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According to the statistics of relevant departments, the total area of various existing buildings in China is at least 10 billion m2, of
which about one-third of the houses have reached the design life and the safety reserve is insufficient. It is not economical to
demolish these houses and rebuild them, and the benefits of new buildings are far less than those of extending the service life of old
buildings through reinforcement. ,erefore, reinforcement technology is increasingly indispensable. Currently varying methods
for the prestressed reinforcement of concrete columns are developed, but they are generally not practical. Strengthening concrete
columns with prestressed semicircular steel plate is a new prestressed strengthening technology. In this article, the experimental
study on the axial compression of a reinforced concrete circular section short column strengthened with prestressed semicircular
steel plate is carried out by combining experimental and numerical simulationmethods, and the calculation formula of the bearing
capacity of the reinforced short column is established by finite element analysis.

1. Introduction

,e application of prestress reinforcement in a building
structure improves the force performance of the original
structure by enhancing crack resistance, structural carrying
capacity, and durability [1–3]. Currently varying methods
for the prestressed reinforcement of concrete columns are
developed comprising prestressed rod, prestressed strip, and
prestressed steel strand reinforcement methods [4–7].
However, the application of prestressed reinforcement
technology in practical engineering is still in the preliminary
stage. Zhang et al. [8] explored the anchorage-reinforced
concrete column (similar to the clamp method) by the
quasistatic test to find the circumferential prestressed steel
strands and demonstrated good repair and improvement
effect on the seismic performance of damaged columns.
Prestressed steel strand has the advantages of convenient

construction and short cycle and does not affect the use of
the original structure during construction. It can also im-
prove the bearing capacity, stiffness, and energy dissipation
capacity of reinforced concrete columns. After reinforce-
ment, the fire resistance, corrosion resistance, and aging
resistance of the components are improved [9, 10]. Ge et al.
[11] studied the seismic behavior of concrete columns
strengthened by prestressed steel strand tensioning and
anchoring. ,e test results show that the yield load and
ultimate load were improved, but the concrete of the pro-
tective layer of the original column exposed to the pre-
stressed steel strand is in the three-dimensional stress state,
and the exposed concrete is still in the two-dimensional
stress state, whichmakes themechanical state of the concrete
column more complex, which brings complexity to the
design calculation, and the prestress of the steel strand is
limited. Sun et al. [12] found a prestressed steel plate hoop to
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reinforce bridge and effectively improve axial compression
bearing capacity and deformation capacity of pier column.
,e axial compression performance tests of 16 reinforced
columns and 2 contrast columns were carried out by Sun
et al. [13] and Yong et al. [14]. ,e results show that the
bearing capacity and deformation capacity of reinforced
columns are improved under the conditions of constant
spacing of steel strips, increasing or unchanged number of
layers, and decreasing spacing. However, the column con-
crete between steel strips is exposed outside, which is not
constrained by steel strips, leading to increased potential of
early explosion [8, 15]. From the above research status, can
we find a prestressed reinforcement method? It can not only
improve the deformation resistance and bearing capacity of
reinforced concrete columns, but also ensure that the stress
of new and old structural layers is synchronized, the original
structure is not destroyed, and the implementation is
convenient.

,erefore, the prestressed semicircular steel plate is
firstly proposed as a feasible solution toward the increased
demand as shown in Figure 1. ,e main novelty is that two
prestressed semicircular steel plates are installed on the side
of the required strengthened cylinder, and the circum-
ferential prestress is applied to the two semicircular steel
plates by tightening the bolts. ,e prestress can be adjusted
by tightening the bolts, so as to improve the bearing ca-
pacity of concrete columns without damaging the original
column, and to achieve the purpose of rapid repair and
reinforcement of concrete columns. As a result, compared
to traditional reinforcement methods such as increasing
section method [16, 17], steel casing method [18, 19], and
CFRP reinforcement method [20, 21], the advantage can be
concluded as follows: ①It does not increase the section of
the column, nor add steel bars to the original column.②Its
core concrete is in the active three-way stress state before
the force. ③,e original concrete column has reinforce-
ment according to the original bearing requirements. ,e
reinforced concrete column is equivalent to the prestressed
reinforced concrete-filled steel tube column, and its bearing
capacity is higher than that of the concrete-filled steel tube
column.④,e prestress can be adjusted to ensure the force
synchronization of the original structure and the reinforced
structure, and there will be no echelon damage. ⑤,e
reinforcement does not damage the structure of the original
concrete column, nor does it reduce its bearing capacity.
⑥It is not necessary to unload the original concrete col-
umn and does not affect the use of the structure. ,e re-
inforcement construction can be implemented online and
can be carried immediately after reinforcement. ,e
structure demonstrates promising potential in intelligence
manufacture owning to its superior advantages especially
in the 3D printing domain [22–24].

In this article, the experimental study on the axial
compression of the reinforced concrete circular section short
column strengthened with prestressed semicircular steel
plate is carried out by combining experimental and nu-
merical simulation methods, and the calculation formula of
bearing capacity of the reinforced short column is estab-
lished by finite element analysis. In order to study the axial

bearing capacity of strengthened concrete columns, the axial
compression tests of 20 concrete columns were completed,
including 5 comparative columns and 15 concrete columns.
All specimens were strengthened by steel casing with varying
prestressing values. ,e test results show that the bearing
capacity of the reinforced concrete column is greatly im-
proved by prestressed steel casing, and the ultimate bearing
capacity is increased by 72.1%–109.9%. On the basis of the
experimental study, the finite element models of the pre-
stressed semicircular steel plate strengthened column were
established by ABAQUS. ,e correctness of the finite ele-
ment model is verified by the experimental results. Finally,
the bearing capacity of the reinforced concrete column is
analyzed theoretically, to propose the calculation formula for
axial compression bearing capacity; compared with the
experimental data, the theoretical calculation formula has
outstanding accuracy, ,rough this test, it can provide
experimental data for the eccentric compressive test,
earthquake-resistant test, shear test, resistant explosion
experiment, fatigue test, and stability test of the prestressed
steel casing reinforcement method for strengthening the
concrete column.

2. Materials and Methods

2.1.Materials and SpecimenDesign. ,e concrete in this test
is C30. According to Chinese Standard Test Method (GB/
T50081-2016) [25], the same batch of concrete with the
cylinder was selected for the compressive performance test
of a concrete cube, and the average compressive strength of
the concrete cube was 30.75MPa.

As shown in Figure 2(a), 6C14HRB400E was selected as
the longitudinal bar. According to the Steel Test Method for
Reinforced Concrete (GB/T28900-2012) [26], the yield
strength of the longitudinal bar wasmeasured to be 541MPa.
,e yield strength of the stirrup A6HPB300 is 332 MPa.

,e test column is circular, 256mm in diameter, and
1000mm in height (Figure 2(b)). A total of 20 columns were
designed in this experiment, of which 5 were the contrast
columns, numbered RC-1 (the specific column numbers are
RC-11 to RC-15), and the remaining 15 were divided into
three groups of different prestressed reinforced concrete
columns, numbered RC-2-1–RC-2-3 (the specific column
numbers of each group are RC-2-11∼RC-2-15).

1

2

3
4

Figure 1: Schematic diagram of the reinforcement method.
(1) Longitudinal bar; (2) semicircular steel plate; (3) stirrup; (4)
radial structural bars.
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As shown in Figure 2(c), the inner diameter of the steel
casing wall is 256mm, the length is 980mm, and the
thickness of the steel plate is 5mm. In order to make the steel
casing successfully impose circumferential prestress on the
concrete cylinder, the two semicircular steel plates cannot be
closed into a complete circle, and the two semicircular steel
plates should leave 6mm (256× π × 0.01× 1.5�12mm, 0.01
is the ultimate tensile strain of steel, and 1.5 is the surplus
coefficient) gaps in advance.

,e nominal diameter was 12mm, and the stress cross-
sectional area of M12 bolt was 84.3mm2.

In order to measure the internal stress and defor-
mation of the steel bar, concrete, and steel casing, strain
gauges are affixed at the specific position of the specimen,
and the specific position of the strain gauge is shown in
Figure 2.

2.2. Loading Program. In order to study the mechanical
properties and reinforcement effect of concrete columns
strengthened with steel casting (steel cylinder formed by
closing two semicircular steel plates) under precompression
stress, four groups of axial compression tests of strengthened
columns were carried out:

(1) Contrast column test of the unreinforced original
column.

(2) According to the prestress value, the test of the
reinforced column can be divided into the following
three categories:

① In Scheme 1, the prestress value is 0, whichmeans
tightening the bolt gently with a common wrench
so that the steel casing is just close to the surface
of the concrete cylinder; therefore, reinforced
columns are equivalent to reinforced concrete-
filled steel tubular columns.

② In Scheme 2, the confining pressure of the
semicircular steel plate on the concrete column is
equivalent to that of the unreinforced column
stirrup on core concrete. As shown in Figure 3,
p � σr(p is shown in Figure 3(c), and σr is the
confining pressure of steel casing on concrete
columns); therefore, σ3 � σr (Figure 3(c)).
Because the thickness of the semicircular steel plate
is far less than the diameter of the concrete column,
and the thickness of the steel plate is t� 5mm, the
cross-sectional area of the steel tube wall is
As1� 4097.70mm2. When the diameter of the
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Figure 2: Details of specimens.

Advances in Civil Engineering 3



column is d� 256mm and the thickness of the
concrete cover is 25mm, the diameter of core
concrete (stirrup spacing) is 194mm and the area of
core concrete is Acor� 29544.26mm2. ,e cross-
sectional area of concrete column
A� 51445.76mm2, and the stirrup conversion area
isAss0� 215.19mm2.,erefore, the constraint stress
(σr1) of stirrup on the core concrete column can be
calculated by the following formula [27, 28]:

σr1 �
fyv · Ass0

2Acor

�
270 × 215.19
2 × 29544.26

� 0.983
N

mm2,

(1)

where fyv is the design value of stirrup tensile
strength, fyv � 270MPa. When the confining
pressure of steel casing on the surface of the
concrete column is equal to that of stirrup on core
concrete before column reinforcement, there
should be

σr � σr1. (2)

At this time, the circumferential tensile stress in
the steel casing plate can be obtained as follows:

σθ � 2σr

A

As1
� 2 × 0.983 ×

51445.76
4097.70

� 24.68
N

mm2.

(3)

③ In Scheme 3, the prestress value is equivalent to
the prestress value required to make the bolt
reach its tensile strength design value. At this
time, the tensile force of the steel casing is larger
than that of Scheme 2. ,e design value of the
axial tensile connection bearing capacity of a
single bolt is set as Nb

t :

N
b
t � Aefff

b
t � 84.3 × 400 � 33270N, (4)

whereAeff is the stress section area of a single bolt,
Aeff � 84.3mm2. fb

t is the tensile design strength
of the bolt, fb

t � 400MPa. In addition, the
number of bolts per row is 10:

σθ �
N

b
t × 10
t · l

�
33270 × 10
5 × 980

� 67.90
N

mm2,
(5)

where t is the thickness of the steel casing plate,
t� 5mm and l is the height of steel casing,
l� 980mm. ,erefore, the grouping scheme and
the corresponding prestress values are listed in
Table 1.

,e loading method is full-section axial compression.
,e test is carried out on the microcomputer controlled
electro-hydraulic servo press-shear testing machine. ,e
strain of steel bars, steel casings, and concrete is measured by
the static resistance strain gauge DH3818Y and dynamic
signal acquisition and analysis system DHDAS. ,e cracks
are observed with the naked eye of the magnifying glass and
the flashlight. ,e testing machine is shown in Figure 4.

,e test loading was carried out according to the
Standard Test Method for Concrete Structures (GB/T50152-
2012) [29]. After the reinforcement column is aligned, the
preloading of 0.3Nu (predicted ultimate load value) was
carried out, and the preloading was carried out 2-3 times.
During the preloading period, the number of test equipment
indicators needs to be carefully checked, and the abnormal
phenomena should be eliminated in time. After the preload
is completed. ,en, remove all loads and start the formal
test.,e test device is shown in Figure 5. Pressurized loading
was used in the test. Each stage was kept for 10min, and the
loading value of each stage was 0.2Nu (predicted ultimate
load value) [30, 31]. ,e loading speed was 2 kN/s. When the
loading value reached 0.8Nu, the loading value of each stage
was 0.1Nu. When the last stage was loaded, the loading speed
was 1 kN/s. Until the ultimate load was reached and the
pressure was kept, the loading was continuously and slowly
until the specimen was destroyed. Among them, the strain
data take the average value of 1minute before the pressure
was kept. Because the concrete column has 10mm exposure
in the upper and lower ends of the steel casing (Figure 5), the
loading stops when the upper and lower loading plates
contact the steel casing.

3. Results and Discussion

3.1.Main Results of the Test. ,e main test results are shown
in Table 2. It can be seen from Table 2 that the ultimate load
of strengthened columns increases differently with different
prestress values. Compared with the contrast column, when
the prestress value is 0N/mm2, the ultimate load of the
strengthened column increases by 72.1%–92.4%; when the
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Figure 3: Stress diagram after reinforcement.
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confining pressure of the semicircular steel plate on the
concrete column is equivalent to that of the unreinforced
column stirrup on core concrete, the ultimate load of the
strengthened column increases by 95.0%–102.7%; when the
prestress value is equivalent to the prestress value required to
make the bolt reach its tensile strength design value, the
ultimate load of the strengthened column increases by
97.5%–109.9%. It can be seen that, with the increase in the

prestress value, the confinement effect of steel casing on
concrete is more obvious, and the bearing capacity of
concrete columns after reinforcement is slightly improved.

3.1.1. Phenomena. As shown in Figure 6, for RC-1, at the
beginning of loading, two ends of the column due to stress
concentration distribution crack. With the increase of load,
because there is no restriction of steel casing, vertical cracks
gradually appear in the surface of concrete cover. When the
axial load reaches about 90% of its peak load, the vertical
cracks continued to extend vertically, and the crack width
increased. With a slight click, some cover concrete spalling.
When the load reaches the maximum value, the head of the
concrete column collapses in a large area, and the upper part
of the specimen is bulging. ,en, the bearing capacity de-
creases sharply. From the crack of the concrete column to
the complete failure of the reinforced column, the whole
process is relatively short, and the compression process
shows the characteristics of brittle failure. For the three
groups of concrete columns strengthened with steel casing,
they have no obvious change at the initial stage of loading.
When the load gradually increases, the appearance of steel
casing has no obvious change, but its two vertical flanges
have corrugated changes. ,en, there was a crackling sound,
which was due to the joint action of rib angle and bolt to
make the vertical flange yield first. When the reinforced
column reaches the ultimate bearing capacity, the weld
position of the rib angle of the vertical flange is tear. Because
the steel casing is restrained by the transverse flange during
loading, the appearance of the steel casing still has no ob-
vious change.

Figure 7 shows the internal failure mode diagram of the
concrete cylinder after removing the steel plate. It can be
seen that the failure of the ends of the column is more
serious, which is due to the cushion plate that directly acts on
the top of the concrete column during loading, and the end is
not restrained by the steel casing. ,e ultimate compressive
strain of concrete εcu is 0.0033; from this, the ultimate
displacement value is 3.3mm. Two ends of the reinforced
column are compressed more than 10mm, indicating that
the confined concrete in the concrete column has been
compressed. However, due to the circumferential constraint
of the steel casing, the concrete column can still withstand
axial pressure. ,erefore, the prestressed steel casing can
effectively restrict the concrete column. After loading, the
steel casing is closely connected with the surface of the
concrete cylinder, and it is very difficult to separate them.
,is shows that the Poisson displacement or lateral dis-
placement of the concrete in the steel casing is obvious, and
the steel casing ensures the integrity of the specimen and the
effectiveness of the pressure transfer.

3.1.2. Failure Patterns of Specimens. ,ere are two typical
failure modes of concrete column: ①,e top concrete is
crushed and peeled off.②Due to the constraint effect of the
steel casing on the core concrete, the whole shearing de-
struction of the concrete will not appear, and even the
cracked concrete will be re-extrusion under the constraint of

Table 1: Details of specimens.

Methods Number Scheme σθ
(MPa)

Quantity
(pillar)

No
reinforcement RC-1 No steel

casing 0 5

Reinforcement
RC-2-1 Scheme 1 0 5
RC-2-2 Scheme 2 24.68 5
RC-2-3 Scheme 3 67.90 5

Total 20

Figure 4: Testing machine.
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Figure 5: Diagram of specimen.
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the axial pressure and the steel casing. Due to the continuous
occurrence of new corrugated bending of the vertical flange
of the steel casing, cracks appear at the welds of the vertical
flange, and the confining pressure is gradually weakened. On
the premise of ensuring that no shear failure occurs, the
reinforced column mainly occurs in two types of failure
forms: the first type is axial compression failure; concrete

columns in the compression zone are crushed and peeled off.
,e second type is the failure of the vertical flange of steel
casing. From the cracking of reinforced columns under
failure, two failure modes are ductile failure. Because the
reinforced column has concrete spalling and clicking sound
before failure, it shows that there are obvious signs before
failure, and the failure form is reasonable.

Table 2: Main results of the test.

Number Nu (kN) Increase rate (%) Failure mode

RC-1

1 1471.50 —

Cover concrete spalling, concrete crushing, upper column drumming
2 1553.30 —
3 1548.53 —
4 1612.32 —
5 1526.23 —

RC-2-1

1 2654.89 72.1

Concrete cracking, no obvious phenomenon in the steel casing
2 2910.25 88.7
3 2967.48 92.4
4 2938.08 90.5
5 2781.00 80.3

RC-2-2

1 3017.00 95.6

Vertical flange weld cracking, concrete splitting
2 3008.29 95.0
3 3026.02 96.2
4 3110.64 101.7
5 3125.31 102.7

RC-2-3

1 3133.54 103.2

Bolt fracture, steel casing failure
2 3146.81 104.0
3 3046.87 97.5
4 3237.70 109.9
5 3304.70 114.3

(a) (b) (c) (d)

Figure 6: Failure modes of typical specimens.
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3.1.3. Load-Displacement Curve. Figure 8 shows the load-
displacement curve of reinforced column. ,e curve can be
divided into elastic section at the beginning of loading,
inelastic section at 80% of ultimate load, and descending
section after ultimate load. During the initial loading, all
columns are in the elastic stage. Because fine stone concrete
is poured between the steel casing and the concrete column
to make them fit closely, the steel casing has a constraint
effect on the core concrete. ,erefore, with the increase of
load, the greater the prestress value, the greater the slope of
the strengthened column. As the load continues to increase,
the constraint effect of steel casing on concrete becomes
more obvious, and the bearing capacity of reinforced col-
umns is also larger. Compared with the contrast column, the
bearing capacities of RC2-1, RC2-2, and RC2-3 of the
reinforced column were increased by 85%, 98%, and 106%,
respectively. Because the steel casing has a strong constraint
on concrete, the ultimate bearing capacity decreases slowly
when it is destroyed, and for the specimens RC-1, RC2-1,
RC2-2, and RC2-3, Δmax/Δelastic is 1.06, 2.57, 2.77, 3.48,
respectively (Δmax is the ultimate displacement, and Δelastic is
the elastic displacement). It shows that the ductility of the
new concrete structure increases with the increase of steel
casing prestress.

3.1.4. Load-Material Strain Curve. Figure 9 shows the load-
strain curve of the concrete and steel casing. In the early
stage of loading, the load-strain is linear, which indicates
that the reinforced column is in the elastic stage. ,e strain

of concrete and steel casing increases proportionally with the
increase of load.When the load increases to 50%, the column
cracks and works with cracks. With the increase of load, the
strain of concrete increases and the transverse strain of steel
casing also increases. ,e longitudinal strain of steel casing
increases mainly due to the increase of transverse strain of
steel casing. When the load is close to Nu, the slope of the
curve continues to decrease, the stiffness of the specimen

(a) (b) (c) (d)

Figure 7: Internal failure mode of test column.
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decreases, and the reinforced column is destroyed. When
specimens RC2-1, RC2-2, and RC2-3 reach the ultimate
load, the transverse strains of steel casing are 241, 580, and
1288 με, and the longitudinal strains are 231, 450, and 1268
με, respectively.

Figure 10 shows the load-strain curve of the steel bar of
the reinforced column. With the increase in the steel casing
prestress value, the constraint effect on the concrete column
is stronger, and the increase of the peak strain of the steel bar
(the strain corresponding to the ultimate load) is greater.
When the specimens RC-1, RC2-1, RC2-2, and RC2-3 reach
the ultimate load, the stirrup strains are 1120, 650, 584, and
3025 με, and the longitudinal reinforcement strains are 1767,
1284, 1675, and 2292 με, respectively. Comparing the
reinforced columns RC2-1, RC2-2, and RC2-3, it is known
that the prestressed semicircular steel plate reinforcement
can improve the ultimate strain of concrete, and the concrete
strain is related to the size of reinforcement prestress. ,e
greater the prestress, the greater the ultimate strain of the
reinforcement column. And the strain growth rate of the
reinforced column is accelerated after the peak load, indi-
cating that the prestressed semicircular steel plate rein-
forcement gives full play to the material properties of steel
and concrete. It can be seen from the figure that the steel
strain of the contrast column RC-1 decreases directly after
reaching the ultimate load. Due to the transverse constraint
force provided by the prestressed semicircular steel plate, the
steel strain of the reinforced column decreased slowly after
reaching the ultimate load.

3.2. Finite Element Analysis

3.2.1. Finite Element Modeling. In this article, ABAQUS
software is used for finite element analysis. ,e steel
skeleton and concrete are contacted by the embedded

region without considering the influence of bond-slip,
and it is assumed to be coordinated deformation. Al-
though the steel casing and concrete column surface will
produce relative slip in the actual test, many research
results show that this relative slip has little effect on the
constraint ability, so this article assumes that they are
ideally connected and use tie contact. In the existing
research field, the application method of steel casing
prestress is still relatively rare. High strength bolts are
used to apply prestress in the test, but, in the simulation,
the equivalent substitution method is used to control
prestress, and the prestress is equivalent to the pressure
generated around the concrete column; that is, the
contact element between the steel casing and the concrete
transfers the interface pressure p, and the pressure per-
pendicular to the contact surface can be completely
transferred between the interfaces. Only normal contact
is considered between the cushion plate and the top
surface of the concrete. Among them, the steel casing and
two ends of the cushion plate are simulated by shell el-
ement S4R, and the concrete is simulated by three-di-
mensional solid element C3D8R.

,e constitutive model of the concrete column
strengthened with prestressed steel casing is similar to that of
the concrete-filled steel tubular column. ,erefore, the
constitutive model of concrete in this simulation adopts the
compression constitutive model of the concrete-filled steel
tubular column in Liu Wei’s study on the working mech-
anism of the concrete-filled steel tubular column under local
compression [32]. ,e loading method adopts the vertical
displacement loading of the upper part of the model. It is
assumed that the lower part of the model is completely fixed,
and the upper part constrains two translational and rota-
tional degrees of freedom.,e finite element model is shown
in Figure 11.
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3.2.2. Results of Finite Element. Figure 12 shows the stress
distribution nephogram of the steel casing when the
reinforced column reaches the ultimate load when the
prestress of the steel casing is 0 N/mm2, 24.68 N/mm2, and
67.90 N/mm2, respectively. It can be seen from the figure
that with the increase in the prestress value, the coverage
of the maximum stress of the steel casing increases and is
distributed in the middle area of the reinforced column.
And with the increase in the prestress value, the com-
pressive stress value increases, it shows that the steel
casing has a good restraint effect, and the restraint effect is
also obvious. ,ere is a certain error between the finite
element simulation and the test results; the main reason
for the error is that there is a deviation between the
application mode of prestress of reinforced columns and
the actual situation during modeling. Moreover, the
contact between steel casing and concrete is also complete
contact in the ideal state, which is difficult to achieve in the
actual project.

Figure 13 shows the load-displacement curve of the
specimen obtained by the test and the finite element method.
,e real line represents the finite element value. ,e
imaginary line represents the experimental value. It can be
seen that the calculation results of the finite element model
are consistent with the test results. ,e finite element
analysis tends to be idealized. ,erefore, the finite element
analysis results are better than the test results. ,e com-
parison of specimen bearing capacity is shown in Table 3,
NFEM/NEXP mean value is 1.026, and the standard deviation
is 0.012, indicating that the finite element model established
in this article can better simulate the stress characteristics of

reinforced concrete columns strengthened with prestressed
steel casing.

4. Calculation of Axial Compression
Bearing Capacity

,e prestressed steel casing reinforcement method studied
in this article is a new reinforcement method. By prestressing
the steel casing, the steel casing and the column needed to be
strengthened are connected into a whole, so that they work
together, thus significantly improving the bearing capacity of
concrete columns.

Referring to the research results of Si et al. [33] in the
axial compression test of damaged reinforced concrete
columns strengthened with prestressed steel wires, after
reinforcement, the bearing capacity of the reinforced col-
umn is composed of longitudinal reinforcement and con-
fined concrete, and thus, the calculation formula of the
bearing capacity of the reinforced column with prestressed
steel wires is proposed:

Nu � ϕ · fc,cAc + fy
′As
′,

fc,c � b · fc,
(6)

where Nu is the ultimate bearing capacity of the composite
strengthened member, kN; fc,c is the axial compressive
strength of confined concrete, MPa; b is the prestressed
winding improvement coefficient; fc is the axial compressive
strength of unconstrained concrete, MPa; A is the damage
coefficient; Ac is the section area of compressive concrete,
mm2; fy is the longitudinal reinforcement compressive

(a) (b) (c)

(d)

Figure 11: Model mesh subdivision. (a) Steel frame. (b) Steel casings. (c) Cushion block. (d) ,e whole specimen.
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strength design value, MPa; and As is the longitudinal
section area, mm2.

Based on the derivation of Si Jianhui’s calculation for-
mula for the bearing capacity of reinforced members, it can
be seen from Figure 5 that there are 10mm left at the upper
and lower ends of the concrete column without the con-
straint of steel plate. ,erefore, the steel casing does not
provide axial bearing capacity, but only provides one cir-
cumferential constraint force for the concrete column in this
experiment. It can be seen that the increase in the bearing

capacity of concrete columns strengthened with prestressed
steel casing is mainly caused by the increase in the bearing
capacity of concrete after being constrained [30, 34–36]. Due
to the different prestress value, the ultimate compressive
strain of confined concrete is different, and the strain of the
steel bar is also different, so it is necessary to set up a
composite reinforcement improvement coefficient. Since the
specimens used in the test are all not under pressure before
the test, the damage coefficient A can be taken as 1. ,en
calculation formula of the bearing capacity of concrete

S, Mises
SNEG. (fraction = -1.0)
Average:75%

+1.399e+02
+1.529e+02
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+2.438e+02
+2.568e+02
+2.697e+02
+2.827e+02
+2.957e+02
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(c)

Figure 12: Strain cloud picture (MPa). (a) RC2-1. (b) RC2-2. (c) RC2-3.
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Figure 13: Load-displacement curve.
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columns strengthened with prestressed steel casing can be
simplified as follows:

Nu � bfcAc + fy
′As
′, (7)

where b is the prestress increase coefficient, which is ob-
tained by fitting from the relationship between prestress f
and bearing capacity of steel casing by Origin software,
b� 0.005f+ 3.40.

,e calculated results of formula (7) are compared with
the experimental data and summarized in Table 3. It can be
seen from Table 3 that the calculation results of formula (7)
are in good agreement with the measured values.

5. Conclusions

In this article, the prestressed steel casing reinforcement
method was proposed. ,rough the axial compression test
and numerical simulation of 20 columns, the following
preliminary conclusions can be drawn:

(1) Compared with the original column, the ultimate
bearing capacity of reinforced concrete columns
strengthened with prestressed steel casing is in-
creased by 72.1%–109.9%, and the ductility is also
greatly improved.

(2) ,e calculation formula of the axial compression
bearing capacity of reinforced concrete columns
strengthened with prestressed steel casing provided
in this article has good applicability. Compared with
the experimental values, the theoretical calculation
formula has sufficient accuracy.

(3) ,e reinforcement effect of the prestressed steel
casing reinforcement method is obvious, which is
suitable for rapid repair and reinforcement of con-
crete columns that need to greatly improve the
bearing capacity in a short time.

(4) ABAQUS software was used to model and analyze
the test process. ,e results show that the finite el-
ement results are in good agreement with the test
results. ,e comparative analysis results of models
under different prestress levels show that when the
prestress of steel casing is 0N/mm2, 24.68N/mm2,
and 67.90N/mm2, the simulated bearing capacity
increases by 94%, 101%, and 110%, respectively.
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