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Numerical simulation of frost-heave process in lining canals considering
contact behaviors of damage effects
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Abstract: The lining canals in cold regions are vulnerable to frost injury, and its failure mode is related to the structure and

interaction between the linings and the ground soils. In order to simulate that interaction, the method of "cold expansion and
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heat contraction" is used to reflect the normal freezing stress. Based on this, the setting method for simulating the parameters is
given. The numerical results show that a sliding deformation and failure criterion between the lining slabs and the frozen soils
of monolithic and fabricated lining canals are discussed.

can be reflected by setting the viscous behaviors of contact surface. Based on the above studies, the frost-heave characteristics
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Fig. 1 Simulation of shear stress-displacement under pressure of
200 kPa and different temperature
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Table 1 Contact parameters of friction and viscous behaviors at

different negative temperatures (pressure of 200 kPa)

FEfbIiAT
meE BEEITA AT
H £*/kPa  t)/kPa §)/mm S /mm
2T 0.3 65 240 0.15 1.5
-4C 0.3 85 270 0.15 2.0
-6C 0.3 110 300 0.15 2.5
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Table 2 Parameters of concrete materials
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Table 3 Setting of thermal expansion coefficient of foundation

soil of canal

B R/ C IR R L o
1 0 0
2 -1 -0.0016
3 -2 -0.0032
4 -3 -0.0049
5 -4 ~0.0066
6 -5 -0.0085

R/ Pk SRR [2iN

N \tt
(kgm?)  HiE/Pa s (W-m-k) £

2400 2.4X10'0 0.2 1.65 1.1X103
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Table 4 Setting of nominal elastic modulus of foundation soil of
canal in freezing state

IAEE/C 0 -5 -10 -15 -20

FERRE/MPa 55 167 43 59 181
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Fig. 3 Temperature fields of model in terminal state
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Fig. 4 Distribution of normal displacement and contact force

between linings
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Fig. 5 Distribution of tangential shear stress of linings
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monolithic linings
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Fig. 7 Distribution of normal displacement and shear stress of

fabricated linings
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