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Numerical modeling for mechanical behavior of gramular materials subjected to freeze-thaw action with DEM
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This paper presents a numerical experiment to reveal the effect of freeze-thaw action on the mechanical - .
behavior of granular materials in terms of micromechanics. The objective is to propose a new amlyhcal
procedure to simulate the mechanical behavior of granular materials subjected to freeze-haw sequence.
Numerical simulations of freezing-thawing triaxial compression tests were performed with 3D DEM -
coupled with a thermal analysis, and the applicability of the DEM to the freezing-thawing behavior of
granular materials was discussed. As the results, it was showed that the proposed DEM model that puts
many small elements which expand with dropping the temperature between soil particles can simulate the
freezing-thawing behavior of granular materials to some extent though there is room for further
mvestigation as to numerical modeling and setting analytical parameters.
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Model name model01 model2 model03 model04 model05
Particle size (water) 50mm 40mm 3.0mm 50mm 5.0mm
Number of particles 1764 3445 8166 2645 - 3528
Specimen size diameter 70.0mm
pec height 500mm | 500mm | S00mm |  750mm | 1000mm
Tmitial void ratio e, 0.667 '
70 (mm
(m) -2 AT A——K
density p 1.0 (g/em?)
50,75, angle of interparticle ball-ball 0.57 ()
100 (mm) friction g, wall-ball 0.0
stiffness of penalty spring | normal &, 1.0 (MN/m)
{R &2 (ball/top/bottom/lateral) shear k, 1.0 MN/m)
specific heat C 4.2 (J/g°C)
R RRER thermal conductivity x 0.50 (W/m°C)
D=3.0,4.0,5.0 coefficient of linear thermal expansion « | -0.03,-0.09 (1/°C)
| (mm)
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Model name mode21 | model22 | modelll | modell2 | | density p sand 2.6 (g/cm?)
Partticlesize | sand 5.0mm 5.0mm
waler 2 0mm — water 1.0 (g/cm?)
Nu.'qlbe.rof sand 950 915 950 915 angle of interparticle ball-ball (sand) |35.0(°)
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Specimen size | diameter 60.0mm o
height 200 wall-ball 0.0
Initial void ratio e, 0819 | 08%4 [ 0819 | 084 stiffness of penalty spring | top/bottom/ball | 10.0, 2.5 (MN/m)
(normal £, shear k) lateral wall 1.0, 0.25 (MN/m)
specific heat C 4.2 (J/g°C)
thermal conductivity x 0.50 (W/m°C)
coefficient of linear thermal expansion & -0.1 (1/°C)
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