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Research on particle starting velocity in the expansion of water inrush channel
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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.4 Simplified force diagram of particle exposure degree
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Table 1 Parameters of starting velocity formula
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Fig.6 Force curves with different particle diameters
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Table 2 Extreme values of starting velocity at different
slope positions (A’'=0.134)

D Upr U, Ui

/mm /(st) /(r:/a:) /(nT/I:) Unes/Unin Ut [ Unin
0.02 0.575 6 0.817 0.576 1419 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

RWHFE  D/mm a/CC ) A Us /(m/s)
1 0.01 0 0.1340 0.813 3
) 0.01 72 0.350'5 1.1898
3 0.01 144 0.567 0 20124
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 1.0000 0.5450
10 0.11 288 0.1340 02712
11 0.21 0 0.5670 0.294 7
12 0.21 72 0.783 5 0.3885
13 0.21 144 1.000 0 0.3771
14 0.21 216 0.1340 = 02244
15 0.21 288 03505 0.263 9
16 031 0 0.783 5 03021
17 0.31 72 1.000 0 0.4213
18 0.31 144 0.1340 0.161 4
19 0.31 216 03505 0.233 7
20 0.31 288 0.567 0 0.269 3
21 0.40 0 1.000 0 0.3369
2 0.40 72 0.1340 0.116 1
23 040 . 144 03505 0.1621
24 0.40 216 0.5670 0.2276
25 0.40 288 0.783 5 0.2933
%4 BBIHER
Table 4 Results of the ranwalysh
K D/mm a/(° ) a
ky 1.726 1 0.4149 03173
ky 04579 0.510 44 0.435 4
ky 0.309 7 0.684 5 0.648 1
ky 0.2776 0.7240 0.816 5
ks 0.2272 0.6647 0.7812
o) 8.0777 0.3449 0.9453
MAX 1.726 1 0.7240 0.816 5
MIN 0.2272 04149 0.3173
HE 1.498 9 0.309 1 0.499 3

¥ G REAEES | MKTHHERRARERENISE OIF
FAERGHHFR; MAXY=MAX (ky, kyy...ks) ; MINSMIN Cky, by Jogy):
HE=MAX~MIN.

RS HEM

Table 5 Variance analysis
=R Q f MS F{i Foa Foos Fu &i®
D 80777 4 2.0194 29721 541 326 248 EF
a 03449 4 00862 1269 541 326 248 ARBHF
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BE 08154 12 00679
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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
RiRHTEE NRREHRE BFRLISE RKERNRSE

/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 03177 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 02991 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 0.887 9 1.34 0.00

Xt R 7 BRI R AF DL BN HE A K AT 13 BI1R
FHBAE, BRI R R TEEEHE 0.1~3.0mm A,
EEFREDT 0373 3 mis MBR HFHEBERE
91.3%. UWHHHR (15) HHBRAESIFEAE N
T SEBR o 1 R B K AR P RURY B AT K. X R
WAE T A0 T 0 SRR N I E A E
6 4

(1) FRKFR SRR IER, WRK
06 38 WA T 220 B RONE = 4 2 SRS HEAT 20, B
TH I BERURL RS Bh i 57 4

(2) Zr#fr T BRLE S TR RS .
MBRCKEALE . AN REEOZANE, RIE
ZhIE B RLAR B KT S e ok, 3 T M T A
R T AL B AUE 2 B BRI AR, Bk B s
BEAEA R TR A2 AR

(3) AAHIERRARFIANEE=FEXEIHR
BRI, ROUBTRDR AR S U R R K
X 5 5 5 % SR e T 7 B 3 R Bh R A
MR

(4) #RYE W i RURL B ) = /N R IEARHE R 18 AH
o 5% 5 P R AL A a4 ROUAL A 188 b T o B AT of R R
., BEFRESFRENRULLAN, HFHAEAR
BRAMTELARIETFESNEHREAXEHE
. A EABRLS R R H WbadE, X T Lk
FAGEERT BEAAN AT ERERRRE .
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