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Abstract

The hole is a typical natural defect in rock and other geological materials, which has an important
influence on bearing capacity and crack propagation of rock mass. The crack propagation process
in a special concrete disk specimen containing a single circular hole or several circular holes with
different diameters is studied by experiments and numerical simulations. The disc sample is pre-
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pared by mixing portland cement, fine sand and water. Firstly, the bearing capacity of disk speci-
mens with a single hole is measured and analyzed. Then, the crack propagation mode of sin-
gle-hole and porous disk specimens is studied experimentally, the crack initiation and penetration
process are analyzed, and the influence of hole defects on crack propagation mode is reproduced.
Finally, the improved high-order displacement discontinuity method is used to simulate the split-
ting process of disk specimens with holes, which further reveals the leading role of hole defects in
stress concentration and crack propagation. The numerical results are in good agreement with the
physical experimental results.
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Figure 1. Radial compression diagram of rock-like specimen with single cylindrical hole
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Figure 2. Normalized failure load of rock sample and different r/R ratio
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Figure 3. Variation of dimensionless coefficient under different inner and outer radius ratios
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Figure 4. Normalized lateral stress of annular disk specimens with different inner and outer radius ratios
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(a) /R=0.12 (b) /R=0.17 (c) /R=0.2
(d) /R=0.3 (e) /R=0.37 (f) 1/R=0.47 (2) /R=0.65

Figure 5. Experimental test of crack initiation mode of single hole cylindrical specimen under radial compression of differ-
ent r/R ratios: (a) /R =0.12, (b) r’/R=0.17, (c) r/R=10.2, (d) /R=0.3, (¢) /R =0.37, (f) /R =0.47, (g) r/R = 0.65
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Figure 6. Experimental test of cracking mode of disc specimen with multiple cylindrical holes under radial compression
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Figure 7. Cubic shape function of high-order displacement discontinuity change
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Figure 8. Special crack tip element with three equal subelements
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Figure 9. Crack propagation path of cylindrical specimen (with axial hole) under radial compression
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Figure 10. Simulation of crack propagation path and crack fusion of porous cylindrical disk specimen under radial compression
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Table 1. Mechanical properties of rock samples [12]
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Figure 11. RFPA2D simulation of crack propagation paths of pre-drilled specimens with different r/R ratios [12]
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Figure 12. Boundary element simulation of crack propagation process of pre-drilled disk specimen (based on mechanical
properties given in Table 1)
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