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Study of bearing performance of steel pipe settlement reducing pile
with pile cap based on uniform design
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Abstract: Based on the uniform design, the influence of pile cap, cushion, pile spacing and pile length on bearing capacity of
settlement reducing pile foundation has been researched through six lab model tests with 3x4 pile group. Earth pressure, axial force
of pile shaft, and tunnel settlement are measured under the different load of immersed tunnel. Owing to the application of the uniform
design, the test data can be analyzed with the mathematical statistics methods such as correlation and regression analysis, and the
significant degree and influence effect of the four influence factors on the settlement are estimated. Different from the traditional
single factor optimization, this approach makes it possible to study the comprehensive influence of the pile foundation on the tunnel
settlement under the multi-factor and multi-level conditions. The result shows that the influence of pile length, pile spacing and pile
cap on tunnel settlement varies with the increase of the external load, and that the cushion and the pile cap interacts with each other,
having a joint effect on the tunnel settlement. Finally, with the back analysis based on the fitting results, one optimum combination is
obtained among 432 combination forms and verified in the successive test, which provides a new effective and practical way for the
optimum design.
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Table 1 Model test design

wn  BEK B B SRR
T L
/cm /cm /cm / (cmxcm)

1 120(30D)  28(7.0D) 10.0 H 112x84

2 140(35D)  14(3.5D) 5.0 56%x42

3 160(40D)  32(8.0D) 128%96

4 180(45D)  20(5.0D) 12.5 H 80x60

5 200(50D)  36(9.0D) 7.5 H 144x108

6 220(55D)  24(6.0D) 2.5 96x72
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Fig.1 Sketch of load test
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Table 2 Parameters of sand for tests
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2.65 9.70 1.55 1.41
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Fig.2 Pile caps
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Fig.3 Model piles pressed into soil
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Fig.5 Layout of pressure cell in the soil and
on the top of piles

24 REPSBEARL N

A YRS F B R T T TRURC A R e 0 48
B, IMEE S B RS O T IRUE ISR
S A, A T mEEFEN 1000 kKN 13 ET T
T, HELeAH YCR FH 24T O 7 2o, ik
5 INAHTE T UG FH RS % R R 3 3T T
RLIAR A2 o IR FH P SR A 28075, 70 10 n#k
FERINBAERF 1 h, BZNEUE7E 5. 10, 15, 30,
45, 60 min W Ez—Xk, EEN EHERTE] 0,

3 RE AR KT

3.1 BRI AR ST
3.1 A E-UiRER
g B HE R U FOIHE, HEDUE IR A

IT

1 %/ kPa
0 200 400 600 800

1000 1200

K/ mm
40 | —e— 30D
—a— 35D
50 F —— 40D
—»— 45D
60 F —=— 50D
—o— 55D

0 L —o— Kahs

B 6 VLB M- MLk

Fig.6 Curves of tunnel load vs. tunnel settlement
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Fig.7 Acxial force curves of pile
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Table 3 Correlation coefficient between factors
and tunnel settlement

A4 AFPUE S (kPa)yD U DRI RS-

/cm 100 200 300 400 500 600
BEK 1205220 -0.023 -0.044 -0290 -0.440 -0.697 -0.808
BEEE 1432 0.696 0732 0.638  0.547 0400 0.328
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Table 5 Significance test of regression results
about equation (8)

[EVEES QR 5L Pl

I AR Fik RERMR

fite /el 36.351 72753 0.009
PEK: Xy -0.116  -48.334  0.013
P X, 0.158 10229  0.062 773.013 1.000
T xs 11.671 14749 0.043

PEIE 82 xaxy -1.013 -13.946 0.046

B FE R E PR S F=773.013, KTR4%
i FHE F,, = 55.83, ULHAAS [ AR f A A0 R AR i
y PETRERW. NUEIEEMES, Yo R
R* =1.000, JL°F 100%1) )5 Z#5) .

TEALIR 22 T AU 1) SE B ] N, A AN A2
TR R B, TR B RN A
A (R R BOHAT WA TR, B ¢ A . XET
2B IR AT o =0.10, M ¢ 23 A e a] LA H Il
FHE 1, =1.638, RIS FE& REUM || KT e, W
DT N BB AR B . Kb, MEEA K 4 3
Fo o AT RIS E I AL A R AR LT . &
6 MR FE TS 45 3

R 6 UIRFEESLNESTHEMER R
Table 6 Comparison of measured and calculated
values of settlement

. Y W) YRR A=Y-Y AR5 22

/ mm / mm / mm /%
1 28.52 28.40 0.12 0.43
2 22.29 2232 -0.03 0.15
3 22.80 22.85 -0.05 0.21
4 17.61 17.64 -0.03 0.17
5 22.88 2291 -0.03 0.14
6 14.76 14.62 0.14 0.93
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Table 7 Optimum combination of factors
PEK: PEYE HZ v DURETIIE ST TRIBU B
/ T 2
cm /cm /cm / mm / (m/m”)
200 36 10 H 20.38 15.43

42 REDTERBAE

HRPE A S B E 7 R b &5 1, R Bt
DT T E T 12 415 28805, i
B AT FID IR 5 ARG A 7] o RG22 8.
¥ — RSB G RNECAER 8 21 12
Y H br R EE R U DT T . B 8 vl %N, X
S EOE /W ok B3 21 13U D B0 (B R S e
WA BT BRI 4.1 IES TS 2 i
44 (200 cm, 36 cm, 10 cm, AHEME) ML S
SEMMI R ZEACA 12.5%, ARIL T 30 38 7 il
BT AT — e .

RS RW S HEIR WG S THEAEN
Table 8 Comparison of settlement between measured
and calculated values at each model test

ik UikEsE XS
BB G4 W R

/ mm / mm /%

R MK B B2
%5 /em /em  /cm

1 120 16 10.0 ¥ 2496  18.78 32.9
2 120 24 6.0 P 2622  23.94 9.5
3 120 36 6.0 H 3371 24.59 37.1
4 120 36 10.0 ¥ 2812 2828 -0.6
5 160 16 2.4 ¥ 2032 1815 12.0
6 160 24 10.0 ¥ 2158 2337 -7.6
7 160 36 2.4 P 2348 2671  -12.1
8 160 36 10.0 H 2502 25.59 -22
9 200 16 10.0 H 1722 1962 -122
10 200 24 2.4 ¥ 1694 1927 -12.1
11 200 36 2.4 H 28.08  24.47 14.7
12 200 36 10.0 H 2038 2329  -12.5
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