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A large number of gas drainage pipes are obsoleted in the coal mine gas drainage system, and it causes serious waste. If concrete is
poured into the discarded gas drainage pipes as components for underground roadway support, it is very significant for sus-
tainable development of mine.)erefore, it is necessary to study the mechanical properties of the concrete-filled gas drainage steel
pipe. Most frequently used gas drainage pipes are spiral welded steel pipe (SSP-I) and spiral external rib steel pipe (SSP-II). In this
study, three different concrete-filled steel pipes are taken as the research object: SSP-I concrete-filled steel pipes, SSP-II concrete-
filled steel pipes, and RSP concrete-filled ordinary round steel pipes. )rough the axial compression test, the failure mode and
relationship between stress-strain of concrete-filled steel pipes were obtained. Subsequently, the ultimate bearing capacity of three
types of specimens was calculated based on the unified strength theory, limit equilibrium theory, and superposition theory. )e
test results show that both the SSP-I concrete-filled pipe columns and RSP concrete-filled pipe have good post-peak load-bearing
capacity and ductility, and the second peak load reaches 70.38% and 81.92% of the ultimate load, respectively. )e load-bearing
capacity of SSP-II concrete-filled pipe columns is dropped sharply after bearing ultimate load, and the second peak load reaches
only 36.47% of the ultimate load. )e failure characteristics of concrete-filled gas drainage pipe columns show that the core
concrete is compressed to powder and explain that the gas drainage pipe has fully exerted its restraint on the concrete. )e FE
method was used to simulate the compression test of three types of concrete-filled steel pipes, and the numerical simulation results
show good agreement with the experimental results. )eoretical calculations show that the calculation of concrete-filled gas
drainage pipe columns based on the superposition theory EC4-2004 is the closest to the measured value. )erefore, the EC4-2004
standard is recommended to calculate the ultimate bearing capacity of concrete-filled gas drainage pipe columns.

1. Introduction

Large amount of gas drainage pipes was equipped in the gas
drainage system of coal mine. )e most frequently used gas
drainage pipes are spiral welded steel pipe (SSP-I) and spiral
external rib steel pipe (SSP-II), and these gas drainage pipes
have characters of large hoop stiffness and small wall
thickness. Due to the long service period, abundant gas
drainage pipes were discarded during the period of mining
because their air tightness could not meet the safety re-
quirements, and most of them cannot be repaired, and it
causes serious waste, as shown in Figure 1.

)e technology of gob-side entry retaining without coal
pillar has been regarded as an important development di-
rection of scientific mining due to its advantages of im-
proving coal recovery rate, alleviating mining replacement
contradiction, and optimizing working face ventilation
mode [1–4], as shown in Figure 2. Roadside support body is
the key of gob-side entry retaining technology, the tradi-
tional roadway side support body includes wooden pile,
hydraulic column, gangue bag, concrete wall, and high water
material filling wall. )ese traditional roadside support
bodies have relative low support resistance but high labor
intensity. Although high water and paste materials have
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perfect process flow, they have strict requirements for
supporting equipment [5–8]. Concrete-filled steel pipe is a
composite member made of concrete pouring in the steel
pipe and concrete coordinated bearing the external load.)e
confinement effect of external steel pipe changes the con-
crete from two-way stress state to three-way stress state,
which can improve the compressive properties of concrete.
)e internal concrete can improve the buckling of steel pipe
and ensure the full play of material properties [9–11].

Concrete-filled steel pipe has been widely used in
ground buildings due to its high strength and good ductility
[9, 11–16]. In recent years, some scholars have begun to
propose the introduction of concrete-filled steel pipe into
coal mine roadway support. Huang et al. [17, 18] proposed
a CSTC roadside support structure, which has achieved
good application effect in gob-side entry retaining engi-
neering of thick and hard roof roadway in A02 working face
of Lu-Xi Mining Industry. Wang et al. [19] proposed a
concrete-filled steel pipe composite roadway supporting
structure, which has achieved good application effect in
gob-side entry retaining of 2305S-2 # working face in
Xinjulong Coal Mine. It can be seen that concrete-filled
steel pipe as roadside support has good application pros-
pect. If concrete can be poured into the discarded gas
drainage pipe as the roadside support body of gob-side
entry retaining, it will bring huge economic benefits to coal
mining enterprises and solve the resulting environmental
pollution problems.

In this paper, gas drainage pipes from Shanxi Lu’an
Chemical Group Wang-Zhuang Coal Mine are taken, two

types of gas drainage pipes (SSP-I, SSP-II) are used to make 6
concrete-filled steel pipe columns, 3 concrete-filled ordinary
round steel pipe (RSP) columns with the same slenderness
ratio are made, and experimental research on axial com-
pression performance is carried out. Failure modes and
stress-strain curve characteristics of the three specimens are
compared and analyzed. )ree types of specimens are cal-
culated by the FE software, and the axial compression test of
concrete-filled steel pipe was simulated and verified. Finally,
the ultimate bearing capacity of the three types of specimens
is calculated based on the unified strength theory, the limit
equilibrium theory, and the superposition theory. It is of
great significance to study the axial compression properties
of concrete-filled gas drainage pipe columns for mine waste
utilization and sustainable development.

2. Experiments

2.1. Sample Design. )ree types of concrete-filled steel pipe
short columns were designed: spiral welded steel pipe (SSP-
I), spiral external rib steel pipe (SSP-II), and ordinary round
steel pipe (RSP). )e external diameter of the spiral welded
steel pipe and the spiral external rib steel pipe is 430mm, the
wall thickness is 3mm, and the height is 1300mm. )e
ordinary round steel pipe has an outer diameter of 330mm,
the wall thickness is 5mm, the height is 990mm, and the
concrete grade is C30, and the mix proportion of concrete is
shown in Table 1.

)e pipe is placed on a wooden backing board, and it is
sealed with latex. )e concrete is poured from the upper end

Figure 1: Large amount of abandoned gas drainage pipes in coal mines.
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Figure 2: Layout of gob-side entry retaining.
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of the steel pipe, standard test cube blocks were reserved, and
it was cured under the same conditions as the concrete-filled
steel pipe columns. Design parameters for specimens are
shown in Table 2. D is the external diameter of steel pipe; t is
the thickness of steel pipe; α is steel content; α�As/Ac, where
As and Ac represent the sectional area of steel pipe and
concrete, respectively; fy and fcu are yield strength and ul-
timate strength of steel pipe, respectively; E is the elastic
modulus of steel pipe; ] is the Poisson ratio of steel pipes; εy
is the yield strain of steel pipes; and ξ is the hoop constraint
coefficient (αfy/fcu).

2.2. Test Method. )e test is carried out on a 600 t hydraulic
press, the test loading system adopts load control, and the
load of each class is Pu/10 (where Pu is the estimated ultimate
load), last for 100 s. When the load reaches 0.9 Pu, it is
converted to displacement control. When the load-dis-
placement curve appears in a strengthening phase and the
dial gauge reading is close to the maximum range, the load is
terminated. )e axial strain and circumferential strain of
external steel pipe are automatically recorded and collected
by static strain collector, the strain gauge is H1-5 from the top
to the bottom of the column, H1-5-0 in the circumferential
direction, and H1-5-90 in the axial direction, the arrange-
ment is shown in Figure 3(a), and the displacement data and
load values are collected by dial indicator and computer,
respectively, as shown in Figure 3(b).

3. Test Results

3.1. Sample Failure Form. At the beginning of loading, the
appearance of the three types of specimens did not change.
When the load increased to about 60% of the ultimate load,
the inside of the two concrete-filled gas drainage steel pipe
specimens began to make a colloidal cracking sound and the
concrete-filled ordinary round steel pipe specimens did not
variety. When the loading was continued to about 70%, the
internal of the concrete-filled ordinary round steel pipe
specimen began to make a sound of resin cracking. At this
time, the middle and upper parts of the two kinds of
concrete-filled gas drainage steel pipe column showed ob-
vious wrinkles, accompanied by the sound of mutual ex-
trusion and dislocation between concrete. When the load
continued to increase to about 80% of the ultimate load,
obvious bulging appeared in themiddle of the concrete-filled
ordinary round steel pipe specimens, and a large amount of
surface rust dropped. )e upper of two types of concrete-
filled gas drainage steel pipes has deflection. When the load
reached about 95% of the ultimate load, a bulging ring is
formed on the upper surface of the ordinary round steel
pipe, accompanied by the sound of concrete cracking. )e
two kinds of gas drainage steel pipe concrete specimens all
appear to be oblique to the weld buckle within the full length,

accompanied by the dull friction sound of the concrete and
the steel pipe.)e external ribs on the spiral external rib steel
pipe surface are pulled off as shown in Figure 4. After the
specimen reaches the ultimate load, the upper end of the
ordinary round steel pipe is cracked and destroyed, ac-
companied by severe sound, and the cracking of internal
concrete can be observed through the cracks in the steel pipe.
Inclined triangle uplift appeared on the middle side of the
two kinds of gas drainage pipes, and finally the specimen
failed completely due to the excessive deformation of the
steel pipe.

After the test, the specimen was lifted out of the test
bench, and the failure mode of core concrete was observed. It
was found that the concrete core in the upper part of the
concrete-filled gas drainage steel pipes was pressed into
powder. )e buckling positions of concrete-filled spiral
welded steel pipe column (SSP-I) specimens and ordinary
concrete-filled steel pipe column specimens are mainly
concentrated in the middle and upper parts, and the de-
formation of the lower part is small. )e buckling positions
of concrete-filled spiral external rib steel pipe column (SSP-
II) specimens are uniformly distributed in the full-length
range of the column. )e external diameter changes of the
upper loading end of the two types of steel pipes before and
after failure were measured and compared. )e external
diameters of spiral welded pipe (SSP-I) and spiral external
rib pipe (SSP-II) were 430mm before loading and reached
479mm and 492mm, respectively, after loading, showing
large transverse deformation.

3.2. Stress-Strain Relationship. )e measured load and
displacement of concrete-filled steel pipe columns are
transformed into stress-strain curves, as shown in Figure 5.

σ �
N

A
,

ε �
Δl
l

,

(1)

where N is the axial compressive force of the specimen; A is
the total cross-sectional area of the specimen; Δl is the
compressive displacement of the specimen in the stress
process; and l is the height of the specimen.

)e nominal stress-strain curves of three kinds of
concrete-filled steel tubular columns can be divided into five
stages: linear rise, slow growth, slow decline, secondary
recovery, and rapid decline. From the perspective of the
mechanical properties, this phenomenon reflects five stress
stages: elastic stage, elastic-plastic stage, plastic stage,
strengthening stage, and failure stage. In the elastic stage, the
stress-strain curve of concrete-filled steel tubular short
column increases linearly, and the elastic proportional limit
load is about 70% of the ultimate load. When the specimen

Table 1: Concrete mix ratio.

Cement (kg) Sand (kg) Stone (kg) Accelerator (kg) Early strength agent (kg) Water (kg)
440 880 880 17.61 2.2 260
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Table 2: Design parameters for specimens.

No. D (mm) t (mm) L/D D/t fy (MPa) fcu (MPa) E α v εy ξ
SSP-I 430 3 3 141.6 235 30 189 0.028 0.29 1923 0.22
SSP-II 430 3 3 141.6 235 30 189 0.028 0.29 1923 0.22
RSP 330 5 3 66 235 30 161 0.059 0.27 1657 0.46
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Figure 3: Schematic diagram of strain monitoring: (a) strain gauge layout; (b) static strain acquisition system.
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Figure 4: Failure modes of concrete-filled steel tubular columns with three cross sections: (a) SSP-I; (b) SSP-II; (c) RSP.
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Figure 5: Stress-strain curve of concrete-filled steel tubular column: (a) SSP-I; (b) SSP-II; (c) RSP.
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enters the elastic-plastic stage, plastic deformation begins to
appear on the surface of the steel pipe, and microcracks appear
in the concrete inside, which leads to a significant increase in
the longitudinal displacement of the specimen, and then the
nominal stress-strain curve gradually deviates from the straight
line. When the specimen enters the plastic stage, the nominal
stress-strain curve of the specimen decreases. )e descending
section of the concrete-filled spiral external ribs steel pipe
column (SSP-II) is particularly obvious, which is mainly due to
the large plastic deformation on the surface of the steel pipe,
resulting in the separation of the welding points between the
external ribs and the steel pipe and the sharp reduction of the
circumferential binding force. Compared with the SSP-II
specimen, the descending section of the SSP-I specimen and
concrete-filled ordinary steel pipe column is moderate.

Since the steel content of the concrete-filled gas drainage
steel pipe short columns is lower than that of concrete-filled
ordinary steel pipe columns, the restraint effect on the core
concrete is slightly weaker, and the ultimate stress of
specimen failure is also slightly smaller, but the contribution
of steel per unit weight of gas drainage steel pipe to concrete
reinforcement is higher than that of ordinary steel pipe.

3.3. Degradation of Axial Bearing Capacity and Secondary
Strengthening. Defining the axial compression bearing capacity
degradation coefficient of concrete-filled steel tubular specimens
χ is the ratio of the valley β of the nominal stress-strain curve to
the first peak stress λ, namely, χ � β/λ.)e rebound amplitudeψ
of axial compression bearing capacity is defined as the ratio of
the rebound peak stress ρ to the first peak stress λ, namely,
ψ � ρ/λ, and the maximum stress after the rebound peak stress
takes the first peak stress. χ andψ of concrete-filled spiral welded
steel pipe column (SSP-I), concrete-filled external rib spiral steel
pipe column (SSP-II), and concrete-filled ordinary round steel
pipe column (RSP) are shown in Table 3.

)e average degradation range of axial compression
bearing capacity of ordinary round steel is 81.90%, and the
average recovery range of axial compression bearing capacity is
99.53%; the average degradation range of axial compression
bearing capacity of SSP-I specimen is 70.38%, and the average
recovery range is 96.75%; the average degradation range and
recovery range of SSP-II specimen are only 34.47% and 60.58%,
respectively. It is found that the post-peak load-bearing
characteristics of SSP-I are better than those of SSP-II.

4. Discussion

4.1. Axial Load-Strain. )ree types of specimen strain gauge
sticking mode are completely consistent, as shown in

Figure 6(a). Typical specimen is selected from each type of
specimen for discussion. )e axial strain at different posi-
tions of the specimen during loading can be measured by
axial strain gauges pasted on the external surface of the
specimen at different heights. )e relationship between the
axial load and the axial strain εa of the specimen is shown in
Figure 5.

As shown in Figures 7(a) and 7(b), at the beginning of
loading, the N-εa curve of SSP-I and SSP-II specimens in-
creased linearly, and the axial strain at different heights was
uniform. As the axial load continues to increase, the core
concrete began to crack, and the external steel pipe began to
play a constraint role. Due to the different damage degrees of
concrete at different heights of the specimen, the steel pipe
showed uneven deformation, and the N-εa relationship
curve of the specimen at different heights showed “bifur-
cation.” With the further increase in load, the strain of steel
tube increases rapidly, and the N-εa curve shows a long
plastic deformation platform until the axial strain gauge fails.

As can be seen from Figure 7(c), compared with SSP-I
and SSP-II specimen, the concrete-filled ordinary round
steel tube specimen shows uneven deformation at the initial
stage of loading. With the increase in axial load, the dif-
ference increases gradually. When the load reaches 90% of
the ultimate load, the strain gauge will be damaged due to the
excessive axial deformation, but the data collected before
failure have exceeded the yield strain of the steel tube, in-
dicating that the cooperative working performance of
concrete-ordinary steel pipes is weaker than that of con-
crete-gas drainage pipe.

4.2. Hoop Stress-Strain. )e relationship curve between the
stress and the hoop strain is shown in Figure 8.

It can be seen from Figures 8(a) and 8(b), at the be-
ginning of loading, that the hoop strain of SSP-I and SSP-II
specimens increases linearly with the increase in load but is
smaller than the axial strain of the same period. At this time,
the external steel pipe does not play a constraint role on
concrete. As the axial load continues to increase, the external
steel pipe begins to exert the restraint effect on the concrete,
and the hoop stress-strain curves of SSP-I and SSP-II
specimens at different heights also show “bifurcation,”
which is consistent with the characteristics of axial stress-
strain curves, indicating that the deformation degree of the
external surface of the specimens at different heights is quite
different. As shown in Figure 8(c), the difference in the N-εh
relationship curve of the concrete-filled ordinary round steel
pipe specimens at different heights is small. )e main reason
is that the ordinary round steel pipe has split, as shown in

Table 3: Degradation range and recovery range of axial bearing capacity of specimens.

No. SSP-I-1 SSP-I-2 SSP-I-3 SSP-II-1 SSP-II-2 SSP-II-3 RSP-1 RSP-2 RSP-3
First peak stress (MPa) 36.44 37.94 34.05 36.17 35.03 37.85 43.01 42.79 40.45
Valley stress (MPa) 26.23 25.16 24.81 11.92 11.77 16.01 29.65 39.17 34.49
Rising peak stress (MPa) 35.67 36.15 33.06 22.65 20.93 22.49 42.44 43.14 40.13
Χ (%) 71.95 66.33 72.88 33.56 33.60 42.27 68.93 91.53 85.26
ψ (%) 97.87 95.30 97.10 62.61 59.75 59.40 98.67 100.8 99.13
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Figure 5(c), and the collected stress-strain data cannot reflect
the true hoop stress-strain relationship. In general, the
cooperative performance of two kinds of gas drainage steel
pipe with concrete is better than that of ordinary round steel
pipe with concrete.

4.3. Numerical Simulation. ANSYS/LS-DYNA is mainly
based on the Lagrange algorithm, with ALE algorithm and
Euler algorithm. ANSYS preprocessing software is used to

establish the numerical model and then modify the
exported K file, and we used LSDYNA to analyze the
problem. LS-PrePost post-processing software was used to
view the output results [20].

)e finite element method is used to simulate concrete-
filled steel pipe columns under axial compression. )e
numerical model consists of three parts: concrete, steel pipe,
and rigid body. Adopting a displacement constraint as the
lower boundary condition on concrete-filled steel pipe
columns specimens, we used the keyword
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Figure 6: Characteristics of concrete-filled steel pipe interface with three cross section forms. Concrete raw materials are as follows:
PO42.5 cement, natural river sand, 10mm stone, HQ liquid alkali-free accelerator, Sulfate-based early strength agent, water. (a) SSP-I;
(b) SSP-II; (c) RSP.
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Figure 7: )e axial load-strain curve of specimen. (a) SSP-I; (b) SSP-II; (c) RSP.
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Figure 8: )e hoop load-strain curve of specimen. (a) SSP-I; (b) SSP-II; (c) RSP.
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∗BOUNDARY_SPC_SET to bounding Y-direction dis-
placements on all elements at the bottom of the simulated
concrete-filled steel pipe columns to simulate the uniaxial
compression testing of concrete-filled steel pipe columns by
controlling the displacement of the simulated rigid body.
Figure 9 is the establishment of the finite element model.

In the model, SOLID 164 solid elements were used to es-
tablish the numerical models. Concrete was simulated by using
the ∗MAT_CSCM. Steel pipe was simulated by using the
∗MAT_ PLASTIC_KINEMATIC. And by modifying the pa-
rameters SIGP1 and EPSSH in the keyword
∗MAT_ADD_EROSION (erosion failure criterion), we could
simulate the failure of specimens under uniaxial compression.
For the rigid body, we used a ∗MAT_020 rigid model
(∗, ∗MAT_RIGID). Table 4 contains the parameters pertaining
to the numerical modelling of the rigid body and concrete-filled
steel pipe columns.)e contact type of rigid body and concrete-
filled steel pipe columns is modelled as a point-to-surface
contact.)ekeyword is ∗CONTACT_NODES_TO_SURFACE.

)e axial compressed characteristics of three kind of
concrete-filled steel pipe short columns are simulated by the
FE method. In the elastic-plastic stage, the simulated curves
of SSP-I and SSP-II deviate from the measured curves. In the
slowly descending section and the secondary strengthening
section, the simulated values are slightly higher than the
measured values, but the secondary strengthening charac-
teristics of samples are well simulated. )e simulation curve
of ordinary circular steel tube specimen well reflects the
stress-strain characteristics of the specimen in each stage,
and the test results are in good agreement with the simu-
lation results, as shown in Figure 10.

As shown in Figure 11, with the increase in axial load, the
stress concentration zone appears on the weld position of
SSP-I gas drainage steel pipe and the stress concentration

zone extends along the spiral direction of the steel pipe. For
the core concrete, the stress between the spiral weld is
significantly higher than that between the weld position. )e
stress distribution near the convex weld of SSP-I specimen is
complex. )e convex weld forms a spiral pressure relief ring
on the surface of the concrete column, and the pipe body
between the spiral weld is the main constraint on the
concrete. For SSP-II specimen, the stress concentration zone
appears in root of spiral external rib and also extends along
the spiral line. Since the loading end is on the top of the
specimen, the concrete stress concentration area is located in
the middle of the spiral outer ribs in the upper part of the
specimen, which is mutually confirmed by the failure mode
of the specimen. For ordinary round steel pipe specimens,
the internal concrete showed irregular splitting failure, the
steel pipe body at the loading end has a vertical tearing
phenomenon, the steel pipe and the concrete have peeled off,
and the longitudinal strain distribution of the specimen at
different heights is quite different.)is law is consistent with
the strain curve in Figure 7. In general, because the diameter-
thickness ratio of SSP-I and SSP-II is large, the overall re-
straint capacity of gas drainage pipe to concrete is slightly
weaker than that of ordinary circular steel pipe, but the
cooperative bearing capacity of SSP-I and SSP-II gas
drainage pipes with concrete is better than that of ordinary
steel pipes. In addition, the sharp decrease in stress of SSP-II
specimen is mainly due to the sudden release of stress
concentrated in the position of the external rib after the rib
and the tube are broken away.

4.4. <eoretical Calculation of Ultimate Bearing Capacity.
Many studies have been conducted on the ultimate bearing
capacity of concrete-filled steel tube members. Among them,

Figure 9: Establishment of the finite element model.

Table 4: Parameters used in the numerical model.

Concrete Values Rigid body/steel pipe Values
Mass density 2400 kg/m3 Mass density of rigid body 7850 kg/m3

Unconfined compression strength 30MPa Young’s modulus of rigid body 201MPa
Young’s modulus 27MPa Poisson’s ratio of rigid body 0.3
Poisson’s ratio 0.29 Mass density of steel pipe 7800 kg/m3

Shear strain at failure 0.45 Young’s modulus of steel pipe 206GPa
Tensile strain at failure –0.2 Poisson’s ratio of steel pipe 0.29
Maximum aggregate size 19mm ∗∗
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the theories proposed for the ultimate bearing capacity of
short columns under axial compression are mainly unified
strength theory, limit equilibrium theory, and superposition
theory. )e unified strength theory involves Zhong Shan-
tong equation (Zhong 2003) and Han Linhai equation (Han
2016), limit equilibrium theory involves CECS 28:2012
(2012), and superposition theory includes CECS 159:2004
(2004), Japanese standard aij-1997 (1997), European Asso-
ciation standard EC$-2004 (2004), and American Standard
ACI-2005 (2005). In order to study whether the existing
calculation method is suitable for SSP-I and SSP-II gas
drainage steel pipe concrete-filled columns, the above for-
mula is used to calculate the ultimate bearing capacity of the

specimen under axial compression, the value Nc is calcu-
lated, and it is compared with the measured value Nu, as
shown in Table 5.

For SSP-I and SSP-II samples, the calculated value based
on Zhong Shantong’s equation, Han Linhai’s equation, and
AIJ-1997 standard is slightly larger than the actual measured
value. In addition, the calculated value of CECS 28:2012
based on the limit equilibrium theory is about 50% higher
than the measured value. )erefore, according to the above
theory, the ultimate bearing capacity design of SSP concrete
columns under axial compression is risky. In contrast, the
calculated value based on EC4-2004 and ACI-2005 stan-
dards is slightly lower than the actual measured value, the
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Figure 10: Comparison of simulation results and test curves: (a) SSP-I; (b) SSP-II; (c) RSP.
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Figure 11: Simulation effect: (a) SSP-I; (b) SSP-II; (c) RSP.
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calculated value of ultimate bearing capacity under these
standards is relatively conservative, and EC4-2004 is closer
to the measured value. In order to take into account both
safety and economy, the EC4-2004 standard is recom-
mended to calculate the ultimate bearing capacity of con-
crete-filled SSP-I and SSP-II steel pipe columns.

5. Conclusion

In this paper, the axial compression performance test and
numerical simulation analysis of two different types of
concrete-filled gas drainage pipe columns and one type of
concrete-filled ordinary round steel column specimen are
carried out. )e main conclusions are as follows:

(1) SSP-I and RSP specimens show good post-peak load-
carrying properties. )e secondary peak load of SSP-
I and RSP specimens reached 70.38% and 81.92% of
the ultimate load, respectively. In the process of
secondary strengthening, the axial bearing capacity
reaches 96.75% and 99.53% of the ultimate bearing
capacity, respectively. When the SSP-II specimen
reaches the ultimate load, causing a large strength
attenuation, which attenuates to 34.47% of the ul-
timate load, the secondary strengthening load value
is only 60.58% of the ultimate load.

(2) Two kinds of gas drainage steel pipes (SSP-I and
SSP-II) show good cooperative performance with
concrete in the process of axial compression test,
and it gives full play to the binding effect on
concrete. With the increase in load, the axial strain
and hoop strain at different heights of the column
are slightly different, and the core concrete is
compressed into powder state. )e hoop strain of
ordinary concrete-filled steel tubular columns at
different heights is uniform, but the axial strain is
quite different.

(3) Secondary strengthening characteristics of SSP-I
specimens are better than those of SSP-II specimens,
and the numerical simulation results also shown that.

)erefore, the SSP-I specimens are more suitable as the
support component for gob-side entry retaining.

(4) )e calculated values of Zhong Shantong equa-
tion, Han Linhai equation, AIJ-1997, and CECS
28:2012 are higher than the measured values. )e
calculated values of bearing capacity based on
superposition theory EC4-2004 and ACI-2005 are
relatively conservative, and the EC4-2004 stan-
dard is the closest to the measured value, so it is
suggested to use EC4-2004 to calculate the ulti-
mate bearing capacity of concrete-filled gas
drainage steel tubular short column.
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Table 5: Comparison of measured and calculated results.

No. Nu (kN)
Average
value

Unified strength theory
Limit

equilibrium
theory

Superposition theory

Zhong
Shantong
equation

Han Linhai
equation CECS 28:2012 AIJ-1997 EC4-2004 ACI-2005

Nc (kN) Nc/Nu Nc (kN) Nc/Nu Nc (kN) Nc/Nu Nc (kN) Nc/Nu Nc (kN) Nc/Nu Nc (kN) Nc/Nu

SSP-I-1 5386
5130 5436 1.059 5376 1.048 7635 1.488 5233 1.020 4864 0.948 4628 0.902SSP-I-2 4836

SSP-I-3 5170
SSP-II-1 5132

5165 5436 1.052 5326 1.031 7635 1.478 5233 1.013 4864 0.941 4628 0.896SSP-II-2 5385
SSP-II-3 4979
RSP-1 3678

3596 3798 1.056 3697 1.028 5036 1.400 3690 1.026 2893 0.804 2681 0.745RSP-2 3651
RSP-3 3459
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