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Abstract

Purpose. On the basis of analysis and assessment of geological conditions, technological parameters and support methods
of a longwall, the author has pointed out the causes and rules of the phenomenon of face spall and roof falling in fully mecha-
nized longwall. From there, the author proposes some solutions to prevent this phenomenon to ensure the safety of the
longwall.

Methods. The statistical, survey and analysis methods of actual field data are used to achieve research results.

Findings. The results of applying solutions to prevent the phenomenon of face spall and roof falling are relatively good.
There are some effective solutions such as the technique of force-pumping chemicals directly into the coal seam to increase the
connection among the coal masses, the solution of force-pumping water into the seam combined with enhanced support at the
place of face spall and roof falling on a small scale.

Originality. There are many reasons and factors that cause the phenomenon of face spall and roof falling in the longwalls.
In the present paper, the author focuses on 5 main causes and factors ruling face spall and roof falling in longwalls. On that
basis, the author proposes 5 solutions that can be applied to prevent the face spall and roof falling in geological conditions of
longwalls in Quang Ninh coalfield, Vietnam.

Practical implications. The research results presented in the article will help mines be proactive in production. These
technical solutions, after being applied in actual production, allowed to achieve quite good results, and effectively handled the
phenomenon of face spall and roof falling in the longwall according to each specific geological condition. Thus, it is possible
to develop technical and technological solutions for troubleshooting in fully mechanized longwall at some current underground
mines of Quang Ninh coalfield, Vietnam.
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1. Introduction The technology of fully mechanized longwall mining is

The face spall is the phenomenon of coal being separated ~ constantly developing and improving in many countries
from the original coal seam and overflowing into the space of ~ around the world. Because this technology has many out-
the longwall, which affects the activities in the longwall [1],  Standing advantages, it is increasingly being researched and
[2]. When exploiting coal seams with soft, loose, high pres- ~ applied in actual manufacturing [3]. In Vietnam, in recent
sure and unreasonable mining techniques, the phenomenon  Years, fully mechanized longwall mining technology has
of face spall will occur more frequently and continuously. ~ Peen applied in underground mines [4]. Currently, Quang
When the phenomenon of face spall occurs, the roof loses its ~ Ninh coalfield, Vietnam is operating and exploiting 10 fully
support, if it is soft rock, it will tend to fall into the space of ~ Mechanized longwalls, specifically in these coal mines: Ha
the longwall, which can cause impacts and incidents, this is ~ Lam coal mine, Nui Beo coal mine, Duong Huy coal mine,
called the phenomenon of the roof falling of the longwall ~ Ha Long coal mine, Quang Hanh coal mine, Mong Duong
during the mining process [1], [2]. This phenomenon occurs coal mine, Khe Cham coal mine and_ Vang _D_anh coal mine.
in a large space, leading to the hollow roof of the longwall, ~ In the next few years, fully mechanized mining technology
which affects the quality of the support, the shield may be ~ Will be researched and applied at Mao Khe coal mine, Nam
tilted, even the shield will fall and become unsafe for ~ Mau coal mine, Thong Nhat coal mine and some other mines
longwall. In the longwall, the process of face spall may occur ~ With suitable geological conditions [5]. In the process of
first, the next by the phenomenon of roof falling. When the exploitation and assessment, it is initially shown that these
longwall operates stably, the phenomenon of face spall and longwalls have brought remarkable results. However, at these

roof falling occurs in turn according to the process of the  longwalls, there are also incidents due to many diffe-rent
movement in the direction of the longwall. reasons, of which the most common problem is the phenome-

non of face spall and roof falling. When the phenomenon of
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face spall, roof falling occurs in the longwall, it will disrupt
the operation scheme, reduce labor productivity and efficien-
cy as well as bring the problem of unsafety in production.

In order for the fully mechanized mining longwall to op-
erate continuously and bring efficiency in the use and opera-
tion of synchronous equipment, incidents need to be handled
quickly and promptly, in which it is very important to pre-
vent the phenomenon of face spall, roof falling [6], [7]. In a
fully mechanized longwall, due to the operation of many
types of machinery and equipment, besides the changing and
complex geological conditions of the longwall, it often has
problems. Before proposing solutions to prevent incidents, it
is necessary to clearly analyze the influencing factors, on that
basis, to choose the right and timely solutions to keep the
longwall safe [8], [9]. In the world, there are many countries
that have technical and technological solutions to handle and
prevent the phenomenon of face spall, roof falling, in which
two solutions of force-pumping chemicals and force-
pumping water into the coal seam are also relatively
common [10]. However, in each specific geological condi-
tion, different mining technology, the application of each
solution to prevent face spall, roof falling is also different.
Through analyzing the characteristics of the mechanized
longwall being exploited in some underground mines in
Quang Ninh, the author also analyzes the influencing factors
and the rules of the phenomenon of face spall in the
longwall, from which proposes some effective solutions to
handle. These solutions can be completely applied in mecha-
nized longwalls in Quang Ninh coalfield, Vietnam, and con-
tribute to improve the level of safety and good efficiency in
the production process.

2. Methods

2.1. Current status of fully mechanized
longwall mining technology in Vietnam

Currently, in Quang Ninh coalfield, there are 10 under-
ground mines, which apply fully mechanized longwall min-
ing technology, specifically as follows:

1. Ha Lam coal mine has two longwalls, in which one is
applied to exploit Seam 11 (from 2013), equipment includes:
shield of type ZF4400/16/28, shield of type ZFG4800/18/28,
shearer of type MG150/375-W, conveyor coded SGZ630/264,
designed capacity 600 thousand tons/year; the other one is
applied to exploit Seam 7 (in 2015), equipment includes:
shield of type ZF 8400/20/32, shield of type ZFG9600/23/37,
shearer of type MG300/730WD, conveyor coded SGZ
764/400, designed capacity 1.2 million tons/year [11].

2. Khe Cham coal mine has two longwalls, in which one
is applied to exploit Seam 14-5 (from 2016), equipment
includes: shield of type ZFY5000/16/28, shield of type ZFG-
6200/17/30, shearer of type MG-150/375-WD, conveyor
coded SGZ630/246, designed capacity 600 thousand
tons/year; the other one is applied to exploit Seam 15-5 (in
2018), equipment includes: shield of type ZZ/3200/16/26,
shearer of type MG150/375-W, conveyor coded SGZ
630/220, designed capacity 300 thousand tons/year [12].

3. Duong Huy coal mine hasone longwall, which is ap-
plied to exploit Seam 11 (from 2015), equipment includes:
shield of type 2ZY3200/16/36, the shield of type
ZYG3200/16/36, shearer of type MG300/700-WDK, con-
veyor coded SGZ 730/220, designed capacity 600 thousand
tons/year [13] (Fig. 1).
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Sonveyor coded SGZ 730/220

Shearer of type MG300/700-WDK
Figure 1. A group of equipment used in the longwall of coal Seam

11 — Duong Huy Coal Mine, designed capacity 600
thousand tons/year [13]

4. Quang Hanh coal mine has one longwall, which is ap-
plied to exploit Seam 7 (from 2015), equipment includes:
shield of type ZY3000/12/26, shearer of type MG132/320-
W, conveyor coded SGZ 630/220, designed capacity 180
thousand tons/year [14].

5. Vang Danh coal mine has one longwall, which is ap-
plied to exploit Seam 8 (from 2018), equipment includes:
shield of type ZF4400/17/28, shield of type ZFG4800/20/32,
shearer of type MG170/411-WD, conveyor coded SGZ
630/264, designed capacity 450 thousand tons/year [15].

6. Mong Duong coal mine has one longwall, which is ap-
plied to exploit Seam L7 (from 2019), equipment includes:
shield of type ZF3000/15/24, shield of type ZFG3200/19/31,
shearer of type MG160/380-WD, conveyor coded SGZ
630/220, designed capacity 300 thousand tons/year [16].

7. Nui Beo coal mine has one longwall, which is applied
to exploit Seam 11 (from 2020), equipment includes: shield
of type ZF4400/17/28, the shield of type ZFG4800/18/30,
shearer of type MG160/391-WD, conveyor coded SGZ
630/264, designed capacity 600 thousand tons/year [17].

8. Ha Long coal mine has one longwall, which is applied
to exploit Seam 11 (from 2021), equipment includes: shield of
type ZY?2400/14/32Q, the shield of type ZYG2400/12/32Q,
shearer of type MG160/381-WD, conveyor coded SGZ
630/220, designed capacity 300 thousand tons/year [18].

Based on surveys at mechanized longwalls, during the
coal mining process, the phenomenon of face spall, roof
falling has occurred in most of the longwalls. Depending on
the conditions of the longwall, the phenomenon occurs in a
large or narrow area. It takes a relatively long time to stop
the longwall to overcome the phenomenon of face spall, roof
falling, affecting the output and production plan of the
longwall and the whole company. Therefore, prevention and
treatment solutions are extremely necessary.

2.2. Characteristics, influencing factors and rules
of the phenomenon of face spall, roof falling
in fully mechanized longwalls in Vietnam

2.2.1. Characteristics

Under the condition of unstable or moderately stable
roofs, with cracks and soft coals, it will usually lead to front
face spall, rear roof falling, followed by face spall and roof
falling occurring alternately.

There are immediate roofs or the false roof that are bro-
ken or loose, collapsing, making the shield and the rocks in
bad contact, leading to the formation of a local hanging roof.
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If the equipment is damaged or the movement of the shield is
not suitable, it can lead to the hanging roof again collapsing,
causing the face spall and roof falling to occur on a larger
scale, from small to large.

If the condition of coal and rock is soft, the broken and
loose areas are large, it will easily lead to the phenomenon
of face spall and roof falling, its characteristic is that the
loose rocky area occurs the phenomenon of the roof falling
continuously until the longwall completely passes through
the loose roof.

Along with the process of unloading many times of the
shield, the temporary equilibrium of the roof is constantly
being destroyed, making the scope of the face spall and roof
falling develop many times and spread.

2.2.2. Factors affecting

1. Mine pressure factor. The common factor of mine
pressure is the pressure of the coal pillar or the pressure in
the period of cyclic caving, which causes the mine pressure
to appear abnormal, leading to the problem of face spall and
roof falling. The reality of exploiting several fully mecha-
nized longwalls mining in the Quang Ninh, Vietnam shows
that a number of coal pillars are stored above the shield, thus
affecting the coal mining in the longwall and causing rela-
tively serious face spall. This is due to the influence of the
pressure acting on the coal pillars, creating increased local
stress during the mining process, which leads to the face
spall of the longwall.

2. Geological factors. In areas with soft rocks and loose
roof, it is easy to see the phenomenon of spall and roof fall-
ing. In the area close to the structure of the fault, the axis of
the fold, especially in the condition that the roofs have small,
stratified thickness and low intensity, this phenomenon is
also likely to occur. Through the survey, it was found that the
longwall in Seam 14-5 of Khe Cham mine, longwall in Seam
11 of Ha Lam mine and longwall in Seam 11 of Duong Huy
mine are the softest coal longwalls, so the phenomenon of
face spall and roof falling occurs more often. In some other
mechanized mining longwall, faults and folds occurred, the
phenomenon of partial face spall and roof falling occurred,
which greatly affected the production process, took a long
time to handle this problem.

3. Exposed width of roof. After the shearer has cut coal,
the roof is exposed. If the shield does not move in time to
support the roof or during the move, the shield does not
lower to the required level but still makes certain contact
with the roof, reducing the support quality of the shield.
The distance from the shield to the longwall face exceeds
the specified value, which causes the exposed distance of
the roof to be large, and then leads to the hanging time
exceeding the specified time limit. The working load and
initial holding force of the shield do not reach the specified
value, or the mining height is greater than the maximum
support height of the shield, resulting in pressure on a large
area concentrated on the roof, which causes the roof to
bend and creates problems with the phenomenon of face
spall and roof falling.

During the mining process, the movement of the longwall
will cause the roof to be exposed, the larger the exposure
interval, the higher the level of the collapse of the roof
(Figure 2 shows the relationship between the degree of col-
lapse M of the roof and exposed distance S of the roof).
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Figure 2. Relationship between the degree of collapse M of roof
and exposed distance S of roof [19]
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The actual exploitation shows that there are cases where
the exposed distance of the roof is zero (the shield has come
close to the longwall face) but there is still the phenomenon of
the roof falling, which proves that the distance factor of the
exposed roof is not the only factor affecting the phenomenon
of the roof falling, but also related to many other factors.

4. The movement speed of the longwall. The level of the
collapse of the roof and the movement speed of the longwall
has a direct relationship. If the moving speed of the longwall
is faster and faster, the timely support of the exposed roof will
reduce the deformation of rock and coal, and at the same time
minimize the degree of roof falling in the longwall (Figure 3
shows the relationship between the degree of collapse M of
the roof and the movement speed V of the longwall).

M%)
40
30
20
10

| | 1 1 | -

2 3 4 6 V(m/d)

Figure 3. Relationship between the degree of collapse M of the
roof and the movement speed V of the longwall
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5. Initial support load of shield. During the operation of
the shield, it is necessary to adjust the average working load
of the shield to a reasonable level, which can reduce the
problem of roof falling of the roof. In order to ensure the
supporting load of the shield, it is necessary to first deter-
mine the initial support load of the shield, but in fact, it is
shown that the reasonable ratio of the initial supporting load
of the shield is to be determined only about 70% on average,
due to the following main reasons:

— the time to supply lubricant to the shield is short, the in-
itial support load has not been achieved but the lubricant has
stopped pumping;

—the pressure of the pump station is not enough, the
valve and the pipeline are leaking;

— the floor is soft and weak.

2.2.3. The rules of face spall and
roof falling in the longwall

2.2.3.1. Dividing the deformation area
of the coal in front of longwall face

According to the movement of the longwall, after the coal
was split, the roof behind the longwall was split, deformed,
cracked and collapsed. When the inside of the soil and rock
form a balanced structure with a certain height, the roof
around the longwall appears to redistribute the stress, so that
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concentrated stress appears in front of coal block of the
longwall, becoming pressure.

Under the effect of this pressure, inside the coal mass in
front of the longwall face, plastic deformation and destruction
appear, forming a collapse zone and a plastic zone. From
there, leading to the phenomenon of face spall and roof falling.
As for deep into the coal mass, the coal mass gradually turns
into 3 zones of stress state, improving the expression of pres-
sure, forming elastic zone, collapse zone and plastic zone [20]-
[22]. The deformation area of the coal mass in front of the
longwall is shown in Figure 4. The size of the plastic zone and
the collapse zone is mainly determined by the pressure acting
on the coal mass and the deformation process of the self-
weight of the block and its structural relations.
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Figure 4. Deformed area of coal block in front of the longwall:
I — breaking zone; 11 — plasticity zone; 111 — elastic zone;

x1 — width of breaking zone; x2 — width of plasticity
zone; Xo — non-elastic area width

2.2.3.2. Forms of coal face spall

1. The face spall in the form of cut break. The face spall
in the form of cut break is shown in Figure 5a, for soft coal
seams, under mine pressure, in the coal appears horizontal
tensile stress, because the cut stress in the coal is larger
than the strength of cut resistance, thereby causing the form
of cut break. In fact, the shear surface is mostly curved,
when the height of the longwall face and the height of the
face spall is not large.

2. The face spall in the form of tensile break. Figure 5b, ¢
shows the face spall in the form of tensile break, this break is
common in brittle hard coal, this type of coal mass has a
small amount of deformation. The cause of face spall is
mainly due to the impact of rock pressure, causing the coal to
appear tensile stress in the horizontal direction, but the hori-
zontal tensile force cannot be through the deformation of the
coal mass to release or slow down, so that when it is greater
than the tensile strength, the coal is broken, and there is usu-
ally a cracking sound when it is broken.
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Figure 5. Forms of coal face spall
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From the above analysis, it can be seen that the mecha-
nism of face spall mainly occurs in two forms, namely, the
face spall in the form of cut break and the face spall in the
form of tensile break. The causes of face spall are mainly
related to the roof pressure, shear strength, tensile strength
and some other properties of coal. Therefore, the research to
minimize the mine pressure on the longwall face or change
the mechanical properties of the coal is the main research to
prevent the coal face spall.

2.2.3.3. Structural relationship and destructive
deformation of coal mass

Using a hardness tester to test the compressive resistance
of the coal mass and observing the field have both proved
that the deformation collapse of the coal is a complicated
process. Most of the experiments prove that the stress-
improvisation graph of the coal mass can be simplified as a
soft model with ideal plasticity and elasticity. The defor-
mation process of coal is classified into elastic deformation,
plastic deformation and plastic fluidity (residual deformation
stage). Figure 6 shows the division of 3 zones as mobility,
softening and elasticity respectively called elastic zone, plas-
tic zone and collapse zone [23], [24].

gl elastic plastic flexible
Zone zone mobility
zone
o
*
[<D53+Uc kPCTBJrUC
o
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Figure 6. Ideal model for the softness and elasticity of coal

The coal mass in the structural relationship of the defor-
mation stages is as follows:
1. Flexible mobility stage:

o1 =kpo3 +0':, (1)
where:
o1 — biggest main stress;
o3 — smallest main stress.
kp :1+s!n(p, @)
1-sing
where:

¢ — internal friction angle of coal;

o' — residual (excessive) strength when stretching along
the single axis of coal.

2. Plastic deformation stage:

3)

o1 =kpoz+0c —Mgée,,

where:

oc — uniaxial pressure resistance strength of coal;

Mo — softening modulus of coal (Mo = tanéy, 6o — soften-
ing angle of coal);

&p — soft deformation of coal.

3. Elastic stage:
(4)

o1 =kpoz+og.
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2.3. Solutions to prevent face spall, roof falling
in a fully mechanized mining longwall in Vietnam

Derived from the analysis of the influencing factors and the
law of the phenomenon of face spall, roof falling, the author
proposes solutions to prevent this phenomenon. Each solution
is selected and applied in specific geological conditions.

2.3.1. Using chemicals to reinforce the longwall face

The solution of using chemicals to reinforce the longwall
face is one of the most technically effective solutions. In some
countries such as China, Poland, Australia, this solution is
widely and popularly used to solve the problem of face spall
and roof falling, this solution is not only used to handle face
spall and roof falling in the longwall, but also used to handle
the problem of the roof falling when digging the roadway in
the soft coal seam and rock. The essence of the solution is to
force-pump chemicals directly into the longwall face through
drilled holes, from which chemicals pass through the cracks
in the coal mass and bond into a solid block.

At the mechanized longwall in the coal area of Quang
Ninh, Vietnam, in order to handle the roof and coal with face
spall and roof falling, drill rows of holes with a diameter of
42 mm in the section of the longwall need to be reinforced,
each hole is drilled from 2.5 m deep, the distance of the holes
drilled in the slope direction is 3 m, then the chemical mix-
ture is force-pumped through the drilled holes into the cracks
for reinforcement. After each force-pump chemical, the
longwall face will be stable for about 5 web cuts, equivalent
to 3.15 m (the depth of one web cut at the fully mechanized
longwall is 0.63 m). Currently, the chemicals used to rein-
force longwall face have many different types and their pric-
es are also different. The mechanized longwall in Quang
Ninh coalfield often uses Chinese chemical DMT-601A/B or
some longwalls use Polish chemicals to reinforce. Figure 7
shows the layout diagram of the chemical pumping equip-
ment in the longwall.

Figure 7. Principle diagram showing the force-pump chemical to
reinforce the roof to prevent the phenomenon of face
spall, roof falling [25]: 1 - chemical pump hose; 2 —
chemicals that bind coal in the longwall face; 3 — che-
micals that bond rock blocks on the roof; 4 — chemical
pump borehole

Some advantages and disadvantages of the solution:

1. The construction is simple, the curing time is short
(from only a few tens of seconds to a few minutes), so it is
possible to quickly restore the excavation and mining (after
20 minutes of pumping the chemical mixture can start min-
ing), thereby reducing the interruption time and improving
the production efficiency.

2. Small pumping equipment, only about 50 kg with hy-
draulic driven pump, 100 kg with pneumatic-driven pump, so
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it is easy to move in the underground mines. In addition, the
energy source for pumping equipment (hydraulic or pneu-
matic) can be obtained from the existing system of the mine,
thus increasing the initiative in treatment.

3. Chemicals in the form of a liquid solution have a better
spread than cement, can be used in all conditions, have good
quality of the reinforced rock mass and also have high stabil-
ity. However, it also has the disadvantage of high cost, so in
the mining of coal seams through destructive zones or large
water reservoirs, the reinforcement radius cannot be con-
trolled, the application of this solution will be very expensive
compared to other methods. This is a big challenge for the
current conditions of Vietnam's underground mines.

2.3.2 Using the method of pumping water
into the coal seam

One of the effective solutions to handle the phenomenon
of face spall is to force-pump water through the drilled holes
into the coal mass in the longwall, this is a very effective
solution in terms of economy, however, in locations where
the phenomenon of the face spall and roof falling are heavy
and strong, this solution cannot be handled. The essence of
this method is to drill holes (short, medium and long) into the
coal seam and use those holes to force-pump water into the
coal seam to increase the humidity of the coal until it reaches
the limit request. The scientific basis of this method is that
when the humidity of coal increases to a certain extent within
the limit of unsaturation, it will change the physical and
mechanical properties of the coal such as the adhesion force
between coal particles increasing, the plasticity of the coal
increases, the brittleness of coal decreases, so when force-
pump water into the coal seam, it will be effective for main-
taining the monolithic nature of coal.

Currently, the longwall in Seam 14-5 of Khe Cham lII
coal mine and the longwall in Seam 7, the Seam 11 of Ha
Lam are using this solution. The evaluation shows that, if the
phenomenon of face spall in the longwalls does not occur too
much, this solution is relatively effective. See Figure 8 and 9.

6700

2200

Figure 8. Arrangement of boreholes in the longwall to prevent
face spall by force-pumping water: 1 — scraper conve-
yors; 2 — water pump borehole; 3 — water pump hose;
4 — water supply pipe

The advantage of this method is that the construction
is simple, can use the available equipment and materials
of the mine, does not require high water quality, and has
a low cost.
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Figure 9. Principle diagram of force-pumping water solutions:
(a) pumping water with medium borehole; (b) pumping
water with a long borehole; 1 — water pipe; 2 — pump;
3 — flow meter; 4 — pressure meter; 5 — valve; 6 — pres-

sure meter; 7 — borehole plug; 8 — borehole

In addition, when force-pumping water into the coal
seam, it also contributes to improve the microclimate and
environment at the mining such as reduced temperature and
reduced dust concentration. The disadvantage of the method
is that the effectiveness of preventing face spall is not as high
as that of force-pumping chemicals.

2.3.3. Raise the working load and the initial
support load of the shield

From the hypotheses and reasoning of roof control, it is
shown that the initial support load of the large shield can
control the roof, not only beneficial to prevent the layering
phenomenon of the roof. but also beneficial to the stability of
the shield. The ability of the shield to stretch is large, and the
reliable support load can reconcile the pressure of the roof,
which can be based on the design requirements, reliably
ensuring control for the roof. Therefore, in order to improve
the working load and the initial support load of the shield, it
is necessary to do the following well:

1. First, it is necessary to improve the emulsion supply
capacity of the pump station or select the emulsion supply
system of the high-pressure pump station, trying to minimize
the phenomenon of emulsion leakage of the system and the
danger of the service supply system in the longwall, thereby
reducing the incidents of face spall and roof falling.

2. Correctly operate the shield, after moving the shield, it
is not necessary to immediately adjust the shield to the origi-
nal position (position 0) to improve the initial support load
for the shield.

3. Make good use of the initial support load of the shield
to prevent the retaining roof in a timely and effective:
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—moving the shield against the pressure of the big roof
needs to be controlled for the height of the shield’s leg to
drop below 100 mm, after the shield's leg is stable, it is ne-
cessary to control the shield to raise the setting load;

— promote the rotating effect of the hydraulic jack, ensu-
ring that the roof canopy of the shield is always in a state of
balance, and at the same time, it must also ensure that the
roof canopy is higher than the rear canopy to prevent the
rock sliding towards the longwall face;

— flexible and timely handling, the number of anti-
moving shields at the back of the shear must not exceed
5 hields and not less than 3 shields, otherwise the shear must
stop working to move the shield;

— if the height of the face spall is more than 500 mm, the
timber cog must be immediately placed above the roof cano-
py of the shield to prevent the development and spread of the
phenomenon of face spall and roof falling.

2.3.4. Improve manipulating techniques and fully
mechanized mining technology, at the same time
strengthen equipment management in the longwall

It is necessary to prevent mining heights from exceeding
design requirements. Because the mining height of the design
is determined by many factors such as general geological
conditions, mine pressure, etc. If the mining height exceeds
the design requirements, there will be problems especially
the setting load of the shield does not meet the specified
requirements, but it is in contact with the non-enclosed roof,
creating the layering process of the roof, under the influence
of the stress, which causes the phenomenon of face spall. At
the same time, it also leads to an increase in the distance of
the exposed area of the roof, and the hanging time of the roof
is too long, leading to the phenomenon of roof falling.

When the roof and coal mass are loose and broken, try to
minimize the time and exposed area of the roof at the loca-
tion where the shear passes. Time and exposed area of the
roof are the binding factors for the formation of rocks near
the broken, loose longwall face. Therefore, the time and size
of the exposed area of the roof at the position where the shear
passes are determined by the moving speed and the cutting
depth of the shear. Therefore, in practice, it is necessary to
base on the specific geological conditions and production
conditions to choose a reasonable cutting speed and depth of
the shear, minimizing the time and exposed area of the roof.
Thus, it is possible to reduce the load of the shear, operate
stably, fast speed, and at the same time make the expression
of roof pressure relatively balanced, rock collapse with small
area should be avoided the incident of the phenomenon of
face spall and roof falling in the longwall.

Strengthening the management of electromechanical in
the fully mechanized mining longwall. Improve the quality
of equipment inspection and maintenance, operations for
equipment need to meet standards, the transportation system
also needs to be ensured including scraper conveyors, con-
veying machines, belt conveyors in good condition, ensuring
normal transport capacity, continuous transport. The shear
needs to be properly maintained to be able to cut well and
improve the efficiency of its. Enhance the quality of inspec-
tion of the emulsion pumping station, so that the pumping
station operates with high reliability, stable emulsion supply,
yield load is achieved, and at the same time ensure the setting
load of shield, after the shear cut coal, the shield can hold the
roof in time, this avoids or minimizes the problem of face
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spall and roof falling, thereby ensuring the quality of the
work of the longwall, making the production process proceed
continuously, stably and in balance.

2.3.5. Improve the movement speed of the longwall

The vast majority of practice proves that, when the time
of face spall of the longwall is long, the longwall will also
stop production, at this time, the face spall be more serious.
Accelerating the movement speed of the longwall can reduce
the influence of the pressure on the coal mass in front of the
longwall face, reduce the time of influence of the pressure on
the block, thereby reducing the extent of face spall or pre-
venting face spall.

3. Results and discussion

Through monitoring, evaluating the results of force-
pumping chemicals to reinforce coal blocks to serve the
exploitation process at a number of longwall in Quang Ninh
coalfield shows that the longwall after reinforcing with
chemicals quality good, there is no face spall aspect as be-
fore the pump, the mining process then takes place favorably,
ensuring safety, the speed of exploitation has been raised.
However, due to non-production chemicals in the country but
must be imported so it is high.

From statistical results showed before applying pump wa-
ter solutions at longwall in Seam 14-5 of Khe Cham Coal
Mine, longwall in Seam 11 and longwall in Seam 7 of Ha
Lam Coal Mine, the face spall and roof falling are relatively
frequent. The scope of phenomenon of face spall accounts
about 40-60% of the length of the longwall, the depth of the
face spall is usually from 1.0-1.5m, the height of roof
falling is from 0.5-0.8 m. Time to handle the face spall is
often prolonged, after 8-12 shifts completed a mining cycle.
After applying the solution of pump water into coal seams to
increase the coal bonding, the face spall status in the longwall
is reduced. From the statistics in Table 1 shows the scope and
depths of face spall after the pump water is lower than before
pump water. Thus, pump water solutions have been effective
in increasing coal bonding, so the level of face spall decreas-
es. The result compares the level of face spall before and after
pumping water at some longwalls see Table 1.

Table 1. The result compares the level of face spall before and after
pumping water at some longwalls in Quangninh coalfield

Before pump After the pump
No. Content water into water into coal
coal seams seams
Scope of face Occupy about 35-  Only about 10-15%
1 p 45% of the length  of the length of the
spall
of the longwall longwall
Depths of face Usually from 1.0- Reduce to about
2 1.5 m even there
spall 0.5-0.8 m

isup to 2.0-2.5 m

The level affects  Effects up to 40%  Effect about 10-15%
3 the period of of production of production time
regular mining time per shift per shift

4, Conclusions

Analysis of the causes and rules of the phenomenon of
falling mirror when mining at soft coal seams shows that,
this phenomenon is mainly due to the effect of self-weight
and mine pressure on the coal mass in front of the longwall
face, causing the form of cut break and the form of tensile

break. Therefore, the study of minimizing the influence of
mine pressure or changing the mechanical properties of the
coal mass in front of the longwall face are the two main re-
search to reduce the incident of face spall and roof falling.
The force-pump of water, the force-pump of reinforcing
chemicals into the coal seam are two of the effective solutions
to prevent face spall because water and reinforcing chemicals
can increase the cohesion and reduce the brittleness of the
coal mass, so it improves the stability of the coal seam.

The above solutions are applied to the actual fully mecha-
nized longwalls in Quang Ninh, Vietnam. Applicable results
have also affirmed that force-pump of water and the force-
pump of chemical solutions reinforced on coal seams meet
the requirements of the ability to prevent face spall, roof
falling. In addition, the application of these solutions also
contributes to improving mining output and labor productivi-
ty and improving working conditions in the longwall.

In exploitation, the problem of increasing the linkage of
coal mass is mainly done by force-pump chemical methods
and recently the force-pump water method. In these methods,
the method of force-pump water into coal seams to increase
the coal’s association although effective is not high with
force-pump chemical, but it has many advantages such as
simple construction work, can be used available equipment
and supplies of mine for implementation, low cost, can con-
tribute to improving working environmental conditions.

For longwalls with mirror surroundings, rendering large,
frequent, frequent occurrence, solutions of the force-pump
water into coal seams is not effective, the method of the
force-pump of chemical must be applied in order to ensure
safety for longwall, although the cost of this method is rela-
tively high for the conditions of underground mines in
Vietnam today.

Combined solutions such as increasing the speed of mov-
ing the shear, the longwalls are supported promptly, force-
pump water and force-pump chemical reinforcing into coal
seams are also applied in mechanized longwall to increase the
effect of preventing the phenomenon of face spall, roof falling.

Acknowledgements

The author would like to thank the Board of Directors of
the Vietnam National Coal — Mineral industry Corporation,
as well as the Board of Directors of the coal mines in Quang
Ninh coalfield, for creating favorable conditions, providing
data, and surveying the field to the author completed this
study. The author also thanks to the Editorial Board of the
journal of Mining of Mineral Deposits, as well as the review-
ers who have contributed ideas so that the author can edit,
supplement, complete and publish.

References

[1] Guo, W., & Chen, J. (2010). Longwall mining. Beijing, China: Beijing
Science Press.

[2] Yuanwei, S., Yu, N., & Qingxin, Q. (2006). Strata control and tech-
nology optimization for fully mechanized coalface using top-coal caving.
Beijing, China: China University of Mining and Technology Press.

[3] Dou, L., & Cao, S. (2010). Strata control in coal exploitation. Beijing,
China: China University of Mining and Technology Press.

[4] Vu, D.T., & Tran, V.T. (2008). Underground coal mining technology.
Hanoi, Vietnam: Transport Publishing.

[5] Decision No. 403/QD-TTg on approving adjustment of Vietham coal
industry development planning to 2020, with prospects to 2030. (2016).
The Prime Minister.

[6] Le, T.D., Bui, M.T., Pham, D.H., Vu, T.T., & Dao, V.C. (2018). A
modeling technique for top coal fall ahead of face support in mecha-



T.T. Vu. (2022). Mining of Mineral Deposits, 16(1), 127-134

nized longwall using Discrete Element Method. Journal of Mining and [16] Mining passport for fully mechanized longwall in Seam L7. Mong

Earth Sciences, 59(6), 56-65. Duong Coal Company. (2020). Quang Ninh, Vietnam: Department of

[7] Le, T.D., Vu, T.T., & Dao, V.C. (2019). Mechanism and solution to Mining Technology.
top coal fall at Ha Lam mechanized longwall face, Vietnam. In Materi- [17] Mining passport for fully mechanized longwall in Seam 11. Nui Beo
als of the Conference on Advanced Researches in the Earth and Envi- Coal Company. (2019). Quang Ninh, Vietnam: Department of Mining
ronmental Sciences. Technology.

[8] Le, T.D., Mitra, R., Oh, J., Hebblewhite, B., & Zhang, C. (2018). A [18] Mining passport for fully mechanized longwall in Seam 11. Ha Long
review of roof instabilities associated with longwall top coal caving. In Coal Company. (2021). Quang Ninh, Vietnam: Department of Mining
Materials of the 52™ U.S. Rock Mechanics/Geomechanics Symposium Technology.

(pp. 3370-3375). [19] Vu, T.T., & Do, A.S. (2019). Causes of local roof fall and face spall

[9] Le, T.D., Oh, J., Hebblewhite, B., Zhang, C., & Mitra, R. (2018). A phenomena in the full mechanized longwall and preventive measures.
discontinuum modeling approach for investigation of longwall top coal Journal of Mining Industry, (1), 14-20.
caving mechanisms. International Journal of Rock Mechanics and Min- [20] Feng Da, Z., Bao Hong, S., & Wen Yan, G. (2020). Stress distribution and
ing Sciences, (106), 84-95. https://doi.org/10.1016/j.ijrmms.2018.04.025 failure characteristics of deep inclined seam and overhead mining along

[10] Vu, T.T., & Do, A.S. (2016). Research on the application of the control strike longwall floor. International Journal of Mining and Miner-al Engi-
solutions for the weak and loose roof in the fully mechanized longwall. neering, 11(4), 306-322. https://doi.org/10.1504/IJIMME.2020.111933
In Materials of the International Conferences on Earth Sciences and [21] Chen, X.H., Li, W.Q., & Yan, X. (2011). Analysis on rock burst danger
Sustainable Geo-Resources Development (pp. 92-95). when fully-mechanized caving coal face passed fault with deep mining.

[11] Mining passport for fully mechanized longwall in Seam 11 and Seam 7. Safety Science, 50(4), 645-648. https://doi.org/10.1016/j.ssci.2011.08.063
Ha Lam Coal Company. (2021). Quang Ninh, Vietnam: Department of [22] Chao Ru, L. (2011). Distribution laws of in-situ stress in deep under-
Mining Technology. ground coal mines. Procedia Engineering, (26), 909-917.

[12] Mining passport for fully mechanized longwall in Seam 14-5 and Seam https://doi.org/10.1016/j.proeng.2011.11.2255
15-5. Khe Cham Coal Company. (2019). Quang Ninh, Vietnam: De- [23] Pathegama, G.R., Jian, Z., Minghe, J., Radhika, V.S.D., Tharaka, D.R.,
partment of Mining Technology. Adheesha, K.M., & Bandara, S. (2017). Opportunities and challenges

[13] Mining passport for fully mechanized longwall in Seam 11. Duong Huy in deep mining: A brief review. Engineering, (3), 546-551.
Coal Company. (2019). Quang Ninh, Vietnam: Department of Mining https://doi.org/10.1016/J.ENG.2017.04.024
Technology. [24] Bui, M.T., Le, T.D., Vo, T.H. (2021). Stress distribution around mecha-

[14] Mining passport for fully mechanized longwall in Seam 7. Quang Hanh nized longwall face at deep mining in Quang Ninh underground coal
Coal Company. (2018). Quang Ninh, Vietnam: Department of Mining mine. Journal of the Polish Mineral Engineering Society, 1(2), 167-176.
Technology. https://doi.org/10.29227/IM-2021-02-14

[15] Mining passport for fully mechanized longwall in Seam 8. Vang Danh [25] Vu, T.T., Do, A.S., Nguyen, V.Q. (2014). Study on the utilization of
Coal Company. (2020). Quang Ninh, Vietnam: Department of Mining the chemicals DMT-601 A/B for preventing landslides in the fully
Technology. mechanized longwall at Khe Cham coal company. Journal of Mining

and Earth Sciences, 52-55.

Crnoco6u 3ano6iranHs BiIK0/J1I0BaHHIO BH0O0IO Ta 00Bay NOKPiBJIi
B MIOBHICTIO MeXaHi30BaHiii JaBi Ha mix3eMHnx maxrax B’eTnamy

T.T. By

Merta. BuBueHHs IpHYHH i 3aKOHOMIPHOCTEH BiJIKOJIIOBAHHS BHOOIO Ta 0OBaJIeHHs MOKPIBJi y TIOBHICTIO MEXaHi30BaHil JIaBi Ha OCHOBI
aHaJizy ¥ OI[IHKU Te0JIOTIYHUX YMOB, TEXHOJIOTTYHHX MapaMeTpiB Ta Coco0iB KPIiIUIEHHs JIaBH, a TAaKOXX PO3pOOKa pillleHb 1010 3arnobiran-
Hsl IaHOMY SIBHILLY JUTsl 3a0e3nedeHHs Oe3neKu BHOOIO.

MeToauxka. [Ins oTpuMaHHS Pe3yJbTaTiB y AOCTIPKEHHI BUKOPUCTOBYIOTHCS CTATUCTHYHI, OTJISIOBI Ta aHANITHYHI METOIM 0OpOOKHU pea-
JBHUX MOJIOBHX JaHUX. BUKOHAHO aHaN3 MPUYHH 1 PaKTOPIB, IO BUKINKAIOTH SBHIIE BiIKOIIOBaHHS BUOOIO Ta OOBAICHHS MTOKPIBII Yy JIaBax.

Pe3yabTaTu. BusHaueHo, 0 3aCTOCYBaHHS PO3YMHIB /I 3a00iraHHs BiIKOJIIOBAaHHIO BUOOIO Ta 0OBay MOKPIBII Ja€ BiTHOCHO TTO3H-
TUBHI pe3ynbTaTH. PeKOMEHIOBaHO HATHITAHHS BOJIHU Ta apMYIOYMX XIMIKaTiB y BYTUIbHHH IUIACT — JBa €(EKTHUBHI PillIeHHS IS 3amobiraf-
Hsl BIIIKOJIOBaHHS BHOOIO, OCKIJIbKHM BOJA Ta apMylodi XiMiKaTH MOXYTbh 30UIBLINTH 34YEIUICHHS M 3MEHIIUTH KPUXKICTh BYTUJIBHOI MacH,
TOMY HiJBHIILY€ETHCS CTIHKICTh BYTiIbHOTO MuIacTa. [IpukiiagHi pe3yabTaTi TaKoXX IMiATBEPANIH, 10 HATHITAHHS BOJH Ta XIMIYHUX PO3YHHIB,
1110 3MIIHIOIOTECSI Ha BYT1JIBHUX IUIACTAX, 33/I0BOJIbHSE BUMOTAM II0JI0 3[[aTHOCTI 3al00iraTi ckonaMm BHOOIO Ta 00BaiTy MOKPIBIIi.

HaykoBa HoBm3Ha. B ymoBax ByrinpHOro pojosunia KyaHrHiHb BUBYEHO OCHOBHI IPUYHMHH, (PAKTOPH Ta 3aKOHOMIPHOCTI BiJJKOJIOBAaH-
Hs1 BUOOIO Ta OOBAJICHHS MOKPIBII y JIaBax.

IpakTH4Ha 3HAYUMICTb. Pe3ynbpTaTi JOCHIIPKEHHS, IO TPEACTAaBICHI y CTAaTTi, JO3BOJSIOTH MIAXTaM CaMHM BUPINIyBaTH BHPOOHWUYI
npobnemu. Lli TexHIYHI pillICHHs, 3aCTOCOBaHI y pealbHUX YMOBaX BHIOOYBaHHS BYT1JUIS, IIOKa3yIOTh O3UTHBHI PE3YJIbTaTh Ta €(PEKTHBHO
CIIPABISIIOTHCS 3 BIIKOTIOBAHHSIM BHOOIO Ta OOBaJCHHSIM IOKPIBNI y JIaBi, 3 ypaxXyBaHHSIM KOHKPETHHUX TEOJIOTIYHHX YMOB. 3aCTOCYBaHHS
PEKOMEHIOBaHHX PillIeHh TAKOXK CHPHSE MiIBUIICHHIO MPOIYKTUBHOCTI TIpHIYHX POOIT Ta MOKPAIICHHIO YMOB Tpalli y JaBi.

Knrouosi cnosa: piwienns, siokonioganns 6u6oio, 068anenHs NOKpii, NOGHICMIO MeXaHI306aHA 1A8d, NiO3eMHULL BUOOGYMOK
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