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A Study on the Vertical Bearing Capacity of Batter Piles
Subjected to Vertical Load

4 < 2"  Sung, In-Chool o] ul 3™ Lee, Min-Hee
# € 7" Choi, Yong-Kyu A £ " Kwon, Oh-Kyun
Abstract

In this study, based on the relationship of the vertical force - settlement of batter piles obtained by pressure chamber
model tests, the vertical bearing capacity of vertical and batter piles according to the increase of pile inclination was
analyzed. A model open - ended steel pipe pile with the inclination of 5°, 10° and 15° was driven into saturated fine
sand with relative density of 50 %, and the static compression load tests were performed under each confining pressure
of 35, 70 and 120 kPa in pressure chamber. The vertical bearing capacity of pile obtained from pressure chamber tests
increased with the pile inclination. In the case of the inclination of 5°, 10°, 15°, increasing ratios of pile bearing capacity
were 111, 121, 127 ~ 140 % of vertical bearing capacity respectively. In the case of the inclination of above 20°,

the model tests could not be performed because of tilt of pile head during compressive loading on the pile head.
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Ex S ARBH= B9 Foll B2 AlFo] o|F
oA gom HArdE st AA7IA] PE AT+
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£ d7oM e BAgE de dHEX 2ygay
= AT &, 42l g2 g4 A= 50
%2 Z3hE 2] AALzE0°, 5°, 10°, 15°, 20° 9]
2y A BES e FYsth o] u wEe] A

BAZO) 12 m, 25 m, 42 mE AABE A1717] 98] G&

T-498& 35 kPa, 70 kPa, 120 kPaS Z2-A ) A
st AE o7 7HA] RS ARESte] BA3)
of &9 FEstE-g AAsIow, FArEE gt
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BAEES A Y o] E R APES 4
H H1H, Meyerhof(1973), Meyerhof and Ranjan(1973)<]
BAR TEO] S sk tidt WEe] QA
32} -74], Hanna and Afram(1986)2] F2|LE3} HA}
T el AU AP AT AT F3heldry
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Uohfit: A7 ANE BESHGch 1Y 19] Al vjo}
Zol BALBS] YO B130) AgIAY AHY
Bl 23R AR B9l ANUTe] Z e
Zoiel A9k Hr 112 ~ 133 %] A e vt
9 % glom YalRel A9l sEigoR 12oin
2 Thollt= W Aafeo] AAWE Rt 2|e 1 vy
o Aol ANYEwL} 2 PP AR el
% 4 Stk EF RE ANY SH AT BEAA
o] 2t2re] QAR SAZALE 23R uf M H|o] o
4el A9l vlsh 0312 Paske 2 % 4 Ak

3. QEEX MET HYTALC| HH MARA

o] BHlE AA) 849 24, EEe] A 1=l
YHER AT BF TE| Aol Ty, ©
Y dHER AL T4 Ao 2718 FaSEHY
FAF 3ol ofsf AT 4+ Qlon, 274 x(Scaling
facton) .= 4 = Sloh. BF AWt Fo] ¢ E8}E o]
UL g B2 At &ds| Z3hE| Q)T 7+
st 1% 28 F=3hd 4] ()9 TAZE JHec

[Oj o, av/ 7I LSO%] model = [0', 0, av/ 7’L67%]pmtotype (1)
AZIM, o 0= Bt
Ly, Les = 28T Y TENA & A7

S ol BgHE HEATAY A

w3 dYERe] Zeiv ARol4 ST 4L 2
$AA 79 59 S} B, ArUE AREo
SelE @Y BEL /PEE @Y WEof 2HEl 3
F RESEY 27| ot Pol uehd % 3ok

(U’a.av)p = (LGT%)p(V,p)(1+2Kap)/3 (2)
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Model simulation Prototype
ayus syus

T8 2. 2YUSN HYUS0| HABots K7 HXSH(O'Neil et Al

1990)

ATIH KT Kol @A R0 2 2909 4
B YAEGASoIH ol HAol AEH p9F mE 7
7 47 @g2AY 59 AREAS ety 281
Mayne and Kulhawy7} A|9Fet The 418 AMgale] K,
g AN % Ak

K,= (1 — sin ¢") OCR"* 3)

H7|A, 23 Rtz e gefo g FAZ A7)0 &
o] AL ET 9loB 2 OCRE 18 & 4= 3lon] 4%
ARke F7F A= £ Atdd AR ek 7148}
o] OCRZ 1.52 3hich wgh 2 Agof ARgE Z|Hke]
W RS 397 0gle ] AxRAR A0 UEE 2
&to] A|2E JPT T v U(Back pressure)F 718te] &
SR FAIA diste] HEAdEAEL st ¢
ST A% A)gke) W5 upazte By 71y st
A KB K, 22F 0483 0370]ck.

A7NA, y,= 7, = 1.88 t/m® = 18.4 kN/w® (Ft A2
x| A 7He 58 Befjo] 2eladiFeheEt sk, &
ol 12 me] wxo] ety=lo] Hoka o o 4y ExX
of 7tiE & 89 A7)= ot Foh

(0" 6.0 = ((2/3)x12) (8.6)((1 +2 %x(.48)/3)
=45.0 kPa 4)

71A, FESHY A A8 (¢ ,),2 BYE S
8 45.0 kPae BF YYEZO| FHH R ZEA|A
Zoha 7PgelR, BY W) ©e) Wol7} 380 mmo) 1L
A7o] 21.7 mmetd 4] (1)8 A7]Al4(Scaling factor)
MO Neill et al.,, 1990)S b3 Zo] L& 4= 9rh

N= (L) of (Lsog ) = (2/3)(12)/((1/2)0.38) =42 (5)
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a8 3 UHEZX MHFR|

Z]‘%?% Ach=A J--‘?* kil Eﬂol(Membrame) Tﬂri ’le o}"ﬂ
i, A5 Bt Algeke] nhES Fol7] 93 H T
& 4]0]|E(Teflon sheety & =34 HH 1] Yol AL
STt whEkA, AP EZR WAL A AAE, vt
9S24 AAE 7hEoh

ARG A 29 FAAZAZTHH 7min) S 15.51 kN/m®
°]al, HHAZDAZTH yime) 18.12 AN/ m O] HTh Al
29 JEREIZHL 7 40 Yehy gled, p, =
0.083 mm, F5A G c,) = 1.95, FEAS ¢,) = 0.880]

9100 EURFUA SMo|git.
42 NEAE W HA}

YUY ]

o)

£8 933 4AT 4 =S

3171 1) AR Al AABA SX18 A et
o128 20 ~ 60 cm2 WSAATEA AjUEe} Yol

o] AFLE Fetgch 17 SREE AdUE 50 %
off sjgste 9k 30 cmE A3k 2o]'J(Raining)
Yo RYAuhS P4t WA Y H|o]H(Filter
papenE 2P EX Wt 721, o]y ¥(Raining
method)ol| J3f SHL2INHS: 33t} EBLA)H T AR
AHbe F4gst7] Aol myAuke] Z3zE 275}
A8l 7=t Al A(Pore pressure sensor) S o A5} ok
FAE 2YARE R e Ho|HE 21, T 9o

52 EI=XgtEs=2E M19A M2&

PERCENT FINER(%)
&

GRAIN SIZE{mm)

a8 4. ARQ ezREay

2009 A ojFo2 Zn, mYPR|Hte] LIS Lo
&t 8}7] Y5t mEPARES sHEQl ARE 1}iRolA
B/dstqich 2314 vl QN(Back pressure)o]] 93] A|&27}
A e ] PEE st ER AN Eu uwg
F2E 2SI AFHZ a2 AR Yo YRR 27
£ SN £ At FEUS e 1&g
TEO] AA BHY 0] 12 m, 25 m, 42 mE AFAYS} A7)
7] YA SETEUHL 35 kPa, 70 kPa, 120 kPa=
HAspA o, E APl A A8 & 19 e
Wl

T 2H8-E Ao A A o] 550 mm, W7 17 mm,
7 21.7 mm 27]2] Aok BYFWES 44.1 No] T}y
A& HHE 430 mme FololA A-F YA =
FEES B4 #AsAE YA 50 mm B} A 514
£ S, 380 mm7tA] TJUAIF L o|m) AHApzt
5°,10°, 157, 20° & §A|3tHA mygutEo] et Ty
H $ J=E stol= =Y ¢J(Guide frame)S w2 A=}
sto] A EZR AR FAo| 1A A olu, AAb
=9 Ao} SHYFS YA ] 3t spol=

&0

d ]
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E 1. M5 dEAY

LSHO| 12m 25 m 42 m

Aaz | o | s [ 100 [ st [ 200 [ oo | s [100 [ 150 [ 200 [ 00 [ 50 [ 100 [ 150 [ 200
£8713 [T0(12) | T5(12) [T10(12)|T15(12) [T20(12) | T0(25) | T5(25) |T10(25) | T15(25) | T20(25) | T0(42) | T5(42) [T10(42)[T15(42) [T20(42)
ALl 8

°?1515 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50
TS 55 |35 | 35 | 3

“Pa) 5% |3 |3 | 70 70 | 70| 70 | 70| 120 120 | 20 | 120 } 120
Us5E Heters

Z Aol EulolR S dXstdct AHEEL 7Y
ZHFgto] $HE] A4bE T UE R giYEA
LVDTE A3t st AgA] DEFR AsFe
Z74stA sttt 2 9AE Aeke TEFR 3
317t o o)A HAEA] S wizAR] 7Tt E T A 3tEt
55 37HAS st gA o whet Ao} st e
2] e 71239 a, wEu e AskEke] 45
F7H g7hA) sks& A% F7HIRY S-S 3
A 5 A W7kA) AEBEE ST 55 A
Akt

A
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5. ddEa A

Hr

FHEE 50 %2 FPAIR] Z3kE PR
BAPFESS e WY T IE AHIES Al
3% - At B4L Palgck of TASENY Az
A=A AL 515 - W Al 27 W4T AF YA
o] WAL FEX|X|E Lo Z A= Mansur/Kaufmann

£

Data 1 3:02:58 ? ? 2003-01-16

load (kN)

settlement (mm)

— o - TI5(35kPs) |

] --@- TOMOKPE) |
ic - -3 - - T5(704Pg)

|- -9 - - T10(704P8)

C--o T15(706Pa)

-&— TO(1204Ps)

. -B— T5(120kP%)

Lo - Ti020k88 |

14 - | -o— T15(1204Pa)

R ‘A] —— T10(35kPa)

R

38 6. 3% - Hoty =M

HRAAREEE Algl24 - J27)%, = ANHEEs],
1997)3 st MES Joig 1H=ZR F=3 &
Jzo] Al S HAE o] O 1S FER
Aoz ZAAS= logp - logs WH(A|HHFEE A|g8]=4
- QL7 %, ANE TS, 1997) H-g3tod A}
o I ATE vlw - B4

5.1 gy

AT 50 %2 FAA7] Z3HE mP ANt H&
129t 35 kPa, 70 kPa, 120 kPa= H3IAA A3t
0°,5°,10°, 15°, 20° ] AAMZE 7HA| = &Y BAME S
Eoll st & AsHEES st olof gt
&5 - sk TA T digsks - die3st F4E 1™
67t 19 7o YeERRATE 714, ¢ = 35 kPac] HhEt
Ak AHOZ 5 =70 kPao] i3t ATt= FAoz
T8I ¢ = 120 kPao] tigt A= YA o R 747}
et Aot

Data 1 3:16:58 ? ? 2003-01-16

load (kN)

01 [

settlement (mm)
T

—o— TO@E54Ps) | . P b Y

—&— T5@E54Pa) i G- T 3 i

+9— T10(35kPg) |- et Sy i

—e— Ti5(kPa) | j}_;ﬂ g |

--5 TOTOKPE) T B a4
10 | - -=- - T5(704Ps) &

7 - - T10(70kPa)

- o - - T15(704P5)
~&— TO(120kPa) |-
O T5(120kPs)
-v— T10(1204P8) |
-o— TA5(1206Ps) |

100
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E 2. Mansur/Kaufmann Yo 2 718 CIUQHEE0] el Ha}

EpeTe
Te 35 kPa 70 kPa 120 kPa x@ii@fﬂ
SR KF(KN) | XXZ BIH|(%) | SEXXZ(LN) | AXE S7H(%) | SEXXNH (LN | XX2 Z7HH] (%) TR
0° 2.03 100 3.3 100 6.25 100 100
5° 222 109 3.6 100 7.0 112 110
10° 23 113 3.85 117 7.4 118 116
15° 257 127 4.2 127 127
E 3. logp - logs WO Z 5 LU KisiaE Ha}
TEU
g 35 kPa 70 kPa 120 kPa I"%iig)%g
SEXNXH(KN) | NXZH S7H)(%) | ESXX (kN) | XXZH STHH[(%) | ESXXZH (KN | XXZ S7H](%) e
0° 1.8 100 2.8 100 6.0 100 100
5° 2.0 111 3.2 114 6.8 113 113
10° 22 122 355 127 74 118 19
15° 25 138 4.0 142 140

5.2 RN

ALY AstdE AIHE Mansur/Kaufmann®] 1
Hog ALret Ax), Y BAA Y A2 F7keol
et 2271 Hdf 5 %Rl A2 et o, logp - logs
g o g 73 2|28 FH|9] @Ak= 9 %7t SR
t}. ol FEAAYHE HAT O glo] AMgEE wEHe
A 9 Hgof glo} AT & Sl exjet Al £
Aol A= Mansur/Kaufimann 2] ¥} logp - logs 3
o7 gt Y F7HEE ol gt 45t

Td AAPLES] At qlo] Azt 20° 9 F ¢
at5AlsHA] shge W e JEH o3 A
T4 s ARE 97| $i5te] & HoRE A3t 7t
o|E Zl(Guide frame)& HX|stGH o1} oF7te] A&
7} BAEte FEAAHE 24T = itk B8,

Qy/Qy (%)

100 110 120 130 140 150

inclination {)
>

confining pressure 35 kPa
- a confining pressure 70 kPa
confining pressure 120 kPa
- Petrasovits and Award

30

8 8. AARIE - XIXI1E Z7F&(Mansur/Kaufmann W)

54 B=RXIgHESE =28 H19A MRS

Eego] djHeg & B &, 7+5U™0] 120 kPa
A AL FAFEES A=t 15° o A7 E BAYsH F5
AL 24T & Utk

AARZY 00, 5%, 10°, 1570 gt BAPESS] 54
A QT AALEY FEAAH( Q)] WS
< AAY F7HEE AYsiden, ¥R U4 dolE
e et g ERe] F&U4E diste] 2
atod 19 83 9o UEhliglch I3 8oflA He Hie}
Zo] AT A AR} wt Y F7HE)
F7rstg o] Aol Al 15°d o) A3
T ALHTE 120 ~ 140 %7HA] A Aol F715he
A EAT 5 UG 71A, AR A4 Ee
F7tel W2 AAY S/ Ex 74U ot
e A e Pkt ol WEY Zziolrt Walst
tetE (XY F7HEL HIskA] e AS Yuiske

Qy/Qy (%)

100 110 120 130 140 150
OF—— . e ———

inclination ()

20 -

25 confining pressure 35 kPa .
v confining pressure 70 kPa
confining pressure 120 kPa
Petrasovits and Award \
R . - —d

R 2

30 - -
100 110 120 130 140 150
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10(@)°ll= 24 T AR8 F7h8-S dEo 4
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A=At A2 7Y 10(b)o]l= Petrasovits and Awad
AN A F £ A7 AY A vjest A
1) F=2)9| 478 =AF oM, o]F 579 1079
AR gt X218 FUhe-2 ®7bsled el 9l
Petrasovits and Awad®] A2 AL 2 319 Ay zA
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