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ABSTRACT Considering the polycrystalline and anisotropic features of rock, its mechanical failure actually involves the generation,
propagation, and penetration of internal micro-cracks until an ultimate macro-fracture is achieved. The nucleation and propagation of
cracks emits energy outward as elastic waves referred to as acoustic emission (AE). The close relationship between AE signals and the
rock fracture mechanism has been demonstrated. Many instability and failure processes in underground engineering are induced by the
effects of tensile stress on tunnels and chambers or local damage to the rock structure. Several compression experiments show that the
main fracture mode of rock is tensile failure. Thus, investigations of rock AE characteristics under tensile failure and the effects of the
rock fabric on crack propagation patterns are of great significance. This study assesses the signal characteristics AE and its relationship
with the micro-rupture mechanisms in granite and marble under tensile stress. Herein, an MTS-322 rock mechanical test system was
employed to carry out Brazilian split tests, and a scanning electron microscope was employed to carry out micro-morphological analysis
of rupture surfaces. According to the trends of RA and AF, the distribution of crack modes-tensile and shear or mixed patterns in both
rock types and its fracture strength depend on the rock fabric. By contrast, the evolution process of crack propagation appears to depend
on the softening process. Although the rock fracture signals are mainly in the range of 400-499 kHz and 100—199 kHz, the variation

trend of peak frequency shows significant differences at different failure stages. At the microtopographic level, granite mainly shows
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three micro-morphologies, including laminated, stepwise, and smooth planar patterns. Marble is mostly smooth polyhedrals. The signals

at 400—499 kHz may be inferred to be mainly generated by fractures in the k-feldspar and marble minerals, while those at 100—199 kHz

are mainly produced by discontinuous separation among quartz mineral particles and slipping among mineral particles in the compaction

stage.

KEY WORDS Brazilian splitting tests; scanning electron microscope; RA values; frequency characteristic; micro morphology
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Table 1 Basic parameters of the rock samples

REMS  HA/mm  H/mm FE/(gem) W /(m-s™)
Gl 4841 49.95 261 4197.83
G2 48.57 50.36 2.63 4272.61
G3 48.33 50.62 2.62 4211.35
Ml 50.99 49.32 2.85 3825.41
M2 50.35 48.19 2.78 3901.74
M3 50.79 48.57 2.85 3857.66
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Fig.1 Micro-structures of rock samples in the transparent refractive index experiment: (a) granite; (b) marble
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Table 2 Parameter settings of the acoustic emission device
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Fig.2 Layout of AE sensors in the Brazilian split tests
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Fig.3 Failure form of granite and marble in the Brazilian split test: (a) granite; (b) marble
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Fig.4 Trends of the mean RA and average frequency parameters under a splitting load (the two AE parameters are obtained by using moving averages !"*!):

(a) granite; (b) marble
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Fig.5 RA and average frequency distribution diagrams of granite and marble under a splitting load: (a) RA versus AF distribution diagram in granite; (b)

RA versus AF data density map in granite; (c) RA versus AF distribution diagram in marble; (d) RA versus AF data density map in marble
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Table 3 Differences in RA-AF distribution obtained from Fig. 5

HARTY P RA{/(ms- V™) AF{fi/kHz
Gl 0~136 75~ 184

G2 0~122 80 ~ 177

fei G3 0~1.13 82~ 186
SEHE 0~1.24 79 ~ 182

Ml 0~0.52 100 ~ 174

M2 0~0.71 93 ~ 167

JRH M3 0~0.86 97 ~ 185
SEH 0~0.70 97 ~175
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Fig.6 Temporal peak frequency distribution under different splitting loads: (a) granite and (b) marble; (c) peak frequency versus time data density maps

in granite; (d) peak frequency versus time data density maps in marble
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Table 4 Distribution percentages of AE peak frequency for four rock types in the Brazilian split test
WA 5 E/%
B
<100 kHz 100 ~ 199 kHz 200 ~ 299 kHz 300 ~ 399 kHz =400 kHz
Gl 5.92 29.33 6.84 8.04 49.86
G2 4.85 14.15 4.18 6.24 70.58
G3 4.35 19.92 7.83 8.41 59.50
FHME 5.04 21.13 6.28 7.56 59.98
Ml 7.19 26.87 11.35 3.56 51.03
M2 15.64 32.21 0.88 1.75 49.52
M3 6.97 20.40 0.01 2.40 60.21
FEIME 9.93 26.49 7.41 2.57 53.58
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Fig.7 AE peak frequencies at different stress levels: (a) granite; (b) marble
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Fig.8 SEM images of the splitting surfaces of granite: (a) “smooth planar” morphology of quartz; (b) “sidestep” morphology of k-feldspar; (c) “stack-

up” morphology of k-feldspar; (d) energy spectrum diagram of quartz; (e) energy spectrum diagram of “sidestep” morphology of k-feldspar; (f) energy

spectrum diagram of “stack-up” morphology of k-feldspar
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Fig.9 SEM photos of the fracture surfaces of marble in the Brazilian split test: (a) “smooth polyhedrals” morphology of dolomite; (b) “polycrystalline”

morphology of calcite; (c) high-magnification morphology of the black square in (a); (d) energy spectrum diagram of dolomite; (e) energy spectrum

diagram of calcite
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