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Determination of pile behaviors based on O-cell test results of piles

ZHENG Ying-jie, ZHANG Ke-xu, ZHANG Er-qi, ZHU Zhan-yuan
(School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: An approach to determine the pile behaviors was proposed based on the O-cell test results of piles, including the
fundamental method, steps and necessary data. For example, the resistance parameters of piles, the load-settlement curves and
the ultimate bearing capacity of piles of a highway bridge were determined by use of the proposed approach. It was validated
that the relationship between the side resistance of piles and the difference of tangential displacement between two sides of the
pile-soil interface could be expressed by hyperbola. The obtained load-settlement curves were compared with those obtained
from other four methods, and the reliability and suitability of these methods to determine load-settlement curves of pile based
on the O-cell test results were assessed. In addition, the ultimate bearing capacity obtained from the load-settlement curves was
compared with that obtained from the popular formulas, and it was pointed out that the ultimate bearing capacity of piles was
underestimated by the popular formulas, and a proposal to modify the popular formulas was presented. It was emphasized that
the bearing capacity of piles could be determined reliably based on the O-cell test results of piles only when the perfect
load-settlement curves of pile was determined appropriately by reasonable methods.
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Fig. 1 Analytic model of O-cell tests on piles
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Table 1 Mechanical parameters of essential soil layers
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Table 2 Mechanical parameters of pile-soil interfaces
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W51 23 20 0.002  0.0016
W A 1 23 20 0.002  0.0016
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Hani: 55 56 0.003  0.0033
SR RAATE 130 124 0.007  0.0076
SHALIER A (1) 345 338 0.008  0.0087
9 RAAE A (F) 390 397 0.0015  0.0017
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Table 3 Duncan-Chang parameters of essential soil layer
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55 WAL AL X 275 28 0.85 6300 05

3.3 HEMIPE HAEE R SERITHE

W T, AR SO B DU BEL ) 7 5 o 4 0 1)
AR 2 Au Z TR Ze % R, RO BE
Blie) 3 o3 A ks E B T &2 L 28, &
Au, o 5 T —Au Z A RMAIZ R, LA T
HBE ) S8 G PR W B RIE . ik, MR E =
A R ) o A e T AR R S )
B 7, FRARHEASIL 0BT &5 SR o HE 4% 2 N 1 o
BIOImfr 8 2= Au, SRJGFI0E H Au/ 7 . IXFE, AH
T FR5E ) 3 M a2 R 133 3 4 (Au/T,
Ao THUEBEERS (Au/t, Au) BAELL Au/ 7 2SN,

A Au R A bR, TR 20 3 AN a, Tl 7 P
il (2) wfg, WX 3 RN REZ. WK T

AT, AR 3 AN T RS, RT
LA i 2k 2 7~ HE 0 BHL g ¢ -5 48 fl 10 85 400 49 1 A7 B 22
Au Z )RR R AETE EI -

PP 7 WISz A N 2k e o Rt
Hp A, e R &R 28, M Au,, K
T FHRMA TR 2. S laar i 15 20w i
B S B E:, WE A — 3
3.4 EHEHMMEMEANBERSEMNALERY

EE3R

75 SR AL o A7 e, AT BB A 1 760 5% B o BEL
JHEEER 2 Bt BRONBE I ERR LA RS 2, LAFIE
£ O-cell i 15 MM LAk B2 JPIR S A 11 5%
WGl %42 A BUE R EEE T 0.8, WAVE T E
+ 0.8, W& LI 0.8, Band 0.7, mXALIER
Ha&%m&&ﬁm(ma%,ﬁmw%ﬁﬂvm

o HAEMEALIOL A3 B 243 380 1R BT ey AR U Pt 2k G ) 8
WT N TR, e 8 kgt T ik 4 Fhoy

VR IT S (A MR (A7 B30 S it £

8x107
x =~
710 o WHERB
6x107 - RIEER L
= L e
= 5x107 #HMALTE
i N IR (B
= ax107t o FH LRy
::|h - v EMALIERE
< Ix107 + EWHE
2x107 s (F)
1%10°7

0" 0005 0.0100015 0020 0,025 0.030 0.035 0.040
All/m
[ 7 #E{0IE ) 89X fh £ 3k R B3R E
Fig. 7 Validation of the hyperbolic expression for lateral resistance

of pile

30 b o S ,a.=os,tz.13£ (6) fr‘J .

—0—§%§ K=1.53
—h—
___________ HABIMAR N

{4 ¥/ mm

B8 ANXAEEREHEMER P -5 HZAI LI
Fig. 8 Comparison of P - s curves between the proposed method
and other methods
FEASE A Tl T3 T2 S P HEAE Ay B A% Hh 2 T 4 -
C1) H AR AT 3V I S5 A6 RS T2 ff e (1) 4 A 230390
I ot £ ) A AR A T A T RAeARL, L DRI 3 Al

FEERHAR AR o I, R ER KB R y sE
HEPEAAR GRS 2%

(2 ph T Ak 32 RORS ff 32 A o B0 48 MTE Ao 8007 5 1ty
2, WiIHMREEE. Soh, WS ARSI VE e R fa
AT IR M N BT s (HE, 3K — LT
218 S 53 B itk — D BHIE .

(3D FH Tl A 72 RS A 02 0 e 1 2 47 4 A7 A%
ERANE e, A A R AL TR M T O-cell RAME RS
FIT It e R 1) A28 . PS8 R OL,  p Ik R i
S (1R o R OB 2R R E N5 i B R 4 T, &0
I of I (PO AT T AR ARL A /S o

(4) AR SCHE 1R s HE kA7 2 0T I il 2 vk T

PABR AL — 2% AN S 1tk B 0o I B 38 AR 11 56 3 114) 47 4K
DURRINZL, SERREIE ] T 1% A3 M AR HER]



5591

HSEA, A5, 1 O-cell DUMESS AL 52 HEHE AT E 1421

A RN PR A 2K g
3.5 EEHEIRPRAE 5 B E & L

R4 O-cell TRBESE R, 107 KR 2Cff o 3 bk 16
T SN
m=gﬂq+g : ©)
b G N EMEAE; 0,0 EMEWMIRSHE: 00 W F
PERPRAr s Al H SR BUE, w142k 0.7, #1A
0.8, AHMEF H, XAt —FhfRj SRR aE ik, %A% 7
5 1R1% TR AR B4 25 38.72 MNIE®L,
F2 4 WRPRRE HANFERL RUTRE = R A ANFE N A TR E R TET

oMM KT REIA BRI R AR R

Table 4 Ultimate bearing capacity and corresponding settlement,

and max-settlements of load-settlement curves from the simplified

and the accurate methods

I:-.}‘_\-v—'f : ".. 1
BRI SMN CRGOME) /mm LR IEL K

PR /mm
FehrdE 1 febrE 2 feanale)  fifkik KRk
46.3(54.00)  44(45.70) 38.72(33.70) 28.17 25.70

SETCREI, AR IR AT 23T P it 28 0 S 1 Bl PR
BOETEATRER . ] O-cell J7 2 (b i 35 b K
FRINE . A7 ST i 5 K AR AR PR AR 20 (R b of:
BT I A SR R PN ER A A R A PR

(1) PLPESET 0.03 A5 ELAR I AT Y. ()47 2% o

(2) 35 AN il RAH Y R i 48

Pl 8 4 H T H R fur T P i 2 4 b3 I AN A v
FIT 2 PR PR Ar AR I ) e b T T ERAE, IBeRi T
20 (6D B Hh PR AR PR Ay A8 7E b for 20T B il 26 1)
Mo 32 Aoy T R IR BRHE BT 16 R SR AT AR 1N 1)
DURRAE, et b Ty A2 RIORS 16 2 i 5 (1) i 2 DT e
M2k 28 s A NPT R AR . EAB T L

C1) Fi b3 AN B B Air 28 EL AP o A 8 7 4K
DT A T 2840 5 1) B R A 28 23 00 Ay 4220 (6 1 g R
B A 1.14~1.2 f%, X (6) fIAh T HEME A B ik
By 443l (6) il 1B B A A SR 1) Ao 2 e %
8 1 AH . 1 30 A ) b /N T A S R (1) AR PR Ay
A ARHE P 2R (TR

(2) ph b3 15 e o ARURE 325 B A 2 fuf 28 4% b
23 22 ORI (R0 B AR W S b AN T A KR T R E T B
I Ao AR b o T 2SR RO TR AR o RS 10 52 A B PR
AR H IR A% R AT ORGP i o Ay 30 % i 2k
KA, BSE AR,

4 4 it
(1) O-cell TABEMIFE A0k A5 47 BB g K

BRI TR, A T At O-cell ikE4S
Prfie b RE IR te, SRAIXAN &R O-cell i
BE 45 Fmf o AR RH 250, HehE () 1y 2800 I i 2 B b
BARE 1o XA O-cell WBESEHI TR, AL
P 2 AT 1

(2) ASCHGAE T LAX tHh 2% 3 7~ A B 7 5 4% fil
TP 00 67 i 57 8 2 2 IR PR O R A IE LI, R R )
ZHT R LA OB Bl 170 o A 5 B2 o T BT
KX 2 e RABIEMANSE, FIUE b )
I3 A M AR T 2 2

(3) S5 A V20 45 i 48325 i 1 Bk Z PR AR
ANIES Tt O-cell Ak &5 L s 2 ) far 2 DT B
2 BRI AR L AT A S I BISAR S , 2R
X PR 52 R s O LA T2k BORN 2 e i B A
SERE P REME fr Bk TR M2k, L2 SR R DT
b /N T A S 5 R 2 A PR A 2 v DA B (6 e
BAAE, PRIl CURR S e A 10 e B PR AR 38 s AR S ik
REPE UL — A Bebk e MM, S HLLB. B
BRI BT ih 2k, 5 438 T4 R s 1 v
U ff 5 AR PR B 7R 28 )

(4) t O-cell TRMF 45 S s HEME AR B 17 2 11 3L
17030 (60 ARAN T REME MR IR R o $ A SRR 20
wEgE, @Bk X (6) #ie I R R R e —MEIE
REL JEATLE 1.14~1.2 6 U .

B as B VNBEEIE T 211 O-cell 1ML 5%
fl, HE—DUAE IR GRS R,

S Hk:

(1] BEFH, XINESC, 2=, 00 AP IA R AR )
o 0 e ey R [3). R 7R B TR A SR AR B AR,
2003, 4(3): 49 - 52. (BAO Yu-ming, LIU Ya-wen, LI
Zhi-cheng, YAN Shao-hua. Application of self-balanced
method for pile bearing capacity test[J]. Journal of PLA
University of Science and Technology, 2003, 4(3): 49 - 52.

(in Chinese))
[2] ZE4ER], ST, HEARER ) B IRREE AR A TR R I [M].
dbnt: bR g A Tk R EE, 20060 4 - 43, (GONG

Wei-ming, DAI Guo-liang. Technology and application of
self-balanced loading test for pile bearing capacity[M].
Beijing: China Architecture and Building Press, 2006: 4 - 43.
(in Chinese))

[3] JE4EW], SGlEsE, 50k, AR, BEAYC B 7l e
5T EFE AR, 2002, 23(1): 82 - 88. (GONG
Wei-ming, DAl Guo-liang, JIANG Yong-sheng, XUE Guo-ya.

Theory and practice of self-balanced loading test for pile



1422 o

2008 4

bearing capacity[J]. Journal of Building Structures, 2002,
23(1): 82 - 88. (in Chinese))

(4] BAPKAL. gy 40 TR R ELARBE () AR S RERF 7E[D]. 1
IR M 2R A AR OK A%, 2002: 16 - 98, (HU Qing-li.
Research on bearing behavior of large diameter pile under
vertical load[D]. Harbin: Harbin University of Architecture
and Engineering, 2002: 16 - 98. (in Chinese))

[5] SRZEM], Kk, 8 . BERED) AP AL, At
TR 74k, 2000, 22(5): 532 - 536. (GONG Wei-ming,
JIANG Yong-sheng, ZHALI Jin. Self-balanced loading test for
pile bearing capacity[J]. Chinese Journal of Geotechnical
Engineering, 2000, 22(5): 532 - 536. (in Chinese))

(6] JGI94—94 AR SAMEILHARMIELS]. Jbxt: A AR Tk ik

1, 1994, (JGJ 94—94 Technical code for building pile

foundations[S]. Beijing: China Architecture and Building

Press, 1994, (in Chinese))

[7] DB32/T291—1999 ¥ 7% 4 Jy 1T+ il H A FE[S]. 1999,

B T o

FhlRrEEEN

¥=8

P E AR 2 U LR B A ST TR SR AR
FARETIT HEAA A 2 ML 27 RS B2 L W) R o), R R
FRINMYERS i A [ ARG TR AR e 206 1 2008 4 10 H 16
H#E 18 HAERRHTF. ARGV KR Fik. 6%
I AT FMeAARM S, IR A8 W RN T
AT IR 5 4LF

FHEEALTwd A ey 30], #2980 Mzt AEBUIFHZER
JEIE 32.5 m (RS TR O THE I, 2 &bk iE7E
A, ST 600 m g R s 117 ORE. EJ¥ 360 m A
A . P CIF TR IR T, M2 a0 A
Wi BV B AE KA P R RIS TR I RS ok 2 0

23 VA 2 22 AR 4 [ [ AT ke R i 1R e 18 Bk dg T
WA R, A e R I I TR TR 5.

RPN LRI B, TSI AR 2 W AR AL
FIAWEG A 9 H 20 Hiifs (&M 410, EMAIL 8445

B T

(DB32/T291 — 1999 Technical code for self-balanced
measurement method of pile bearing capacity[S]. 1999. (in
Chinese))

(8] WhIHE, FELEH], q'ff;kfr
LM TN, 4m
1 - 4. (DAI

A7 342 DI (07 Ak A i 5 80

SRR R, 2001, 31(4):

Guo-liang, GONG Wei-ming, JIANG
Yong-sheng. Engineering applications of a new static load
testing method for piles with large bearing capacity in
bridge[J]. Journal of Southeast University (Natural Science
Edition), 2001, 31(4): 1 - 4. (in Chinese))

[91 WMEzE, & bk, JR4EW], £ R, 8 W FOFRRE
A B 3% R A Bk e v (1 1 T 55 W (D], 2% % A2l R,
2002, 19(2): 63 - 67. (DAl Guo-liang, JI Lin, GONG
Wei-ming, WANG Jun, SUI Feng. Application and study of
self-balanced method in heavy bearing capacity of bridge
pile[J]. Journal of Highway and Transportation Research and
Development. 2002, 19(2): 63 - 67. (in Chinese))

e it

A LREFRITRS
Gkl

SYVAT R A R

(1) £infia): 2008 4 10 H 16~18 H, 10 A 15 Hil
#.

(2) 2eiUhri: RIEMRFRIE CORETACFX G
19 5. AEE A R RGNS, RAC T
B COHETT RIS X 1 L 135 45).

(3) el tlebst: IEAAREK 900 JC CHERLSE, #90),
X% 600 JC, A4 2 AL

PN S L T

RBRFELARTRER: X, WREEF, WL Hihk: KR
TR IE L 92 455 B4 3000725 HREA: Mg, 1R
WoAF . BESCor s BAE: 022-27402341, 13821202109,
13920990790, 13821162221; f4: 022-27402341; HLT{5Hi:
jikengtj@yahoo.cn.

CRIEKY 6





