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Finite element method analysis of bottom upheaval of deep foundation pits in
soft-clay ground due to excavation

CAO Li-qiao
(China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan 430063, China)

Abstract: The construction of deep foundation pits in soft-clay ground relates to dewatering problem. In the traditional design,
the elastic resistance method is commonly used to calculate their rebound deformation without considering the effect of
dewatering. A three-dimensional finite element model is established to simulate the excavation processes of deep foundation
pits with or without considering engineering piles on the basis of seepage consolidation coupling by means of ABAQUS.
Through comparison and analysis, the basic upheaval rules of pit bottom are summarized. The influencing factors for the
bottom upheaval of deep foundation pits are analyzed. The conclusions are drawn as follows: the soils are compacted during
dewatering; the foundation pit exhibits plastic upheaval; the dewatering is in favor of the stability of the foundation pits; the
engineering piles in the foundation pit in soft-clay ground play an obvious role in inhibiting its bottom upheaval.

Key words: upheaval deformation of pit bottom; excavation and dewatering; seepage consolidation coupling; compaction;
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Fig. 1 Classification of bottom upheaval of foundation pit
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Fig. 2 Sketch of foundation pit and FEM analysis model
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Table 1 Physical and mechanical indexes of foundation pit

I I A T VAR

/m /(KN'm ) /(m*s ™)
® 1.78 18.8 091 0.08 0.006 1.3 0.3 1x10”
@ 7.45 18.8 091 0.08 0.006 1.3 0.3 1x10~
@ 8.85 172 138 0.11 0.009 1.0 0.35 3x10°
® 6.60 185 0.98 0.11 0.009 1.2 0.3 1x10°®
® 3.70 20.0  0.68 0.07 0.006 1.2 0.3 1x10°

@, 4.70 189  0.86 0.06 0.005 1.3 0.3 4x10°
@, 16.92 192 0.77 0.04 0.003 1.4 03 1x10°
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Table 2 Steps of excavation construction of foundation pit
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Fig. 3 Curves of pit bottom upheaval in model A
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Fig. 4 Curves of pit bottom upheaval in model B
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Fig. 5 Curves of pit bottom upheaval in model C
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Fig. 6 Curves of pit bottom upheaval in model D
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K8 M YU RAFAE TREMENG DL B BB B AT 2R
WEEL R U IR L AR R AR i 2

YA LR [ 3 /mm FEHPy LR [E #/mm
—30—60—40 -20 0 20 40 60 80 -80-60-40-20 0 20 40 60 80
T T, ) ' 0 A i
20+ 201
A
40 40,
§ S E
#
5 K
60+ 60}
- ¥
g
801 I 80+
-
b
- 4
100L pe a% ; 100L

B AR Bl 5 /mm B AR Bl 5 /mm
-80-60—40-20 0 20 40 60 80  -80-60-40-20 0 20 40 60 80
° i
20
Hi
a0t
g £ S
) )
% 53
60
R
S bk
80
-y K
i
100 By A
(d) 42.5 mik

8 FHEIEHERMEKFIZMNKELZSNRET L%
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