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Strength reduction method for safety coefficient of heave-resistant stability of
asymmetrically-loaded excavations in soft soil areas

.1 . 1 . .2 2 . 1
SHI Li’, NI Ding-yu', YAN Zi-hai”, CHEN Juan®, HU Min-yun
(1. College of Civil Engineering and Architecture, Zhejiang University of Technology, Hangzhou310014, China; 2. PowerChina Huadong

Engineering Corporation Limited, Hangzhou 311122, China)

Abstract: A two-dimensional finite element model incorporating the strength reduction method is established to study the base
heave problem encountered in asymmetrically-loaded excavations in soft soils. The parametric studies are conducted to investigate
the influences of distribution range, distance from the bracing structures and amplitude of the asymmetric loading on the
base-heave resistance factor. Meanwhile, comparisons are made among the above numerical results, the limit equilibrium method
and the limit analysis method. The analysis results show that the heave-resistance factor decreases when the distribution range of the
asymmetric loading increases or the distance between the asymmetric loading and the bracing structures decreases. The base-heave
resistance factors of excavations with different depth/width ratios all show a linear decrease with the increasing amplitude of
asymmetric loading. Compared to the strength reduction method, both the Terzaghi limit equilibrium method and the limit analysis
method overestimate the base-heave resistance factor of an asymmetrically-loaded excavation, while both the Bjerrum & Eide limit
equilibrium method and the code method (based on Prandtl mode) are conservative since they underestimate the factor
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Table 1 Basic parameters of soils
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Fig. 1 Finite element model for excavations
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Fig. 2 Variation curves of nodal displacement vs. SRR curves
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Fig. 4 Nodal displacement vs. SRR curves under different
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Fig. 5 Results of safety factor of heave-resistant stability

VI3, 4% 2RI st B 2 4 KA S T
5. E5 (a) K8 AfETEEE/N (L/H<D B, $it
Bt JEC R 2 4 Z B A o 3 BBL 0 T e 1k ke s A s
0 4R S ORI, 224 REONAA AN . 2H/B=0.75,
1.00, 1.50/F, fi < yaE 73 ik $11.75H, 1.50H, 1.25H
Jo s AREEHE KA T Bl 1 42 4 RAEUORFEANAE, U BA XS
TAEREYT (RH/BX) fwEIEREIF I E /N E5(b)
K. MmIEEE BN (S/H<1) B, fibgifas 44
ZR B0 i B 1 KT 2 M 4 s P 8 44k 5 K
I, PriEE iR T 24 RERFFAE . 24H/B=0.75, 1.00,
1.50, fwJERFE B4 Ak 3)1.75H, 1.5H, 1.25H)5, 4k
SRR A R B B 2 A RERFEAAE, BT TR
Fehu (RUH/BR) A FE B IR 52 00 BE /)N

5 B E T % g /5, =0, 0.29, 0.57, 0.86, 1.14,
HCfw R B0 & S=0, Wk ¥E Bl L=H, IR st
H/B=1.00. K&l 6 23 T A7 E T r Atk
o 24 RBUF BEIR % Lt H/B ALl . B 6 /]
5N, F, B8 H/B YGRTIR, ANFERE RN g /s, T 85

58

1
1

AL i 2 IR LT AT R, REIR 58 AN T F,
I v s 77 58 A T 2 P /N PR R AR LR

1.801 a1s,=0
—e— q/5,=0.29
1.65} —a— 4/5,=0.57
—»— q/5,=0.86
—— q/s,=1.14

1.05

0 1 2 3 4
HIB

6 NEMREREK N g/s, TRERYME H/B TiLrhzk
Fig. 6 Variation curves of safety factor with H/B under different

asymmetrically-loaded values of ¢q/s,
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Fig. 7 Comparison of safety factors under different values of H/B
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Fig. 8 The variation curve of safety coefficient with g/s,
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Fig. 9 Comparison curves between the results of FEM strength

reduction method and the code method
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