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Abstract: It is of great practical significance to determine the bearing capacity of post-grouting piles on the basis of the
principle of settlement control. Based on the field static load tests on six large-diameter cast-in-situ bored piles of Shishou
Yangtze River Highway Bridge project, the influences of combined post-grouting on the bearing and deformation behaviors of
cast-in-situ bored piles in deep fine sand layer are studied by comparing the field test results before and after combined
post-grouting. The range of improvement coefficient for the tip resistance and shaft resistance under different pile head
settlements is obtained through statistical analysis on the basis of the field test results, and a design method for the bearing
capacity of combined post-grouting pile based on settlement control criterion is presented. Finally, a case history is cited to
demonstrate the validity of the design method. The results show that the bearing capacity of cast-in-situ bored pile in deep fine
sand layer is significantly improved under the combined post-grouting, and the improved range of bearing capacity increases
with the increasing settlement of the pile head. Moreover, the ultimate bearing capacity of combined post-grouting pile is
increased by at least 66% under the ultimate loading, and the settlement of pile head can be controlled effectively. Meanwhile,
the bearing performances of the pile tip and mechanical characteristics of the pile side can be improved effectively, the tip
resistance and side resistance are significantly improved by the combined post-grouting, and the load transfer characteristics of
the pile have a significant impact. Additionally, the proposed method can well give the range of load-settlement relationship of
combined post-grouting pile. It is suggested that the calculated lower bound should be used conservatively in engineering

design. ~ ——
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Table 1 Overview of the test piles

wlbE BEAR BEK O WMEDUE bR K

G5 /m /m f5i/m 2 L

SZY02 2.0 50 33.8 iRy EKAE. S
SZY03 2.0 52 32.8 Ry EKAE. S
SZY04 2.0 52 32.8 iRy EKAE. S
SZY05 1.8 54 30.3 Ry EKAE. S
SZY06 1.8 54 30.3 Ry EKAE. S
SZY08 1.5 40 32.4 Ry EKAE. S
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instrumentation
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Fig. 2 Variation of grouting parameters with time for test pile
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Table 2 Grouting parameters

" 37 7K U8 & 2R ) PN e i
AME .
i /t /MPa BE B /m

PEOW  WEEE O OAEON AR G, G
SZY02 3.0 4.0 2.7 4.2 30, 15
SZYO03 34 3.6 2.8 4.3 30, 15
SZY04 34 3.6 2.9 4.2 30, 15
SZY05 3.2 2.8 4.2 5.5 30, 15
SZY06 3.2 2.8 4.8 5.7 30, 15
SZY08 2.4 2.4 3.1 3.5 24,12
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Table 3 Loading values and corresponding increase ranges of test piles before and after grouting under different displacements

i s=5mm s=10mm s=15mm s=20mm %R
i o o o o o
i O i O i O i O i Ou i
/KN MR % /KN M P/ % /kN M /% /KN M /% /kN & P/ %
EHKAT 8977 14088 17281 19034 21046
ZY02 7 19.52 29.2 42, 2. 4
SZY0 EHJE 10729 93 18206 9.23 24554 08 29101 52.89 36513 73.49
JEFRET 9132 14662 18635 20631 22676
7Y g : : 43.52 1. )
SZY03 JEHJE 12491 36.78 20329 38.65 26725 33 31292 >1.68 37648 66.03
JEHAET 9609 14361 18148 20339 22676
7Y 04 g : 47. 45, 49.4 )
SZY0 JEHJE 13338 38.80 21117 7.05 26414 3:35 30396 945 37648 66.03
JEHRT 7777 11730 14017 15387 16905
7Y g 40.51 4.1 2 14 )
SZY05 JEHJE 10927 05 18076 >4.10 23301 66.23 25565 66 28291 67.35
JEHT 7883 12495 14819 16054 16905
SZY06 EHE 10685 35.54 18439 47.58 23520 58.71 25860 61.08 20091 72.09
JEHHT 6415 9190 9925 10358 10195
7Y g : 40. 1.74 .81 4
SZY08 JEHJE 8557 33.39 12938 0.79 16054 61.7 18315 76.8 20023 96.40
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Fig. 3 Curves of equivalent pile head load-settlement for test piles
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Table 4 Improvement coefficients of shaft resistance under different settlements

i H 0.25%D 0.5%D 0.75%D 1%D 125%D 1.5%D 1.75%D 2%D 225%D 2.5%D 2.75%D 3%D
w/ME 1.10 1.08 1.27 1.38 1.38 1.42 1.46 1.47 1.47 1.47 1.47 1.47
ISUNL] 1.51 1.44 145 151 1.56 1.62 1.61 1.61 1.59 1.59 159  1.59
SR LIEl 1.26 1.29 136 1.44 147 1.51 154 154 154 1.53 1.53 1.53

BRARH 0.10 0.08 0.05 0.03 0.04

0.05 0.03 0.03 0.03 0.03 0.03 0.03
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Table 5 Improvement coefficients of tip resistance under different settlements

i H 0.25%D 0.5%D 0.75%D 1%D 125%D 1.5%D 1.75%D 2%D 225%D 2.5%D 2.75%D 3%D
w/ME 1.61 1.89 1.94 1.88 1.90 1.97 212 224 225 2.26 2.25 2.25
w®AME 2.91 3.32 352 344 342 3.61 371 3.82  3.77 3.69 3.64 3.8
SR LiEl 2.23 2.44 248 246 243 2.48 258 2,61 260 2.58 258  2.57
A Z 0.24 0.22 024 023 021 0.22 020 021 0.21 0.20 0.19  0.18
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Fig. 7 Average values of improvement coefficient of pile
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Fig. 8 Comparison of bearing capacities between grouted and

ungrouted piles under different settlements
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load-settlement behaviors of grouted pile SZ05
N T BRI SONERE R, oA KL
DN ER KM B RAME SZ04 AN EBIBEAT T 5 XL
BHE SZ04 HFEAN AL IR oy K EAREE K B FLIE AT
PEfRER 2.2 m, BEKA 120 m, [FAISRA PO.42.5 i@
TEE IR 6 /KU B 1 R RO AT A S A AN 2 75 J SRR,
UM AT L SR 32 o, BBV A e R4 2
m I Z, RN BT SRR I8 AL L SCHR[24]
KA EE TR AR 2 & 5 SRR
5k, HAZBRETIR 7200 6l bE 8204 A& LK G
AT BT RBEAT THEL, P19 2 H SR B KA
I8 St ME S SEIMES Eean & 10 s, AT
R, AL e A SRR BT R 5% 8 (0 S 45 R AT 5
ORI IXTAITE I, JF 5 R A ROESE BE 7748 5 SR 80
SFEME TR R LT, Bk, B AT
B Bn A R A i T SRR E M BT T3 VR BB I 4
AT EDTRR R RIVTE R, 27 RRE W 2 TR K,
HORSFRTE, ARG IR I TR B T A

BEBUATAR/(10° kN)

0O 20 40 60 80 100 120 140
T T T T T T 1
20F N
£ N~
E 401 \ \
: N
g 60 - |
—o— FESK R SElE
80  —— E aScuifE
— i SE (OF8)
— — 5 (BK)

100 - ----3H5E (&)

B 10 fEHE3RHE SZ04 FHUME X R BES STMEXTEE
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load-settlement behaviors of grouted pile SZ04

6 & i

ASCHEF R BT A B TR 6 MR ELE
FUBEVENE, i TR R [ B R L &
JR RS AT I B R, BTR T A8 5 FE SRR
JEE AT JE A FLIEVE U (0 AR A T M R B W, 3
TEUCHERE B 50 T 3T UM IR 4L 4 5 e
VEMRER SR, B TR BRI T %
VERIGEE, 3T LA FL R

(1) L4 S R M 2 TR e 1 78 )
SRR B, RS R A RS
AR RS, FTH SRS SR 1 2 A A R 0 RN
Y145 I TR AR S FE T M J2 0 S FLME Vb LN,
S RBRIRAS I, FAPR R & D5 66%, ELASH
A B L B

(2) FET I AT S5 R, SR P 0L 2 0 KA
ST M AU FE SR JE ML S BEL ) — W3 B0 %S o A0 B
J1 - MEEAIS RS IO 5, FEAMHT T HEBEL ) 0 R 4
Pk, 2L FE IR O T RS SR Rl S A 132 b
k3 L7 RO BE B A A8 7 KR BESR A, JEXdhE
SERORTER AL R 2 A T R R

(3) A & ER A HERERE A7 B0, BF S T 3
T UM AT O AL 5 RS AR B iy v, 3
TE Gi v 1O BET_E 2 7 W B 90 3 2 X B
B, e v T W 5 L U T MR BRI SR R 1
T

(4) TS 44T 2 W ACSCHH B R 4L R I
ST BRI R 56 28 B 2 T R 1 4 LA T ATk 5 A F
P, IR RS, BT THELS H F IR A
FTR B

AL T MR B BT O 4L 4 P S A
WAV ARSI, A2 TR SR, (1
KGR S % EHEOBEE Sy, T2 4 PR e
BESE B (R, FLGeTH PR3 B 1 2R
RS2 BT R J R S X 00, o D B
FALRIK . 5T SR BRI SIS F AT I
IRGETH AT, DASE R T R b () U5 P S it
R, NS AT R T TSRS
%,

SE -

(1] K&, BEERRERBOR L TRENAIM]. Jbst: hEE
A T B AL, 2009. (ZHANG Zhong-miao. Post-grouting
technology of bored piles and engineering application[M].
Beijing: China Architecture & Building Press, 2009. (in



2180

in>
&+

2018 4F

(2]

[3]

[4]

[7]

Chinese))

MULLINS G, WINTERS D, STEVEN D. Predicting end
bearing capacity of post-grouted drilled shaft in cohesioniess
soils[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2006, 132(4): 478 - 487.

TKEEHT, RAR . WP S O B AR ELAE O],
HE 715, 2008, 29(2): 541 - 544. (ZHANG Jian-xin, WU
Dong-yun. Research on interaction between resistance at pile
and lateral resistance of pile[J]. Rock and Soil Mechanics,
2008, 29(2): 541 - 544. (in Chinese))

OB, A8 A, XL, A MR EESRRR LR m
HAG BT [0, A 2, 2010, 31(8): 2535 - 2540.
(ZHANG Zhong-miao, ZOU lJian, LIU Jun-wei, et al.
Theoretical study of climbing height of grout in pile-bottom
base grouting[J]. Rock and Soil Mechanics, 2010, 31(8):
2535 - 2540. (in Chinese))

KM, A R, RN B S VRSN K ELARWE AR
m g B3t LR ES B 72 (7). & %%, 2016, 37T 2):
388 - 396. (LI Yong-hui, ZHU Xiang, ZHOU Tong-he.
Experimental study of effects of pile tip post grouting on
bearing characteristics of large-diameter bored pile[J]. Rock
and Soil Mechanics, 2016, 37(S2): 388 - 396. (in Chinese))
UM, SR, O 5 R IR AL WE A A e B A 1
WUEBIRI]. &S5, 2004, 25(2): 251 - 254. (HUANG
Sheng-gen, ZHANG Xiao-wei, CAO Hui. Mechanism study
on bored cast-in-place piles with post-grouting technology[J].
Rock and soil Mechanics, 2004, 25(2): 251 - 254. (in
Chinese))

MEul, FEREEE, A1 W R EARBLUE AR A e ) R R
PEBEQ]. IR 2R (T 2ERR), 2015, 49(4): 763 - 768.
(LIU Nian-wu, GONG Xiao-nan, YU Feng. Vertical bearing
capacity of large-diameter bored pile[J]. Journal of Zhejiang
University (Engineering Science), 2015, 49(4): 763 - 768. (in
Chinese))

[8] BRUCE D A. Enhancing the performance of large diameter

piles by grouting[J]. Ground Engineering, 1986, 19(4): 9 -
15.

[9] DUAN X, KULHAWY F H. Tip post-grouting of slurry-drilled

shafts in soil: Chinese experiences[C]// Contemporary Topics

in Deep Foundations, ASCE. Orlando, 2009: 47 - 54.

[10] DAI G, GONG W, ZHAO X, et al. Static testing of pile-base

post-grouting piles of the Suramadu bridge[J]. Geotechnical
Testing Journal, 2010, 34(1): 34 - 49.

[11] THIYYAKKANDI S, MCVAY M, BLOOMQUIST D, et al.

[14] EREER, &

Experimental study, numerical modeling of and axial
prediction approach to base grouted drilled shafts in
cohesionless soils[J]. Acta Geotechnica, 2014, 9(3): 439 -
454.

[12] ETAR, RO, ERZE. PSR 5 S5

TN A& ITFE2ER, 2010, 3201 F) 2): 284 - 289.
(WANG Wei-dong, WU Jiang-bin, WANG Xiang-jun.
Full-scale tests and application of side-grouting uplift piles[J].
Chinese Journal of Geotechnical Engineering, 2010, 32(S2):
284 - 289. (in Chinese))

(13] ELA&R, RIOR, ER%E, 55 0 EERIUREROR K

RSN &R, 2011, 333G T 2): 437 - 445.
(WANG Wei-dong, WU lJiang-bin, WANG Xiang-jun, et al.
Study and application of side-grouting uplift piles[J]. Chinese
Journal of Geotechnical Engineering, 2011, 33(S2): 437 -

445. (in Chinese))

W, R, SE AMEOUTE SRR B L
R 5 ALK T[], & 1%, 2014, 35(5): 1241 -

1246. (QIAN Jian-gu, MA Xiao, LI Wei-wei, et al. Centrifuge
model test and in-situ observation on behavior of
side-grouting uplift pile[J]. Rock and Soil Mechanics, 2014,
35(5): 1241 - 1246. (in Chinese))

[15] ZFP6IT, BALIT, MRAE, 2. JEEE R AHEE AT K

I RIS A []. ERLE =R, 2016, 37(6): 204
- 211. (LI Hong-jiang, TONG Li-yuan, LIU Song-yu, et al.
Experimental study on lateral bearing behavior of
post-grouting super-long bored pile[J]. Journal of Building
Structures, 2016, 37(6): 204 - 211. (in Chinese))

[16] 55 H, TR, XL, FeTUREbR i e £ 2 e i

WAL ARSI, 56 7155 TRZEWR, 2012, 31(6):
1178 - 1183. (FANG Kai, ZHANG Zhong-miao, LIU
Xing-wang. Prediction of bearing capacity of post grouting
pile in gravel layer based on settlement criterion[J]. Chinese
Journal of Rock Mechanics and Engineering, 2012, 31(6):
1178 - 1183. (in Chinese))

W, T35 JE ISR SR AN A FATLAR K R R
KAWR[I. HLITREZM, 2017, 39(12): 2235 - 2244,
(DAI Guo-liang, WAN Zhi-hui. Study on enhanced
mechanism and load settlement relationship of post grouting
pile[J]. Chinese Journal of Geotechnical Engineering, 2017,
39(12): 2235 - 2244. (in Chinese))

[18] JGI/T 403—2017 RIFIENE B P 758 HAR IS A FZ[S].

2017. (JGJ/T 403—2017 Technical specification for static
loading test of self-balanced method of building foundation



128

WS, A R TUIREE I A G 5 R AR T ST 5T 2181

piles[S]. 2017. (in Chinese))

[19] WAN Z, DAI G, GONG W. Full-scale load testing of two
large-diameter drilled shafts in coral-reef limestone
formations[J].
Environment, 2017(10): 1 - 17.

[20] 7k WL, ZR4EEH, SRIESR. K EAREAK BN EL AL
PR EPERIG T[], & T TREESER, 2006, 28(4): 464
- 469. (ZHANG Fan, GONG Wei-ming, DAI Guo-liang.

Bulletin of Engineering Geology and

Experimental research on the load transfer mechanism of
super-long large diameter bored pile with the self-balanced
load test method[J]. Chinese Journal of Geotechnical
Engineering, 2006, 28(4): 464 - 469. (in Chinese))

[21] O’NEILL M W. Side resistance in piles and drilled shafts[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2001, 127(1): 1 - 16.

[22] 7350, WIEE, JR4EH), & BT BTk R R
HE fi7 28 A% 325 R L AR AL 0 HT 0], BOR R 2A 4R, 2017,

50(8): 98 - 104. (WAN Zhi-hui, DAI Guo-liang, GONG
Wei-ming, et al. Analysis on the load transfer function of
post-grouting bored pile based on self-balanced method[J].
China Civil Engineering Journal, 2017, 50(8): 98 - 104. (in
Chinese))

23] ¥ B BT ARTE A H B JE U ) gl e B A R Bl 5
[0]. & LTFEZAR, 2000, 22(4): 481 - 486. (YANG Min.
Study of reducing settlement pile foundation based on
controlling settlement principle[J]. Chinese Journal of
Geotechnical Engineering, 2000, 22(4): 481 - 486. (in
Chinese))

(24] FRYER], WIEE. BEAR ) AT BB TS R
M]. JbE: R E S Tl AR, 2015. (GONG Wei-ming,
DAI Guo-liang. Research and application of self-balanced
loading test technique for pile bearing capacity[M]. Beijing:
China Architecture & Building Press, 2015. (in Chinese))

FELATIEFEE+=ZEEELINFRELIEFARS
(B—SBHD

FRBL: PEEARTREES LA TR

RDBAL: RARY:, REWERY, REEHARET
TSR TR R R

YE-ZIhE A TR EE )2 oa  TREAR
R RBEE T TREGURD SRS A MBI AR
Wz Ht =Rt A T TR ARR SR T2019
FETHAERERTT. A2 EEA B TR i CE A RN
I, AEBEE RO PUE A R R A B ST
RN R RS ER TR, i T2 Ht
PAE & 2 W {5 e il o oy G S < sl W 1
RIS R N, i EITER T 2 5E TR
AU ) BB WE T SR AEAT )2 I A AR AT AL

EXAE: W EFEEHE L TRPES 50 AR
RUHTESE . RS AETHN, REFARZRBHRTL
FROLW PR A ey AESCABAFEL T 1240771 O+
WA S AR KR, @A TR, WK 5IFNEA;
ORA TR S AT @3 T TR LRI T TR ©F 1T
MHUE DT B 515 SR, ©13) 15 E LR TR, OFF
b S50 TR, @FEEE L TR OF L TRETIHIEARY
AR OHIFURETE S5PG; OE A LTRSS, OF
T RN S THAR

BIREKR: K&HZEST 201847 H31 AT GEZ 6 %
Fio MRS SCASFA EIRAE TN AR ER AR ATF KRR . it
) 2 45 SRR AT 4 SCHL T SO (RERRIBRI P D 5 8 S0 1% A
= TRRZAR) BTk B, IR SOIRE B 5% A TRE2AR)
D3l T R T R SR 5 VE AR R VR 4E IR TR L | E-mail
FR R LI

RREVIE VYA a2 AR K2, R RAER S AR K
HEERERA IR, MRISSCHBAEFIPEH, RER
T H o IRAERR AR U T N SRR, 5 RlHER R
SCH (EARTREZRY GEFD « CAETRZEmR)Y G8TD |
CatAEy  GEFRL 8D o CREABSER)  (ERD .
(MRS RS TREZARY  CGETI 37D . CLRRHBR =R
CIEFD « (BiRIRR TRZERY (BFD | (HE TREZEMR)
CIEFI 3FD SN E A mKCF R BLE T & T Ed F)
TR, HhZ AT L P E0E P AT ER 2 . #ivod
TR Bk RS BB . B Rt L AU
AR AR 2 IR -

BRARA: HEM (13512418728, X% (13821202109),
FEEF (13821807355), #KE¥E (13011392385); KREETTEF
DX AR I HERL R 135 SRR AL, 55 43 #07
M T2 b EAR TR (300350), cismge2019@163.com,
022-27400843 .

(K&HZES D



