"1] g Aol H|(L/D)7t
RYPEse] AR g Zole nv|(L/D)7t 158 ZAAEERY Wt Z
o ol EELH HA tiF ZolY H|(L/DyF 5 e sk wE A
o =7t S7ksta 2o wet 3 WUE FepAE Ao w AdH

f
- =

)

T Ak =
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E | 600 E 600
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S | sao =)
= = s00
b "]
g A0 g 400
300 —
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100 — 5-15-60%-| 100 —_— 5-15-60X-B
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b o
5 0 5 10 15 20 25 30 0 1 2 3 4 5
2l (mm) 1 9|(mm)
a9 43 RAFHAGNAEY a9 44 HESFFAFAY
ZZ79A4 W9 F ZZ79A4 A9 ¢

A

T SRFPAANYL TEFHR] FHAAY 3 dZd o FHAY AsiA

oA LA FHeF-TBAY M =44

Meyerhof 5(1972)2 FR3F-THHS FAoA dAukg-o] vldyg F4d o] Fo ye
=

dE gare ARge A #Fe F% F3AA

Davidson 5(1972)2 %9 F27} 2°8d3e o L% sexie 85L& FE5
AR Ho 2 ZHF3Ph. T3 Lee T(2010)2 EIFTEAF AHYE o] £3}H
Meyerhof 5(1972)% Davidson %(1972)¢] el 93] AAFHE FAFHA X o]

Zpol 7t e AL E HIuHYW mEtM & dFoMe AdRH SdFHEAAH
2As7] AN AHeFAs R wEFHA A F ] Aol Meyerhof 5(1972)

THe A gsharh

© do

Collection @ chosun



441 A= 9

3 ek
AAHe BAE RYELHY %‘v‘gi LEH 7;1015}. T
Aol diste] BASGT RPLE] TEAA dg 2

® 44 3d2xd BE SFFFAAY ARLd A9

H
gE FE (L/]D) ] o stex AEETFY FA 7S
15 | Dr = 30% $-15-30%-B(D)
- WESHEE - B
AR — 0 _15_aN04—
15 | Dre60% | Lo ST15-60%-B()
15 | Dr = 90% $-15-90%-B(1)
15 | Dr = 30% SM-15-30%-B(D)
%3
e
. 15 | Dr = 60% e SM-15-60%-B(1)
pene A5G A = 1
15 | Dr = 90% SM-15-90%-B(D)

a9 45% 29 46004 A¥AFY mzd Aute] FdP=rt Dr=30%, 60%, 90%

2 Z7tE W 3BLEe B¢ FRITAFHAAY A, = 207.76N, 565.8N, 76342N
o2 FUSAE 044, 0 HHESFHI}FE 103 FEAHES b D59 HESHFH
NAY H, = 835N, 227.36N, 335.65No 2 =7 =},

ZAH+R2EE TE FS FHIAFHFAAE H, = 241.08N, 612.11N, 879.06NL.
2 F7tstR Al 044, 9 WwESFFEES 103 FAEAHS W 259 iESdeHA
g H, = 96.33N, 24461N, 36800NL 2 =4 = r}.
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&, AAFI FHAAHo] 28 o FHFHAAHY FIET 04H,, 37 F
H3}5ol HkEEA 103 2g3u TE FIFHAAYH FIUrEo] 7+ oF 271%,
141%=2 A AP, Auke] 2ATFE QHEFHsFo o D59 FdFHA
Aol Foj=E AL =2 YehyTh

olf s AFAFA+= AEAE Agto] &S 2 gtESHSF 9 Aukitd A9
AR AR Y= Broms(1964)¢F Long™ Vanneste(1994)9] A7+ 2ol E A X3S
o Afadel AadE ¥ 459 JeERAAG

¥ 45 FdUzd & FIAFHAA Y Aage Adx
=] gkl =P A A E(N)

45 78
AHEECO A5 3735}
30 207.76 83.5
AR, 60 565.85 227.36
90 763.42 335.65
30 241.08 96.33

AR

+ 60 612.11 244 .61

m=EE
90 879.06 368.09
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Se5EANY A A

A e
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7= | (L/D) z ste=d s 1 7]
(H/H, )
0.2
Dr = BHEsHsE = B
7} 3% 15 0.4 S-15-90%-B(I)
90% BHeE At =1
0.6

T zZo) vERY Kkl B AdH = FHIFY AVE TY X EXE &
5o AAFATHAAN GO FEFHT go g BYH = AusHEsH/A, )Y 27
} ARFE B BRIVFAAAY] 224 ZrshE A0E Yrhoh

olET AFYAHRE FIA LH FALIE WMEFHIF AV AXH wEA S}
A 9T GTH FAG 22 AW AAY FLEUTG BEAR] G BN A
G 7kt 2o g sHAAY SRV 0 ARE & Uk

AdegaEss 4 DI} 2o
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Art. dutx oz ARAEE W5(2010)9 A= (2012)F o] T WHE Aol
Al (Strain Gauge)E A8t} 4 (42)F o]&st FEAEZ MNASAG. AT &
APNA = g W DF 74 AP AELdTd 20 wE SEFFAA YA e}
BlrEets s 2ol B AR T2 Wit T sFT-US S FA o

¢
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=M —Exe (4.2)

A71A, o FHEF o3} T FIdE FEH(=Exe)
- E
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0=——y= Exe,;zExﬂ (4.3
v l
A7, o FB3F g G fidH FEH(=Exe)

M, A HAT AAE AR Ages muE
¢ E AR e 27 e e
y @ o@Ee FARzRE WAz 4x® AAAAY A

A AR TR HPE(1: 25y AR, Al E5Y WP

451 AU xo b2 W3}

9 48L& AUEETL 30%, 60%, 90%< EF A bk AXH FAALF wEFHE}
T2 7tekA 23 AH FHASHE YL © SHEElA LH LA FEAE
X E vEd Aot Auidde A¥L2 & 47 YEY o
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At
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3

O 4844 BXo] FRdES EXPFYL Xute] FJoidxe Fdaglol
HE HPon, Hd IFRWEE AXHOZHEH 170mmAAZAA EA3=
Esith o2 A@ZAFAE "wEY Py 1/B3AHAA HIEAET}
+ El Naggar$t Wei(1999)¢] A2 39} 4 x]3}

Adre} AdlUE Dr=30%, 60%, 90% ¥ o LS4 TAstE Y FEHES
124.66N-mm, 339.47N-mm, 458.05N-mm=Z et oheka X gke] ’\}ﬁﬂ‘?—lEJ

E SPFHAANH] A7) W EFLH TAstE Y FEAEVL AR
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a2 498 25 A i Zold] H(L/D)7F 152 FHLHA FHL =T 30%,
60%, 90%< EFARE =5t AH sRFASANES 044, 9 HEFHS}TES T
FFoz 108 Astetes WHoZ 3 Y& o 44 A FRAE S A Z
Aol el vetd Zloln. Adde] AYe & 499 veht
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