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ABSTRACT

In the field of underground mining, the steel props within the coal face are frequently not fully salvaged,
resulting in a low recovery rate. At the present time, approximately 60% of coal mining is conducted
through underground methods. Consequently, there is a growing number of mechanical roof supports
that utilize steel props. Furthermore, as the raw materials for the manufacture of these props are becoming
increasingly scarce, it is of paramount importance to recover steel supports from unused mine shafts and
those situated along coal seams. However, the recovery process is beset with numerous challenges due
to the complex geological conditions and the arduous and perilous nature of the work, which has resulted
in a dearth of attention to prop recovery in these areas during the coal mining process. Phase 2 software
from Rock science was employed to ascertain the impact of the dismantling equipment on the mining
excavation. Therefore, this paper presents a technical solution to enhance the efficiency of the steel prop
recovery process in these shafts by utilizing a combination of hydraulic and mechanical structures to
form a cohesive equipment setup for effective recovery.
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underground mining methods, the Vietnam Mineral and
Coal Group is estimated to require the excavation of

In the future, the depletion of non-renewable energy and
metal resources, along with the environmental
degradation caused by resource extraction, underscores
the urgent need for research into resource conservation
and safety enhancement in coal mining (1, 2). Adopting
such measures represents a prudent, sustainable, and
logical direction for the coal industry. Presently and
looking ahead, the predominant method for coal
extraction involves underground mining technologies (3-
6). Over time, having extensively used and improved
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approximately 300,000 meters of new mine shafts
annually (largely supported by steel props), with the
necessity to dismantle an increasing number of old shafts,
potentially up to 20,000 meters per year (7-9).

The recovery and reuse of steel props in the
construction of new mine shafts are vital to avoid
resource wastage and to generate economic benefits for
enterprises. However, the dismantling process poses
significant risks and demands strenuous effort due to the
heavy weight of the roof supports, their elevated position,
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and the complex geological conditions encountered.
Especially in areas with high geological instability and
significant earth and rock pressure, there is a risk of
immediate collapse following the removal of supports,
even those prepped for dismantling (10-12). Therefore,
in mine shafts with challenging geological features,
supports often remain unrecovered, resulting in
substantial resource wastage (13-15).

2. METHODOLOGY

The dismantling of supports in underground coal mines
in Vietnam is currently performed manually. The
prevalent method involves the use of hoists to facilitate
the removal of the column bases; single props and rails
to temporarily support and hold up the overhead beams,
necessitating additional tasks such as positioning and
moving single props, installing and relocating reinforced
hanging rails, and moving hoists. As a result, the
productivity of recovery operations is low. The recovery
productivity achieves only about 2.8 meters per shift (for
a team of four people), equivalent to recovering four
supports per shift at the 5-level +290 Ke Chuoi Coal
Mine (Figure 1). The high pressure exerted on the
supports during dismantling causes deformation of the
supports, thereby reducing the effectiveness of their reuse
(16-18).

With the current recovery method, the mine pressure
acting on the area of support recovery is depicted as in
Figure 2 (19-21):

Zone 1: This area includes rock and coal above the
mining excavation that is being dismantled and is in a
state of equilibrium with the forces exerted by the steel
supports.

Zone 2: This area also comprises rock and coal along
the mining excavation direction being dismantled but is
in a state of imbalance. The pressure in this zone
compresses the area of the mining excavation and may
cause deformation of the supports, posing a risk during
the dismantling process.
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Figure 1. Recovery of iron supports along the 5-level +290
seam at Ke Chuoi Coal Mine
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Figure 2. Pressure of rock and earth in the dismantling area

Zone 3: This zone represents the space where
supports have been removed, leading to direct rock fall
occurrences right after the dismantling of the support
structures.

Zone 4: Part of the mining space where rock pressure
is established.

Studies of actual mining processes have shown that
the pressure in the dismantling area is significant, causing
the base of the supports to sink further as the long wall
moves. This complicates the dismantling process.
Additionally, in Zone 4, the unstable rock materials on
the roof are loosely connected and may collapse during
the dismantling process, posing risks to both personnel
and equipment. Therefore, there is a need for effective
recovery solutions to address these issues.

3. RESULTS AND DISCUSSION

The support dismantling equipment is composed of two
parts as shown in Figure 3: the front rack and the rear
rack, which are connected and controlled by a cylinder
17 (22-24).

The rear rack (whose design is similar to the support
trusses used in conventional mining but with the roof
beam redesigned to more closely match the profile of the
mining excavation) includes a dome-shaped roof 3
connected to the side beams 4 via a hinge 2 and controlled
by cylinder 5, hydraulic column 20, and base 21. The
dome-shaped design of the roof beam in the rear rack
aims to increase its contact with the mining excavation
roof, maintaining the original shape of the mining
excavation after the supports are removed. Preserving the
mining excavation's profile helps maintain the structural
integrity of the roof, reducing pressure on the roof beam
and minimizing the risk of collapse.

The front rack consists of base 16, hydraulic column
15, roof beam 9, support beam 6, support cylinder 7, and
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a mechanism for extracting the props which includes
cylinder 8, chain 18, and clamping device 19. This
arrangement allows for the effective dismantling of
supports, ensuring that the structural elements can be
safely and efficiently removed while preserving the
stability of the mining excavation during the process.
Working Principle: The operation begins with
cylinder 7 controlling support beam 6, pressing it against
the upper part 11 of the prop. Following this, clamp 12 of
the prop is removed, and clamping device 19 is
positioned as shown in Figure 4. At this point, cylinder 8
extends fully (fully extended). Once clamping device 19
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Figure 3. The support dismantling equipment: 1 — Protective
Plate; 2 — Hinge; 3 — Dome-shaped Roof Beam; 4 — Dome-
shaped Side Beam; 5 — Cylinder; 6 — Support Beam; 7 —
Support Cylinder; 8 — Extraction Cylinde; 9 — Roof Beam;
10 — Front Rack; 11 — Upper Part of the Support (Prop; 12 —
Clamp; 13 — Bolt; 14 — Base of the Support (Prop); 15 —
Hydraulic Column; 16 — Front Base; 17 — Moving Cylinder;
18 — Pull Chain; 19 — Clamping Device; 20 — Support
Column; 21 — Rear Support Bas

Figure 4. Equipment for dismantling props (view A-A): 2 —
Hinge; 3 — Dome-shaped Roof Beam; 4 — Dome-shaped
Side Beam; 5 — Cylinder

is correctly positioned, cylinder 8 retracts, creating a
pulling force that extracts the base of the prop from the
ground. Workers then proceed to remove the base of the
prop from the area.

Next, cylinder 7 lowers support beam 6 just enough
so that the upper part 11 of the prop does not fall, yet it
can still be easily removed. After the prop has been
removed and cleared from the work area, the next step
involves advancing the rear rack forward: first, the dome-
shaped side beam 4 is retracted inward by controlling
cylinder 5; next, hydraulic column 20 is used to lower the
rear rack, and then cylinder 17 pulls the rear rack
forward. Once the rear rack has moved forward,
hydraulic column 15 lowers the roof beam 9.
Subsequently, cylinder 17 controls the forward
movement of the front rack by a step equal to the support
step. Finally, hydraulic column 15 presses the roof beam
9 against the props, completing a cycle of operation for
the device (Figure 5).

This sequence ensures a systematic and safe
dismantling of the props, minimizing physical strain and
risk to the workers, while optimizing the efficiency of the
dismantling process.

To analyze the pressures in the dismantling area when
deploying equipment, a model was set up using the Phase
2 software. The input parameters for the simulation
include:

e Mining excavation cross-sectional area before
dismantling: 10.9 m2,

e Support force provided by the equipment: 800 kN,

o Length of the front rack: 3.5 m, and the rear rack: 3
m,

e Each rack has two support columns: the front with
two standard columns and the rear with two hydraulic
columns,

o Diameter of the support columns: @160mm,

17 16 14

Figure 5. Equipment for dismantling props (view B-B): 9 —
Roof Beam; 11 — Upper Part of the Support (Prop; 12 —
Clamp; 14 — Base of the Support (Prop); 15 — Hydraulic
Column; 16 — Front Base; 17 — Moving Cylinder;
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e Operating pressure of the column: 31.5 MPa,
e Geological conditions above the mining excavation

as presented in Table 1

Phase 2 software from Rocscience was utilized to
determine the effects of the support dismantling
equipment in the mining excavation (25-27). The
characteristics of the rock mass where the mining
excavation is located are shown in Table 1. The mining
excavation is supported by SVP-22 steel supports, and
the input parameters for this type of support in the
numerical model are displayed in Table 2. The mining
excavation has a half-moon vault shape with straight
walls (Figure 6), with a cross-sectional area of 10.9 m2,
and the mining excavation is positioned at a depth of 190
meters.

The numerical model has dimensions of 30x30m,
with the model boundary fixed in both vertical and
horizontal directions (Figure 7).

The mechanical behavior of the rock obeys the Mohr-
Coulomb model with plastic deformation. The stress field
is generated by the weight of the rock mass above the
mining excavation. The model's mesh is divided into
triangular elements, totaling nearly 11,000 elements. To
simulate the stress relief process around the mining
excavation, a stress reduction factor of 40% is used in the
model. The simulation process is carried out through the
following steps:

TABLE 1. Mechanical Properties of the Rock Mass
Parameter name Value

Material Model Mohr-Coulomb, Plastic

Natural Density, Yunsat (kN/m3) 22
Saturated Weight, Ysat 22,5
Elastic Modulus, E (MPa) 4382
Poisson's Ratio, v 0,3
Friction Angle, @ (°) 34,8
Dilation Angle, ¥ (°) 4,8
Cohesion, ¢ (MPa) 0,45
Tensile Strength (MPa) 0,048

TABLE 2. Properties of SVP-22 Supports

Parameter name Value
Type of Support SVP-22
Support Step, L (m) 0.7
Cross-Sectional Area, cm? 22.44
Bending Moment, Ix (cm?) 322.8
Elastic Modulus, E (GPa) 200
Poisson's Ratio, v 0.2
Tensile/Compression Strength, MPa 400
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Figure 6. Shape and size of the mining excavation
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Figure 7. Model setup in Phase 2 software

Step 1: Mesh the model;

Step 2: Excavate the mining excavation, using a 40%
loading factor in the model,;

Step 3: Support the mining excavation with SVP-22
supports, using a 100% loading factor in the model;

Step 4: Remove the supports (in cases without
support equipment); simulate the effect of the support
equipment on the edge of the mining excavation roof
with a structural reaction force (80% of 800kN) (In cases
with support equipment);

Step 5: The support equipment operates with 100%
support force (800kN).

3. 1. Simulation and Analysis of Results With
the above process, the results of total displacement and
stress on the mining excavation boundary obtained from
two cases, with and without support equipment, are
shown in Figures 8 to 12.

Figure 8 shows the relationship between normal stress
and shear stress when SVP-22 steel supports are installed
(red '+' signs, where horizontal direction shows shear
stress and vertical direction shows normal stress). Under
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Figure 8. Relationship between normal and shear stress
components before removing supports

' FigUre 9. Stress compohents after removing supports

Figure 10. Stress components after removing supports with
support recovery equipment

the effect of the structural reaction force of the support,
normal stress components appear on the boundary of the
mining excavation and in the rock mass around the
mining excavation. The magnitude of the normal stress
component is influenced by the structural reaction force
of the support (compression of the rock). The larger the
structural reaction force, the higher the normal stress and
the lower the shear stress. Lower shear stress means less
likelihood of the rock mass around the mining excavation
being pulled apart, stabilizing the rock. In the case of
removing supports in the usual way, the structural
reaction force on the boundary of the mining excavation
is zero (Figure 9). Then, only shear stress components
appear on the boundary of the mining excavation, with
the normal stress component being zero, and a large

difference between shear and normal stress components.
The shear stress component causes tensile forces within
the rock mass, the greater the value, the more unstable
the rock mass around the mining excavation becomes,
and if this value exceeds the tensile strength of the rock,
the rock mass around the mining excavation will be
destroyed. Additionally, it is observed that the tensile
strength of rock is much smaller than its compressive
strength (1/10-1/30 depending on the type of rock).
Therefore, when designing, attention is usually given to
the shear stress component within the rock mass and
efforts are made to reduce this component.

Figure 10 shows that, when applying the support
structure for removing supports (through pressure on the
edge of the mining excavation roof), the normal stress
component at the roof does not disappear due to the
removal of supports, because there is still support from
the support equipment. The shear stress component
decreases and the normal stress component increases,
with a smaller difference between the two stress
components. The rock mass around the mining
excavation remains stable due to the reaction force of the
support equipment acting on the boundary of the mining
excavation.

Continuing with similar analysis results, the damaged
area in Figure 1la for the mining excavation using
support equipment is much smaller compared to the
damaged area in Figure 11b for the mining excavation
not using support equipment.

Figure 12, we consider the total displacement on the
boundary of the mining excavation, with small total
displacement at the base, while the largest displacement
is at the sides (Figure 12a). The total displacement at the
roof and sides of the mining excavation decreases, and
the safety factor on the boundary of the mining
excavation increases when there is a support structure for
removing supports (Figure 12b).

Figure 11-a. Damage area around the mining excavation in
the case of using support recovery equipment
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the case of not using support recovery equipment
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Figure 12-a. Chart of total displacement on the boundary of

the mining excavation being recovered
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Figure 12-b. Chart of safety factor on the boundary of the

mining excavation being recovered

Through the simulation process on the model, it is
observed that the load on the mining excavation when
there is no support dismantling equipment and no
dismantling equipment significantly changes the
stability, reduces the size of the damaged area around the
mining excavation, increases the safety factor, and

reduces the total displacement on the boundary of the
mining excavation.

The steel support recovery equipment used in mining
excavations has a simple structure, allowing for flexible
movement within the mining excavation space and can
autonomously change direction during movement.
Additionally, the column removal mechanism is
equipped with a vibration unit to facilitate the process of
extracting the column's base.

The device is designed in two separate, consecutive
sections. Each section includes a base, a roof beam,
support columns, and bases of the intermediate and outer
racks, linked together by a moving cylinder. These
components are coordinated smoothly during the
dismantling of supports. The front support rack is
designed in two parts that can move simultaneously or
independently, alternating to continuously provide
support to the portion of the mining excavation that has
not been dismantled as the equipment moves. During the
dismantling process, both parts simultaneously provide
support to enhance safety for both personnel and
equipment operating below.

The supporting and lowering mechanism of the steel
supports' roof beam is designed such that when lowering
the supports, balance is always maintained. Additionally,
the beam can rotate along the length of the mining
excavation to facilitate the removal of the beam while the
worker remains in a safely supported area.

4. CONCLUSION

The proposed technical solution aims to enhance the
efficiency of the steel prop recovery process in these
shafts by utilizing a combination of hydraulic and
mechanical structures to form a cohesive equipment
setup for effective recovery. This solution allows for the
delineation of the following conclusions:

1. The use of support equipment increases safety
during the dismantling and recovery of supports.

2. It reduces the pressure on supports that have not yet
been recovered, thereby decreasing the subsidence
at the column base, making it easier to extract the
columns.

3. It minimizes harmful environmental impacts by
more efficiently using resources.

4. It reduces manual labor and injuries among miners,
as well as the time required to recover support in
unused mining excavations and mining excavations
along the seam.
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