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Abstract

ABSTRACT

The O-cell pile testing method (OPT) is a new axial static load tests of pile,
which has unique advantage—no reaction system. It has found an increasingly wide
utilization in practical engineering, but theoretical research of the OPT lags in phase.
There is difference of load transfer mechanism between the OPT and the traditional
axial static load tests of pile (TASLTP). The nonlinear axis symmetry FEM (finite
element method) program of single pile was explored to study the difference,
especially in super-long single pile. A set of analytical equation for the
loading-settlement curve of the OPT was established through load transfer—bilinear
load-transfer function in pile lateral soil and trilinear load-transfer function in pile toe
soil, and was verified by history engineering case. The application of analytical
solution was discussed.

The conclusions follow as:

1. Between the OPT and the TASLTP, there is difference of pile axial force and
shaft resistance distribution, and soil load-transfer function surrounding pile .

2. While the limit state is reached in both the OPT and the TASLTP, the result of
FEM program is that the total shaft resistance force of upper pile (above the load cell)
of the OPT is nearly equal to one of the TASLTP in clayed soil, the former is slightly
smaller than the later in sandy soil. The ratio of ultimate shaft resistance of the OPT to
one of the TASLTP is variable along the pile, and reaches the peak near the load cell.
There is difference of shaft resistance distribution, but the ultimate bearing capacity of
pile from the OPT is slightly smaller than one from the TASLTP.

3. While the ultimate bearing capacity of pile is determined by settlement in
super-long single pile, there is enormous difference of the bearing behavior of lower
pile (beneath the load cell) between the OPT and the TASLTP. Less distance from the
load cell to pile toe, more length of pile, higher modules of soil and less diameter of
pile, larger the difference becomes. The tip resistance-displacement curve is almost
linear under both the OPT and the TASLTP. The ratio of secant compressive rigidity
of pile toe under the OPT to one of under the TASLTP is about 1.20. It is relevant
invariable. The difference of pile tip displacement between the OPT and the TASLTP
determines the difference of the pile tip force. Thus, in view of settlement control, it is

not proper that the ultimate bearing capacity of lower pile of the OPT is directly
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Abstract

regarded as a part of one of whole single pile. The compressive settlement of pile
should be taken into consideration.

4. The analytical solution of the OPT is adopted to study the impact of the
sediment of bored pile. The OPT is strict with the thickness of the sediment. Because
of the sensitiveness of the OPT to the sediment, the OPT can inspect the effect of
cleaning the sediment of bored pile. Whereas, the shaft resistance of super-long single
pile under the TASLTP has an influence on the assessment of the sediment.

5. The analytical solution of the OPT can be used to estimate the location of load
cell.

6. The analytical solution of the OPT can be used to transform the result of the
OPT into the load -settlement curve of the pile if it were top-loaded (load transfer
analytical solution transformation, ie. LTAST). The transformation curve is close to the
measurement load -settlement curve and the load transfer displacement coordinate
transformation curve from the OPT. Compared with the others transformation method,
the LTAST has some advantages—intact theory, no demand of the measured

load-transfer function, simply and practicality.

Key words: O-cell pile testing method, finite element method, super-long pile,
settlement control, load transfer, displacement coordinate, analytical

solution
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XM TTFEN(4-42).
RS JE
By A% lpury =[-hiSy = oo = SpU=T-hs = kS, ~ kS
(4-56)
Wlz=15=Sn
%18
W =dy(chayZ +dgsha4Z) ~nS
(AWASHE I SIS 2B
dy =(nSp, +Sp1)chBy +1(my —13)Sy + 171384 JshPy
(4-57)
107 = 13)Sy + 131+ (nSy + S50 thPs
S (1S +Ss) + 1012~ 13)Sp + 13S WhBs
St =W |z20= ;i7 —nSpy » 13E:
SFet =nS, (chPy —1)+ SyichBy + (17 — 13)Ss + 1135y Ishf, (4-58)

Py, =—EPA%|,,0 , B3
Py =—E,Aaydrdy = E,Aay{[(my —13)Ss + m3Sy JchPy + (nS,, + Sy )shBs}  (4-59)
6. HEsm T HAZ 2 BYHBBL (S v=S ra)
EAWMA R NE4-42).
G R %A
W |z-0=S¥
(4-60)
E,,Agtglz:h: =[-k Sy ~k(Spy = Sp) = k3 |z=1 ~Sp)}
BB
W =dy(chaZ +dygshasZ) - nS,,
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HRANLF &4, B8
dg =S'F +'ISm2

(4-61)

(m2 —m3)8p + (113 —114) 1Sty
h h -
(machPBy + shBy) + d d

chBy + 'I4Shﬂ4.

(74chBy + shB ST +nSpy)+ (12 = 113)Sp + (113 = 14)Sp1 — 1S malla a

=~E,da,dydg = E,A
Py pAQadedio = £p chBy +mashp,

(4-62)

7. %A 2=0, BHIRAR

%12=0, HF a2=0, LRMBIEAKXFHEH 0, KAFT LEBEALIA
BN M EMTIEX R

OT B AL R T BN R(ER LA T HMENE), BNBHX OSRSL+

R@-41)%R:

Py =E, A4S, (@5’ R+c5)

(4-63)

S¥ =S,,,2(l+c5R+-a;—2R2)

QT EMA L FEHERAE, BIR=L ., Hifkim kTR

H(4-46)% N :

L o285 L + Ly + @28, yLw

Pr= Epd? Ty (4-64)

Ot N BRI T S v MR T P re

HK(4-50). 4-51)FR:

a32S

2

Ste =Sy +(MSy +——"2 L) Ly (4-65)
Py, =E, A (WS, +a37S,,Lv) (4-66)
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@R THENE | BHERB(S =S for Wlz-1+<Se)
HK(4-55%R:

%a32S,,,2h2L1:2 + h2S'F +a32Sm2L‘F +(h| —hz) Sb

=E,A 4-67
Pr=Ep T+ ALy (67

- OBIHLEANS 2 B |z =S IRIE R S w0 MERFHEP vol
R (4-58). (4-59)%H:

a32S

Se1 =Spt + (Il ~hy)Sy + Sy + > 2 Lelly (4-68)
Proy ==E, Ak — ) Sy +mySy +037 Sy L) (4-69)
©im L IHNBHES +=S o)
A (4-62)ZH:
la328m2h3LT2 + Ly + @3 Sy Lg +(hy—hy) Sy +(hy —h3) Sy
Py =E,42 (4-70)
P 1+ h3L1:

LRBHEX MEHITRE, 838 FE R THEM L RASNEER., %
TRA=ZNEER M TEBN AR LB A X R (4-18). (4-19). (4-24).
(4-25). (4-26); T BRUMBRITEARAK@-41). (4-46). (4-50). (4-51). (4-55).
(4-58)~ (4-59). (4-62)- (4-63)~(4-70). B FE XM T M MBITIRL RILEH
4.2.4 BHRER SN

LURASTEER AH], B PERRBITRNEAESEE0E 9 M85, X
BFRELEAERBNERSHET, & L2038k R, ATHRYE R E MR
FEESHEEETBREMTNER ISR AR BT EAZRENERS
BLRD, B TRRESHE LR B TR SRR,

NF BB, RERITENOSR, FHR-MREHEEES 3 RAMK: HHER
B(&HR). ML BHFRYNRAERER). ML 2 BHRB(EIER),
BOHRHE b BHE S i 2R 45 SR BT DAL B ME R A B XU R BL I B 4K

X F TR NE R LR, ikt k HUERIERS, o
P 25 (0] B MR REAR B 45 AT P %D, MR @-71). ARG T BB R
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SR, PrE-UIEME EE 4 BRARK: BAMRBREER). BB TRYER
(GEL MR, B0 L2 BEN B R LB (R Mom LN B B
B, ESE ki VMEEMR A LR AR BARN ER S K.
__ 8 _  4E '
2D(1-v) zD(1-v?)
A
G— R LB IR &
E— i LR &
i AR E, —RATEN 0.48,
4.2.5 TR SHI%E

1. WH KA K U B ZN121 R

ZN121 R B FERERREIES B Y, K L=60.5m, HER
D=2.8m, EEMK L =59.0m, Ttk L +=1.5m, tH5HMEEEE E=3.6X
10'MPa, LB BELSTF 9000kN. HE A+ Rtk sk 14 i R B0 R WAF A
AL, RIEWE A (LR AR RS BB N b BeAlk B )M ss il th il
/MU ESE: »=39925kPa/m, M ,=3155kPa/m, Sp=1.50mm; A 3=9.5X
10°kPa/m, M 4=2.203X10*kPa/m, S;»=0.59mm; k;=2.6344 X 10°kPa/m, k,=7.6459
X10’kPa/m, Sy=1.36mm. BHTBBEERMLAULERAE 44, NBFTUE
Hi, KA EER T AR F b S Bk ZN121 3R 8- DU PR AT 1

Stk ZN36 WAkt R A B F A, K L=60.5m, HEFZ D=1.2m,
EBHK L =587m, THitK L +=1.8m, HHHHEE E,=3.2X10°MPa, L
Bt B EAET 1600kN, 5§ ZN121 L FR—Hih, L2 B EHEEHE . KA ZN121
UER RSB HE ZN36 AT 8-UIRE &MLt W 4.5, NEH
AT, WWEASLI R LR L, RIRBBITELA A BIEESEAERRE
RN, BB IEMNTE. WEMLAMEZERTERER: XA THELERS
TR R RmbE S 39 e R N

k, @-71)

v
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Bl45 MRYTEHSRMELR P-S HZE XL

2. ERAE

AR A PERERRHES 8P, K L=25m, #HHER D=0.6m, L
K L +=16.0m, FiifE L +=9.0m, #H5MMEKE E=2.8X10°MPa, LBHH
EAST 100kN. A8 L FHE R 14208 R BUS R AT R R E ik, RIBETR
AR LB AR TR 2T BUR 0 BB B )ALl th R A B BIM T S5
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A =7955kPa/m, M 5=1716kPa/m, Sm=2.03mm;: A 3=1.30 X 10°kPa/m, A
+~1500kPa/m , Sm=1.23mm; k;=5.034 X 10°kPa/m , k,=2.012 X 10*kPa/m ,
Sp=2.143mm. EHIRBILERNLRIERLE 4.6, NEDPTTLUEL, KA
5 BERY T AR GF bt R AR ATE 9 7 - DU B A A

15
S (mm)

4.6 MRATRRVEEEE RS P-S g XY EL
ERLGIRIE R, A sm A O R T SR R e L A 3 R R 1 E A
WAL AT B-UURRAR I, FIET AR T A SUR TR & E .

4.3 B-FHAE T 0 8- U R ith S AR A R I A 3 Hr

4.3.1 fRHTRRTT TR UTE AW

TR 2K BA AU R RE D A LD M ELAE R B, R R Ak im EXHUEERE B F
HEREWE. XA, HiE%1999)P) | BT PENPIFIZATRE
B, FFERNLEAGT, Rk hERERS, NERNDBX; LRBRZRE
HRREEES, RUUTTE)TFLRRRMEERE & 8-19%. FtEERTERY
SSAGE 3 - AR, T L M U BERE 0 R IR, M EAB N B LB AW EW.
Rl E AR KIS ABAARNER —EMERBE, EHAENNHE.

B 4.7 B3RP 272 S4B FERAE GBI TR, MR E AN
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WAEHE) BT BIERIFT R SRR . b 2 st R B E ST R B 2k
W, JIEKFE™ EEm B FERE TR ASRE: NBEMTHERR
EEFEAR 100mm; MEIEFEZRBETE, 4 RSB 0ES
T AT S AAE 160mm O EARHETRE 150mmY, R BERTiES

T B 8 PR AT .
fmF e o m @
x5
- RN

SN
100 |- \ I

18 - \

ysp | S(amm)

B 47  JEXTF Bk & m s

HRTTERN TR ZWIMATRLERER, BENNERLIRE,
ERRATFE K. AR RRES R A SR, AR R AR
FERHETEHEH, BATE: BIBHEEER S, JEXNAHRER]
BREAMER k, EFHRTBEHUERERSBER kA ks, 3R R H Sy
R R A AT R XU B S e SE M B 04 . TS B PR M £ B Rk
EXTRIEMIEW , FHEEHHT BT,

L AREKITER W

LMER B AR A B, BB FERIE K T BB RS R, s
THEBRBOIRAMNITREE G, BE: HES D=28m, HESHHEE

=3.6 X 10°MPa ; M ;=70756kPa/m , A =4539kPa/m , Spo=1.477mm ;

ki=10000kPa/m(fEt & JTH TLENIE R E), k=2.6344 X 10°%kPa/m, Sy=10mm(Ji#&
B RE). K L=30m. 60.5m. 100m MIMEHTEL R LA 4.8. ANEIFATLIBEEEH,
FELA EEACHE B B30 B I HS A S W 30m OARFETT BB /M P-S i Bt B ER
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EMBERE, T 100m fHE P-S R EAFE AN IEAEW. Rt KEE, M
R BSEUR. T 8RR T B — AR BB SR B, BRAUTEE X B
AR K T B R A EE M, AT SEREA AR T KT KA

BUR, XRAEGBE AR THRAS )& BASE I HH G,

20 +
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50 -

BL ZN121 SR F BN E, AT RERSEhREA, X B Lyt
B+ 55 4L BN (R FE 594037 08 2R B0k 80%), 3 HL 38 I bk i £ ST ek SR 3
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R4l TEEEERITH SRR
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ki3 A, Ay Sm k ks ks Sp Sw
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0 9.5%10° 2230X10° | 0.59 | 2.6344X10° | 7.6459X10° — 1.36 —
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100 7.6X10° 1.7626X10° | 0.59 1.0x10* 2.6344%10° | 7.6459%10° | 100.0 | 100.36

Bl 4.9 B0 R B TR LR W, BT S B iR 4.7 S8
MZ AR A B LUIEERLEN, FEFBRAETRELA, ol A
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B AR R LS, B THRANTEETRE, BETRIEHR
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BRAR N BRERE 4.2. AR 4.2 1B 4.9 ATULE H, JTTENEEA/DTF 35mm
i, IR RE ST B ARRAR DEAREHZ 60000kN MEXR; HiAE
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R 42 AFEFEETBARFIRRAR S
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ZaULWTE, B8 FERENTEE EENHER, FHitkH 8 Y E
BHER, JURBABEABEHRERERIURIE; 5—AHHT B EmEs
XYL BB, B/ AP R R BT DU SRR 25 M v A s PR vE TR,
4.7 Bt 3 S00KN 3T R4 tH A SR U, T A 0 A iR 3 K Ak A (U AR P 2 48
AT RS2 M BT HE Y 21 057
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4.3.2 BRI BB E

B A R R M EAMM R XR, FRAET M BN L
BHAMTRIEMRBAZNERNE. EROFE, ERERFUREG NNE
ERER ERR). TBRARGHUER KA REARCIS SEERR AR S, AR
BEMNBEEE LRGSR AE)N TBRAERRRARNEAREE. BERGER
B, BRHTE T TRETRE S T EONEEHE D MSE DL H B ER R
AAMARZFTAR, T E LM RAE - TSRS S i 0 EERE J) FimbE h 4
EwAD, BERHRAR P AT EE MBI TE B, LW P-S ML KR

i BB R MR B R A B 2T, HEMUK LF L EABEE
HZRSHE, i B KA SR E LB B RHER
BHMLERGETE: &L EREEREEL, 4T 80 BRI M
FIESHBR R ETBREM LS LS, HEE EBE. TREMHR-
VML, BB RAN EMSN MG, BAMEFBANE. KEL
BEBRENAZBRSHTURARKTERE, WKHREPIRAZHE powell
T, FIAERES KERE RS2 BN RRMHSH.

AR RGN E ik, THSE—HE. HK L=60m, #
B D=12m, HERHEE E,~28X10°'MPa, HEFZT 25kN/m®, BEHE
2% ) =40000kPa/m, M =100kPa/m, Sy=1.5Smm; M ;=70000kPa/m, A
+~700kPa/m, Snmp=1.0mm; k=2.0X10°%kPa/m, k,=10000kPa/m, S,=2.0mm. ¥Fj
RVTE A AR B AEME 10m, 15m. 20m B EREBMLBETUAIER
thsH, EBRHEMFEEREEEFBNFE-TIEHE, SRAE410. NE
4.10 1 P-S RS LR Y, HEFEHREHOFTRMAEMRR 15m i, BRI
AT BRI RAR I EESESL.
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ARAE B ENA R, B L EXN W FE R RN EE SRR
FRER, BREALBRESAEEHARNZARR, HETEEEM L,
S B PR B B R A R R A BB RR B, RE5LMARR
FRB R o

1. BRI & SRRt %

B AT B PR IR R R A B R e TR E B

1) RED 102 ARIE LA £ TR R B (A RN A
SR E M ARITER, B N IE RIS E MO, £ NERTR
B, BO R ORI B+ 18 B B TR A LA B s, BNt Rg
MBHITREMAR(ERFEEXT 1| MRE OBMHE, RRE-72). &HEE
B, ARKEZEERMTE.

Q =KQ"'+Q° (¢-72)
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R
Q: LEME— B THE&MELREMNAE,;
Q: FTRUX—MBTHHK.

BR#E K=1.0, XF L/D<20 fy5atE, B K=1.5. FERKFLARTRZRMK
TSR R, BH K=1.0~16, I\NiHHLRIF K Es=>50MPa, HL/D<
20 FE LKL,

DEHBALBMBIMRECIGL RTINS RIE), FEAEEEAZA
Rii, BETBREME —MBXREEARARARZERMFN, EREM 43
BR 5CR P R B S ) AR ) £ R A G R BEL S — B B X R (MR N RIB E R
¥, PR HMBEERES N 143 M 1250, #EEEAEIMA n
B, SRR B ) T AL (R R AR B T B e B — R SR REUE) R A
MBAE B LR ST — MR g, B 218 B AL S AR
FrE, EEE S E— R BRI T8, °TLAE B — R 5 TRALEE FOAR R FY
i, A ABBME SRR A AR 2R

2. RHTRRLES AR ETAR R

B B VFEREEN RS R A LB &L RS, 2RGIERS, Bk
CZREBOBLEM. WREBMBHAZELTE, BERLME LEKEEE
¥, e PERMEN TR,

RITARE ERBARR & T R T ERASERRTTERE), H5%L
BB B Al A L iR B R A LM EER S A . A Su(B5HBE),
X8 PR MBER AR T, SRR, FA, BBy UEIE, vh
BERBMREERTHHEER, BERBMHRERATEN, HRHTFREE
BIRHE, BEHGHUREER ERIE), B1X@4-73)E: T Bk P-S i Ak
Wt, ME% TR RANITEELER, FTUARAZHEEMUER; RIER
B, FABFERRMBIETRESRUBIELMEME. FHALH
WS A ERTE, PERLNEEESE, FRERFEMA.
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L BEEE, Nt BIFEREH0.7;

L MEFAREERE, 7 K100 T8 EREN08;

3. FrEACEMNTHR G RS AR BT H

1) F@EKHHR

ARG SRR CS PV AHRH N1, N2 b 2 BT bt 0 B P4 it (8
)X HRE, BRIAEAMER D=1.0m, #HK L=76m, #HGBRELTEHH
C25, MFIEREXMFA, HRARKPEHILANE, BFPE R R TRE
PLFHELLE 15m,

KABRTEYE N2 M ERMEBE: A ,=225X10°kPa/m, A ;=0,
Smi=1.08mm, MTEBRERMLAULERLE 4.11; W y=075 BEEHI,
FARMER A RN, BB ;=3.00X10°kPa/m, A 4=0, S,p=1.08mm; FE
B P-S B2k KA =3I L, ki=7.895 X 10°kPa/m, k,=1.395 X 10°kPa/m, k;=8.635
X 10°kPa/m, Sp=3.62mm, Sy=15.00mm. N2 iR KB EAE BB BEB S
BT 2R N1 i se i S 800 2k 0L 4.12, B s i & e A & 8 F .
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