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Bounding surface constitutive model for soft soils considering characteristics of
small-strain stiffness and its application in engineering
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(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Highway College, Chang'an University, Xi'an

710064, China; 3. Shanghai Shentong Metro Group Co., Ltd., Shanghai 200070, China)

Abstract: The construction of an excavation pit induces complex loading-unloading stress paths in the surrounding soils, while
the commonly used constitutive models are insufficient to reflect the over-consolidation and small-strain stiffness
characteristics during excavation. In this study, a modified bounding surface model considering the over-consolidation and
strain-stiffness relationship of soft soils is proposed by modifying the shear modulus under small-strain state. Based on the user
defined material subroutine (UMAT), the modified bounding surface model is developed into the finite element software
ABAQUS through an accurate and efficient semi-implicit stress update algorithm, and the numerical simulation is carried out
for a deep excavation of underground station. The constitutive relationship of typical Shanghai soil under small-strain state is
well predicted by the proposed model. The stress-strain curve results show that the proposed model reflects the relationship
between soil strain and stiffness reasonably. Since the modified bounding surface model reasonably reflect the
over-consolidation and small-strain stiffness characteristics of soil in the same time, the numerical simulation results by the
proposed model satisfy the field data.
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Fig. 1 Stress paths of soils at different locations around excavation
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Fig. 2 Diagram of bounding surface model
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Table 1 Soil parameters
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and test results under small-strain state
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Table 2 Model parameters of soil layers

TESH M v A K € R h m Yo, /104
O+, @F+ 1.20 0.3 0.044 0.009 0.807 2.72 50 0.02 3.2
@ Wit L 1.31 0.3 0.031 0.014 0.728 2.72 50 0.02 3.2
@R L 0.78 0.35 0.081 0.020 1.315 2.72 50 0.02 3.2
Gt 1.20 0.3 0.041 0.014 0.882 2.72 50 0.02 3.2
G ¥ L 1.29 0.3 0.017 0.003 0.982 2.72 50 0.02 3.9
@Okryanns, @it 1.38 0.3 0.010 0.002 0.965 2.72 50 0.02 3.9




F5H Rz, A B8NS W EE R 0 3 S T AR 5 945
B35 R /mm B35 R /mm B35 R /mm
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
FriztEaz FrIZEE5 = FrizsEe =
sk A EHIAE sl
— MCCHEZR
---- HSSHE AR
o1 | T RXBmER -lor
maR O | W\ -
£ £ F T Saae 2701 ah ) )
% -20 PR KBRS Hmm % -20 % R
= lagw akx 21 = S
B 'ZS:E p OHSS OMCC B -25 A
20
-30 -30 A BGSNME A BHEIME
3 -3 —— AR R 3 — AR
-40 10 —40 —40
(a) JHESR BRI K AL (b) FFESZ PR E AL () THEEGURINPIHIK FAL
8 FZZEAEIKFEHYIEK AR IGRE SRk
Fig. 8 Lateral displacements of retaining wall versus depth after different excavation steps
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