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This paper presents a comprehensive study of the support effect and characteristics of a collaborative reinforce system of U-steel
support and anchored cable (USS-AC) for roadway under high dynamic stress in a coal mine in China. The deformational
behavior of the roadway and the load characteristics of reinforcing elements were measured in real time and analyzed. A
numerical simulation study has also been conducted to identify the interaction of the reinforcing elements to the surrounding
rock under dynamic load. The research results suggest that the stress distribution of roadway surrounding rock could be
changed and that residual strength of the surrounding rock near opening could be increased by using USS-AC. Based on the
action of anchored cable, the moment distribution of U-steel support is optimized. The load capacity and nondeformability of
the U-steel support are promoted. And the global stability of U-steel support is enhanced so as to achieve the goal of high
supporting resistance. When the deformation stress of the surrounding rock is higher, the U-steel support deforms as the
surrounding rock. The two side beams and the overlapping parts of U-steel support suffer the highest deformation stress. As a
result, the anchored cable provides higher reaction force for the previous locations of the U-steel support in order to prevent
deformation of support towards to excavation. As an integral structure, the U-steel support is confined to a limited
deformation space under the action of anchored cable. The larger deformation is released through sliding motion of the
overlapping parts so as to reach the ultimate of high supporting resistance of USS-AC.

1. Introduction

Strata control of roadways developed in soft rock under high
in situ stress has become a challenging problem due to
increasing mining depth in recent years. It was reported that
more than 80% roadways experienced dynamic pressure in
the central and eastern China [1, 2]. Numerous research
works related to ground support technology for soft rock
roadway under high dynamic pressure have been conducted.
Among them, active supports of rock bolts or cables have
been proposed [3–7]. Besides, a combination of active sup-
port of rock bolts and passive support of U-steel has been

developed and identified as an effective manner for such
geo-conditions [8–10]. For a case study of the -720 south-
wing track haulage roadway under dynamic pressure in
Renlou Coal Mine in China, U-steel supports, U-steel sup-
port wall thickness grouting combination support, and bolt-
ing support with wire mesh have failed to decrease the
intense deformation of surrounding rock of the roadway.
Aiming at such geological condition of soft rock roadways
under high-stress, a collaborative reinforce system of U-
steel support and anchored cable (USS-AC) was proposed
and adopted [9, 10]. The field test indicates that USS-AC is
an effective approach to reduce the displacement of the
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surrounding rock of the haulage roadway. Load characteris-
tics of U-steel support and anchored cable of USS-AC were
analyzed, respectively, by theoretical calculations under
static stress [9–15]. However, the transformation law of
actual load on U-steel support has not been monitored and
obtained with suffering dynamic stress from the beginning
to the end of excavation of workface. Therefore, the collabo-
rative interaction between U-steel support and anchored
cable of USS-AC could not be described.

For solving the previous issues, optimizing action of
stress distribution of surrounding rock under USS-AC and
bending moment of U-steel support with collaborative
anchored cables were analyzed by a numerical simulation
method to reveal the interaction mechanism of USS-AC. Spe-
cific parameters of USS-AC were proposed for the field test in
Renlou Coal Mine. Meanwhile, actual load of U-steel support
and anchored cables respective as well as displacement of
surrounding rock of test roadway were monitored by a filed
measurement method. The deformation of the surrounding
rock and its corelationship to the actual load of USS-AC were
disclosed by using of test data. The increasing effect of
anchored cables for U-steel support bearing capacity and
structural stability was described.

2. Project Overview

The project was at Renlou Coal Mine in the north of Anhui
Province of China (Figure 1). The -720 south-wing track
haulage roadway was the main channel for pedestrians and
ventilation of the mine. The shape of roadway section was
a straight wall semicircular arch with a height of 3.9m and
a width of 5.0m. The roadway with overburden depth
750m was arranged in the floor strata of coal seam NO.82
at a perpendicular distance of 43m-70m from coal seam
NO.72 and 20m-50m from coal seam NO.82. The relative
plane location relationship between the -720 south-wing
track haulage roadways with working face II7214 is given
in Figure 2.

The -720 south-wing track haulage roadway was exca-
vated in siltstone and mudstone. The side walls of roadway
were mudstone, and the arch roof was siltstone, respectively.
The rock of immediate roof was a 2.5m thick siltstone,
which was overlaid by a main roof of fine sandstone with a
thickness of 5.0m.

A combined bolting method, with bolts, cables, and steel
bar truss, was conducted in the -720 south-wing track
haulage roadway. As shown in Figure 3, the deformation of
haulage roadway was insignificant to satisfy the operation
requirements without the influence of dynamic pressure of
working face II7214. However, the previous method failed
to restrain the deformation of roadway that roof-to-floor
convergence reached 0.8m with the side-to-side conver-
gence up to 1.0m under excavation of working face. The
roadway deformation was so severe that the surrounding
rock became loose and broken with a strength reduction.
Therefore, in the service period of the roadway, it was
severely impacted by dynamic stress due to mining activity
of working face II7214.

3. Functional Mechanism of USS-AC

3.1. Numerical Modelling. USS-AC was divided into two
segments. The U-steel support was the primary and basic
component to support the loose rock mass near to the exca-
vation of roadway. The second part consisted of anchored
cables and joists that linked cables with U-steel supports
and transmitted pretension of cables to U-steel supports.
The Flac2D model was built to, respectively, analyze a stress
distribution law of roadway surrounding rock and a bending
moment variation law inside of U-steel.

The numerical model has a length of 80m and a
height of 80m with element size 0:2m × 0:2m that
Mohr-Coulomb constitutive model in FLAC2D was used
to simulate the mechanical behaviors of rocks. The model
size and parameters of rocks are illustrated in Figure 4.
The normal displacement of the four lateral surfaces and
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Figure 1: Location of the Renlou Coal Mine.
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the bottom surface of the model were fixed to be zero. The
stress (εzz = εxx = εyy = 18MPa) was applied on the top sur-
face of model to simulate the overburden rock load in the

condition of initial stress. A beam unit was adopted to
simulate U-steel support. In addition, a cable unit was
used to simulate the anchored cable with a length of

Monitoring station
of test roadway

Right-side of test roadway

Left-side of
test roadway

–720 south-wing track haulage roadway

N

Mine
plant
coal

pillar

Figure 2: Plane location relationship between -720 south-wing track haulage roadway and working face II7214.

Figure 3: Deformation characteristics of haulage roadway.
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Figure 4: The model size and parameters of rocks.
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6.5m. And the two support units were linked by slave
command in Flac2D.

The implementation was divided into three steps: firstly,
excavating the roadway region after initial equilibrium of
model. And then, support units were set, and the top stress
of model was changed into 21.6MPa to simulate the extra
stress due to excavation activity of working face.

3.2. Numerical Modelling Results. Figure 5 shows vertical
stress distribution law of the roadway surrounding rock after
using two different support ways that U-steel support and
USS-AC are adopted, respectively.

It can be seen that the stress condition of the roadway
surrounding rock is significantly optimized by using USS-
AC. Compared with the roadway using a U-steel support,
the development scope of low-stress of the surrounding rock
is obviously reduced, while the vertical stress of the sur-
rounding rock near to the excavation space of the roadway
is generally increased. According to the research results
[3, 16, 17], the residual strength of the rock mass near
the excavation space of roadway is greatly increased to
enhance the itself-bearing capacity due to increase of confine
pressure in broken and fractured rock mass of roadway.
Therefore, the confine pressure in fractured zone of test
roadway is raised by USS-AC to increase the residual
strength of the rock mass in the previous zone.

The load bearing capacity of the rock mass at a deep
zone could be used by an active supporting effect of the
anchored cable that links the U-steel with the deep rock
mass of roadway. On the one hand, the stress concentration
zone at the deep part in surrounding rock of the roadway
was decreased by more than 50%. The bearing load of the
rock mass at the deep part is reduced, and it was kept stable
at the same time. On the other hand, the stress in the rock
mass at the anchoring end of inside the anchored cable is
significantly increased under the function of anchoring to
enhance the strength and stiffness of rock mass at the deep
part. The support and rock combining bearing structure
that has been linked cables with U-steel by joist is formed
and affords a large load to provide a higher deformation
resistance.

Furthermore, the previous research results [9, 11, 12]
showed that the bearing capacity of arch beam on the top
of U-steel support is greater than that of side beam. As
shown in Figure 6(a), because of poor interaction between
U-steel support and surrounding rock near the excavation
space of roadway, the load of arch beam is lower even zero
in an actual bearing process. However, the overlap part
and side beam bear larger load. Therefore, the arch beam
of U-steel support is in the condition which bears low actual
load and wastes the high resistance to the rock mass. On the
contrary, the actual load of side beam is greater than the
upper limit of its supporting resistance to create a larger
bending moment in the transverse plane of the side beam
center line. The load distribution law and bending moment
feature of U-steel support generate a phenomenon that side
beam is the first place of destruction and losing stability to
result in difficultly using the high resistance and great
strength of the arch beam.

The bending moment of U-steel support is shown in
Figure 6(b) after applying USS-AC. The bending moment
of arch beam is changed from 4N·m to 1:21 × 103N·m,
while that of side beam declines from 7:12 × 104N·m to
3:64 × 104N·m. So, the bearing characteristics of U-steel
support are optimized to reduce the bending moment of side
beam and enlarge that of arch beam owing to anchored
cables. The reduction of load difference between the arch
beam and side beam is accomplished to reinforce the global
stability of U-steel support.

4. The Technology Parameters of USS-AC

According to the geological condition of the -720 south-
wing track haulage roadway and excavation arrangement
of working face II7214 at the Renlou Coal Mine, collabora-
tive supporting technology of USS-AC was adopted in the
field test. The specific scheme with supporting parameters
is shown in Figure 7.

The parameters of U-steel support are evaluated as
follows: the type of U-steel is 36# in Chinese standard. The
U-steel support which is assembled by one arch beam on
the top and two side beams is set as a main supporting man-
ner with a spacing of 0.5m. The length of arch beam is
6.13m and overlapped in its two ends by side beam with a
length of 3.54m for each side. Three suits of locking devices
by nuts are used in compressing each overlapping part with
a length of 0.54m.

The cable anchoring parameters are evaluated as follows:
the diameter of anchored cable is 17.8mm with a length of
6m. Three anchored cables per row are installed in the
center line of arch beam and two overlapping parts. Two
anchored cables per row are installed in the right side beam
with a row spacing of 1m. One anchored cable per row is
installed in the left side beam. The row-to-row distance of
anchored cables is 1m. And all cables are perpendicular to
the surface of U-steel. Resin capsules are used to anchor
the front part of the cables in the process of installing. The
U-steel support is linked with anchored cables by a joist with
a length of 0.8m that is processed by the H-steel. There is a
hole with a radius of 0.015m so that the anchored cables
could pass through and preload it on the exterior surface
of a joist. Then, pretension loads of 80 kN-100 kN are
applied to the cables.

5. Field Monitoring Scheme

A monitoring station was set up in the -720 south-wing
track haulage roadway and with a distance of 520m in
advance of working face II7214. The convergence of test
roadway, actual load of the U-steel support, and load of exte-
rior end of anchored cables were monitored from the begin-
ning of dynamic influence of working face II7214 to the end.

5.1. Convergence of Test Roadway. The convergence of test
roadway mainly refers to the displacement of the surround-
ing rock near to the excavation space of the roadway. A
datum point was set up at the center of both sides, roof cen-
ter, and floor center in a cross-section, respectively. At the
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Figure 5: Vertical stress distribution law of roadway surrounding rock with different support methods.
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beginning of monitoring process, the distances between
datum points of the roof and floor and between datum
points of both sides were measured by a laser distance
measuring instrument as the initial value. And then, by sub-
tracting each follow-up monitoring value from the initial
value, the distance variation of roof-to-floor and side-to-
side was determined and regarded as the convergence of test
roadway.

5.2. Actual Load of the U-Steel Support. A hydraulic pressure
pillow was adopted to survey the actual load of the U-steel
support as shown in Figure 8. Before installing the hydraulic
pressure pillow, a flat baseplate needed to be welded on the
U-steel support. Further, a cover plate was installed between

the hydraulic pressure pillow and the rock mass to ensure
the overall contact and guarantee the accuracy of test results.
After installation completion, the display value of hydraulic
pressure pillow was recorded.

5.3. Actual Load of Anchored Cable. A dynamometer named
MGH-30 was adopted to conduct nondestructive monitor-
ing for actual load of exterior end of anchored cable as
Figure 9. Because of the supporting resistance of anchored
cables applying on the surface of U-steel support by the
device of joists, the pressure cells were installed among the
joists and the anchorage devices so as to monitor the actual
loads of anchored cables. During the operation, a specific
number of preload were applied on the exterior end of
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(b) USS-AC

Figure 6: Bending moment distribution law of U-steel support under different support methods.
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anchored cable and recorded as the initial value. Afterwards,
the hydraulic pressure pillows arranged on the U-steel sup-
port as well as the load of anchor cables were monitored at
regular intervals.

6. Deformation Features of Test Roadway
Subjected to Mining-Induced Stresses

The displacement feature of surrounding rock near to the
excavation space of roadway was the composite indicator
to reflect the stability of test roadway. Figure 10 shows the
relationships among developing processes of displacement
and its rate with the location of working face II7214 from
the beginning influence of the mining-induced stresses to
the end. As shown in Figure 10, the negative value of the
abscissa refers to the horizontal distance between the moni-
toring station and working face in the advancing direction of
working face, while the positive value refers to the horizontal
distance after that the working face has advanced through
the monitoring station. The monitoring station is located
about 200m in front of the working face in the initial stage
of measurement. And the deformation of roadway is gradu-
ally increased in a small rate without subjecting to mining-
induced stresses. The deformation rate is 0.5mm/d with a
displacement sum of below 5mm.

Thereafter, in the reduction process of distance between
the monitoring station and working face from 180m to
139m, the displacement rate of roadway is converted into
0.3mm/d with a displacement sum of below 10mm. How-
ever, during the process of distance decreasing from 130m
to 39m, the displacement rate of side-to-side and roof-to-
floor is increased to 1mm/d and above 0.5mm/d, respec-
tively. The displacement variation extent of side-to-side
was larger than that of roof-to-floor. The main reason lies
in that the distance from the upper working face to the
monitoring station is large so as that the stress disturbance
of side wall of test roadway is bigger than that of roof under
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Figure 8: Layout of hydraulic pressure pillow of U-steel support.
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Figure 9: Layout and object diagram of anchored cable
dynamometer.
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mining-induced stresses. The integrity and strength of side
wall rock are reduced significantly.

When the distance from the monitoring station to the
working face is decreased from 39m to 0m, the displacement
of surrounding rock is suddenly increased. The displacement
rate of side-to-side is increased to 2.5mm/d while that of
roof-to-floor is increased to 3.2mm/d. Although the dis-
placement sum of roof-to-floor and that of side-to-side are
approximately equal, the impacting degree of mining-
induced stresses on the surrounding rock of roof is larger
than that of side wall according to the displacement rate.
That is because the working face is located right above the
monitoring station so as to generate stronger impact on the
roof of roadway. When the location of monitoring station
has been advanced by the working face, the surrounding rock
of roadway becomes more stable step-by-step along with the
gradual increasing of distance between the working face and
the monitoring station. Further, the displacement rate is
gradually decreased to 0.5mm/d.

7. Load Feature of USS-AC Subjected to
Mining-Induced Stresses

7.1. Actual Load Feature of U-Steel Support. The actual load
feature of U-steel support is shown as Figure 11. It can be
seen that the variation of actual load is relatively small
during the reduction process of distance between the moni-
toring station and the working face II7214 from 300m to
180m in the advancing direction of working face. The load
of left side beam center of U-steel support is about 60 kN,
while that of the left overlapping part is about 55 kN. The
load, about 30 kN, is observed in the pressure cell installed
at the right side beam center, right overlapping part, and
arch beam. In sum, the left part of U-steel support including
left side beam and left overlapping part suffers larger load
than that of other parts. When the monitoring station is
180m from the working face, the load of the right overlap-
ping part is suddenly increased to 75 kN without significant
variation in other segments of support. The loads of both
overlapping parts of the U-steel support are gradually
increased in the reducing process of distance from 120m
to 110m; in other words, the load of the left overlapping part
and that of right overlapping part varied, 70 kN and 85 kN,

respectively. At the same time, the loads of other pressure
cells of U-steel support were kept constant approximately.

7.2. Actual Load Features of Anchored Cables and USS-AC.
The anchored cables directly contacted with the U-steel sup-
port via a joist. The supporting resistance of anchored cables
is applied on the surface of U-steel support and transformed
to the surrounding rock near the excavation of space of test
roadway. In other words, the deformation features of U-steel
support and sliding value of overlapping parts are reflected
by the variation law of load in the exterior end of anchored
cables. Meanwhile, the optimization actions of anchored
cables on the U-steel support are obtained.

The relationship between the actual loads of USS-AC
and convergence of roadway are shown in Figure 12. The
developing process of actual loads of USS-AC is displayed
undergoing the mining-induced stresses of working face
II7214.

As shown in Figures 12(a) and 12(b), the load of left side
beam center of U-steel support is about 60 kN, while that of
right side beam center is 30 kN. And the loads of the centers
of both side beams are relatively stable under the mining-
induced stresses. However, the loads of the anchored cables
are increased and larger than those of U-steel support along
with the deformation of surrounding rock of roadway. And
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the variation tendencies of load of anchored cables are sim-
ilar to that of convergence of roadway. The maximum load
(98 kN) is observed by a pressure cell installed in the center
of the left side beam. Meanwhile, the load of the right side
beam center is increased from 20kN to 125 kN. From the
previous phenomenon, both side beams are deformed grad-
ually with the side-to-side convergence to release portion
overload of U-steel support. The anchored cables become
the main bearing body with their loads rising to restrain
the oversize deformation of side beams and keep their loads
stable. As a result, the violent deformation of surrounding
rock is confined effectively by a combined manner of U-
steel and anchored cables.

While the monitoring station is behind the working face
in the advancing direction of working face, the loads of
anchored cables in both side beams are decreased in a small
extent. However, during the increasing to 90m of distance
between monitoring station and working face, the loads of
two anchored cables are decreased in a small rate. After-
wards, the loads of cables were kept almost constant.

Figure 12(c) shows the relationship between the load of
left overlapping part of U-steel support and that of the
anchored cables during the deformation of roadway. The
load of left overlapping part is changed from 55kN to
75 kN at the beginning of influence of mining-induced
stresses, and it was stable afterwards. However, the anchored
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cable is pretensioned with a load of 140 kN in the initial
period. And then, the load of anchored cable is suddenly
lessened to about zero behind an increased load of 18 kN
and keeps below 5kN. The reason of the phenomenon is
analyzed as follows. There is sliding with friction in the left
overlapping part to release the sinking movement of arch
beam of U-steel support. And the left overlapping part is
moved towards to the center of cross-section of roadway.
The load of anchored cable is increased up to 158 kN so as
to confine the overlapping part without movement. So,
bending deflection is generated in the left overlapping part
due to continuous deformation of left side beam and arch
beam. The symmetry axis of bending deflection is located
in the center of the overlapping part. The interval between
the support and rock is smaller than that of the initial period
result in decreasing the elongation and load of anchored
cable in the left overlapping part. After that, there is no obvi-
ous increasement of the interval so as the load of anchored
cable with a value below 5kN.

The load developing process of right overlapping part
of U-steel support and anchored cable is shown in
Figure 12(d). The load of the right overlapping part of
U-steel support is gradually increased from below 50 kN
to about 80 kN and then tended towards stability. However,
the load of the anchored cable is changed in fluctuation to
indicate that the sliding and deformation of the right overlap-
ping part is the most evident. From the beginning of load
monitoring, there are three decreasing stages due to the
declining of interval between support and rock. The reason
of that has been explained. The increasing stage is generated
after every decreasing stage. And the maximum load of
anchored cable (192 kN) is appeared when the working face
is located above the monitoring station. The phenomenon
is caused by sliding and deformation of the right overlapping
part of U-steel support. When the right overlapping part has
been sliding, it has generated the movement to the center of
roadway cross section and the interval between the support
and rock is enlarged. Afterwards, the load of anchored cable
is tended to be stable so as that the violent deformation of the
right overlapping part of U-steel support is confined.

Figure 12(e) shows the load features of the arch beam
and that of the anchored cable. The load of arch beam of
U-steel support is constantly increased from 25 kN to about
35 kN. While the monitoring station is behind the working
face in the advancing direction of working face, the load of
arch beam was kept above 30 kN. However, the load of
anchored cable is observed in a tendency with decreasing-
increasing-decreasing-increasing stability. In the first stage,
the convergence of side-to-side roadway is larger than that
of roof-to-floor so as to make the center part of arch beam
upward. The interval between it and the rock is smaller than
that in the initial situation. So, the load of anchored cable is
lessened from the start at 25 kN to below 5kN. And the load
remained at below 5 kN for a long time. When the working
face is 90m in front of the monitoring station, the load of
the anchored cable is increased to 35 kN due to the sinking
movement of the arch beam. At the same time, it is found
that the load of anchored cable installed right overlapping
part of the U-steel support is dramatically reduced by com-

paring with Figure 12(d). And then, it is correct that the
bending deflection of the overlapping part of U-steel support
is generated by the sinking movement of the arch beam.
Afterwards, the load of anchored cable in the arch beam is
lessened again, while that of the anchored cable in the right
overlapping part of U-steel support is increased. Although
there is some sinking of arch beam, the convergence of
side-to-side is larger to compress and raise the center of arch
beam again. Meanwhile, the raising movement is promoted
by the sliding and deformation of right overlapping part of
U-steel support. Therefore, the interval of between support
and rock is smaller than that in the previous stage result in
reducing the load of the anchored cable. In the following
stages, the load of the anchored cable is gradually increased
to 35 kN with a tendency similar to that of roadway defor-
mation during the variation of distance between monitoring
station and working face.

Figure 12(f) shows the relationship between the conver-
gences of roadway with the load of anchored cable installed
in the bottom of the right side beam. The load of the
anchored cable is gradually increased from 48 kN to 57 kN.
When the monitoring station is 90m in front of the working
face, the load of the anchored cable is dropped below 30 kN.
Along with a constant increasing of roadway deformation,
the load of the anchored cable is increased to the maximum
of 63 kN. When the working face is about 90m in front of
the monitoring station, the load of the anchored cable is
reduced in a small extent and was kept constant in the
following time.

8. Discussions

(1) The stages, extent, and scope of influence of mining-
induced stresses: as shown in Figure 13, the
deformation of the -720 south-wing track haulage
roadway can be divided into 5 stages: stable defor-
mation without mining influence (stage 1), slight
deformation under advanced mining influence (stage
2), severely deformation under advanced mining
influence (stage 3), slight deformation after mining
influence (stage 4), and stable deformation after
mining influence (stage 5). The developing process
of roadway deformation is also reflected by the load
features of USS-AC due to mining-induced stresses.
Therefore, according to the space relationship
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Figure 13: Developing process of deformation of test roadway.
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between test roadway with working face II7214 and
the geological conditions, the scope of advanced
abutment pressure caused by the working face is
about 140m. And the influencing scope behind the
working face is in a range of 80m-90m. The
changing law of mining-induced stresses is essen-
tial to select the implementing time of extra rein-
forcing measures of roadway similar to the previous
conditions.

(2) The bearing characteristics and implementing loca-
tions of anchored cables: in sum, the supporting
resistance generated by USS-AC is applied to control
the deformation of the -720 south-wing track haul-
age roadway during the excavation of working face
II7214. The load of U-steel support is kept stable
due to the restraining action of the anchored cables.
However, the anchored cables installed in the right
overlapping part and the center of two side beams
are the main bearing bodies with high loads during
the stage 3. And in this stage, the convergence of
side-to-side of test roadway is larger than that of
roof-to-floor. The influencing extent of mining pres-
sure of the side wall of test roadway is heavier than
that of the roof. If those anchored cables are
removed, the destruction of U-steel support is gener-
ated in the right overlapping part and the center of
two side beams firstly. Therefore, it can be seen that
the anchored cables offer an extra load to optimize
the bearing characteristics of U-steel support and
increasing the load limit of collaborative reinforce
system to confine the deformation of roadway. The
changing law of USS-AC loads is significant to select
the implementing location of extra reinforcing mea-
sures of roadway similar to the previous conditions.

(3) The deformation features and sliding movements of
U-steel support: the anchored cables are contacted
with U-steel support by joists. The load features of
anchored cables are the direct reflection of the defor-

mations or movements of different parts of U-steel
support. As shown in Figure 14, in accordance to
the cable load, each side beam of the U-steel support
is displaced towards the space of test roadway at the
5 stages. The deformation of arch beam on the top is
in a procedure of upward-downward-upward-down-
ward. Analyzing the procedure, the upward move-
ment with bending is generated at the center of
arch beam because of continuous displacement of
both side beams. Afterwards, there is downward
movement of the entire arch beam. The deformation
of overlapping part which includes sliding move-
ment and bending deformation is related to that of
arch beam and side beams. Among it, the bending
deformation of overlapping part is produced to
lessen the load of anchored cable under the sinking
deformation of entire arch beam at the 2nd stage.
Meanwhile, when the rock near to the overlapping
part and side beam is displaced, there is sliding
movement of overlapping part leading to increase
the load of anchored cable. The deformation law of
different segments of U-steel support is revealed by
qualitatively inverse analysis of loads of anchored
cables. The results are useful to optimize the instal-
ling location of extra anchored cables.

However, there are several issues to be studied as follows:
(a) quantitative analysis on the loads relationship between
U-steel support and anchored cables by using a theoretical
model and (b) building a precisely numerical model of U-
steel support and analyzing its response characteristics
under various conditions of load.

9. Conclusions

(1) The distribution of stress in the surrounding rock is
changed to increasing the residual strength of rock
near to the space of roadway by using USS-AC.
The extra supporting resistance is supplied by
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anchored cables to optimize the moment distribution
and enhance the nondeformability and the global sta-
bility of the U-steel support. And then, the deforma-
tion of roadway is significantly restrained. According
to the result of monitoring, both the convergence of
side-to-side and that of roof-to-floor are below
120mm to satisfy the requirement for usefulness
of test roadway during the influence process of
mining-induced stresses

(2) According to the loads of anchoring cables, the
high deformation loads are generated at the right
overlapping part and the centers of two side beams
undergoing severe mining-induced stresses. And,
the anchoring cables are the main bearing bodies
with supporting resistance above 100 kN to control
the displacement of the right overlapping part and
two side beams of U-steel support. Increasing load
limit and stiffness of side beams are significant to
enhance the bearing ability of arch beam

(3) As an integral structure, the U-steel support is con-
fined to the limited deformation space owing to extra
action of anchoring cables. Excessive deformations
of arch beam and side beams are released through
the sliding movements of overlapping parts of U-
steel support so to realize the properties of high
resistance and contractibility of the U-steel support
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