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Abstract: The load-settlement characteristics of a single-pile composite foundation with steel pipe
piles are studied through field tests and numerical simulation with the aim of strengthening the
weak foundation of a passenger-dedicated line tunnel and understanding the stress state of the pile
foundation after reinforcement. The variation rule of side friction, axial force, and bending mo-
ment of the pile body are also discussed. Results show that the P-S, S-lgt, and S-lgp curves ob-
tained through field tests lack distinct feature points that are useful for determining ultimate
bearing capacity. The characteristic value of the ultimate bearing capacity is 200 kPa in accordance
with the code. Numerical simulation can be used as a necessary supplement to field tests in ac-
cordance with the total settlement of steel pipe piles in numerical simulation and the normalized

curve of load settlement. Numerical simulation results show that the axial force distribution of
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the pile body has a D-shaped pattern and a maximum value of 59.8 kN. Negative skin friction re-

sistance falls in the range of 2 m from the top of the pile with a maximum value of 130 kPa, and

the rest of the pile exhibits positive friction resistance with a maximum value of 50 kPa. The neu-

tral point of the pile is not unique. A small bending moment exists in the upper part of pile body,

and its influence on the stability of the steel pipe pile can be neglected.

Keywords: railway tunnel; load-settlement characteristics; experimental research; composite

foundation with steel pipe pile
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Table 1 Physical and mechanical parameters of foundation soil

S W FAKE T % R W, SRR Wp T Sl WEEHE A ¢ B R E
" (g cm™) /% /% /% /% /kPa i) /GPa
HE 1.69 21.17 1.39 31.96 16.40 29.20 22.32 0.2
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Fig.1 Steel pipe pile placement
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Table 2 Field test results

1.1.2

fif #5590 it #/kPa  AHIIKE/mm  RIHPIHE/ mm
1% 45 1.48 1.48
%2 %% 90 1.84 3.32
%3 % 136 1.58 4.90
9649 181 1.37 6.27
%5 9% 226 2.10 8.37
9556 %% 271 1.79 10.16
9T % 317 1.87 12.03
o8 Y 362 1.64 13.67
%9 9% 403 1.46 15.13

5010 9% 452 2.33 17.46

%11 % 498 1.51 18.97

#1214 543 2.14 21.11

#5134 588 1.74 22.85

414 R 633 1.30 24.15

15 9 679 1.29 25.44
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Table 3 Numerical simulation parameters
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i 7K 3% ) W FRPER R E

R /kPa /(kN + m~#) J(kN + m~%) /kPa /(g e em ) /GPa T
i 30 2.68e7 2.68¢8

T 3ty 57T - - 98.9
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Table 4 Settlement values under various loads

MiEREYS BRI/ kPa RV /mm BTV /mm
1% 45 1.55 1.55
952 %% 90 1.81 3.36
%3 % 136 1.81 5.17
9549 181 1.49 6.66
%5 % 226 2.26 8.92
956 2 271 1.74 10.66
ENE 317 1.81 12.47
58 Y 362 1.94 14.41
%o % 403 1.55 15.96
%10 % 452 1.49 17.45
%11 498 1.61 19.06
#1294 543 2.19 21.25
13 9 588 1.81 23.06
5514 G 633 1.21 24.27
515 9% 679 0.95 25.22
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Fig.8 Normalization curves of load settlement obtained

from experiment and numerical simulation

YR 25.22 mm, AR 56 045 19 BT
JLF—%, TR AsE Ay B 7 0] 26 . KR R J8L A9 i 28 T R
2 AR TR AT R R . R T i — 25 R E
AL A T A L X 8 4 et R T AR M R R A T U —
fE7Ab 3, P8 A AR Ak R AR — B U B
BT DAAE Ry B33 56 1) — Fh 4 72

P9 b B (i 1530 v R AR o A 1) 8 1) 2 B o
9 AT 1A S8 U B R TR e AR AR AR A v
Vi) PR A 4= 52 B A L 5% 1) 457 % 1R B9 4 B b0 1) DU R %
WD, A ERALES KT R ERALRS , 5 AT
O A L TN 28 00 DR AR T L) A

T

o - DISPLACEMENT
- B TZ. m
25 ) +0.00000e+000

- - - 27.3%
-1.49396¢-003

27.7%
-2.98791¢-003

37.5%

-4.48187e-003

5.7%
-5.97582¢-003

0.9%

-7.46978e-003

0.3%
-8.96373¢-003

0.1%
-1.04577¢-002

0.1%
-1.19516e-002

0.0%
-1.34456e-002

0.1%
-1.49396e-002

0.0%
-1.64335e-002

0.1%

-2.52275e-002

B9 HAEZSELEHE

Fig.9 Vertical displacement nephogram of model
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Fig.12 Change curve of side friction force with pile length
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