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Research on particle starting velocity in the expansion of water inrush channel
in completely weathered granite
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Abstract: Water and mud inrush is a common geological disaster in the completely weathered granite tunnel during construction. The
key factor leading to the expansion of water inrush channel is the loss of soil particles, where the starting velocity is the critical
condition of its loss. By considering the water erosion and particles adhesion, the particle 3D force in the water inrush channel
cross-section was analyzed, and the function of particles starting velocity was established. The function includes the following factors,
namely, the particle diameter, the particle position of channel cross-section and relative exposure degree of the particle. Meanwhile,
numerical simulation was conducted to analyze the effect of the above three factors on the starting velocity. Numerical results showed
that the starting velocity decreased initially and then increased with the increase of particle diameter. Furthermore, the starting
velocities of channel cross-section at different positions were symmetry, and they were increased with the increase of relative
exposure degree generally. By combining with orthogonal tests to analyze the sensitivity to starting velocity for the above three
factors, the results showed that the diameter was the most sensitive factor. Accordingly, by considering the minimum starting velocity
standard of channel cross-section and the randomness of relative exposure degree, the factors of particle position of channel
cross-section and relative degree of exposure were simplified, and a simplified theoretical formula of the starting velocity was
developed. Finally, the rationality of the starting velocity formula was verified by the laboratory test and field investigation.
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Fig.1 Schematic diagram of river bed
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Fig.2 Schematic diagram of soil water inrush
channel cross-section
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Fig.3 Force diagram of particle in channel cross-section

B4 BURREERZFELE

Fig.4 Simplified force diagram of particle exposure degree
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Fig.5 Starting velocity curve with different
particle diameters
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Fig.6 Force curves with different particle diameters
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Fig.7 Starting velocity curves at different slope positions
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Table 2 Extreme values of starting velocity at different
slope positions (A’=0.134)

P Ua - L]m“x L]mi“ L]mz\x /L]min Ua:0° /L]min
/mm /(m/s) /(m/s) /(m/s)
0.02 0.575 6 0.817 0.576 1.419 1.000
0.10 0.2613 0.371 0.261 1.419 1.000
0.40 0.158 6 0.225 0.128 1.751 1.000
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Table 3 Orthogonal test and its results

WE)FS  D/mm a/(°) A Uy /(m/s)
1 0.01 0 0.1340 0.8133
2 0.01 72 0.3505 1.189 8
3 0.01 144 0.567 0 2.012 4
4 0.01 216 0.783 5 2.3893
5 0.01 288 1.000 0 22258
6 0.11 0 0.350 5 0.327 5
7 0.11 72 0.567 0 0.436 5
8 0.11 144 0.783 5 0.709 5
9 0.11 216 1.000 0 0.5450

10 0.11 288 0.1340 0.2712
1 0.21 0 0.567 0 0.294 7
12 0.21 72 0.783 5 0.388 5
13 0.21 144 1.000 0 0.377 1
14 0.21 216 0.1340 0.224 4
15 0.21 288 0.3505 0.263 9
16 0.31 0 0.783 5 0.302 1
17 0.31 72 1.000 0 0.4213
18 0.31 144 0.1340 0.161 4
19 0.31 216 0.3505 0.233 7
20 0.31 288 0.567 0 0.269 3
21 0.40 0 1.000 0 0.3369
22 0.40 72 0.1340 0.116 1
23 0.40 144 0.3505 0.162 1
24 0.40 216 0.567 0 0.227 6
25 0.40 288 0.783 5 0.293 3
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Table 4 Results of the range analysis

K- D/mm a/(°) A

ky 1.726 1 0.4149 0.3173
ko 0.4579 0.510 44 0.435 4
kyj 0.309 7 0.684 5 0.648 1
ky 02776 0.7240 0.816 5
ksj 0.2272 0.664 7 0.7812

o 8.0777 0.3449 0.9453
MAX 1.726 1 0.724 0 0.816 5
MIN 0.2272 0.4149 0.3173
W 1.4989 0.309 1 0.499 3
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Fig.9 Schematic diagrams of particle contact
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different particle diameters
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Fig.13 Particle classification curves
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Table 7 Particle classification of undisturbed soil and mud
and the undisturbed soil particle starting velocity

RARAVEH  RiRdUEsEE R RS R SOKIRR KR
/mm /(m/s) /% /%
<0.075 0.655 8 30.70 0.90
0.075~0.10 0.433 6 2.30 1.15
0.10~0.25 0.3177 8.94 14.45
0.25~0.50 0.250 0 16.10 27.37
0.5~1.0 0.246 5 21.18 29.03
1.0~2.0 0.299 1 8.58 11.13
2.0~3.0 0.3710 3.20 9.34
3.0~5.0 0.462 6 6.38 6.65
5.0~10.0 0.629 1 1.28 0.00
>10.0 0.8879 1.34 0.00
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