540 & 52 1
2026 4F 4 A

F= N SR D 5 N

Geotechnical Engineering Technique

Vol. 40 No. 2
Apr, 2026

SCE S 1007-2993(2026)02-0237-08

R 5 T AR Rtk
A 5 BE BH ) A B 5

mo AAERIR kR
Q1. gy T AR R S A AR AR i Be A RN D, LI 200063; 2. [RIGFK2: £ AR T AR M 23S
TRFR, B 200092)

U] BERAAAEARSS R, QAR b T AR A2 B R A 33 A 23 it T ME 20T, 7578 FESE R SRR REL ) o ASSURHE RS AR v
UHARCHEA PR R, 38 i =2 FROTRE RSB SO 9 52 5 Mk | AR £ SR IR AEIE A, — b7 5t N SEAE S BE L) Al ik . WF
FEA RN AR RS 5 i nT AN T AARE BE T, MR 5 SR R AR A s KITRBE EE N 0.33 ~ 0.44; Jili T3] - (A& 450 vl b ik
SR BERH 35 B 19 52 Mk v, i BSOS -5 A 4 5K D RSSO T, A 1 R 0 b B er 28k, B/ 1 SRR R T o ST
SRR OR TR AR 2T PR il DX R A 67 R BE 3 B T3 B A S S (.

(RSB Bt SEERH ); HE IR 25 M ks R 15 kil AL

[FESZES] TU473 [caftRiIRE] A doi: 10.20265/j.cnki.issn.1007-2993.2024-0578

Distribution of negative skin friction of pile foundations with different mechanical
characteristics under ultra-thick soft soil conditions

XIANG Li' FU Guoshun' ZHANG Zhen?

(1. East China Electric Power Design Institute Co., Ltd. of China Power Engineering Consulting Group, Shanghai 200063, China;
2. Department of Geotechnical Engineering, College of Civil Engineering, Tongji University, Shanghai 200092, China)

[ Abstract] When there are soft soils around the piles, and large long-term load or ground surcharge is applied adjacent to the
pile foundation, the negative skin friction should be considered. Previous studies have not taken into account the influence of pile
foundation form on negative skin friction of the pile foundation. This paper investigates the distribution characteristics of negative skin
friction of pile foundations under different working conditions through a three-dimensional finite element numerical model, including
pile-net composite foundation, pile-cap foundation and pile-raft foundation, based on a soft ground treatment project at a certain substa-
tion. The test results present that pile-net composite foundation may not need to consider negative skin friction. The neutral point depth
of pile-cap foundation and pile-raft foundation is in the range of 0.33 to 0.44. Ground consolidation during construction may reduce
skin friction. Due to the arching effect and membrane effect in the pile-net composite foundation, the pile carries majority of external
load, leading to a significant reduce in skin friction. The research results are valuable for the design of negative skin friction of pile
foundations in areas with thick soft soil under large area surcharge.

[ Key words] soft soil; negative skin friction; pile-net composite foundation; pile-cap foundation; pile-raft foundation
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Tab.1 Physical mechanical parameters of the soil

% RR=EAN i/ (KN-m™) Fhi® J1/kPa PIBEHEAR/(°) JE4iifiit/MPa HEL/N 4
A 20 10.0 35 20.0 0.3
R 20 5.0 38 35.0 0.3
@, Bt 18.40 19.3 13.0 3.6 0.3
@, e 16.70 8.4 8.5 22 0.35
@, e 16.50 9.5 8.9 3.0 0.35
® IR TR+ 17.90 13.8 10.9 6.0 0.32
@, it 18.70 26.0 12.2 10.8 0.3
@, Bt 18.50 25.1 10.9 10.0 0.3
®, YRR B 1 19.10 12.0 25 214 0.3

JEAGHE, HEEIEE 3 m, AEIE/E 1.8 mx1.8 mx0.5 m, A
TOUR SRR B UE T3], SO B 1.65 m, LIS
TREE T8 BN C30. I 2R 300 mm, #Y)z
SR FHRBCREAT, SR FH B2 0] £ TAS M E A HH B 7EME
ME T, = TASHERAS 5% R ARIEE A 1500 kN/m,
BURIGEEE A 110 kKN/m, ikt IEAR R A A 2%,

(2) FFEFHER MR G JLhl . FEpR AR
4 550 mm 1) PHC &4k, BEJE 110 mm, HHK 52 m, 1E
IrTEATHE, BERIEE 3 m, 7&K &5 R 4. 8mx1.8 mx0.5 m,
FETIUR LR AT 3 04], BUE S 1.65 m, 1T
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(3)) B3 2R MR L mlt o FEAE R FHAEAR R
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Tab.2 Parameters of the pile-soil interface

T2 B IEE/GPa VIIEIWIEE/GPa FH2R J1/kPa
OF =5 3650 3650 220
@, IR 3650 3650 13.5
@S/ = 3650 3650 22.0
@F+ 3650 3650 60.0
@3+ 3650 3650 55.0

h TR A b3 | R 2R A AR 5 3
Bilt A S R T R 2 A A R Al 3 gy it B AL £
JEERH I 0, RaV R T 45 1 5 (A B A TR ], A TR
ZRAFIR:

(1) Jry S o 8 0 Ak D 5 5 JE A UV A 52 i X35
AR, AEIE LIS 3.5 m, EESITA it
W& R 2R 600 kN, £54 35+ [ 5 4 5 1 Ao
#, 1% 15 kPa S THENE, 408 3(a) R,

(2) Jry 3 2 (M 75 JE it B SR PO A P
A, AR E X AR S A, KB 25 far 3N
3000 kN, 454 4.35 m B4 ST R Ay £, #%
446 kPa i e A& & L, WK 3(b) Fizs .

(3) KT R 3% () T Sl AR & 25 F4
A 900 kN, 25 B EHUK & L& M2 15 kPa Al
2.7 m W3t R H TR A AT 2K, 4% 60 kPa Jifi fin
TEREHUR A L, Wl 3(c) fim.
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Fig.3 Numerical model
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Fig. 4 Settlement of pile-net composite foundation
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Fig. 5 Settlement of pile-cap composite foundation
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Fig. 6 Settlement of pile-raft composite foundation
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Fig. 7 Variation of settlement of pile-net composite
foundation and depth
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Fig. 8 Variation of settlement of pile-cap composite
foundation and depth
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Fig.9 Variation of settlement of pile-raft composite
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