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Abstract: The strengths of crack initiation and damage are the important stress thresholds for their significance in analyzing the
progressive failure process of rock, which can be applied in the prediction of brittle failure in tunnels. Firstly, the uniaxial and
triaxial compression tests are conducted on two sets of hard sandstones, while their strain and acoustic emission (AE)
characteristics are analyzed to study the evolution process of crack. The measured lateral dilation strains and the AE counts of
rock samples can characterize their crack accumulation accurately according to the test results. And also, there is a consistent
segmented transformation law in these two figures as the inner micro-cracks are accumulated. Thus the strengths of crack
initiation and damage of the sandstone samples can be determined based on a detailed analysis on stage boundaries of the above
curves. The average strength of crack initiation of green sandstone samples is 0.42 of its peak strength, while that of red
sandstone samples is 0.48 of its peak strength. Furthermore the confinement influence on evolution process of crack is
discussed by comparing different test results under varying confinements. It is found that the initial internal friction angle (¢o)
of sandstone samples at the crack initiation stage is less than its ultimate value (¢) when the peak load is applied. And the
calculated initial ¢, is about 1/2 of the ultimate ¢. As a result, the initial internal friction level p¢/p of rock is defined, which has
an inverse relation with the ratio of uniaxial compressive strength to tensile strength o /o, , and it can also reflect the brittleness
of rock. And the linear strength threshold of crack initiation is established, while the slope of curve represents the influence of

friction effects.
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Fig. 2 AE hits of sandstones under uniaxial compression
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Fig. 4 AE counts of sandstones under uniaxial compression
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Table 1 Results of uniaxial tests on sandstones
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N ﬁf}ﬁ% BT VR
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AE J7i% LSR
HHbE GS-1 26.0  26.65 43.25 61.79
B A GS-2 28.0 2939 47.51 71.31
HhbA GS-3 29.5  28.01 53.48 69.63
21 b3 RS-1 19.5 21.21 35.74 44.46
ZIHb A RS-2 163 17.94 31.97 40.74
ZIHbA RS-3 22.0 21.42 32.88 43.38
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Table 2 Results of triaxial tests on sandstones

R FBIE  RREE RE EEE

/MPa o./MPa o.4/MPa o./MPa
Fhb A GS-4 6 44.99 84.38 108.98
HhbA GS-5 12 52.64 99.68 135.57
FHH A GS-6 18 61.37 120.03 151.64
Hib A GS-7 24 74.95 131.95 161.01
I Rb % RS-4 4 30.56 47.20 63.59
YL RS-5 8 43.40 65.87 88.91
I Hb % RS-6 12 52.88 84.69 110.26
YLD RS-7 16 53.14 87.53 109.18
ZITb A RS-8 20 56.17 90.52 113.15
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