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Study of the mechanical properties of sand-bearing rocks and their
disaster-causing mechanisms

YUE Hao, YANG Sheng-li, ZHAI Rui-hao, ZHANG Shen, CUI Xuan
(School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: Sand-bearing rock is a special rock formed in the high-level key layer before water inrush and sand burst disaster. Its
strength and mechanical properties are different from ordinary rock, which determines the stability of the high-level key layer. It is
found that the fractured rock and sandy rock with different fracture angles have different characteristic stresses, and with the increase
of fracture angle, the initiation stress, damage stress and peak stress of fractured rock and sandy rock increase, and the bimodal stress
first increases and then decreases. The characteristic stresses of sandy rock under the same fracture angle are less than those of
fractured rock, indicating that the sand body has a weakening effect on the characteristic stress of rock. From the perspective of
failure form, the fractured rock is easy to show wing tensile fracture, the sandy rock is easy to form tensile fracture under the
condition of low fracture angle (30°) and shear fracture under the condition of high fracture angle (60°), indicating that the sand body
has shear effect on the rock after entering the rock fracture. At the same time, the mechanical model of sand filling is established, and
it is pointed out that the reason why the strength of sandy rock is less than that of fractured rock is that the sand body reduces the
friction coefficient of rock. Based on the cumulative acoustic emission ringing counts, the amount of rock damage is defined and the
mechanism of sand-bearing rocks causing the disaster is analysed. The on-site sand-bursting disaster can be divided into four phases:
1) elastic deformation phase; 2) fracture expansion phase; 3) sand and energy storage phase; 4) sand-bursting energy release phase.
Finally, PFC2D is used to verify the differences between fractured rocks and sandy rocks, and the energy evolution laws of different
types of rocks are analyzed. The research results can be used as precursory information identification of water inrush and sand burst
phenomenon in coal mine roof, and help to guide the safe production of water inrush and sand burst face.
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Fig.1 Sand-bearing fracture rock mass formation process
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Table 1 Parameters of proto-rock and rock-like materials

gyt PUESEE/MPa  BMEBIE/GPa  %)E/(g + cm™)
SR 29.62 13.16 2.93
FEAME 30.44 11.32 251
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Fig.2 Stress-strain curves of specimens of medium-grain
sandstone and rock-like
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Fig.3 Molds and fissure rocks
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Fig.4 Screening river sand
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Fig.5 Schematic diagram of the test system
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Fig.7 Schematic diagram of the compression test
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Table 2 Rock parameters and number
FARE  HmY KE/mm Bf/mm JiEg  FE(geom?)

R W-1 99.82  49.84  488.80 2.51
30° 468 L-30 98.86  49.97  463.37 2.39
30041 S-30 97.97  49.99 46533 242
45°Z4p L-45 10041 49.65  460.74 237
45° 5 S-45 98.43 49.16  459.57 2.46
60° %4 L-60 99.32 4896  448.77 2.40
60° &y S-60 99.24  49.77  476.88 247
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Fig.8 Strength curves for different types of rocks
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Fig.10 Strength weakening coefficient of different rocks
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Fig.12 Complete rock acoustic emission characteristics
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Fig.13 Acoustic emission signal map of different types of rocks
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Table 3 Characteristic stresses of different types of rocks
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Fig.16 Schematic diagram of fracture angle failure morphology on sandy rocks
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