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Analysis of internal forces and displacement of pit supporting structure with
scattered row piles considering soil arching effect

GU Hai-dong', YANG Min®

(1. Zhejiang Provincial Institute of Communications Planning Design and Research, Hangzhou 310006, China;

2. Department of Geotechnical Engineering, Tongji University, Shanghai 100092, China)

Abstract: Two groups centrifuge tests of pit foundation supporting with scattered row piles are carried out by Tongji University.
Combined with three-dimensional finite element numerical simulation, the suitability that the specification method is used to
calculate the internal forces and displacement of pit supporting structure with scattered row piles is explored. In addition, a theoretical
calculation method of earth pressure of pile considering soil arching effect is proposed. Finally, the calculation model of internal
forces and displacement of scattered row piles considering soil arching effect is created. The results show that, for pit supporting
structure with scattered row piles when the ratios of pile spacing and pile diameter are 2, 3 and 8, the soil between piles can’t form
soil arching effect. In addition , when the ratios are 4-7, the soil arching effect between piles is obvious. The results of pile internal
forces and displacement by specification method are larger than the result by centrifuge test. Furthermore, the pile internal forces and
displacement of pit supporting structure with scattered row piles calculated by the proposed calculation method are more reasonable.
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Fig.1 Calculation model of pile internal forces by
specification method
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Table 1 Physico-mechanical properties of soil
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Table 2 Results of centrifuge model tests
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Fig.3 Centrifuge model of scattered row piles(unit: mm)
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Table 3 Relationship between acceleration and
prototype size

I g DEE H/m G L/m BB EAS D/ m

1 0.2 0.40 0.02
10 2.0 4.00 0.20
20 4.0 8.00 0.40
30 6.0 12.00 0.60
40 8.0 16.00 0.80
50 10.0 20.00 1.00
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Fig.4 Dynamic monitoring system by camera
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Fig.7 Forms of soil arching
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Fig.8 Bending moment diagrams of pile
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Table 4 Calculation parameters of FEM model

ok} E/MPa v c/kPa  o/(° ) P(kN/m’)
Bk 70 000 0.20 27
Tk 30 0.35 7.5 33.7 19
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Fig.9 The results of FEM
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Fig.10 Horizontal displacements of top soil versus time
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Fig.17 Earth pressure along pile (results of different

calculation methods)

B EL, SRAMEIEGEM Tto THE A 21
BEM - e ) 5 S gl R LW, 6T AR ST ST
WO Ry 1, BTN ER S k IHUEE A 0.2~0.6,
SEEMELA A 0.4, 24 B/D=6 ItF, k Bk, Bt
BEON R PR ARG

5 BEEWLEZBITE

Bl 18 NERHENESZ Y EEGURE & N ) ST
AL

p()

1

—

18 HetEW St AR

Fig.18 Calculation model of row piles internal forces
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Fig.19 Relations of internal forces and displacements of pile with pile locations
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