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Study on aggregate accumulation and growth mechanism in underground dynamic

water cutting-off construction

SU Peili, YANG Shu, LIU Feng
(College of Architecture and Civil Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: The key to inrush water control engineering in coal mine lies in forming a water-resistant barrier through the pouring of aggreg-
ate, which achieves flow interception and reduction. In order to quantitatively describe the spatiotemporal evolution mechanism of aggreg-
ate accumulation, an analytical calculation method is proposed to divide the process of aggregate settling and stacking into the process of
particle layers superposition with a certain thickness and theoretical formulas for the entire process from settlement to pile after aggregate
pouring in a dynamic water environment about critical parameters (horizontal displacement of particle x,, dynamic repose angle v, flow ve-
locity in the topping zone U, critical flow velocity for aggregate retention U,,) are proposed. Based on this, a prediction model about the
growth of aggregate accumulation is constructed. The distribution characteristics of the flow field and the differences in aggregate accumu-
lation morphology during the pouring period are studied with CFD-DEM, and the rationality of the prediction model is verified. The study
reveals that spatially, the location of the main sedimentary domain during the initial interception phase can be divided into three regions,
depending on whether the initial flow velocity U, exceeds the incipient flow velocity for particles U, or the critical flow velocity for ag-
gregate retention U,,. That is considered ineffective pouring if the main sedimentary domain lies in region (3). Temporally, the growth pro-

cess of aggregate accumulation can be summarized into three stages: a height rapid increase stage, a synchronous growth stage in height
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and length, and a stage with only horizontal elongation. The presence of the first stage is determined by the initial flow velocity, while the

duration of the first stage is predominantly governed by the pouring conditions (particle size, pouring rate). A critical criterion for pore

clogging and aggregate retention is derived based on sediment transport rate and incipient flow velocity from sediment dynamics. The nu-

merical simulation experimental results indicate that the prediction model effectively characterizes the growth law of aggregate accumula-

tion because the relative error between the theoretical calculation values and the simulated experiment values is less than 10% after the ag-

gregate stacking stabilizes.

Key words: water inrush from coal mine; pouring aggregate; critical flow velocity; main sedimentary domain; solid-liquid two-phase

flow
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Table 1 Material parameters used in the model
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(kg'm_3) (MN'm_z) {E*’L} H:V W(E/z%\ﬁe zﬁgjgﬁﬁﬂr {&ﬂﬁéjﬁﬁﬂf (kgm-3) (kg-m_1~s_l)
2650 5 0.3 0.3 0.5 0.1 1000 0.001
T L THERRAHITIT B0 WOR AR JE e A 2 sl i), ML 9¢
A AT B B 32 ORI B ) EL T 0.75 s,
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- b R LA B M R O R A3 A
M), ) 0 M 000 2k S5 P W 0 3 =12 m KB S0 ) T
0m (x: 0~4.0 m, y: 0~0.2 m, z: 0~0.2 m)
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Fig.8 Numerical model of aggregate pouring in single-hole
tunnel
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Fig.9 Stacking morphology of aggregates and velocity distribution during pouring
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Fig.10  Evolution of velocity at different height in a section
5P IR HUAE K A, 24 KE(0, 0.5) 1, 3
IKAR Ik £ 1 R BGE Ly 27° ~ 35°(F 12), kL [ &
PR BE 45 2R A D s Sl K AR O B0 2 IR, IR
AR BOBOR I B AR L ABR, (IR 3 X 3 7K AR
IEFAFEIE N . 2 KE(0.5, 1) i, 3 gh Kk ik
F B SE IR HIAS WG 58, A [R) e 25 10, RELAORL 14
Bl KR LR A T A0 ORL, X 39 8 1 P RS A T
ANWORL (151 11, 12), %5 SCHR [19] FrAs 2 B0 4h
W — B, (ELURHUH O T HE AR P R LB R A 5
B, ke 2 s, moRARE A 2.02%.
3.4 BRBERAE KN RIGIE 54T
1) 567 BT A DA TR, R
WA N — R 0~ 0.5 my/s, {HEREHERUIG I B
TORSF, 0K 30 39 P 35 0 0 0 o P s A 1T, R,
[RII7E R (KT 0.5 m/s) S5 R IF e akh
FR AR S AR B /K ATLER AT 50 0 AL TRt 158 HAT
e T )Y, IR K AR, TR R,

KI5 1A

40
= BEHAE Dy=10 mm
35¢ — — — — — — * BRI Dy=15mm
— — — — ¢ B Dy=20 mm
30 v — LA Dy=10 mm
— — AR Dy=15 mm
o5l — HIR AR Dyy=20 mm
&
E 20}
%15 0 3527
R [350 Fdse
of F-3-F===1
340 F3357°  :
3 "
33.0 0

0 02 04 06 08 1.0 1.2 1.4
FE/(m-s™)

B 11 shRMRE A 2 AE 5 R e 24 4 1
Fig.11 Comparison between theoretical formula and experi-

ment for dynamic repose angle

SR 5 ~ 10 mm (M) ERHEETTEIS, FRTHASE
K I T, AR5 HE T RI AR 10 ~ 30 mm(P 4 F) B
Ext 8 PR T FEIR, B TR B BE A TR A HE RS
it 30 mm(KAF) Bk, TSR NN T
B BB A K, I P {ERAR Dy R 15 mm
B RHIURL T A . 0 3 A ARk 01
AU AT B T Y R A S N, R R L 3
2) GERXF AT . TINB A % S AF A S
B 0 — 3, oA S BUE th e A =0T 2,
FLBRR & M4 3.3 AU L5 REUE . HI&l 13 7T
AT HR TR ASE TR A 450 7 P S MR RS v B R
Wi i R (1 Y PR o T Sl BB A, K O AT
AR g B R A R R, 5 1 B BERER A A ERE ; AH
[IE TS T, MR Ty , M AR, B g B /)N,
AU B B et . nf& 13a B, TR, HE
S B SRR T K, =20 kg/s 514, =8 s i,
ELIAMAE (168.33 mm) HY 93.5%, M RHEFR AR K

KT 1) FKALIT 7]

—_—

V

Ds,=10 mm

32.73° 29.82° 20.14°

Ds=15 mm

33.85°

&
31.57°
-

23.71°

Ds=20 mm

(a) #iK (b) U=0.3 (m/s)

(¢) U=0.5 (m/s) (d) U=0.8 (m/s)

H12 TR ERERBSEZRA L
Fig.12 Comparison of differences in aggregate stacking morphology in different flow fields
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Table 2 Porosity of aggregate accumulation

RiA%/mm WIHRIEE (m-s™) fLBH/%
0 41.17
0.3 42.48
10
0.5 42.74
0.8 43.06
0 41.53
0.3 43.05
15
0.5 43.27
0.8 43.55
0 42.25
0.3 42.74
20
0.5 43.02
0.8 43.69
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Table 3 Simulation test scheme
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Fig.13 Comparison between prediction model and simulation test
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(A3 T #7127 INT BRI A B KR LR A, Rt
PHAERAAHX IR ZZECKR (R 4). BFEE BRI RREL
TR, R R Z B R WG K, JIORE A BB T,
25 B IE Z W6k 38 B0 AR, HEBUARSE A 3 sk AR Uk
FHSTTEE. 10 s J5, BIEANE SR 2
] FY) DRz i SEB AR /N (B 13), AR 2 R
{H (€ymaxs €ma) FI/NTF 10%, H1 1 AT LA SE #0730
(1) 235 R 158 22 FF AR X JF SR 1337 A A A ), 8 0 A
LA 5 i RS B

F4 FNRBRSENRWIRES T
Table 4 Statistical analysis of relative errors between pre-
diction model and simulation test

R— €imax | Yo

A
5 15.2 18.0 16.9 17.7
10 6.6 6.6 8.8 99
15 3.0 3.2 9.7 8.6
20 2.7 1.9 9.3 8.1
25 3.0 3.8 8.5 7.7
30 1.0 1.0 6.6 34
35 1.6 1.6 7.4 5.5
40 1.8 0.8 4.4 54
45 1.6 0.7 2.6 4.5
50 1.2 1.1 6.0 33
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