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Table 1 Mesostructure parameters in PFC simulation
Material Particle density/ Particle friction Effective Stiffness Tensile strength/ Bonding
(kg-m™) coefficient modulus/GPa ratio MPa strength/MPa
Granite 2790 0.3 175 2.53 50 150
Concrete 2360 0.2 8.0 1.33 51 50
Material Normal stiffness/ Shear stiffness/ Frictional Cohesion/ Joint friction Friction
(MN-m™) (MN-m™) coefficient GPa angle/(°) angle/(°)
Granite 90 450 0.6 20 0.5 30
Concrete 90 450 0.6 20 0.5 70
15
B L - 12
25mm 0°
30° 60° 90° L 10 20 30 mm 2
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Table 2 Numerical simulation scheme
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Fig. 4 Stress-strain curves of rock-concrete combination with different pre-cracks under uniaxial compression
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Table 3 Numerical results of rock-concrete combination under uniaxial compression
Sample L/mm BI(°) o,/MPa g E/GPa o/MPa olo,
SR-C 41.48 0.61 7.180 25.47 0.614
SR-C-10-0° 10 0 38.90 0.59 6.644 2351 0.604
SR-C-10-30° 10 30 44.01 0.68 6.500 19.52 0.444
SR-C-10-60° 10 60 43.41 0.66 6.614 18.87 0.435
SR-C-10-90° 10 90 40.37 0.61 6.671 18.87 0.467
SR-C-20-0° 20 0 31.85 0.52 6.137 20.32 0.638
SR-C-20-30° 20 30 34.06 0.56 6.112 20.24 0.594
SR-C-20-60° 20 60 40.90 0.64 6.390 26.10 0.638
SR-C-20-90° 20 90 43.23 0.68 6.376 12.25 0.283
SR-C-30-0° 30 0 18.18 0.33 5.516 12.65 0.696
SR-C-30-30° 30 30 19.53 0.37 5.222 14.30 0.732
SR-C-30-60° 30 60 28.13 0.46 6.159 19.84 0.705
SR-C-30-90° 30 90 42.54 0.71 6.791 19.75 0.464
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Abstract: To study the influence of cracks with varying lengths and inclination angles on the strength and
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failure modes of rock-concrete combination, a numerical model of rock-concrete combination with pre-
existing cracks was developed using the particle flow code (PFC). The model underwent calibration by
comparing its results with indoor test data from prefabricated fractured specimens to select a set of
microstructural parameters that closely align with the indoor test results. Subsequently, uniaxial compression
tests were conducted on numerical models of rock-concrete composites containing pre-existing fractures. The
results indicate that the bearing capacity and elastic modulus of fractured rock-concrete composites increase
with the increase of fracture inclination angle. Moreover, functions were established to calculate the peak
strength increment for fractures with varying lengths and inclination angles. The fracture length significantly
influences the mechanical properties of composite models. The stress state at the rock interface and the
confinement effect near the concrete interface determine whether cracks can extend through the interface. By
analyzing the distribution of cracks, it was found that the fundamental reasons for crack initiation and
propagation are the changes and transfers of the stress field. During the failure process, the failure mode
gradually transitions from tension-dominated to macroscopic shear failure. The results reveal the damage
evolution of uniaxial compression of single fissure rock-concrete combination material.

Keywords: single crack rock-concrete combination uniaxial compression test crack evolution particle
flow
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