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+e use of stainless steel bars can improve the durability and sustainability of building materials. +rough the static performance
test, this research analyzes the failure pattern and bearing performance of bias stainless steel reinforced concrete (SSRC) column.
+e influence of reinforcement ratio of longitudinal bars and eccentricity on the mechanical performance of specimens was
studied. Different constitutive models of stainless steel bars were used to calculate the ultimate bearing capacity of the section of
the column under eccentric compression column. Based on the experimental results, a method to modify the expression of the
design specification is proposed. And, the results were compared with the test results.+e results showed that the damage patterns
and failure modes of SSRC columns are essentially the same as those of traditional reinforced concrete columns. +e bearing
capacity of SSRC columns rises with the increase in the longitudinal reinforcement ratio, and the ductility of the specimens is
enhanced. +e ultimate load of the specimen decreases with the rise in eccentricity but the deflection increases gradually. +e
strain distribution of the mid-span section of the SSRC column conforms to the plane section assumption.+e bearing capacity of
the specimen can be analyzed by referring to the calculation method of the specification, and some parameters in the calculation
formula of the specification are modified to adapt to the design and calculation of the SSRC column.

1. Introduction

Reinforcement corrosion problems commonly exist in the
concrete structure’s durability, which lead to the unsus-
tainability of construction projects. +e investigation results
show that more than 80% of concrete structures have a
certain degree of durability problems or more serious steel
corrosion just 5–10 years after construction [1]. How to
improve the durability and sustainability of reinforced
concrete structures under poor environmental conditions
has become a pressing problem that requires solution. At
present, the main measures taken to prevent the rapid
corrosion of steel bars and improve the durability of rein-
forced concrete structures include [2–5] coating the surface
of ordinary steel bars with antirust materials, using epoxy-
coated steel bars and hot-dip galvanized steel bars, con-
trolling the quality of concrete, and using stainless steel bars.
In order to fundamentally solve a series of problems caused
by steel corrosion, the use of stainless steel bars is the first
choice. +e stainless steel reinforcement is an alloy steel and
contains significant amounts of chromium in order to

protect the steel against rust. It can generate a thin and
smooth layer of colorless, transparent oxide film on the
surface of the weak corrosive medium to protect it against
environmental conditions, such as air and water. Existing
research has focused on the corrosion resistance of stainless
steel; however, there has been relatively little research on the
mechanical performance of SSRC members. +e eccentric
compression member is the most fundamental and im-
portant mechanical component in a building’s structure [6];
as such, research on its mechanical performance will have
theoretical significance and high application value.

Currently, in China, there is a range of research on and
applications for stainless steel bars and their composite
materials. It mainly focuses on two aspects: one is to study its
corrosion law in simulated concrete pore fluid and the other
is to study its corrosion law in mortar or concrete envi-
ronment, which is usually compared with carbon steel bars
in the same situation by monitoring the corrosion rate. In
2006, Guoxue et al. preliminarily discussed the mechanical
properties of SSRC beams, slates, and columns [7–11]. In
2007, Yongsheng et al. studied and analyzed the influence of
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the use of stainless steel bars on deflection, crack width, and
ultimate bearing capacity of concrete beams and verified that
the SSRC beams can meet the requirements of the maximum
deflection and maximum crack width limits specified in the
design of ordinary reinforced concrete structures[12]. In
2011, Huanxin et al. identified the difference between the
constitutive models of stainless steel bars and ordinary steel
bars [13]. In 2013, Jiawei et al. discussed the influence of use
stainless steel bars on the bearing capacity of concrete beams
through fatigue tests and studied the mechanical perfor-
mance of SSRC beams, which included the stress-strain
relationship between steel bars and concrete [10]. In 2013,
Huitao conducted an experimental study on the mechanical
properties of stainless steel bars, the bond properties be-
tween stainless steel bars and concrete, and the flexural
properties of SSRC beams. +e results showed that the
strength, elongation, and cold bending property of stainless
steel bars are higher than those of ordinary hot-rolled bars.
+e bonding performance between stainless steel bars and
concrete is excellent. Under the same reinforcement con-
dition, the bearing capacity of SSRC beam is higher than that
of ordinary hot-rolled reinforced concrete beam, the failure
law is consistent, and the plane section assumption is still
applicable [14]. In 2014, Chen Long et al. used the poten-
tiodynamic scanning technology and electron microscope
test to study the critical chloride ion concentration of
stainless steel bar and ordinary steel bar in simulated
concrete pore fluid and concluded that the critical chloride
ion concentration of the stainless steel bar is more than 20
times that of the ordinary steel bar and its corrosion re-
sistance is far better than that of ordinary steel bar [15]. In
2016, Chengchang et al. proposed a preliminary calculation
method for the bonding force between stainless steel bars
and concrete [16], concluding that the carrying capacity of
concrete beams with stainless steel bars was relatively
greater. In 2018, Hailong et al. concluded that the critical
value of corrosion resistance of stainless steel bars in the
simulated liquid of freshly mixed concrete was more than 75
times that of carbon steel [17]. In 2018, Yi et al. studied the
corrosion law of stainless steel bars and ordinary steel bars
used in concrete structures. +e results showed that the
corrosion rate of carbon steel bars connected with stainless
steel bars is significantly accelerated, and the galvanic cor-
rosion is strengthened with the increase in corrosion time.
At the same time, when two kinds of steel bars are over-
lapped, the galvanic corrosion is more severe [18]. In 2019,
Chunyi et al. presented the bonding force formula between
stainless steel bars and concrete [19].

However, overseas research on the application of
stainless steel bars is a long-standing concern; as early as
1937, the Progreso Pier Bridge in Mexico used stainless steel
ones to replace ordinary steel bars to improve the durability
of the structure [20]. Foreign scholars’ research on stainless
steel bars mainly focuses on corrosion resistance. For ex-
ample, in 1985, Zoob et al. carried out the corrosion re-
sistance test on 304 stainless steel bars. +e research showed
that the allowable chloride content of stainless steel bars
buried in concrete is 7–10 times that of ordinary steel bars in
the same environment and there is no obvious corrosion of

stainless steel bars. In 1988, Flint et al. buried one end of 316
stainless steel bars and carbon steel bars in concrete and
exposed the other end to sea water. +e experimental results
showed that the local erosion of stainless steel bars only
occurred in the immersion section of sea water, the stainless
steel bars wrapped in concrete remained intact, and the
overall strength was not affected. However, the corrosion of
carbon steel bars was significant and the strength was se-
riously reduced [21, 22]. In 1995, McDonld and others
conducted the same experimental study on SSRC members
and the results showed that the corrosion resistance of SSRC
members was better than that of ordinary reinforced con-
crete members [23]. In 1998, Bertolini et al. conducted
corrosion tests on SSRCmembers in high pH value and high
chloride environment and found that the corrosion resis-
tance of stainless steel reinforcement is extremely excellent.
It can still remain passive in high pH value and high chloride
environment [24]. In 2002, Abreu et al. used sodium
chloride solution to simulate concrete pore fluid and used
the EIS method and ZRA method to study galvanic cor-
rosion behavior of the stainless steel bar and carbon steel bar.
+e results show that if the carbon steel bar and stainless
steel bar are connected in simulated pore fluid, the prob-
ability of galvanic corrosion is small [25]. Castro (2003)
conducted tests on the mechanical properties and corrosion
properties of the austenitic stainless steel rebar under both
hot-rolled and cold-rolled conditions [26]. Blanco et al.
experimentally compared the corrosion behavior of two
traditional austenitic steels and a dual-phase stainless steel
with that of low nickel austenitic steel [27]. In 2010, Milan
Kouřil et al. studied the corrosion resistance of stainless steel
bars by the electrochemical test, and the results showed that
the critical chloride concentration of stainless steel bars in
concrete structure depends not only on the chemical
composition of stainless steel and the pH level of concrete
pore fluid but also on the surface state of steel. Stainless steel
bars with smooth surface have good corrosion resistance,
while stainless steel bars with rough surface have weak re-
sistance to chloride ion [28]. In 2013, Hansson et al. used the
linear polarization method to compare the corrosion per-
formance of the stainless steel bar and carbon steel bar in
concrete environment with the same chloride concentration.
+e results showed that the corrosion of ordinary carbon
steel bar occurred within two weeks, while the stainless steel
bar began to rust after 139 weeks. +e use of stainless steel
bars has a significant effect on improving the service life of
concrete structures [29]. And, Gastaldi and Bertolini tested
the chloride-induced corrosion resistance of low nickel
bidirectional stainless steel threaded bars in different tem-
perature ranges and traditional austenitic stainless steel
threaded bars [30]. In recent years, foreign studies on the
mechanical properties of stainless steel have gradually in-
creased. In 2015, Mdina et al. carried out a series of ex-
perimental studies on the structural properties of three kinds
of stainless steel bars (austenitic AISI304, bidirectional
AISI2304, and new bidirectional AISI2001) at reinforce-
ment, section, and structural member levels, respectively
[31]. In 2016, Gardner et al. conducted 164 heating tests on
four kinds of stainless steel bars (1.4307[304Ln], 1.4311
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[304Ln], 1.4162[LDX2101], and 1.4362[2304]) under high-
temperature conditions [32]. In 2019, Yibu et al. conducted
an experimental study on the strength of 59 stainless steel
welding sections using through traditional welding and laser
welding [33]. In 2019, Bemfica et al. studied axial torsional
fatigue and cyclic deformation behavior of 304L stainless
steel bars at room temperature [34].

Stainless steel bars have high strength, high flexural
strength ratio, high fatigue life, high impact toughness, and
other properties. +e main problem of the current appli-
cation of stainless steel reinforcement is the high price,
which affects the initial cost of engineering construction.
But, generally, the stainless steel reinforcement can only be
used in the key parts of the actual project, so the proportion
of stainless steel reinforcement in the whole project cost is
very small and some other characteristics of stainless steel
reinforcement also make its life cycle cost much lower than
that of carbon steel [35]. Compared with ordinary steel bars,
first of all, the application of stainless steel bars can reduce
the thickness of concrete and the number of steel bars.
Secondly, the transportation, processing, and installation of
stainless steel bars have no special requirements, and the
construction cost is 25% lower than that of epoxy-coated
carbon steel bars. +irdly, stainless steel reinforced concrete
buildings require little or no maintenance which can reduce
maintenance and inspection costs, thereby reducing the
social cost of maintenance disrupting operations. +e
Federal Highway Administration (FHWA) conducted a cost
analysis of three bridges built in Illinois with different
rustproofing methods. +e results showed that the initial
cost of the bridge with stainless steel reinforcement in-
creased by 16%, but it took about six times as long to crack,
resulting in a significant reduction in maintenance costs
[36]. V al et al. put forward a kind of time-varying prob-
ability model to predict the expected cost of repair and
replacement, and then, the model was used to calculate
different exposures of reinforced concrete structures in the
marine environment under the conditions of life cycle cost.
+e results showed that although the price of stainless steel
was six to nine times that of carbon steel, the use of stainless
steel bars was justified on a life cycle cost basis [37]. Frank
N. Smith analyzed the serious corrosion problems during the
service of the Oland Bridge in Sweden, pointed out that if the
bridge were constructed with stainless steel bars, the con-
struction cost would only increase by 8%, but the 100-year
life could be achieved with very little maintenance [38]. Cope
et al. evaluated the superiority of stainless steel over con-
ventional steel in terms of both long-term usage costs and
user costs with the data from one Midwestern state in the
United States, using Monte Carlo simulation methods for
most of the analyzed scenarios, which proved that in the case
of uncertainty, using stainless steel as the bridge rein-
forcement materials is more cost-effective than conventional
steel [39]. Younis et al. conducted a life cycle cost analysis of
high-rise buildings based on a 100-year study period and
showed that the proposed combination using stainless steel
bars had a life cycle cost (LCC) approximately 50% lower
than the conventional combination (i.e., concrete containing
fresh water, natural aggregate, and black steel) [40].

Although there has been much progress in the study of
stainless steel bars, most has concentrated on the perfor-
mance of the stainless steel material itself, such as stainless
steel basic mechanical performance, weldability, and cor-
rosion resistance. However, there has been relatively little
research on the mechanical properties of concrete structural
members containing stainless steel bars. When stainless steel
bars are used in concrete compression members, whether
the stainless steel bars and concrete materials can fully live
up to their strengths needs to be verified through rigorous
testing. In view of this, this paper will consider the SSRC
columns as the research participants. +rough testing,
theoretical analysis, numerical simulation, and other tech-
nical methods, the mechanical performance of SSRC col-
umns will be studied.

2. Experimental Design

2.1. Specimen. In order to conduct the study, eight SSRC
eccentric compression columns were designed and con-
structed. +e section determination of each specimen was
250mm × 150mm, with a height of 1000mm. +e form of
symmetrical reinforcement was adopted, and the concrete
cover thickness was 25mm. +e model of stainless steel bar
used along the longitudinal direction of the specimen was
2304. +e specific dimensions and reinforcement layout of
the specimens are shown in Figure 1.

At the same time, six 150mm× 150mm× 150mm
standard concrete companion specimens were poured for
each concrete bias specimen. +ese were used for testing the
concrete strength of the specimens.

2.2. Experimental Methods. +e design parameters of the
specimens are listed in Table 1. +e test was carried out on a
WHY-5000 kN hydraulic pressure machine. In order to
measure the strain on the concrete, six strain gauges were
pasted equidistant on the middle section of the specimen.
+ree strain gauges were uniformly pasted on the surface of
each longitudinal stainless steel bar of the specimen to
measure the strain on the longitudinal steel bars. On the
middle section of the bottom surface of the specimen,
equidistant to each other, 5 displacement meters were placed
to measure the deflection of the specimens. Figures 2 and 3
show the loading diagram and strain gauge distribution,
respectively. Crack development, concrete strain, rein-
forcement strain, lateral displacement, and other test phe-
nomena were observed and recorded during the test.

2.3. Mechanical Properties of Concrete and Reinforcement.
In this experiment, 2304 stainless steel bars were used.
Stainless steel specimens with diameters of 12mm, 16mm,
and 25mm were selected for tensile testing. +e test results
and the mechanical indexes of stainless steel bars are shown
in Figure 4 and 5 and Table 2.

+e design strength of the concrete specimen is C45,
and the measured strength of the concrete test blocks is
shown in Table 3. +e axial compressive strength of
concrete is calculated using formula (1), according to the
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Figure 1: Schematic of specimen dimensions and reinforcement (mm).

Table 1: Specimen design parameters.

Specimen
number Strength grade of concrete Sectional

dimension (mm2)
Initial eccentricity,

e0 (mm)

Longitudinal
reinforcement

diameter, d (mm)

Hoop reinforcement
form, d (mm)

A-D1 C45 250×150 200 12 8@125
A-D4 C45 250×150 50 12 8@125
B-D1 C45 250×150 200 16 8@125
B-D2 C45 250×150 150 16 8@125
B-D3 C45 250×150 100 16 8@125
B-D4 C45 250×150 50 16 8@125
C-D1 C45 250×150 200 25 8@125
C-D4 C45 250×150 50 25 8@125
Note: letters A, B, and C represent the longitudinal stainless steel bars with diameters of 12mm, 16mm, and 25mm respectively. D1, D2, D3, and D4 represent
the initial eccentricity of 200mm, 150mm, 100mm, and 50mm, respectively, when the specimen is pressed.

e0

5000 kN upper pressing plate of press

Pressure sensor
Roller

Loading pad

Displacement
meter

Testing column

Loading pad

Roller

5000 kN lower pressing plate of press

Figure 2: Experimental loading diagram.
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Code for Design of Concrete Structures (GB50010-2010).
Considering that all the specimens are manufactured and
tested under laboratory conditions, the reduction factor
of 0.88 can be ignored, so the actual strength of the
concrete can be calculated using formula (2). Calcula-
tions for the mechanical properties of the concrete are
shown in Table 3.

fck � 0.88 × 0.76fcu,k, (1)

fk � 00.76fcu,k. (2)

3. Results and Discussion

3.1. Experiment Phenomena and Failure Modes. +e exper-
iments can be divided into two conditions: large eccentric
compression, for which the initial eccentricities are 150mm
and 200mm, and small eccentric compression, which in-
cludes the initial eccentricities of 50mm and 100mm.
Specimens with D1/D2 in the specimen number are those
with large eccentric compression, and the failure modes of
specimens with large eccentric compression are essentially
the same. When the load increased to 15–25% of the peak
load, 2–4 horizontal cracks formed in the tensile zone of the
SSRC columns. At the point of these cracks in the tensile
zone, the strain on the stainless steel bars and the mid-span
deflection of the SSRC columns greatly increased. As the
load continued to increase, the cracks were more or less
equally spaced, forming several major cracks. With further
increase in the load, the width of the cracks increased,
gradually extending to the compression zone, and the height
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of the compression zone of the SSRC columns decreased.
When the load reached 80–90% of the peak load, the
stainless steel bars in the tensile zone were close to yield: the
strain on the stainless steel bars rapidly increased, the height
of the compression zone of the specimen decreased, the
compressive strain on the concrete in the compression zone
of the concrete columns and the stainless steel bars in-
creased, and longitudinal cracks appeared. As the load
continued to increase, the bearing capacity of the specimens
decreased abruptly, the strain on the concrete in the com-
pression zone reached the ultimate compressive strain state,
and the specimens were crushed. On the destruction of the
specimens, the concrete in the compression area was
crushed and, while the stainless steel bars in the compression
area did not yield, the stainless steel bars in the tensile area
did. +e lateral deflection of the specimens was large, and
there were characteristics of ductile failure [41].

Specimens with D3/D4 in the specimen number are the
specimens with small eccentric compression, and the failure
modes of all specimens with small eccentric compression are
essentially comparable. When the load increased to 25–40%
of the peak load, several small cracks appeared in the tensile
zone and the width of the cracks and their extension to the
compression zone were not obvious. No main cracks
formed, and the strain at the edge of the compression zone of
the specimens increased rapidly. With an increase in the
load, the strain on the stainless steel bars and concrete in the
compression area of the specimens increased significantly
and the cracks in the tensile area extended and developed
slowly. When approaching failure conditions, longitudinal
cracks appeared in the concrete in the compression zone.
+e destruction was sudden, without any visible symptoms,
and the crushing area was large. When the specimens were
destroyed, the reinforcement on the side closest to the
loading point yielded, while the reinforcement on the side
furthest from the loading point did not.+e lateral deflection
of the specimens was small, and the specimens showed
certain characteristics of brittleness [41]. +e failure mode of
the specimens is shown in Figure 6.

3.2. Load-Deflection Curves. +e load-deflection curves of
each specimen are shown in Figure 7. It can be seen in the
graphs that the load-deflection curve of SSRC eccentric

compression columns is more or less divided into three
stages. First is the linear elastic stage: the bearing capacity of
the SSRC column is still small, the specimen has not cracked,
and the deflection is also small. At this point, the relationship
of load-deflection is approximately linear. +e second stage
is the nonlinear ascending stage: with the increase in load,
both the amount and width of the cracks in the tensile zone
of the specimen increase and the cracks further extend to the
compression zone. +e plastic characteristics of the speci-
men become increasingly obvious. At this stage, there is a
nonlinear relationship between load and deflection and, with
an increase in load, the relationship becomes increasingly
obvious and the slope becomes smaller, indicating a con-
tinuous decline in specimen stiffness. +e third stage is the
descending stage: after the peak load exceeds, the deflection
of the specimen increases and the load decreases [42]. +e
descending section of the large eccentric compression SSRC
columns is relatively gentle, and the ductility of the speci-
mens is good. In order to protect the instrument, the dis-
placement gauge for some specimens was removed at 80% of
the peak load, so the descending section is not presented in
the graphs.

3.3. Influencing Factor Analysis. In order to study the stress
of stainless steel bars in concrete eccentric pressure columns,
the load-reinforcement strain curve of each specimen was
drawn, as shown in Figure 8. As can be seen in Figure 8, the
load-strain curve of the specimens with large eccentricity
failure (A-D1, B-D1, B-D2, and C-D1) can be more or less
divided into the following three stages: the elastic stage,
where the strain and load of the tensile stainless steel bars
show an approximate linear relationship; the nonlinear
stage, where the height of the compression zone decreases
gradually with an increase in load, the stress is redistributed,
and the load-strain curve of the stainless steel bars deviated
from the original linear relationship and began to show
nonlinearity; and, finally, the approximate level develop-
ment stage, where the stainless steel bar strain increased and
the bars were close to yield. Making full use of tensile area
and the compression area, the stainless steel bars did not
yield. In the specimens with small eccentric failure (A-D4,
B-D3, B-D4, and C-D4), the load-strain curve of the
compressive steel bar is essentially the same as that of the

Table 2: Mechanical indexes of stainless steels.

Diameter (d/mm) Tensile strength (MPa) Yield strength (MPa) Elastic modulus (105MPa) Elongation (%)
12 885.3 677.5 1.56 33.00
16 795.3 565.8 1.56 36.39
25 768.7 572.7 1.40 34.13

Table 3: Mechanical properties of concrete.

Specimen number fcu (MPa) fc (MPa) Specimen number fcu (MPa) fc (MPa)

A-D1 43.47 33.04 B-D3 42.44 32.25
A-D4 42.64 31.65 B-D4 46.00 34.96
B-D1 45.20 34.20 C-D1 45.33 34.45
B-D2 44.93 34.15 C-D4 45.60 34.66
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(a) (b)

Figure 6: Failure mode of the specimen. (a) Large eccentric compression failure. (b) Small eccentric compression failure.

0
0

50

100Lo
ad

 (k
N

)

150

200

250 A-D1

2 4 6
Deflection (mm)

8 10 12

(a)

Lo
ad

 (k
N

)

A-D4

Deflection (mm)
0

0
2 4

200

400

600

800

(b)

0
0

50

100

150

200

250

300

Lo
ad

 (k
N

)

B-D1

Deflection (mm)
2 64

(c)

Lo
ad

 (k
N

)

B-D2

Deflection (mm)

0
0

200

100

300

400

500

2 4

(d)

0
0

100

200

300

400

500

600

Lo
ad

 (k
N

)

B-D3

Deflection (mm)
2 4

(e)

0
0 1 2 3 4

200

800

1000

400

600

Lo
ad

 (k
N

)

B-D4

Deflection (mm)

(f )

Figure 7: Continued.

Advances in Civil Engineering 7



tensile stainless steel bar in large bias pressure. +e stainless
steel bars in the compression zone ultimately yielded,
meaning that the stainless steel bars in the compression zone
can be fully utilized. +e strain of the stainless steel bars in
the tensile area is small, unyielding, and not fully utilized.
+is is synonymous with the small bias of ordinary concrete
columns. When the eccentricity of the tensile stainless steel
bars is 50mm, the stainless steel bars furthest away from the
loading point also appear to be under compression [42].+is
is because the initial eccentricity is too small, so the steel bars
in the tensile area of the specimen appear to be under
compression, as shown in graphs (f ) and (h) in Figure 8.

+e load-deflection curves of different reinforcement
ratios of longitudinal steels with the same eccentricity are
displayed in Figure 9. It can be seen from the graphs that the
ratio of longitudinal reinforcement has a significant influ-
ence on the bearing capacity and deflection of SSRC col-
umns. When the initial eccentricity is 200mm meaning the
specimen is under large eccentricity compression, with the
same load condition, the smaller the reinforcement ratio, the
greater the deflection, and the flatter the load-deflection
curve. When the initial eccentricity is 50mm, in the case of
small eccentricity compression, the change in the rein-
forcement ratio of longitudinal stainless steel has little effect
on the deflection of the specimen.

Eccentricity has a significant effect on the load and
deflection of concrete columns. Under the same conditions,
the deflection corresponding to the ultimate load of the
SSRC column rises with the increase in eccentricity, the
load-deflection curves are gentler, and the bearing capacity
of the specimens decreases. +e comparison of the influence
of eccentricity on the load-deflection curve of SSRC columns
is shown in Figure 10 [43].

3.4. Main Results. +e main results of this research are
shown in Table 4. It can be seen from the table that, under
the condition of large eccentricity pressure, the stainless steel
bars on the tensile side have yielded, while the stainless steel
bars on the compression side mostly have not. +is phe-
nomenon is different from that of ordinary carbon-rein-
forced concrete specimens. In the case of small eccentricity

pressure, the steel on the compression side has mostly
yielded, while the stainless steel bars on the side furthest
from the loading point have not, which is consistent with
that of ordinary carbon-reinforced concrete specimens
[44–48]. Stainless steel bars can play a more beneficial role in
concrete columns, but there are some disparities to ordinary
reinforced concrete columns. As such, the calculation of
SSRC columns cannot replicate the standard results of or-
dinary reinforced concrete columns.

4. Carrying Capacity Calculation

4.1. Verification of Plane Section Assumption. Figure 11
shows the distribution of strain in the mid-span section
along the height under various loads. It can be seen that the
strain distribution along the height of the column in the
mid-span section of the specimen is uniform and mostly
linear, which meets the requirements of plane section as-
sumption [49].

4.2. Calculation of Ultimate Bearing Capacity. +e me-
chanical properties of stainless steel bars are shown in
Table 5.

+e constitutive model of stainless steel adopts the
Rasmussen model and the constitutive model of steel
according to China’s current standards [50].

+e mathematical expression of the Rasmussen model is

ε �

σs

E0
+ εpy

σs

σ0.2
 

n

, ε≤ ε0.2,

σs − σ0.2

E0.2
+ εu

σm − σ0.2

σu − σ0.2
 

m

, ε0.2 < ε≤ εu,

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(3)

where E0 is the initial elastic modulus; εpy is the residual
strain, and εpy � 0.002; n � ln 20/ln(σ0.2/σ0.01), and σ0.01 is
the point corresponding to the 0.01% residual strain of the
steel bar; E0.2 is the slope of the tangent line at the nominal
yield point; m � 1 + 3.5σ0.2/σu; and εu � 1 − σ0.2/σu.

+e mathematical expression of the steel bar constitutive
model in China’s current code is
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Figure 7: Load-deflection curve of the specimens.
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Figure 8: Continued.
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σ �

E0ε, ε≤ ε0.2,

σ0.2 + k ε − ε0.2( , ε0.2 < ε≤ εu,

0, ε> εu,

⎧⎪⎪⎨

⎪⎪⎩
(4)

where σ is the steel bar stress, E0 is the initial elastic modulus
of the steel, ε is the steel bar strain, σ0.2 is the nominal yield
stress of the stainless steel bar, ε0.2 is the strain corresponding
to the nominal yield stress of the steel bar, εu is the peak
strain corresponding to the ultimate strength of the steel,
and k is the slope of the hardened section of the steels, where
k � (σu − σ0.2)/(εu − ε0.2).

According to the force balance of the damaged section in
the stainless steel reinforcement eccentric compression
members and the momentary balance of the center point in
the tension steel bars, the calculation formula for the bearing

capacity of the rectangular section of the SSRC eccentric
compression columns can be obtained [43]:

N � fcbx + σs
′As
′ − σsAs,

Ne � fcbx h0 −
x

2
  + σs

′As
′ h0 − as

′( .

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(5)

+e theoretical value of the ultimate bearing capacity of
stainless steel bar concrete eccentric pressure specimens
under two constitutive models can also be obtained, as
demonstrated in Table 6.

4.3. Comparative Analyses. In this experiment, eight stain-
less steel bar eccentric concrete column bearing capacity
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Figure 8: Load-longitudinal reinforcement strain curve of the specimen.
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Figure 9: Influence of longitudinal reinforcement ratio on the load-deflection curve.
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tests were carried out and the experimental values were
compared with the calculated theoretical values. +e com-
parison results are shown in Table 6. +rough comparative
analysis, it can be seen that the ultimate bearing capacity of
the stainless steel bar concrete column’s eccentric load-
bearing capacity failure specimen is similar to the theoretical
calculation results of the stainless steel bar constitutive
model. Considering the convenience of this calculation and

verification, the steel constitutive model in China’s current
code is used to carry out the calculation. However, the
calculation of the load-bearing capacity of the stainless steel
bar eccentric compression member is more appropriate.
Subsequently, China’s normative model is revised to render
the calculation results more relevant and provides a safety
reserve. Formulas (6) and (7) are used to revise the standard
model, and the revised results are shown in Table 7. It can be
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Figure 10: Comparison of the influence of eccentricity on the load-deflection curve.

Table 4: Main test data.

Specimen number e0/h0 Nu (kN) εs
′ (10−6) εs (10

−6) Failure pattern

A-D1 0.913 242.2 −1195.05 6152.23 Large eccentricity
A-D4 0.228 807.2 −2422.90 384.45 Small eccentricity
B-D1 0.922 302.1 −1251.09 4183.15 Large eccentricity
B-D2 0.691 440.5 −1850.98 2983.35 Large eccentricity
B-D3 0.461 625.4 −2657.56 1707.61 Small eccentricity
B-D4 0.230 952.0 −2775.89 279.73 Small eccentricity
C-D1 0.941 353.5 −1166.36 1724.76 Large eccentricity
C-D4 0.235 1032.0 −1877.59 −16.99 Small eccentricity
Note: Nu represents the maximum bearing load of the specimen, and εs

′ and εs represent the strain of compression stainless steel and tension stainless steel
bars, respectively, when the threshold load is reached. In this table, negative values represent compression and positive values represent tension.
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Figure 11: Strain-load relationship diagram of concrete.

Table 5: Mechanical properties of stainless steel bars.

ε0.2 σ0.2 εu σu Es

0.0061 605MPa 0.276 797MPa 151GPa

Table 6: Mechanical indexes of stainless steels.

Specimen number
Ultimate bearing capacity, Nu/kN Failure pattern

Rasmussen model Standard model Test value

A-D1 249.51 263.15 242.2 Large eccentricity
A-D4 856.08 850.84 807.2 Small eccentricity
B-D1 337.02 284.23 302.1 Large eccentricity
B-D2 438.28 415.78 440.5 Large eccentricity
B-D3 745.62 730.30 625.4 Small eccentricity
B-D4 979.74 964.62 952.0 Small eccentricity
C-D1 640.03 633.03 653.5 Large eccentricity
C-D4 1093.04 1084.65 1032.0 Small eccentricity
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seen in Table 7 that the error between the theoretical cal-
culation value and the test value of the modified stainless
steel eccentric compression specimen’s bearing capacity is
small.Within a reasonable range, formulas (6) and (7) can be
used to modify the standard model.

For small eccentric compression members, when cal-
culating the bearing capacity, the formula for calculating the
strength of the eccentric compression concrete column is
shown in (6). To complete the calculation, formula (6) is
added to formula (5) and the small eccentric compression of
the stainless steel is calculated. +e theoretical calculated
bearing capacity of the compression test piece is shown in
Table 7.

fc � 0.76fcu − α. (6)

For large eccentric compression members, the following
calculation formula is used when calculating the bearing
capacity to obtain the calculated theoretical bearing capacity
value of SSRC columns, under large eccentric compression.
+e calculation results are shown in Table 7.

N � fcbx + β σs
′As
′ − σsAs( ,

Ne � fcbx h0 −
x

2
  + σs

′As
′ h0 − as

′( .

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(7)

Here, α � 1.5 and β � 0.8.

5. Conclusions

In this paper, eight stainless steel bar compression com-
ponents are fabricated and tested. Based on the test results,
the mechanical properties of the SSRC column are analyzed
and the calculation formula of the bearing capacity of the
SSRC eccentric compression members is proposed. +e
factors affecting the bearing capacity of the SSRC column are
analyzed. +e main conclusions are as follows:

(1) +e failure mode of SSRC eccentric compression
column in the ultimate state is the same as that of the
ordinary concrete column. When large eccentric
compression member destruction occurs, the con-
crete in the compression zone is crushed. However,
the stainless steel bars in the compression zone did

not yield, whereas the stainless steel bars in the
tensile zone did. +e lateral deflection of the spec-
imen is relatively large, and it displayed character-
istics of ductile failure. In the case of small eccentric
compression member failure, the stainless steel bars
near the loading point yielded, while the stainless
steel bars furthest from the loading point did not.
+e lateral deflection of the specimen is relatively
small, which indicates that it is a brittle failure.

(2) +e deflection-load curve of the eccentric compression
column of stainless steel bars can be more or less di-
vided into the following three stages: linear elastic stage,
nonlinear ascending stage, and descent stage. Com-
pared with small eccentricity, the descending section of
the large eccentricity compression member is relatively
gentle and the ductility of the specimen is superior. In
the case of large eccentric compression—when the
specimens are in the same load—the smaller the re-
inforcement ratio, the greater the deflection. In the case
of small eccentric compression, the change in rein-
forcement ratio of the longitudinal stainless steel bars
has little effect on the deflection of the specimens.When
other conditions are comparable, the deflection cor-
responding to the ultimate load of the SSRC column
rises with the increase in eccentricity and the load-
deflection curve is gentler.

(3) +e strain distribution of the mid-span section of the
SSRC column with small eccentric pressure is con-
sistent with the assumption of the plane section
along the height, which can be theoretically calcu-
lated according to the plane section assumption.

(4) +e Rasmussen model and the current model,
adopted with the Chinese specifications, are the two
types of stainless steel reinforcement constitutive
models currently most commonly used. +e formula
of the specification model is simple and easy to
calculate, allowing for the modification of the
specification model. According to the comparison of
the revised and test results, the conclusions indicate
that the correction formula can be used in the
stainless steel bearing capacity calculation for rein-
forced concrete eccentric pressure column. +e
calculated results are representative of the test values.

Table 7: Comparison of the calculated value and test value of load-bearing capacity of the revised standard mode.

Specimen number
Ultimate bearing capacity Nu/kN Ratio of test to calculated value

Revised specification model Test value

A-D1 263.15 242.2 1.0865
A-D4 805.97 807.2 0.9985
B-D1 284.23 302.1 0.9408
B-D2 415.78 440.5 0.9439
B-D3 684.01 625.4 1.0937
B-D4 915.27 952.0 0.9614
C-D1 633.03 653.5 1.7958
C-D4 1025.77 1032.0 0.9940
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Although this paper has done a lot of research on the
mechanical properties of SSRC eccentric pressure members,
because of the complexity of SSRC structure and the discrete
nature of the concrete material test, there are still many
problems to be solved: (1) Explore the size effect of concrete
structure on SSRC to solve whether the construction of
large-volume SSRC can be used to analyze the current
relevant theories. (2) Search the suitable type of concrete
structure in which the strength of stainless steel bars can play
out to the greatest extent. (3) Carry out the experimental
research about the flexural, shear, and fatigue resistance of
stainless steel reinforced concrete structure. For the appli-
cation and development of stainless steel bars in practical
engineering, more comprehensive research and comparison
are needed.
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