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A state-dependent elastoplastic model for unsaturated interfaces and its
verification
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Abstract: To study the contact problem between unsaturated soil and structure, based on the state-dependent concept and the
critical state theory, by considering the influences of suction on the yield function, flow rule and hardening law and so on, an
elastoplastic interface model is established with the net normal stress and the suction serving as stress state variables. The
reliability of the model is demonstrated through the shearing tests on sand-steel and sand-geotextile interface. The results show
that the proposed model can describe the mechanical behaviors of sand-structure interfaces under different initial states, and can
predict the variations of shear stress, normal displacement and stress path of interface subjected to different boundary conditions
(i.e., constant normal load, constant normal stiffness and constant volume condition) as well. Thereafter, the shearing test
results of unsaturated silt-steel and completely decomposed granite (CDG)-cement interface under different suctions are
predicted, finding that with the increase of suction, the shear strength of interfaces increases, the strain softening and dilatancy
behaviors become more significant, and the shear displacement corresponding to phase transformation point representing the
transition from contraction to dilation decreases. Compared to those of the existing models, the parameters of the proposed
model are easier to be calibrated, the calculated results are closer to the measured data, and the decreasing trend of the shear
displacement corresponding to the peak strength with suction can be reflected, indicating that the model here captures the
effects of suction on the peak strength, critical state and hardening behaviors of the interface better.
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Fig. 9 Predicted stress paths against measured datal?” for sand-geotextile interface under various normal stiffnesses
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Table 2 Model parameters for unsaturated soil-structure interface

Minco #f} =—4X1°] CDG-iR &t
Hamid Z52] IR AR Lashcari Z52!] Ny ki
£,=0.0318 mm T5)=0.339¢ 0035620140 73 [1—¢ 09356-20]  K5=0.25 MPa (5)=0.447-001254 | D44[1—¢0012]
£,=0.0951 mm (s)= 0.152[1—¢ 0015620 K°~0.32 MPa (5)=0.214¢-0016+0 385[—¢~00167]
n=8(4) M(5)=0.69 M=0.905 M(5)=0.996
11=0.2796 11(5)=0.45+0.065(s—20) kPa e—0.447 1i(5)=0.059s kPa
Hp2=0.0635 A=64.7 kPa 2=0.041 A=90.4 kPa
H01=0.3479 a=0.51 n°=0.92 a=0.517
H02=0.049 R=12 n=1.5 R=12
K1=—2.9927(0.4728)  m(s)=0.27 A40=0.2 m(s)=4.2
©=0.4001(-0.0316) n(s)=2.22 A1=0.2 n(s)=0.75
a=17.4 do(5)=0.56-0.002(s-20) ho=1.0 do(5)=0.1
h=2.85 di(s)=0.38 a=0.07 di(s)=0.2
A(5)=0.399 h(s)=0.46+0.003(s—20) =50 h(s)=0.3+0.005s
A1=—5.2285 =1 mm S10=0.60 =2 mm
22=29.4865 aw=0.25
Ky=1000 kPa nv=2.20
K~=150 kPa 0=0.0
=2 mm
VE: s=20 kPa I} n=8, s=50 F1 100 kPa i} n=4; s<50 kPa I} x1=—2.9927 F1x>=0.4001, s>50 kPa i, 43514 0.4728 F1-0.03162,
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Fig. 10 Predictions against measured data!'”! for unsaturated Minco silt-steel interface under various net normal stresses and suctions
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Fig.11 Model predictions against measured data®?! for CDG-cement interface under net normal stress one=100 kPa and various suctions
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