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Deformation characteristics of reinforcement of soft soil foundation with
dynamic compaction gravel pile in hole

WU Xiang-feil, ZENG Hua-jian?, JI Han-ging?, LIU Xue-zhu!, ZHU Si-ming?, ZHENG Hai-bo?
(1. Jiangsu Geotechnical Engineering Company, Nanjing 210018, Jiangsu, China;
2. Shenzhen Sukan Geotechnical Engineering Co., Ltd., Shenzhen 518100, Guangdong, China)

Abstract: Employing a logistics warehousing project as a case study for soft soil foundation treatment, this paper
investigated alterations in the physical and mechanical properties of the soft soil stratum pre and post gravel pile
treatment, as well as the bearing capacity of the treated composite foundation. This investigation was conducted through a
combination of indoor experiments and in-situ testing. An analytical model was developed for a composite foundation
consisting of single gravel piles. The finite element method was employed to capture the deformation behaviour and
dissipation of pore pressure within the composite foundation both pre and post gravel pile treatment, considering
superloading. An in-depth analysis was conducted to assess the influence of pile diameters, lengths, and cushion
thicknesses on the settlement deformation and pore pressure dissipation characteristics of the gravel pile composite
foundation. The findings reveal significant improvements in the physical and mechanical properties of the soft soil
following gravel pile treatment compared to its original natural state. Specifically, the plasticity of soil transitioned from a
flow plastic state to a plastic state, accompanied by a reduction in water content by approximately 22.3%. Moreover, in
comparison to a natural soft soil foundation, the post-construction settlement and consolidation period of the gravel pile
composite foundation can be halved after treatment. To strike a balance between cost and treatment efficacy, it is
recommended that the replacement rate of the gravel pile area be maintained at approximately 0.22. Additionally, it is
advisable for the pile end to penetrate the bottom of the soft soil layer by no less than 1 m, and caution should be exercised in
controlling the thickness of the cushion layer. These relevant conclusions can provide valuable reference for similar projects.

Key words: dynamic compaction gravel pile in hole; soft soil foundation; deformation characteristics; numerical
analysis; soft soil consolidation

Wks HEA: 2023-07-06
e MK (1995—) , 5, WIEEgHA, Wit, TR, ZEMNFHE L TEEARTE. E-mail: 1119433641@dg.com.



70 oA

kb T 2023412 H

it

0 3l

AL BA SRR mRgEE, AR
I3 B[R G T AR AN RARFE, Ra b AT RO A
B T[] Ak B DA A5 3 R 37 Rt B 2 L
P8 A e A P BRI,

B A A 52 5 S AR Dy — il i 7R (1 RO R R A
HEIE, WAL, LR SiEesl,
AEARMPUSANGTBY 51 LA, AbFH A T B 1] [
TSR R AL R A, BT AR
g &g LB S0 D = 1 -9 VA B s a2 iy
Bkt ARt PR -SRI, R AR
giom g5 B LR R STy ikl b, 8 St it
TTE, RELLNBEFEAIERD, HET1E5
RSy CEHO % WEAWRSE. WITERE (T
BE. CFG #E) KERIMENE CHEFERE. Bemiti). 12
THUHL B (D FURSEEE, BAT AR
Rl TREG MRS RE S . (20 S R
SFAFL i T T E RO B BRI, A
VERINLEEAFIE R R 2 5 o XT3 55 L PR i b
T E SR BE RS R A S R S, BRR
RGN, SR AR T T AR L
B, N S B Y BRI L R AR B KR, R
ISR AL i T3, B el B e 5 5%
TR SRR G HEE, FERINAE Y B m HEK
BB (=) /IPE % 716 Y T P =TT N w2 LB 2 s L

AR 25 7K SR i R A 3 TR e ]
T 2 P b ARS8 R JE AR, LN SR I e A
Y OSSR TR R RN R R G D S R A 1 RS
WA S R - BT 2% S AR 2 28, R
A BRTTTTE, 73T FLPN SR S5 A AR AL B BT i A 1)
T BEAY) P T ) SRR AR AL S A R R AR
JitEOL, Bl JE R A IR T 77 Wi BEAC BE AT
B i 28 1 P T (90 1 3 T B 5 LB K R 0 I
AL, JEAESLIEA b, D0 R A I R 4
FEPE RIS HOEAT 204, LA TE 9 S5 A A
AR - S AT A, PR SR AR BEROR

1 I R

1.1 HERIER

B (W T P I o O 770 Ly P2 D
PEX 3k, AT MR ER FT AT TIE R AR, IS5
B, TEBMAEIEE 4~8 m (1) R 46 e R

FFTE, RS A . 5 7 RS
B 1 fis.
*1 FEHERHRMER

Table 1  Description of main geological conditions
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Fig. 1 Plane layout of dynamic compaction gravel piles
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Table 2 Physical and mechanical parameters
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Table 3 Parameters of direct shear and consolidation test
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Fig. 2 P-S curves of static loading tests for dynamic
compaction gravel pile composite foundation
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