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Meso-mechanism of rock failure influenced by bolt anchorage under
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Abstract: As an important support method, the bolt anchoring system is widely used to control the dynamic disasters of deep
brittle surrounding rock, but deep rock engineering practices have been beset by the failure of brittle rock with bolt support
because the researches on anchorage theories still lag behind. Based on the failure characteristics of brittle surrounding rock
with bolt support in practical engineering, such as shallow surface damage and local damage, uniaxial compression fractures of
intact brittle specimens influenced by bolts with different diameters are studied by means of laboratory similarity model tests.
The test results show that the relationship between bolt diameters and the promotion of the elastic modulus and strength of
brittle rock should be matched optimally, and only increasing the bolt diameter can not control ideally the brittle surrounding
rock. Also, bolt anchorage can change the uniaxial compression failure mode of brittle specimens, macroscopically, the splitting
failure can be transformed into shear one, and the extent of shear failure is determined by the bolt diameters as well. From the
angle of meso-scale mechanism, the crack propagation model with two main internal cracks is established to analyze the
fracture change of anchored specimens, and its main factor can be attributed to the inhibition effect on the propagation of
internal cracks influenced by the bolt anchorage which decreases the length ratio # of the wing crack to the main crack. According
to the calculated results of most-easily-cracking angle ¢, the long wing crack wing extends towards the loading direction which
mainly induces its splitting failure, conversely, the short wing crack deviates from the loading direction which mainly causes its

shear failure. The fracture mechanism of anchored brittle

specimens can be revealed preferably in the view of meso-scale. HATHE: ERAAHZELTH (51674116, 51474103): i EE%
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Fig. 3 Test scheme of anchored brittle specimen
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Fig. 4 Anchored brittle specimens with different bolt diameters
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Table 1 Physical parameters of anchored brittle specimens

. = 3 " W Y

L i e /Tﬁ /%rjnlq /(kg'm?) /(m REN
SAr 10010 50.08 147727 1729.82

Tok S-A; 100.08 50.06 1577.90 1755.79
W S-As 99.44 50.14 160634 1714.48
S-As 10012 50.00 160499  1730.00
CuM,S-A, 9988 4982 175447 2419.52

?ﬁ CuMS-A;  99.94 4972 176521 2380.95
e CuMS-A; 9996 49.62 176033  2395.12
CuM,S-As  99.14 4970 171671 2347.62
Cu,M,S-A, 10008 49.94 1732.04 2310.66

r?q'i Cu,M,S-A;  99.80 49.82 172620 2311.63
e CuMS-A, 9966 50.00 171005 232156
Cu,M,S-As 10004 50.12 1721.15  2315.68
CuM,S-A, 9892 49.68 177733 2272.73

rh'r?l CusM,S-A, 98.88 49.60 172665 2261.82
e CuMS-A; 9850 49.64 1799.59 227272
CuM,S-As  100.06 49.66 1796.82 2268.51
CuM,S-A;  99.00 49.88 1859.15 2177.78

;ﬁg CuMS-A, 9938 4976 175416 2166.09
e CuMS-A; 9808 49.92  1802.94  2239.02
CuM,S-As 10008 49.68 1799.42  2202.30
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Fig. 5 Typical stress-strain curves of anchored brittle specimens
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Table 2 Test results of anchored brittle specimens
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Fig. 6 Relationship between specimen strengths and bolt diameters
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Fig. 7 Uniaxial compression failure modes of specimens without

bolt
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Fig. 8 Uniaxial compression failure modes of anchored specimens
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