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It is an important problem in the mine water disaster prevention and control to control the large passage moving water. Traditional
grouting technology is to put coarse aggregate and fine aggregate downward first and then grouting treatment. But the aggregate
and cement flow distance is long, consumption is large, cost is high, and easy to appear secondary water inrush. Centering on
the technical difficulties in the rapid construction of the blocking body of the moving water passage, a water-blocking textile bag
was invented. The purpose of blocking the tunnel water inrush was achieved by grouting inside the bag body, which
fundamentally realized the rapid blocking of the large passage through water under the condition of moving water. However,
the mechanism, water plugging law, and design parameters of water blocking roadway with textile bag are still unclear. In this
paper, the slip law and stability of the textile bag in the moving water and the deformation characteristics caused by the
dynamic water pressure are theoretically analyzed and simulated. Through theoretical analysis, the ultimate antihydraulic stress
value of a textile bag of a certain specification is calculated, and the parameters of the textile bag that affect the stability of the
bag body are also determined. Xflow was used for numerical simulation analysis to study the deformation characteristics of the
textile bag under water and the law of water barrier. The simulation analysis focuses on the water resistance effect and flow field
distribution characteristics of the textile bag in the water passage under the condition of low flow rate and low pressure, as well
as the stability and self-deformation characteristics of the textile bag under the condition of high flow rate and high pressure.
The accuracy of the limit resistance to water pressure of the textile bag obtained from theoretical analysis is verified. The results
show that the theoretical analysis is consistent with the simulation results. The textile bag can realize the fast controllable
plugging of the large water passage of moving water within the limit of the antihydraulic stress.

1. Introduction

Mine water disaster is one of the five natural disasters affect-
ing coal mine safety production. Flooded well and extremely
large flooding accidents occur frequently. Every year, China’s
coal mines will lose huge human and financial resources due
to water disaster [1, 2]. In order to effectively control the
threat of water damage to China’s mines, the Detailed rules
for Coal Mine Water Prevention and Control have formu-
lated a number of comprehensive water damage control mea-
sures. Grouting water plugging technology has become the

most important treatment means for most of the present
water damage mines [3-7].

The grouting work is usually carried out under the condi-
tion of moving water. Conventional grouting technology is to
fill aggregate and auxiliary materials first and then replenish
grouting [8] because aggregate and slurry cannot be stable
accumulation and diffusion in the initial stage. Therefore,
problems such as long treatment period, large amount of
grouting and supporting works, easy to be repeated in the
treatment process, and high cost and long time of follow-up
reprocessing will occur, aiming at the characteristics of water
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inrush with large flow, larger than water channel and clear
channel location, and considering the practical needs of time
urgency. The blocking water technology is adopted, in which
the textile bag is first placed at the designated point and then
the grouting is supplemented or the grouting is supple-
mented after the proper amount of aggregate is poured in
the later stage [9, 10]. It can quickly reduce the water cross
section of roadway, reduce the water flow, effectively control
the diffusion scope of slurry injection, reduce the amount of
rescue work and time limit, and reduce the cost and time of
the follow-up recovery of mining. And its special construc-
tion technology can also reduce or eliminate secondary
hazards.

The water plugging technology of the water passage grout-
ing has been successfully applied in the water disaster control
work of every large coal mine in China. But at present, the
research on the dynamic water grouting mainly focuses on
the grouting technology and the grouting material [11-17].
And the research on the water barrier mechanism of the mov-
ing water of the water passage is very few. Xu et al. used the
Matlab simulation software to carry out dynamic numerical
simulation of the sealing process of water inrush channel
and determined the minimum particle size of the aggregate
added in the grouting process [18]. At the same time, the pro-
cess of grouting is simulated to master the change of hydrody-
namic conditions in the process of grouting, so as to provide
certain theoretical guidance for the smooth development of
water plugging work. Based on the construction example of
a deep reinforced concrete water seal in a coal mine in China,
Li et al. used the 3D numerical model of the structure devel-
oped by FLAC3D to study the stress and displacement distri-
bution and plastic zone range of the rock around the water seal
structure [19]. By means of theoretical analysis, laboratory
tests, and engineering projects, Wang et al. deeply studied
the mechanism of slurry diffusion and blockage in dynamic
water grouting [20]. Aiming at the shortage of hydrodynamic
grouting materials at present, Wang et al. systematically ana-
lyzed the preparation, properties, and reinforcement mecha-
nism of the new grouting materials by means of theoretical
analysis, laboratory test, field test, and microscopic research
[21]. Based on numerical mechanics model (CFD-DEM),
Mou et al. studied the aggregate perfusion process and the
water closure mechanism [22].

Previous studies have shown that few studies on the
mechanism of hydrodynamic water barrier in water passage
focus only on the conventional hydrodynamic water barrier
methods. Moreover, only single numerical simulation, small
single physical simulation of aggregate perfusion, and single
theoretical analysis were conducted. There are few researches
on water barrier mechanism of grouting with textile bag. Due
to the strong concealment of underground engineering con-
struction, it is impossible to directly observe the process of
grouting plugging on site, and it is also impossible to conduct
anatomical verification on the grouting plugging body in the
later stage. Therefore, it is necessary to study the mechanism
of rapid water blocking by moving water in water passage. In
this paper, theoretical analysis and numerical simulation are
combined to conduct a comprehensive study on the process
of textile bag blocking the water passage.
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2. Theoretical Analysis of Textile Bag under the
Action of Hydraulic Load

2.1. Shear Slip Model. A three-stage linear function is used to
describe the relationship between shear stress and shear dis-
placement on the contact surface between textile bag and
roadway surrounding rock. Stage I corresponds to the elastic
stage, and the shear stress and shear displacement of the con-
tact surface is proportional to the change. At this stage, the
contact surface is in a lossless state. Stage II corresponds to
the contact surface of the softening damage stage, and mod-
ulus reduction is used to describe the nature of the shear
stress on the contact surface decreases with the increase of
shear displacement. Stage III corresponds to the residual
strength on the surface of the contact, the contact surface in
a fully damage state, only the frictional resistance.

The shear stress and displacement relationship of the cor-
responding three-stage linear model is shown in Figure 1,
which can be expressed by the formula as follows:

T=Ku+é, (1)
where 7 is the shear stress, u is shear displacement, K and
& are material parameters that can be determined by test.

The relationship between shear stress and displacement
corresponding to different stages can be expressed as follows:

(1) 0su<uy:

T

K=K,= L, &=0. (2)
U
(2) u; <u<u,:
K=K, = T Tz)Ez Thuy — Ty (3)
Uy —u U —u
(3) u=u,:
K=K;=0,{=r1,. (4)

2.2. Mechanical Equilibrium Analysis of the Textile Bag
Microelement. The textile bag is subjected to the action of
hydraulic stress op, and the pressure is transmitted to the
stratum through the surrounding rock friction around the
textile bag. When the shear stress of the contact surface
between the textile bag and the roadway is less than the shear
strength of the interface, the interface is in a state of complete
elasticity. There is no relative displacement, and the relation
of deformation and coordination is satisfied between them.
Once the shear stress on the interface between the textile
bag and the roadway exceeds the shear strength of the inter-
face, the interface will slip and enter the stage of plastic soft-
ening. With the further increase of the load, the beginning
end of the textile bag will enter the residual shear stage.

In theoretical calculation, the textile bag is regarded as a
regular prism that does not contact with the top of the tunnel.
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FIGURE I: Relationship between shear stress and shear displacement
of surrounding rock.
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FIGURE 2: Static equilibrium model of textile bag.

The water inlet end is on the left side, and on the right is the
water outlet end assuming that the water pressure is 0. Let the
length, width, and height of the textile bag be I, b, and A,
respectively. The modulus of elasticity is E. The lateral resis-
tance on the roadway is 7(u), which is a function of shear dis-
placement u. Assuming that the material of textile bag
conforms to Hooke’s law, a microsection is taken at the
length of textile bag x and its length is dx, as shown in
Figure 2, considering the relationship between strain and
stress and the static equilibrium of textile bag microsection.

o.hb— (0, +do, )hb—1,(2h+b)dx=0. (5)
From (4),
dax__2h+bT (©)
dx  hb *

Assuming that the textile bag maintains linear elasticity
throughout the experiment, the equation for the interface
and textile bag is as follows:

-0,=E I (7)

Shear slip is defined as the relative displacement between
textile bag and surrounding rock of roadway. Based on this
assumption, all the deformation outside the interface is con-
centrated on the interface, and the shear slip is equal to the
axial displacement of the textile bag. Combining (5) and (6)
becomes

du 2h+b
?‘WT(”)— . (8)

2.3. Elastic Analysis of Load Transfer between Textile Bag and
Roadway. When the roadway interface is in a completely
elastic state, the linear load transfer function is as follows:

7(u) = K,u. 9)

Substitute (9) into (8) and get

dzu_2h+bKu_0 (10)

d  hbE U
Let 8= +/(2h + b)K,/hbE, which can solve the following:
u(x) = C, cosh (Bx) + C, sinh (Bx). (11)

Consider the boundary conditions: 0 |,_y = 0p, 0, |,; =0,
in combination with (7) and (11).

o, =-EB|C, sinh (fx) + C, cosh (Bx)]. (12)
Namely, 0,|,_, = —EBC, = 0,.
It has to be
Op
G = “ER’ (13)
0|1 = —EB[C; sinh (BI) + C, cosh (BI)] = 0. (14)

Substitute (13) into (14) and get

_ op cosh (BI)
' EBsinh (BI)’

Substitute (13) (15) into (12) and get

v, = W@. (16)

Combine (6) and (16) and get

_ hbfoy, cosh [B(I-x)]
"= T (2h+b)sinh (BI) (17)

Under the condition of elastic-plastic criticality, the resis-
tance at x =0 just reaches the interface ultimate bonding
strength. Let 7(x) = 7;, when substituted into (17), the ulti-
mate compressive stress of the elastic state is

ope= 20T oh (g, (18)

hb
2.4. Load Transfer Elastic-Plastic Analysis between Textile
Bag and Roadway Interface. When the load is relatively large,
the shear stress on the initial end side of the textile bag
reaches the interface shear strength, and the interface will
undergo debonding failure. And the surrounding rock will
enter the stage of plastic softening. From the relation curve



of shear stress and displacement, it can be obtained that
T(u)=71, - Ky(u—uy), u; Su<u,. (19)
Substitute (19) into (8) and get

2
du (2h+b)K2u_ (2h +b) (7, + K,uy) ~0. (20

o2 T hbE HbE

Let y = y/(2h + b)K,/hbE, which can solve the following:

u(x) = I% +u; + C; cos (yx) + C, sin (yx). (21)

The derivative of (6) and (7) with respect to (21) is as fol-
lows:

o, = Ey[C; sin (yx) — C, cos (yx)], (22)

7, = =K, [C; cos (yx) + C, sin (yx)]. (23)

Assuming that the length of the plastic-softening stage on
the left side of the textile bag is x,, and then it is the elastic
joint deformation state. At this time, the pressure acting on
the elastic part is 0p,;, and the length of the elastic stage is /
—x,. From (17), the distribution law of shear stress in the
elastic bonding section is

_ hbPop,, cosh [B(I-x)]
T @kt bysinh Bl—x,) " (24)

Consider the boundary conditions.

Oylyeo =0p> (25)
Tx|x:xc =T (26)
Oy ’x:xE =0Ope - (27)

Substitute (25) into (22) and get
C,=—-L. (28)

Combine (26), (27), (22), (23), and (24), it is determined
that the length of softening section x, satisfies the following
equation:

__hbEy[r, sin (yx,) + K,C,]

(2h + b)K, cos (yx,) (29)

% tanh [B( - x,)] =

Do the Taylor expansion on both sides of this equation.

{_ thyC4/3}

1
=]-_ h
x, =1 arctan 2+ D)

=13 (30)
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Substitute (30) into (23) and get

_ Kyop sin (yx,)/Ey -7,

¢, (31)

K, cos (yx,)

Substitute (28) and (31) into (22) and (23) and get

__ [Kyopsin (yx,)/[Ey -1, . Op
o, —Ey{ K, cos (yx.) sin (yx) + By cos (yx) |,
(32)
_ | Ky sin (yx,)/Ey — 7, _0p
7, =-K, [ K, cos (yx.) cos (yx) By sin (yx)|.

(33)

2.5. Residual Shear Analysis between Textile Bag and
Roadway. If the load increases further, the left side of the tex-
tile bag will enter the residual deformation stage. And x, is
the length of the residual shear section, that is, the left side
of the textile bag only has friction. From the relation curve
of shear stress and displacement, it can be obtained that

T(U) = 1,. (34)

Substitute (34) into (8) and get

dzu_2h+bT o (35)
dx*  hbE * 7
which can solve
2h+b)T
u(x) = %xz + Csx + Cg. (36)
Combine (7) and (36) and get
2h+b)T
axz—%mcy (37)
Consider the boundary conditions.
Gx|x:0 =0p- (38)

Joint (37) and (38) obtained C; = o).

Namely,
2h+b)T
ax:_%ﬁ% (39)
T, =T, (40)

When it just enters the debonding stage, that is, at x =0,
according to (33), let 7, = 7,, and the ultimate compressive
stress when entering the residual shear stage can be obtained.

O = EY[TI — T, COS (yxe)] (41)
Pp KZ sin (Yxe) .
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FIGURE 3: Shear stress distribution curve of textile bag under different loads.
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FIGURE 4: Axial stress distribution curve of textile bag under different loads.

The length of the residual shear part can be obtained by
combining (39) and (41).

hbopK, sin (yx,) — hbEy[T, — T, cos (yX,)]
X, = .
r (2h + b)1,K, sin (yx,)

(42)

2.6. Calculation and Analysis of Water Resistance Effect of
Textile Bag. Parameter value: the length of textile bag [ is
10 m, the width b is 5 m, the height & is 4 m, the elastic mod-
ulus E is 2000 MPa, K, = 600 MPa/m, K, =300 MPa/m, T,
=0.6 MPa, and 7, = 0.3 MPa.

According to the above parameters, by substituting equa-
tion (18) into the above parameters, the ultimate compressive
stress of the textile bag during the whole bonding process is
0p, =0.883 MPa. According to equations (32) and (33), the
ultimate compressive stress of the textile bag when it enters

the residual shear section is 0, = 1.396 MPa; at this time, the

softening stage is x, = 1.71 m. Figure 3 shows the distribution
curve of shear stress along the length of the textile bag when
the hydraulic stress is 0.700 MPa, 0.800 MPa, 0.883 MPa,
1.000 MPa, 1.200MPa, 1.396 MPa, and 1.500 MPa, respec-
tively. Figure 4 shows the distribution curve of axial stress of
the textile bag under the action of the above hydraulic stress.

As can be seen from the figure, the distribution of shear
stress and axial stress around the textile bag has the following
characteristics:

(1) When the hydraulic stress o, < 0.883 MPa, the textile
bag is in the elastic bonding stage. The lateral resis-
tance forms peak value on the initial end side of the
textile bag, gradually decreases towards the end and
tends to 0. With the increase of water pressure, the
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Real picture of water shutoff in textile bag

FIGURE 5: Model diagram of textile bag for large passage through water.

Textile bag 4//

FIGURE 6: Numerical simulation model diagram.
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FiGure 7: Initial flow field model.
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FIGURE 8: Deformation rule of textile bag was observed from the upward angle of the bottom of roadway.

maximum shear stress on the initial end side of the
textile bag also increases accordingly. When the
maximum shear stress increases to the peak shear
strength value 7, at the interface, it does not
increase. The axial stress of the corresponding tex-
tile bag gradually decreases to the end and finally
approaches 0

(2)

When the 0.883 MPa <o), <1.396 MPa, the initial
end side of the textile bag enters the elastic-plastic
softening stage. In this case, the lateral resistance
peak is not formed on the initial end side of the textile
bag, but the shear stress peak is formed at the elastic-
plastic boundary, forming a unimodal curve. With
the increase of hydraulic stress, the shear stress on
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the initial end side of the textile bag decreases contin-
uously. When the shear stress on the initial end side
of the textile bag decreases to the interface residual
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end side forms a convex curve and then connects to
the concave curve of the elastic bonding section and
finally approaches 0

(3) When the 0} > 1.396 MPa, the initial end side of the
textile bag enters the residual stage. At this point,
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FIGURE 10: Deformation rule of the textile bag was observed from the oblique above the water inlet.

the shear stress on the initial end side of the textile
bag does not change and is the interface residual
strength 7,. The peak shear stress still moves to the
end side of the textile bag with the increase of water
pressure. The middle segment shows an ascending
curve and then connects the attenuation curve of
the bonding segment after reaching the peak value.
At this point, the axial stress on the initial end side
of the textile bag decreases linearly, and then the
curve of the connecting elastic-plastic stage decreases

3. Numerical Simulation Analysis of Water
Resistance Effect of Textile Bag in
Water Passage

3.1. Software Introduction. XFlow is a powerful software appli-
cation that uses patented particle-based, complete Lagrangian
functions to simply tackle traditional complex computational
fluid dynamics (CFD) problems in engineering, design, science,
and architecture. XFlow has the ability to simulate gas and lig-
uid flows, heat and mass transfer, moving bodies, polyphase
physics, acoustics, and fluid structure interactions. Most of
the fluid modeling techniques in the market are based on the
traditional meshing techniques. It has encountered serious dif-
ficulties in dealing with the changes of topological regions, var-
iable boundaries, and fluid-solid coupling. The challenge of
traditional CFD technology is the grid discrete technology
based on spatial regions. The reliability of the solution depends
on the quality of the grid to a large extent, and it usually takes a
lot of engineering time to create a good grid during CFD anal-
ysis. However, XFlow is a CFD software system that provides
effective methods to solve complex problems including variable
boundary, free surface, and fluid-solid coupling in complex
geometric areas. It enables computational fluid dynamics
(CFD) analysis to achieve complex modeling in a straightfor-

ward and understandable way, minimizing the number of algo-
rithm parameters. Avoid the traditional time-intensive
matching approach.

3.2. Selection of Numerical Simulation Parameters. According
to the deformation characteristics of seepage field and
hydraulic force field caused by controlled grouting closure
of the water passage, XFlow numerical simulation method
is adopted to construct and simplify the model, with fewer
parameters and relatively simple. It is necessary to consider
boundary conditions, initial conditions, model size, flow field
parameters, and other influencing factors to build a reason-
able numerical analysis model.

This research is based on a controlled grouting plugging
water channel tunnel as the research object. The purpose is
to realize the simulation analysis of the stability of the textile
bag with small flow rate and low pressure and large flow rate
and high pressure by using the XFlow calculation software. It
is necessary to highlight the main factors affecting the analysis
results and to abstract out a reasonable calculation model by
ignoring the secondary factors. Combining the theoretical
analysis with practical engineering background, the XFlow
numerical simulation model of this project selected the road-
way height of 4 m, width of 5m, and length of 60 m. The water
passage entrance was located in the middle right side of the
roadway model (2m in length and 1 m in diameter), and the
size of textile bag was designed with a length of 10 m. The cross
section circumference of the double textile bag can contact the
two sides and the roof and floor of the roadway. In the model,
the right side of the roadway is the water inlet. And the left side
is the open water outlet. Figure 5 shows the model diagram of
textile bag for large passage through water.

The establishment of mathematical model is the first task
of computer numerical simulation. The correctness of the
model establishment is the prerequisite for obtaining the
results consistent with the actual calculation. Under the
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FIGURE 11: Variation of flow velocity over time. (a) Perspective view and (b) a cross-sectional view.

condition of reflecting the original modeling conditions as
much as possible, some assumptions and simplifications are
made to facilitate the simulation analysis and calculation.
Figure 6 shows the numerical simulation model.

3.3. Analysis of Simulation Results. To textile bag in the block
water law of water channel simulation so far has not revealed.
Therefore, with this topic in a water tunnel as the research
object, the numerical calculation model is set up. In roadway
position on the right side of 10 m distance model set initial
flow field section, water inlet pressure designs three kinds
of operating mode, respectively, 0.3MPa, 0.5MPa, and

0.7 MPa, and the computing time 1s. Considering the three
working conditions, the flow field velocity, flow field pres-
sure, and textile bag stress characteristics are similar. There-
fore, 0.7 MPa was selected as the key analysis object to
analyze the water-blocking effect, stress, and flow field distri-
bution of the textile bag in the passage. Figure 7 shows the
initial flow field model of the numerical model.

3.3.1. Deformation Morphology and Flow Field Distribution
Rule of Textile Bag. Figures 8-10 show the evolution rule of
the seepage field of the textile bag in the water passage. The
actual evolution is divided into 100 steps, 0.01 s for each step,
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FIGURE 14: Deformation law of textile bag at different times.

and 9 time points are selected for study. The three figures
show the influence of the flow field at different times on the
deformation and distribution of the textile bag. Figure 8
shows the deformation of the textile bag observed from the
upward angle at the bottom of the roadway. Figure 9 shows
the deformation of the textile bag observed from the over-
looking angle of the roadway top. Figure 10 shows the defor-
mation of the textile bag observed from the oblique above the
water inlet. Figure 11 shows the variation of flow velocity
over time. Figure 12 shows the evolution of water pressure
at different times.

As can be seen from Figures 8-12, when the water is
ejected from the water inrush outlet at 0.7 MPa, the water will
spread out in a fan-shaped way. At this time, it is far away
from the textile bag, and the flow field does not affect the tex-
tile bag. When t is 0.05s, the water column formed by the
high-speed water flow is approximately horizontal due to
the textile bag blocking the tunnel, which can extrude the
blocked water inside the tunnel. According to the shape of
the textile bag, it has slightly deformed at this time. And the
deformation occurs mainly at the place where the textile
bag and the surrounding rock are not blocked, which is
mostly the overflow point. When t is 0.08 s, the first wave of
obvious water flow reaches the edge of the textile bag, and
at this time, obvious extrusion deformation occurs near the
6 overflow points. When time ¢ reaches 0.19 s, the water flow
is blocked by the textile bag. The flow field forms a significant
reflected water wave on the surface of the textile bag. Due to
the impact of water pressure, the stress surface of the textile
bag will sag inwards, and the sag degree is mainly affected
by the elastic modulus of the textile bag and the whole slurry
inside and the grouting slurry pressure. Then, the high head-
water ejected from the water inlet will then pressurize the
water retention between the textile bag and the water inlet.

However, new water leakage points will be formed when
the textile bag is not completely in contact with the roof,
floor, and two sides of the roadway. But the water flow from
the leakage point has a certain pressure and flow rate. And
compared with the water pressure and flow before the sealing
of the textile bag, the water pressure and flow rate are signif-
icantly lower.

3.3.2. Mechanical Evolution Characteristics of Internal
Structure of Textile Bag. Figure 13 shows the influence of
water flow fields at different times on the deformation of tex-
tile bag. Figure 14 shows the deformation law of textile bag at
different times.

It can be seen from Figures 13 and 14 that when t is 0.01 s,
the high-pressure water just gushed out from the water inlet.
At this point, the flow field has little influence on the stress of
the textile bag. Because the textile bag itself has a certain grav-
ity influence, and the textile bag itself is flexible material, the
friction resistance between the textile bag and surrounding
rocks mainly affects the roadway floor and the two sides.
And the edge of the textile bag near the overflow point has
a great influence. When t is 0.05 s, it can be seen from the fig-
ure that the water flow has a significant influence on the
water pressure at the water surface of the textile bag. When
tis 0.05~0.23 s, the textile bag is affected by the flow pressure,
and an upward slope will be formed on the side facing the
water surface of the textile bag. This increases the force of
the water flow on the water surface of the textile bag, and
the end of the textile bag has a shape of “high in front and
low in back” due to the great friction resistance with the bot-
tom plate. However, the pressure difference of the water out-
let head is large, and the water flow pattern in the water-
blocking section will change with the shape of the stressed
slope surface of the textile bag. When the top of the textile



Geofluids

Total pressure (kPa)

N1 V2
6.0 - 6.0
5.5 5.5
5.0 + 5.0
4.5 4.5
4.0 - 40
3.5 35
3.0 4 30
2.5 ] r22
2.0
2.0 +
- 1.5
1.5 1 +
1.0
104 0.5
0.5 L 0.0
0.0 4 L -05
-0.5 L -1.0
~1.0 4 L-15
-1.5 L 2.0
-2.0 L-25
-25 L 30
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 x
Textile bag height (m)
xX=Y X=Y, X=)3
-=-0.01s ——0.19s ——0.55s
-u-0.05s —o—0.23s —4—0.75s
—=—0.08s ——0.35s ——0.95s
(a)
50
40 :
B Ve e
Ay
% 30
I
2
£ 2
2
=
£ 10
o
=
T
0
T4
o D
: &
0
bi A
e () 5 P
W00ls [0 0.35s
W 0.05s M 0.55s
W 0.08s WO0.75s
M 0.19s W 095s
W 0.23s

FiGure 15: Continued.

(b)

13



14

N1

1900 -
1800 ~
1700 -
1600 -
1500 -
1400 -
1300
1200
1100
1000 -
900 ~

800 ~

700

600 ~

500 ~

400 -

300 ~

200 ~

100

0

Total pressure (kPa)

A Ahas ah—sh b A 40 M-AbaAs As 4. A0 4 aih

V2

~ 2300
L 2200
L2100
L 2000
L 1900
L 1800
L 1700
L 1600
- 1500
L 1400
L 1300
L 1200
L 1100
L 1000
L 900

L 800

- 700

- 600

0.0

xX=¥

—a-0.01s
—=-0.05s
—a—0.08s

Hydraulic pressure (kPa)

0.5 1.0

W 0.01s
W 0.05s
W 0.08s
M 0.19s
W 0.23s

(d)

2.0 2.5
Textile bag height (m)
X=Y,
——0.19s
——0.23s
——0.35s

[0035s
W 0.55s
W 0.75s
W 095s

3.0 3.5 4.0

X=Ys3

——0.55s
—-0.75s
——095s

500

V3

1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
= 900
- 800
= 700
- 600
= 500
L 400
L 300
L 200

100
Co

Geofluids

FiGure 15: Longitudinal water pressure of textile bag under different times. (a) The right side of the end, (b) the left side of the end, (c) middle

right, and (d) middle left.



Geofluids

Velocity (m's ™)
22305
19.826
17.348

14.870
—{ 12392
9.913

0.000

Velocity (m-s™)
22838
20.301
17.763

Velocity (m's™)
22556

Velocity (ms”)
23.074

23.065

22,957

Velocity (m:s”
22961

Velocity (ms”
23.022

(®)

FiGure 16: Continued.

Velocity (m-s™")

Velocity (m-s™")

15



16

Geofluids

Velocity (m-s™)

22.909

20364
i { 17.818
{ 15.273
e e 12.727
e 4{ 10182 0.00 s
& ( 7.636
i I 5.091
2.545
; 0.000
Velocity (m-s™!)
23.064

: 20.502
17.939
15376
= 12.814
—‘ w251 0.10's
- 7.688
5125
2563
. 0.000
Velocity (m-s™")

23.078
20.514
17.950
15.385
= 12.821
— 10257 0.20's
o 7.693
5128
2564
0.000
Velocity (m-s™!)

22.556

20.050
17.544

12.531
| = 10025 0.50 s

7.519

Velocity (m-s™")
18.877

16.780
14.682
12.585

10.487
—‘; s300 1.00s
= 6.292

4.195

2.097

0.000

F1Gure 16: Influence of flow field under different water pressure on the deformation of textile bag. (a) 0.3 MPa, (b) 0.5 MPa, and (c) 0.7 MPa.

bag is not compacted, the high-pressure water will overflow
into the tunnel along the top of the textile bag and other leak-
age points.

3.3.3. Variation of Water Pressure at the Edge of Textile Bag.
Figure 15 shows the longitudinal water pressure of the textile
bag at different times. Figure 15(a) shows the water pressure
at the vertical section of the textile bag (1.25 m away from the
center line). Figure 15(b) shows the water pressure at the ver-
tical section in the middle of the textile bag.

It can be seen from Figures 15(a) and 15(b) that the forces
on both sides of the textile bag are mainly in the form of trap-
ezoid or triangle. This is closely related to the water flow
velocity. The flow velocity near the leakage point of the textile
bag is larger, but the hydrostatic pressure is smaller, while the
water pressure is large in the middle lower part of each textile
bag due to its own water-blocking effect.

It can be seen from Figures 15(c) and 15(d) that the water
pressure at the left and right ends of the textile bag is still
related to the flow velocity at the leakage point. But in gen-
eral, the water pressure on the water-resisting side of the tex-
tile bag is larger than that on the other side. When the total

pressure difference formed is less than the friction resistance
between the textile bag and the rock wall of the roadway, the
textile bag will not slip. Due to the increasing influence of
water flow, if the sum of water pressure misses the frictional
resistance, the textile bag will slip or even fail. In addition, the
longer the length of the textile bag, the more conducive to
stability, and the shorter the textile bag, the more prone to
“capsizing.”

3.3.4. Shape and Flow Field Change Rule of Textile Bag under
Different Water Pressure. Figure 16 shows the influence of
flow field under different water pressure on the deformation
of textile bag. The effect of different water pressure and flow
field on the textile bag is summarized. Before there is no obvi-
ous slip between the textile bag and the surrounding rock
wall, the deformation morphology of the textile bag is simi-
lar. The water leakage point is easy to form between the tex-
tile bag and the top of surrounding rock and the surrounding
rock corner. Especially, the textile bag itself is a material with
high softness, so it is difficult to ensure that the grouting
slurry in the textile bag makes the textile bag and the top of
the surrounding rock close together. In addition, the length
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of the textile bag should be kept as long as possible under the
convenient conditions to avoid overturning.

3.3.5. Morphology Change Rule of Textile Bag under Different
Flow Fields. The water flow flows from 5m away from the
roadway to the opening of the roadway, and the water inlet
of the roadway provides a flow velocity of 1 m/s. As can be
seen from Figure 17, with the passage of time, the maximum

water inrush velocity (V0.1s) in the roadway increases to
1.852m/s from 0.1s. At 0.3s, the maximum velocity
(V0.3 ) in roadway increased to 2.653 m/s. From 0.35s, the
water flows through the textile bag. At this time, the water
is blocked and can only passes through the gap between the
textile bag and the gap between the textile bag and the tunnel.
But the initial flow velocity was only 1 m/s, so the flow veloc-
ity did not change much. At 0.5 s, the maximum flow velocity
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in the tunnel was only 2.614 m/s. When the water flow passes
through the textile bag, and the water flow at the water inlet is
small, the water supply is insufficient. When the tunnel water
flow extension time reaches 1.0s, the maximum flow velocity
drops to 2.358 m/s. At this time, the water in the water inlet
end of the tunnel is blocked at one end by the textile bag,
which plays a role in water resistance and slowing down the
flow velocity. Figure 18 shows the relationship between the
maximum flow velocity and time in the tunnel.

4. Field Application

Water disaster rescue project of Yubujie Coal Mine, Yulin,
Shaanxi Province. The water pressure is 0.7 MPa, the contin-
uous water surge is 1200 m>/h, and the maximum water surge
is 4000 m’/h. 15 large size and 9 small size textile bags were
used to block the tunnel through the water, which was suc-
cessful at one time. The time was only 18 days, the drilling
footage totaled 483 m, and the grouting volume is 850 m".
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TaBLE 1: Comparison table between conventional grouting and grouting with textile bag control.

Plan Construction Grouting Project cost/ten thousand ~ Cost of mine recovery/ten thousand
period/d quantity/m’ yuan yuan

Conventional grouting 150 850 600 3000

Textile bag controls 18 50000 2000 20000

grouting

Then, a trial drainage test was carried out, through the anal-
ysis of the test data, the water at the water inrush point was all
blocked up, and the plugging rate was 100%. After field
exploration, the length of the blocked and consolidated body
of the roadway is less than 50 m. No secondary water inrush
or abnormal situation occurs in the subsequent production
blocked section.

5. Field Verification

According to theoretical analysis, the actual water pressure in
the field is less than the ultimate hydraulic stress of the textile
bag. That is, the textile bag can effectively control the actual
water inrush on site within the limit of antihydraulic stress.
According to the simulation results of the change of water
pressure at the edge of the textile bag, it can be found that
although the bag does not slip, there is a large head difference
at both ends. It indicates that the grouting controlled by the
textile bag cannot completely reduce the dynamic water flow.
The over-water section must be further reduced through the
supplementary grouting outside the bag in the later stage, so
as to realize the rapid sealing of the dynamic water. As shown
in Figure 19, it can be found from field application that
the textile bag is not in complete contact with the roadway
in the process of water blocking. Although the over-water
section has been greatly reduced, there are still obvious
residual over-water sections on both sides. This further
explains the reason of the head difference between the
two ends of the textile bag in the numerical simulation
and confirms the key of the supplementary grouting in
the later stage.

The results of field application show that the conclusions
obtained by theoretical analysis and numerical simulation
meet the design requirements. So the numerical simulation
of water resistance mechanism of textile bag in the water pas-
sage is reasonable and feasible.

6. Comparison with Conventional Grouting

Through the field verification, compared with the conven-
tional grouting scheme, the textile bag control grouting tech-
nology has a great advantage in the sealing of the moving
water channel. See Table 1 for a detailed comparison.

It can be seen that, compared with the conventional
grouting technology, the textile bag control grouting technol-
ogy can significantly shorten the construction time, save a lot
of grouting volume, and greatly reduce the cost of the engi-
neering and recovery mining.

7. Conclusions

(1) A new flexible textile bag is presented, which can pre-
vent a large amount of loss of aggregate due to
dynamic water impact during grouting. Solve the
uncontrollability of traditional dynamic water grout-
ing technology to grouting aggregate

(2) The mechanical model of textile bag subjected to
hydrodynamic action is established. The water plug-
ging mechanism of textile bag is theoretically ana-
lyzed. The parameters of the bag are given, and the
ultimate resistance to hydraulic stress of the textile
bag is calculated. And the stress curve of textile bag
subjected to hydraulic change is given, which pro-
vides a reference for numerical simulation and field
application

(3) Based on the numerical simulation analysis of the
water barrier effect, force, and flow field distribution
of the textile bag, the accuracy of the conclusions
obtained from the theoretical analysis is verified. By
observing the changes of the water pressure field at
the water inlet and outlet of the textile bag in the sim-
ulation process, whether the textile bag is effective for
the treatment of dynamic water can be accurately
judged. On the other hand, numerical simulation
can also observe the stability and deformation of the
textile bag before and after the dynamic water load,
so as to ensure the reliability of the textile bag in the
actual water plugging process

(4) Based on the field verification, the textile bag barrier
technology of the water passage can quickly and
effectively block the large water passage with moving
water. Compared with the traditional grouting tech-
nology, it has significant advantages in terms of time
limit, quantity of works, reliability, and cost. The suc-
cessful application of this technology is of great sig-
nificance to improve the technical level of mine
rescue engineering in China, the chances of survival
for those trapped, and the reliability of the project
and shorten the rescue time of water disaster. In the
future, mine water disaster rescue and control project
has a broad application prospect
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