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Three-dimensional numerical analysis of
soft ground consolidation characteristics under negative pressure

LIU Wei', LI Ping" >, LAI Jianying', LI Zhenghui'
(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China;
2. Engineering Safety and Disaster Prevention Institute, Hohai University, Nanjing 210098, China)

Abstract: Based on the three-dimensional Biot consolidation theory, the soft ground consolidation process under
negative pressure was calculated with the three-dimensional finite element method by means of ABAQUS software,
in which the modified Cam-clay model and the homogenization method of hydraulic conductivity were used and the
smear effect was considered. The numerical results with different loading methods and varying hydraulic conductivity
and depths of sealing were compared. It was found that the three-dimensional finite element method can reflect the
consolidation process under negative pressure more accurately, and the calculated results with nodal loading in the
sand cushion agree with the measured data. When the variation of hydraulic conductivity with the void ratio is
considered, the results of surface settlement, settlement trend, and the degree of consolidation are closer to the

actual conditions. The optimal effective depth of sealing is about 3 m.

Key words: negative pressure; soft ground consolidation ; three-dimensional finite element; nodal loading; varying

hydraulic conductivity; depth of sealing
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Table 1 Primary physical parameters of soil layer

+ W p/ WFLBRLL I IEI R S AL
- (kg - m™) €0 A K M v
DI 1. 89 0.924 0.19 0.019 1.20 0.3
AR B2 £ 1.77 1.476 0.25 0.025 1. 10 0.3
WE+ 1. 85 0.954 0.21 0.021 1.52 0.3

b 1. 95 0.815 0.3
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Table 2 Hydraulic conductivity of influence area after soil homogenization

+ )2 k/(em - s7") ky/(em - s7h) k/(em -+ s7h) n s F,/F, ky,'/(cm - s7h)
WHi+ 4.00x107% 1.20x1077 6.00x1078 17. 14 3 0. 6616 7.94x1078
b1 AD h ot 1.30x1077 1. 17x107° 5.85x1077 17. 14 3 0. 662 7.74x1077
WH+ 1.30x1077 1.17x107¢ 5.85x1077 17. 14 3 0. 662 7.74x1077
b L 1.20x1077 1.36x1073 6.80x107* 17. 14 3 0. 662 9.00x107*
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Fig. 2 Layered settlement at center of reinforced area Fig. 3 Lateral displacement at edge of reinforced area
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Fig. 5 Surface settlement curves with different loading methods
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Fig. 4 Pore pressure at center of reinforced area
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