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Deformation characteristics and fluid-solid coupled analysis of a
super-deep circular foundation pit in soft soils

MA Xin', SUN Dean', LIU Shujia’
(1. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China; 2. School of
Municipal Engineering, Shanghai Construction Management Vocational College, Shanghai 201702, China)

Abstract: The characteristics of super-deep circular foundation pit project in soft soil area are complexity,
dangers, and scarcity. It is of great significance to simulate and predict its deformation accurately. As to the super-
deep circular pit with excavation depth of 56.3 m in the deep tunnel project of Suzhou River in Shanghai, a fluid-
solid coupled finite element analysis model based on the Biot consolidation theory was established. The
deformation and force characteristics of super-deep circular foundation pits in soft soil areas were investigated by
combining the actual monitoring data. The difference in mechanism between the fluid-solid bidirectional coupling
analysis (BCA) and the unidirectional coupling analysis (UCA) which is commonly used in engineering to

consider the single effect of the seepage field on the soil skeleton, as well as the difference between the calculation
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results of the two analysis and the actual monitoring data were analyzed. The results show that the lateral
displacement on the side of the circular retaining structure subjected to large bias load increases by 64.7%
compared with that on the side not subjected to bias load, indicating an obvious spatial effect. The fluid-solid
coupling analysis can predict the deformation of the soil and the retaining structure effectively because it considers
the process that water is gradually discharged from the pore with time, and then the excess pore pressure is
gradually dissipated with the change of the volume of the soil. For the maximum lateral displacement of the
retaining structure, the errors between measured and calculated values of the UCA and BCA are 42.35% and
14.35%, respectively. Regarding the maximum circumferential axial force, the errors between the measured and
calculated values for UCA and BCA are 14.30% and 10.27%, respectively. The results of foundation deformation
and internal force obtained from the BCA are better than UCA. This study can provide the basic information for
the design and construction of circular super-deep foundation pits in soft soil areas.

Keywords: super-deep excavation; fluid-solid coupled; numerical analysis; foundation pit deformation; time-

space effect
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Fig.1 Layout of diaphragm wall of the Miaopu shaft
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Fig.2 Schematic of the surroundings of the Miaopu shaft
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Table 1 Model parameters of HS-Small model for each layer soil
+25  p(kNm?)  Ef/MPa EX/MPa EX/MPa  Gf'/MPa  ¢/kPa  ¢/(°)  y07/10°  Hw  PkPa m K, R JEE/m
® 18.8 4.02 4.54 27.88 102.00 6 36.0 2.7 0.2 100 0.8 055 09 3.81
&) 17.0 3.01 3.61 24.05 79.36 3 29.6 2.7 0.2 100 0.8 053 0.6 6.30
@ 17.0 2.41 2.89 19.30 54.03 4 27.9 2.7 0.2 100 0.8 053 0.6 8.70
®, 17.6 3.38 4.05 20.25 52.65 5 30.5 2.7 0.2 100 0.8 049 09 6.70
®, 17.8 4.63 5.55 27.76 72.17 5 31.6 2.7 0.2 100 0.8 048 09 15.40
®, 19.5 5.74 6.89 34.45 89.58 16 324 2.7 0.2 100 0.8 046 09 3.80
@ 19.5 11.58 11.58 46.32 138.96 0 345 2.7 0.2 100 0.5 0.38 0.9 4.60
®, 18.0 4.75 5.70 28.51 67.50 8 32.4 2.7 0.2 100 08 046 09 4.20
®, 18.5 5.63 6.75 33.75 89.59 8 33.1 2.7 0.2 100 0.8 045 0.9 18.90
©, 19.4 14.66 14.66 58.64 146.60 0 37.5 2.7 0.2 100 0.5 036 09 3.50
©,, 20.2 15.69 15.69 62.76 156.90 0 37.5 2.7 0.2 100 05 033 09 8.60
©@,, 19.1 17.21 17.21 68.84 172.10 0 36.5 2.7 0.2 100 0.5 031 09 13.90
© 19.9 10.42 12.51 62.53 135.69 19 31.6 2.7 0.2 100 0.8 05 0.9 4.10
0, 19.4 7.70 9.24 46.22 113.55 16 32.0 2.7 0.2 100 0.8 043 09 8.54
1, 19.3 12.37 12.37 49.48 138.54 0 37.0 2.7 0.2 100 05 036 09 15.70
@ 21.0 15.40 15.40 61.60 172.48 0 36.0 2.7 0.2 100 0.5 032 09 26.00
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