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Study on solid-fluid coupling similarity simulation test of water-sand inrush during

mining of shallow buried thin bedrock roof
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Abstract: As a new type of mine geological disaster, water-sand inrush has the characteristics of concealment, sudden onset, difficulty in
monitoring, and strong destruction. Therefore, exploring the characteristics of overlying rock mining degradation and the disaster mechan-
ism of water-sand inrush has guiding significance for the prevention and control of loose layer water hazard. Firstly, the influence mechan-
ism of different material proportioning on the strength and permeability characteristics of similar materials is studied through similar ma-
terial proportioning and testing experiments, and a new solid-fluid coupling similar material suitable for simulating soft rock layers is de-
veloped. Then, by using the test system for water-sand inrush, similar simulation tests are conducted for mining under the condition of a
single water-bearing structure capping thin and medium thick bedrock, and a double layered structure capping thin bedrock. The character-
istics of mining crack and the disaster mechanism of water-sand inrush under the above strata structure conditions are analyzed. The test
results show that the new solid-fluid coupling similar material has the characteristics of water resistance, anti disintegration, anti softening,

low permeability, low strength, and low plasticity, and the permeability coefficient decreases exponentially with the increase of calcium
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carbonate content, while the uniaxial compressive strength exhibits a quadratic polynomial growth characteristic. The first weighting stage

and the first periodic weighting stage of mining shallow and thin bedrock are easy to induce water-sand inrush. The mining cracks present

an “OX” distribution on the plane, and as the thickness of bedrock and the clay layer at the bottom of the loose layer increases, the bed-

rock gradually transforms from tensile shear failure to tensile failure, and the morphology of the cracks also changes. At the same time, the

opening and smoothness of cracks are reduced, which can reduce the inducing risk and harm degree of water-sand inrush. The ratio of

crack opening to sand particle size , as well as the smoothness of crack, are the key factors determining the occurrence and severity of wa-

ter-sand inrush.

Key words: thin bedrock; mining induced cracks; strata structure; water- sand inrush; similar materials; simulation test
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Fig.1 Engineering geological generalization model of a single

water-bearing structure capping thin bedrock
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Table 1 Material ratio and parameter test results
g;z T A fﬁj:iiﬁ;;im . B FE/mm o FiRtg  EEAkgmY)  REHURIRIEKPa  BBEREU(10 oms )
A-1 101.5 319 1 600.6 85.35 452
A2 40:08:1:1:0 102.1 321 1601.2 89.24 445
A-3 105.0 330 1 600.6 85.02 4.50
-1 — — — 1 600.8 86.54 4.49
B-1 101.7 325 1627.5 98.90 0.87
B-2 40:08:1:1:1 107.3 347 1647.0 94.62 0.75
B-3 106.9 342 1629.4 103.33 0.63
F — — — 1634.6 98.95 0.75
C-1 106.2 350 1678.5 136.74 0.13
c-2 40:08:1:1:2 104.2 338 1652.0 144.92 0.10
C-3 108.7 353 1653.9 142.80 0.25
T — — — 1661.4 141.49 0.16
D-1 107.4 362 1716.6 205.74 0.035
D-2 40:08:1:1:3 107.9 358 1689.8 196.32 0.016
D-3 105.3 354 1712.2 199.53 0.018
-1 — — — 1706.2 200.53 0.023
E-1 109.4 376 1750.4 357.23 0.007 4
E-2 40:08:1:1:4 106.2 364 1745.6 381.26 0.009 7
E-3 110.6 380 1749.8 370.67 0.007 5
F — — — 1748.6 369.72 0.008 2
F-1 107.8 376 1776.4 474.60 0.004 1
F-2 40:08:1:1:5 110.2 388 1793.2 492.30 0.003 8
F-3 1125 394 1783.7 490.01 0.008 0
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Table 2 Stratum structure and the ratio of similar materials

Ji b A TR AR
1 )z 50 — 222 20 — — 47 PEFHRIRFAD
2 e 10 18.8 2.46 4 2.00 2 27 40:0.4:1:1:3
3 MDA 10 224 2.51 4 2.00 2 23 40:0.43:1:1:3
4 ERUEsy 75 322 2.46 3 3.00 1 19 40:0.5:1:1:3
5 e A 5 36.7 2.53 2 2.00 1 16 40:0.54:1:1:3
E S 6 it 7.5 46.9 2.52 3 1.50 2 14 40:0.62:1:1:3
7 e 5 30.1 2.54 2 2.00 1 11 40:0. 5:1:1:3
8 b 7.5 40.5 2.62 3 3.00 1 9 40:0.6:1:1:3
9 WA 10 35.7 2.60 4 2.00 2 6 40:0.53:1:1:3
10 e 5 26.5 2.51 2 2.00 1 2 40:0.46:1:1:3
11 LIPS 7.5 10.4 1.43 3 — — — TEIZBY AR
1 W)z 50 — 2.22 20 — — 33 HHRAER
2 B 75 18.4 2.51 3 3.00 1 12 40:0.4:1:1:3
3 SRS 2.5 36.7 2.53 1 1.00 1 9 40:0.54:1:1:3
4 il 7.5 46.9 2.52 3 3.00 1 8 40:0.62:1:1:3
FEZ
5 e 7.5 30.1 2.54 3 3.00 1 5 40:0. 5:1:1:3
6 WaErE 25 35.7 2.60 1 1.00 1 2 40:0.53:1:1:3
7 s 2.5 26.5 2.51 1 1.00 1 1 40:0.46:1:1:3
8 )z 75 10.4 1.43 1 — — — R Z AR
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Fig.8 Similarity model of No.1 ~3
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Table 3 Simulation test results
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Fig.9 Characteristics of overburden failure in Model 1
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Fig.10 Spatial characteristics of mining overburden failure
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Fig.11 Formation of inrush channel and the occurrence of disaster during the first weighting in Model 2
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Fig.12 Characteristics of mining overburden failure and water-sand inrush in Model 3
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