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Experimental study on the influence of distributed post-grouting technology on
the bearing performance of deep and long large-diameter bored piles

WAN Zhi-hui!, GUO Zi-long!, DUAN Chang!, DAI Guo-liang?, GONG Wei-ming?

(1. College of Transportation Engineering, Nanjing Tech University, Nanjing, Jiangsu 211816, China;
2. School of Civil Engineering, Southeast University, Nanjing, Jiangsu 211189, China)

Abstract: To investigate the impact of distributed post-grouting technology on pile foundation-bearing capacity, the grout diffusion
mechanism and soil reinforcement effects of this technology were intuitively analyzed through model pile excavation tests.
Furthermore, based on the self-balancing load test results of three large-diameter bored piles from the Yuanyang to Zhengzhou section
of the Anyang to Luoshan Expressway project, the differences in bearing behavior of large-diameter post-grouted piles before and
after distributed grouting were analyzed. The influences of the length-to-diameter ratio and the holding layer on pile foundation
bearing capacity and grouting effectiveness were thoroughly explored. The results of the study show that: The distributed
post-grouting process can realize small spacing, high density and multi-section grouting, which is more capable of improving the
pile-side mud skin and soil disturbance problems of the bored pile construction compared with the combined post-grouting, and there
is a significant difference in the mechanism of grout diffusion and reinforcement effect in different soil layers. Both distributed
post-grouting and combined post-grouting can significantly improve the bearing performance of pile foundation, and the ultimate
bearing capacity is increased by 116%—121% and 118%, respectively, while distributed post-grouting shows better improvement in

the late loading stage, and at the same time, the length-to-diameter ratio as well as the holding layer both have significant influence on
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the bearing capacity of the test piles before and after grouting, as well as the effect of grouting. Compared with the combined

post-grouted piles, the distributed post-grouted piles are more efficient in grout utilization and their axial force is slightly larger; while

in the distributed post-grouted piles, the grouting effect of the test piles in the fine sand holding layer is better than that of the test

piles in the pulverized clay holding layer. Distributed and combined post-grouting have significant reinforcement effects on the soil at

the pile side, but the small spacing and high density of the distributed post-grouting process results in a more centralized distribution

of friction enhancement coefficients at the pile side. The pile tip resistance of test piles with different holding layers is significantly

increased after grouting, and the distributed post-grouted piles with fine sand holding layer have greater pile tip resistance

enhancement coefficient due to grout infiltration and cementation.

Keywords: bored pile; distributed post-grouting; self-balancing static load test; bearing performance; holding layer; grout diffusion
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Table 2 Parameters of test piles
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Fig.1 Schematic diagram of distributed post-grouting process

R, A 205 3% T2 AEAE ) o 2 3 b R Bk
JEIRAS, i BT e A e B UHER AR RS E K
IR T, B Ao R K & 6, AT
SEPL/NAIFE . SR W, SRR R .
HH A G B 5L G A R R 20k
AR, BN RS B AR R W E ], Ho
IS RS i v

3 RN FLVEE VR BE IR R 2R M RE S SR - KK EE
0.5~0.6 ] PO 42.5 FidEREE/KYe, Sl LK
KESHANG 3 Fios . 2R i 1) 72, bk SZ2
T SE Tt AP 25 3k R e 35090 W D R S BRI
DAL SHE 388 T2 7 T Ah 10% P 7K YR S

K3 BHERSH

Table 3 Grouting parameters for test piles
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Fig.4 Grout diffusion patterns of model piles in sandy soils
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Fig.7 Distribution curves of axial force of test piles before and after grouting
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Fig.8 Distribution curves of pile-side resistance of test piles before and after grouting
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test piles before and after grouting

6 MR AL G E O

Table 6 Percentage distribution of pile resistance

WbE BETIAT R/ MN M BERE 73/ MN i 70/ MN B3R EEL o B/ %
ikl JEH i 3 A JEH Hi RS ST JEHRT R3S JEH Hi R3S
Szl 32.6 71.1 29.7 65.0 2.9 6.1 9 9
872 35.9 71.5 29.6 62.9 63 14.6 18 19
73 60.7 133.9 52.0 112.8 8.7 21.1 14 16

ME SZ1 F1 SZ2 Bk s 7 JZ ki Ay o &b+
B, Hbum R R ST (A BFRE S
FERBE T RITE) PIep 3 5 RAGHEEE 1.8~2.1,
1.6~1.8, 5k RERE B MNAEB KA SZ3 +115 2
PRI,

5 4

A SCIE AR AT 42 B0 T 1 A U TR
FRAERD ARG b LA AN R 25 R, I xt
ot 1 oA 3R IR B gedl & 50UR IR I 2=
Sto FET R S R B2 B 3 RN B
FLIEEME B ORI AR, BT T A U I
XS HEH AR RE R DL R S UG R R T E
MZE5e, [FIRHARNGRST 1 RAR M S5 77 J2 X b

Bk B I A UG R BRI . EE AR
_F:

(1) BB 2 RIS RRE, 25 EHK
TR SRH/NAEE . SR ZWIER, KikE
WA EEREEE RAIRE E, MBS
IS i A IS e w7 o) T e
WY WHLH LR ZE B ENE, SHLENE
= AR, b2 AT DR b 1
LA M T o AP ) - J2 P B B R 1 o

(2) METAfT - R h R R W, 2% 5 il 7k
WAEREI B T R RT, 3 MRIRBE AR PR A& 2 2 5
RET 118%. 116%F1 121%, & s M4 s &
FRIHL T HE G BRI SEE SR . KKAE
WEFRZR AT S5 I B K 7R ERE 7, RIS JLAE



1384 H +

71

=5 2026 4F

IR L B R gg bt K, I H AR
JEF R BTN KAR N . £ 712 00+ 1 hE
JEHAET S EAERRIR&E ), HaofmE
WG D J2 bR s AL A% S /N Tk 2 AR o
T2, R AT b G AR

(3) MG I AiRE, 4G ERMHE
TS5 T 2R 35 Re A A8 v A 0 B8 [ 2 AN o BEL 7 (9
KA, HoAn G IR BOR R s sy, Hfh
JHMENE K THEG G RN KA it BA 4
(ORI BE BEL T A4, HAE B il g it 26 1 R e AH B T
INEARLEAETE K o RF 12 AR 2 (AT A R i 22
YER R b sl DR AT . EH R R TR E
ok R e, B A S R SZ2 Fi SZ3
(RIS e g 20 SRR T 132%A0 143%, F B4R 2
oA 30 R IR S SR AR

(4) BEAEERH g 53 A 2B, oA 25 e AT
A E R FO M A B E R, 3 AR
Ak 3 BELAE ) 28 BHL 77 43 3R T 109% - 107% Al
148%. AL THL R, 340 5 R AI 2 & 25
ST IR B BH 77 38 58 R E 08 1.9~22 Al
1.8~2.4, PIFH R IK T 270 FRAT U B2 7y 5T
R ZER, EomUEEE T2/MaE. HELm
R R P A0 R B 3 5 R A A S A, HL
58 R ACEA TR E R

(5) MEunFHy-Prom o B 26 R B, 5 K
AR AS R vt £ 0 JZ A st BH 0 3506 B 3 v, ik
ME SZ1. SZ2 F SZ3 J& 2% Jm ik vy B 77 14 5% Z %53 31
22, 23 F 2.5, HAEREREEM ARG ER
X A it BEL 7 (3G s R 22 RN, TR B S A
J2 B AT sty S VS 38 T s 5 A PR AR G A v L )
STV SR G N BT AN R R N
KAz LU KA it — 2D AR B

2 % X W

[1] A&, SER, &Sl 5 KEREERETK

BRI S T SITERTFET]. 5 1 J1%, 2020,
41(8): 2746-2755.
WAN Zhi-hui, DAI Guo-liang, GAO Lu-chao, et al. A
practical method of calculation of bearing capacity and
settlement of large-diameter post-grouting piles[J]. Rock
and Soil Mechanics, 2020, 41(8): 2746-2755.

[2] ZHANG Z, GONG W M, DAI G L, et al. Enhancement
of load bearing of post-grouted drilled shafts based on in
situ tests[J]. Arabian Journal of Geosciences, 2021,

14(1): 32.

[4]

[6]

(8]

[9]

[10]

[11]

ZHANG J Q, ZHAO C, ZHAO CF, et al. Theoretical and

experimental study on elastic—plastic—sliding load
transfer model for pile tip and pile side postgrouting
piles[J]. International Journal of Geomechanics, 2025,
25(4): 04025042.

GOUVENOT D, GABAIX J C. A new foundation
technique using piles sealed by cement grout under high
pressure[C]//Offshore Technology Conference. Texas, USA:
[s.n.], 1975.

SZE J W C, CHAN K M. Application of shaft grouting
technique in  deep  foundations-Hong  Kong
experience[C]// Proceedings of the Fourth International
Conference on Grouting and Deep Mixing. New Orleans,
Louisisna: American Society of Civil Engineers, 2012.
LAIV Q, KEAWSAWASVONG S, SHIAU J. Analysis of
shaft-grouted piles using load-transfer method[J].
International Journal of Geosynthetics and Ground
Engineering, 2022, §(4): 1-10.

THIYYAKKANDI S, MCVAY M, NEERAJ C R.
Full-scale axial load response of jetted and grouted
precast piles in cohesionless soils[J]. Journal of
Geotechnical and Geoenvironmental Engineering,
2022, 148(6): 04022030.

THIYYAKKANDI S. Post-grouted deep foundations:
individual and group responses[J]. Indian Geotechnical
Journal, 2024, 54(1): 301-314.

JIEME, WES, A, ST A AR S
FMEACT ARHLHRIE AT FT[T]. AR TR 4R, 2023,
56(2): 80-91.

WAN Zhi-hui, DAI Guo-liang, ZHOU Feng, et al.
Experimental study on lateral bearing mechanism of
distributed post-grouted pile in cohesive soil[J]. China
Civil Engineering Journal, 2023, 56(2): 80-91.

ZHAI D Z, ZHOU F, ZHOU J F, et al. Experimental
study and numerical analysis on bearing characteristics of
large diameter ultra long bored piles with post grouting
on the tip and side[J]. IOP Conference Series: Earth
and Environmental Science, 2018, 189(2): 022024.
Bk, TiERE, BERE, & OmRCE R RERE K
Tt HEAB MR IR I BT TE[T]. EHA 24k, 2022,
43(3 T 1): 287-295.

RAO Shao-hua, WAN Zhi-hui, LUO Zhi-cong, et al.
Experimental study on bearing behavior of large-diameter
post-grouted rock-socketed pile in strongly weathered

rock formations[J]. Journal of Building Structures,



/;%—

4 1

JIEREEE: 3 UR IR T 2R R ELAR BEE AR A SR ERE X BT 7T

1385

[12]

[13]

[14]

[16]

[17]

(18]

[19]

2022, 43(Suppl.1): 287-295.

CAO S, WANG Q K, MA J L, et al. Experimental
investigation of vertical bearing characteristics of composite
post-grouting piles in sandy soil[J]. International Journal
of Civil Engineering, 2024, 22(2): 303-315.

SAFAQAH O, BITTNER R, ZHANG X G. Post-grouting
of drilled shaft tips on the Sutong Bridge: a case
study[C]//Proceedings of Geo-Denver 2007 Congress:
Contemporary Issues in Deep Foundation. Denver: [s. n.],
2007.

EBAR, £, R, SRR LS A o i R A 2
PERERIIRIE T FLI]. & 71, 2023, 44(11): 3091-3098.
WANG Wei-dong, WANG Meng, WU lJiang-bin. Field
study on the ultimate bearing capacity of enlarged grout
base of pre-bored grouted planted pile[J]. Rock and Soil
Mechanics, 2023, 44(11): 3091-3098.

NGUYEN M H, FELLENIUS B H. Bidirectional-cell
tests on two 70 m long bored piles in Vietnam[C]//
Geolnstitute Geo Congress. Reston: Geotechnical Special
Publication, 2014: 482-496.

RIER, BITRR, FE4EH], 4. thSelRi BT ailio by
T T I BRI I]. 5 072, 2020, 41(10): 3491-3499.
ZHU Jian-min, YIN Kai-cheng, GONG Wei-ming, et al.
Discussion about several issues of bi-directional load
testing in Chinese, American and European standards[J],
Rock and Soil Mechanics, 2020, 41(10): 3491-3499.
AW, ARAROR, REIR, BF. BT S SEEIEE
HARVAIGHT FE[I]. & 77%%, 2019, 40(8): 3011-3018.
CAI Yu, XU Lin-rong, ZHOU De-quan,et al. Model test
research on method of self-balance and traditional static
load[J]. Rock and Soil Mechanics, 2019, 40(8): 3011-3018.
JEE, e, X, S5 R IA R A R R
FRERMEBERF FT[T]. MR, 2023, S3(HEF 1): 31-37.
ZHOU Xiao, WANG Cheng-cheng, LIU Xin-hua, et al.
Research on load bearing performance of post-grouting
bored piles in deep and thick pebble layer[J]. Bridge
Construction, 2023, 53(Suppl.1): 31-37.

By, JIERE, BE R, 55 MR ICE EREANE BT
J5 e SR e BE B 1 R R P IR B TS (0], &A1
TR, 2025, 44(3): 721-736.

DUAN Chang, WAN Zhi-hui, DAI Guo-liang, et al.
Experimental study on the fundamental properties of
coral-reef limestone and the vertical bearing behavior of
post-grouted rock-socketed shafts[J]. Chinese Journal of
Rock Mechanics and Engineering, 2025, 44(3): 721-736.

[20]

[22]

[24]

[25]

[26]

[28]

GONG W M, ZHANG Z T, LIN Y F, et al. Full-scale
field test study of bearing characteristics of post-grouting
pile for offshore wind turbines[J]. Ocean Engineering,
2023,268: 113451.

LIU S W, ZHANG Q Q, LI H T, et al. An analysis method
for the response of combined side-and-tip grouting pile[J].
Acta Geotechnica, 2023, 18: 3715-3729.

FRERE. JGI/T 403—2017 #EFUFENE A PrF 05
BORMRE[S]. Abmt A SR T Rk, 2017,
Southeast University. JGJ/T 403 — 2017 Technical
specification for static loading test of self-balanced
method of building foundation piles[S]. Beijing: China
Architecture & Building Press, 2017.

JERE. REARG RN AR U & T Uik
R F B TLBE D] BAT ARERE, 2019,
WAN Zhi-hui. Research on enhancement mechanism of
bearing capacity of large-diameter post-grouted piles and
design method based on settlement criterion[D]. Nanjing:
Southeast University, 2019.

WAN Z H, DAI G L, GONG W M. Field study on
post-grouting effects of cast-in-place bored piles in
extra-thick fine sand layer[J]. Acta Geotechnica, 2019,
14(5): 1357-1377.

PRAKASH S, SHARMA H D. Pile foundations in
engineering practice[M]. New York, USA: John Wiley &
Sons, 1990.

ZHANG Q Q, LI S C, LI L P. Field study on the behavior
of destructive and non-destructive piles under
compression[J]. Marine Georesources & Geotechnology,
2014, 32(1): 18-37.

i, WESE, B4, . OGLOUMME BERE R
ELAREEE AR B PRI R [T]. AR R R
2RI (A SRBIEIR), 2019, 49(4): 688-695.

GAO Lu-chao, DAI Guo-liang, GONG Wei-ming, et al.
Application of FBG sensors in self-balanced test method
for bearing capacity of large-diameter cast-in-place
piles[J].
Science Edition), 2019, 49(4): 688-695.

A BRI B BEA FR A 7] JTG 3363—2019 24
M I 5 BRI VT RVELS]. Abat: A RS At
2019.

CCCC Highway Consultants Co., Ltd. JTG 3363—2019

Journal of Southeast University (Natural

Specifications for design of foundation of highway
bridges and culverts[S]. Beijing: China Communications

Press, 2019.



