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Crack coalescence and brittle failure characteristics of open rock bridges
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Abstract: The coalescence of rock bridge of fractured rock mass with end cracking is the main cause of the sudden damage of
the rock mass, and the brittle failure is obvious. The uniaxial compression tests are conducted on the open rock bridges with
different lengths by using the acoustic emission tester and the rock mechanics rigidity tester. By use of the information recorded
by high-speed camera, the crack coalescence laws and acoustic emission characteristics of open rock bridges are analyzed. The
mechanism of crack initiation of open rock bridges is revealed by the theory of three-dimensional fracture mechanics. The
results show that compared with the closed crack, the main crack of an open rock bridge starts from the tip of the crack at the
lower part, and the main crack turns to the upper part expanding through the rock bridge and the top end. During the
coalescence of the main crack, the rock bridge presents successive multi-stage failure. The secondary crack propagates along
the inflection of the main crack and extends through the rock bridge and the lower end. The stress curve shows the “fluctuation
rise” before the peak and “stagnation-sudden” after the peak, and the “multi-peak” phenomenon of the acoustic emission is
obvious, with obvious stage and sudden features. Simultaneously, the three-dimensional theoretical analysis shows that the
crack initiation direction is independent of the length of the rock bridge and extends along the direction of the maximum
compressive stress. The obtained crack propagation characteristics of the open rock bridge may provide a theoretical basis for
the sudden failure of the fractured rock mass.

Key words: fractured rock mass; open rock bridge; crack coalescence; brittle damage; acoustic emission
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Fig. 1 Schematic diagram of granite bridge samples with different
lengths
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Fig. 2 Stress-strain curves of rock bridges with different lengths

under uniaxial compression
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Table 1 Strengths and uniaxial compressive strength ratios of

stress curve demarcation point

EeLViaNi 4 SR EE/ %
/mm A/D B/D C/D
50 36.05 72.09 87.21
60 45.63 74.76 95.15
70 41.77 81.00 83.54
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Table 2 Average mechanical parameters of granite bridges with

different lengths under uniaxial compression

ELiis = HE PR s
K& /mm /mm /mm /GPa /MPa
50 99.95 50.04 11.23 88.86

60 99.92 50.02 13.65 114.11
70 100.01 50.05 16.95 147.82
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Fig. 3 Coordinate system of lower prefabricated crack
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Table 3 Crack initiation coalescence process and brittle failure morphology of typical rock samples with different lengths
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Table 4 Crack propagation angle of open bridge with different

lengths under uniaxial compression
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Fig. 4 Three-dimensional diagram of failure surface and crack

propagation angle 6, of typical rock samples with different lengths
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Fig. 5 Schematic diagram of crack initiation and propagation

failure characteristics of closed cracks®!
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Fig. 6 Schematic diagram of crack initiation and propagation

failure characteristics of open cracks
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Table 5 Statistics of AE feature information of rock bridges with different lengths
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Fig. 8 Stress-time-AE parameter curve of 60 mm-rock bridge
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