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Abstract: A discrete element numerical model was established based on the volume expansion theory, and the damage
and failure process of the rock-concrete interface under the coupled action of freeze-thaw cycles and dynamic
three-point bending load was systematically simulated. The results show that the crack propagation of the
rock-concrete interface undergoes three stages: slow growth, rapid growth, and unstable failure; the fracture
toughness has a significant dependence on the loading rate. At low loading rates (v=0.5—1.0 m/s), the fracture
toughness exhibits the characteristic of “slightincrease-sharp decrease”. When the loading rate increasesto 1.3—1.7 m/s,
the fracture toughness exhibits a “sharp increase-sharp decrease”trend. The growth rate of the stress intensity factor
shows a general downward trend with increasing number of freeze-thaw cycles.
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Fig. 1 Schematic diagram of dynamic loading (size: mm) "
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Table 1 Mesoscopic parameters for model calculation

Parallel bond tensile Parallel bond Friction angle/

Bond type Contact modulus/GPa  Stiffness ratio  Friction coefficient strength/MPa cohesion/MPa )
Rock-rock 3.80 3.5 0.2 7.55 18. 87 30
Mortar-mortar 0.95 3.5 0.5 4.60 7.36 45
Rock-water 2.80 0.5 0 150. 00 150. 00 0
Water-water 2.80 0.5 0 150. 00 150. 00 0
Mortar-water 2.80 0.5 0 150. 00 150. 00 0
Aggregate-water 2.80 0.5 0 150. 00 150. 00 0
Aggregate-aggregate 4.75 3.5 0.5 23.00 36. 80 45
Aggregate-mortar 0.76 3.5 0.5 3.68 5.89 45
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Table 2 Particle parameters of sample

Particle type Minimum radius/mm

Maximum radius/mm Density/(kg-m )

Rock 0. 250
Mortar 0. 200
Water 0. 100

Clump aggregate 0. 500
Cluster aggregate 0. 100
Ate 0.170
Interface water 0.075

0.415 2.70
0.320 2.50
0.120 0.98
0. 800 2.50
0.100 2.50
0.170 2.50
0.090 0.98
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Table 3 Comparison of experimental and simulated results of

uniaxial compressive strength and elastic modulus of
rock and concrete

E i tal  Simulated
Material Index xpermenta fmutate Deviation/ %
result result
f./MPa 25.16 25.74 2.31
Rock

E/GPa 4.35 4.19 3.68

f./MPa 25.40 25.20 0.79
Concrete

E/GPa 2.65 2.50 5.67
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Fig.5 Number and developing direction of cracks in samples under different freeze-thaw cycles
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