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The dynamic hazards in the open face area caused by the impact load of the massive strong roof become increasingly severe with
the increase in the cutting height of the longwall face and its depth of cover. Understanding the strata-shield interaction under the
dynamic impact loading condition may relieve the dynamic hazards. In this paper, a 3D physical modelling platform is developed
to study the interaction between the roof strata and the longwall shield under the dynamic impact load conditions. A steel plate is
dropped to the coal face wall at a certain height above the immediate roof to simulate the free fall of the main roof and the dynamic
impact loading environment. The occurrence of major roof falls is modelled at different height above the model and at different
positions relative to the longwall faceline. The large-cutting-height and top-coal-caving mining methods are modelled in the study
to include the nature of the immediate roof. The results show that the level of face and roof failures depends on the magnitude of
the dynamic impact load. The position and height of the roof fall have an important influence to the stability of the roof and face.
The pressures on the shield and the solid coal face are relieved for the top-coal-caving face as compared to the large-cutting-

height face.

1. Introduction and Background

In China, coal is still and will remain the most important
energy source for a long period of time [1, 2]. The main
method for coal recovering is the longwall mining method,
which has an edge over the room and pillar method in terms
of the coal recovery, production, and productivity [3, 4]. The
ground control problems in the open face area is mostly
observed as the dynamic fall of the massive strong main roof,
with an impact loading to the longwall shield and the coal
face and leading to an excessive closure of shield cylinder
and collapse of the longwall face [5-10] (see Figure 1). With
the progressive development of the longwall face, the
overhang length of the roof in the gob area continues to
increase. The first main roof fall occurs when the limit span is
reached, causing a dynamic load to the longwall face in the
face area. As the roof fall occurs repeatedly during the roof

weighting period, the dynamic impact in the face area is also
observed periodically. This dynamic load generated by the
major roof fall is termed the dynamic load impact in this
paper. The occurrence of this problem becomes more fre-
quent when the longwall panel is operating at an extra-large
height [11, 12]. For instance, the thick coal seams of 6-9m
widely found in Shendong, Shanbei, Huanglong, and Xin-
jiang coal bases in the north and west part of China are
recovered by the large-cutting-height longwall mining sys-
tem. Such seams are typically flat and shallow, above which
massive and strong conglomerate channels are occurred.
Currently, the 8.8 m single-cut longwall mining method has
been successfully practiced in Shanwan mine, Shendong
base [13]. As the shallow coal resources being increasingly
depleted, coal in a deeper depth of cover is mined, and the
issue of dynamic hazards in the open face area has become
more intractable. These ground control problems (especially
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FIGURE 1: Dynamic load hazards in open face area: (a) shield collapse from roof fall; (b) face failure from excessive roof-to-floor closure.

the dynamic roof movement) may cause loss of operating
time, damage of longwall shields, reduction in production
and profits, and increased risk of water table contamination.
The collapse of the roof plays an important role in the
dynamic hazards in the open face area, and the goal is to
reduce if not to control the negative impact of the major roof
fall to the longwall shield and the longwall face [14, 15]. One
important factor affecting the level of dynamic roof hazards
in the open face area remains the position of roof collapse
[16]. If the natural fall of the cantilever roof at periodic roof
weighting occurs behind the longwall shield, the face sta-
bility might be better off. If the roof falls right above or ahead
of the longwall shield, the dynamic hazards are more likely to
occur. The magnitude of the impact loading to the longwall
face also depends on factors such as the geometry and weight
of the main roof, the separation between the main roof and
the immediate roof, and the mechanical properties of the
longwall shield. In fact, these factors affecting the ground
control problems in the open face area can be identified as
the geological factors, shield capacity, and technical factors
[17, 18]. Geological factors such as the depth of cover,
presence of faults, seam inclination, and mechanical and
geometric parameters of the strata are the uncontrolled
factors at a specific mine site. The shield capacity, on the
contrary, includes the setting load, yielding load, shield size,
web width, and tip-to-face distance and is dependent on
operators. Efforts have been performed to increase the shield
capacity since the introduction of longwall shields [19, 20].
The current most powerful longwall shield in China has
increased the cylinder diameter to 600 mm and the support
load to 2,600 t. Technical factors include mining methods,
face length and width, previous extraction adjacent to the
current longwall panel, and the face advance rate [21].
The shield capacity is considered as one of the most
important factors affecting the strata movement. In fact, the
key to solve the ground control problem in the open face
area lies in improving our understanding on the roof-strata
interaction. This interaction is even slightly different for a
top-coal-caving longwall face where the roof-strata inter-
action becomes the coupling between the crashed top coal
(rather than the stiffer roof) and the longwall shield [22]. A

number of models have been developed to study how the
longwall shields interact with the surrounding strata [23, 24].
The methods include the detached block model, equivalent
system stiffness model, immediate roof-main roof coupling
model, load cycle analysis, ground response curve, and
numerical modelling studies. Physical modelling of roof
caving behaviours has also been extensively performed for
reproducing the progressive development of strata move-
ment and roof failures [25]. The models have considered the
impact loading on shields, extension of caved and fractured
zone heights, face failure and shield-strata interactions,
acoustic emission signals, configuration of disturbed over-
burden strata, etc. However, the previous physical models on
impact loading were mostly in 2 dimensions. Previous
studies have largely improved our understandings on cou-
pling of the shield with surrounding rocks in the face area.
However, the shield-strata interaction under dynamic roof
loading conditions requires further investigation. This paper
attempts to extend the study of roof dynamic movement in
3D from a physical modelling study.

2. Model Development

2.1. Similarity Principles and Modelling Rig. The physical
modelling test must follow a number of similarity principles
to make sure that the physical model behaves in a similar
way to the real case (full scale case). According to the
principles, physical features of the model should be similar
to the real case in terms of geometry, density, and strength so
that the measurements in the physical model can be com-
pared with the real case. The similarity coefficients are de-
fined as the ratios of real case parameters including the
geometry, density, and strength to the physical model. Based
on the mechanical properties of coal measure strata and
dimensions of physical modelling rig, the similarity coeffi-
cients of geometry, density, and strength are determined as
10, 1.7, and 17, respectively.

Figure 2 shows the 3D physical modelling rig used in this
research. It has an overall dimension of
800 x1500 x 1300 mm in width, length, and height, re-
spectively. The physical model is constructed in the main
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F1GURE 2: The 3D physical modelling rig for roof dynamic loading test: (a) schematic and (b) constructed model with the measuring system.

steel frame with a dimension of 800 x 750 x 650 mm. A 4-leg
physical shield is placed ahead of the coal seam so that the
shield-strata interaction can be included in this study. The
pressure sensors on hydraulic legs connecting to the mea-
suring system are used to record the cylinder pressures from
roof fall. Above the immediate roof is a steel plate attached to
a removable electromagnet. The steel plate is a certain
displacement from the immediate roof for simulating the
bed separation in the field. During the modelling test, the
steel plate is dropped to the immediate roof for modelling
the impact loading conditions in the open face area. The fall
of the steel plate is controlled by the electromagnetic switch.
Figure 2(a) is a schematic picture of the experiment. The
final model with placement of measuring system is given in
Figure 2(b).

2.2. Model Construction and Modelling Procedure.
Geo-mechanical modelling materials for constructing the
physical model are carefully selected in this study. Two
models are constructed for simulating two of the most
important thick coal seam mining methods, i.e., the large-
cutting-height and top-coal-caving mining method (see
Figure 3). The large-cutting-height model consists of the
35 mm coal seam and 30 mm immediate roof (Figure 3(a)).
The construction materials for modelling the coal seam is a
mixture of sand, lime, and gypsum with a proportion of 75:
4:4 by weight, while the immediate roof is composed of
sand, lime, gypsum, and cement at a proportion of 45:45:4:
4. The proportion of the components is determined through
a trial and error process to ensure that the constructed
physical strata have the proper physio-mechanical proper-
ties. The solid materials are fully mixed before the addition of
water to ensure an overall homogeneity and isotropy. The
mixtures are then placed in the modelling steel frame and
compacted to the designed height. The physical model is
constructed layer by layer to ensure the overall strength and
height of the model. The top-coal-caving model, however,
consists of the 35 mm coal seam and 30 mm loose top coal
(see Figure 3(b)). The loose top coal layer is also shown in the
top view in Figure 3(b). The coal seam has the same

composition of construction materials with the large-cut-
ting-height model, and the loose top coal layer consists of
selected 6-8 cm coal blocks.

Considering the feasibility and simplification of the
physical test, the main roof is modelled using a 100kg steel
plate, which is attached to the beam on the physical modelling
rig by an electromagnet. The steel plate is a certain distance
above the immediate roof/top coal mass and falls to the im-
mediate roof upon power off of the electromagnetic switch, for
simulating the bed separation and the dynamic roof fall. Ac-
cordingly, the impact load on the front and rear hydraulic legs
and the deformation of face are recorded. On the contrary, the
field observation reveals that the main roof typically fractures
ahead of, above, or behind the faceline. Roof fall therefore may
occur at different positions relative to faceline and lead to
significantly different impacts on the face and shield perfor-
mance. To cover the possible roof fracturing positions, the front
edge (pointing to the solid coal side) of the main roof (steel
plate) is placed at different lines, for simulating the roof
breakage at 10 cm behind the faceline (Line 1), right above the
faceline position (Line 2), and 10 cm, 20 cm, and 30 cm ahead
of faceline (Line 3, Line 4, and Line 5). The free fall motion of
the main roof is performed at different heights from 0.5-4.0 cm
at an interval of 0.5cm above the immediate roof/top coal
mass. The impact pressures of the hydraulic legs reacting at the
dynamic roof fall are recorded using the pressure measuring
system. The roof fall at a particular position and height is
repeated 3 times to reach an average value on the leg pressures.
The physical shield maintains the same setting pressure before
each dynamic roof fall.

In this paper, a dynamic load coeflicient (K) is defined as
the ratio of the dynamic load on hydraulic legs over the
weight of immediate roof and main roof (see Equation (1)).
The dimensionless coefficient is used to assess the level and
intensity of dynamic roof fall:

F
K=——, (1)
mg+myg

where F is the impact load on the hydraulic legs obtained
from the pressure measuring system in kN, 1, is the mass of
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FIGURE 3: The constructed physical models: (a) large-cutting-height model; (b) top-coal-caving model.

the immediate roof in kg, g is the acceleration of gravity in
m/s [2], and m, is the mass of the steel plate in kg.

For the top-coal-caving model, the top coal mass
functions as a buffer component to partially absorb the
impact energy from roof fall. A buffer coefficient (1) is
further defined for describing the ability of energy absorbing
for the top coal mass and given as

_F,-F,

F (2)

Nk
where F; is the shield impact load on large-cutting-height
model in kN, while F, is the impact load on shield after the
placement of top coal mass.

3. Results and Analysis

3.1. Development of Roof and Face Failures. Figure 4 shows
the roof and face failures under the dynamic roof impact
loading conditions. The initial buckling of the face for the
large-cutting-height model is given in Figure 4(a), indicating
the horizontal movement of coal face wall. The massive face
fall occurs after a few impact loads from the main roof (see
Figure 4(b)). The face fall extends 5-10 cm deeper into the
solid coal face and covers the entire area of the face in the
physical model. The top view in Figure 4(c) shows the failure
of the immediate roof along the faceline under the impact
load of the main roof. Typically, if the main roof falls from a
higher position above the immediate roof or the weight of
the free fall main roof is larger, then the level of the im-
mediate roof and face failure is larger. The failure of the roof
and the face depends on the magnitude of the dynamic

impact load and the separation between the main roof and
the immediate roof. In fact, the separation of the strata plays
a vital role to the level of the impact loading at the face area.
Therefore, one of the possible measures to relieve the impact
load of the main roof is to increase the shield capacity or the
setting load, thus to reduce the likelihood of roof separation.

3.2. Development of Dynamic Load Coefficient. Figure 5 plots
the development of dynamic load coefficients at different
positions and height of roof fall for the large-cutting-height
and top-coal-caving models, respectively. Both the roof fall
positions relative to faceline and the roof fall height have a
significant influence on shield leg pressures. Generally, the
dynamic load coefficient increases with the roof fall height,
indicating that a larger roof separation may generate greater
pressures on shield hydraulic legs and increase the risk of
cylinder damage. At the same roof fall height, however, the
dynamic load coefficient is larger when roof fall occurs
behind the face above the shield than that when the roof falls
ahead of the faceline. This is because the solid coal seam may
absorb part of the impact load energy if the main roof falls
ahead of the faceline. Hence, when the strong and massive
conglomerate channels are found sitting above the seam,
roof preblasting or fracturing ahead of the face or behind the
shield is recommended to relieve the roof pressure and
protect shields from an iron-bound incident (a sudden full
closure of the hydraulic cylinders).

For the top-coal-caving model, the dynamic load is
much smaller than the large-cutting-height face, which
agrees with the field observation. The maximum dynamic
load coefficient is only 2.3 for the top-coal-caving model,
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FiGure 5: Dynamic load coefficient at different positions and heights of roof fall: (a) large-cutting-height face; (b) top-coal-caving face.

compared with 2.8 for the large-cutting-height model. The
top coal mass between the main roof and shield functions as
a shock absorber and benefits the shield performance.
Hence, it is speculated that the fragmentation of the top coal
or similarly the immediate roof benefits the shield and face
stability.

The distribution of shield load on the four hydraulic legs
of the shield at different roof fall positions is provided in
Figure 6. For Position 1 (P1), the position of roof fall is
simulated at 20 cm ahead of the face; while Position 9 (P9)
simulates the fall of main roof at 20 cm behind the face. The
positions of roof fall are designed at a 5cm interval;
therefore, P5 represents the roof fall position right above the

faceline. Once again, it is seen from the total shield load that
the shield sustains more roof loads if the fall of roof occurs
behind the faceline, and the top-coal-caving longwall face
shows relieved load on the shield as compared to the large-
cutting-height model. The distribution of load on different
shield legs, however, does not present a clear rule.

3.3. Development of Buffer Coefficient at Different Roof Fall
Positions. The distribution of buffer coefficient on shield
legs at different roof fall positions is given in Figure 7. Note
that the roof falls from 15 cm above the top coal mass in this
particular model. The kinetic energy from the free fall of
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meaning with Figure 6.

main roof is partially consumed by the collision between the
main roof and the top coal blocks, which functions as the
buffer component. A smaller buffer coefficient represents
that more kinetic energy is absorbed by the top coal mass. It
is observed that the buffer coefficients are smaller at roof fall
positions ahead of faceline (P,-P,) and are significantly
increased when the roof fall occurs behind the faceline
(P=Py).

4. Summary and Discussion

In this paper, a 3D physical modelling platform is de-
veloped to study the interaction of strata and the longwall
shield under the dynamic impact load conditions. A steel

plate is used to simulate the main roof and is dropped to
the immediate roof for modelling the free fall motion of
the roof and the dynamic impact loading environment in
the open face area. The major fall of the roof occurs at
different heights above the immediate roof and at different
positions with respect to the longwall faceline. The
longwall faces are modelled as the large-cutting-height
face and the top-coal-caving face in this study to include
the nature of the immediate roof. The development of the
roof and face failures, the dynamic load coefficient, and
the buffer coefficient are analysed under different roof fall
conditions. Important findings of this study are given
below:

(1) The longwall face buckles and then collapses under
the roof impact loads. The immediate roof fractures
along the faceline. The level of face and roof failures

depends on the magnitude of the dynamic impact
load.

(2) The position of the roof fall relative to the longwall
faceline also has an important influence to the sta-
bility of the roof and face. The coal face and the shield
sustain a larger load if the major roof falls occur
behind rather than ahead of the faceline.

(3) The load on the shield legs and the face also increases
with the height of roof fall or equivalently the sep-
aration between the main roof and the immediate
roof. Increased shield capacity and setting load may
reduce this separation.

(4) The pressures on the shield and the solid coal face are
relieved for the top coal-caving face as compared to
the large-cutting-height face, which is due to the
presence of the crushed coal blocks that function as
the buffer component to absorb the impact load
energy from the collapse of main roof.
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