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Abstract: The corrosion problem of steel-reinforced con-
crete (SRC) columns in coastal areas is becoming increasingly
severe and needs to be solved urgently. This study estab-
lished a numerical analysis model for SRC middle-length
columns considering corrosion effects. The bond-slip consti-
tutive relationship between corroded steel and concrete was
established. It was found that when the rust rate is low, the
bonding stress of SRC columns is slightly increased com-
pared to those without corrosion. The ultimate and residual
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bonding stress will decrease significantly when the rust rate
exceeds 1.5%. The comparison between the numerical ana-
lysis model and the experimental results shows that the
establishment of the model is reasonable. Subsequent para-
meter analysis showed that for corroded SRC mid-length col-
umns, the larger the slenderness ratio of the component, the
faster the decrease in axial compression performance. The
rust rate increased from 0 to 30%, and the axial compression
performance of SRC columns decreased significantly. When
the rust rate exceeded 30%, the axial compression perfor-
mance of concrete columns tended to stabilize. A formula
for calculating SRC middle-length columns’ ultimate bearing
capacity considering corrosion effects has been proposed.

Keywords: corrosion, steel-reinforced concrete middle-length
columns, finite element results

1 Introduction

Compared to reinforced concrete structures (RC), steel-
reinforced concrete (SRC) composite structures have a
lower weight, smaller section size, better mechanical per-
formance, and the ability to effectively minimize the axial
compression ratio of components because the built-in steel
is integrated into the structure [1]. SRC columns are stiffer
laterally and fire-resistant than steel structures, and they
also use less steel, delivering good economic benefits [2—4].
Because of its seismic solid performance and excellent
bearing capacity, it is widely used in large-span and high-
rise buildings [5-7]. Compared to steel-concrete composite
tube structures composed of ultra-high performance nano-
concrete, SRC structures have lower raw material costs and
are more widely applicable [8].

However, with the continued application of the SRC
columns in coastal areas, corrosion has become a severe
problem. SRC middle-length columns are easily corroded
by corrosive gases [9-12] and ions [13-16]. Corrosion pro-
duces corrosion products that generate stress that causes
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structural damage and a shrinking steel sectional area
inside the SRC middle-length columns [17,18], which affects
the components’ stability and axial compressive bearing
capacity and shortens their service life [19,20], posing sig-
nificant safety risks and leading to economic losses. Hou
et al. [21] estimated that the cost of corrosion in China was
approximately 2127.8 billion RMB (~ 310 billion USD), repre-
senting about 3.34% of the gross domestic product (GDP).
KOCH’s [22] studies arrived at corrosion costs equivalent to
about 3-4% of each nation’s GDP. The global cost of corro-
sion can then be estimated to be US$2.5 trillion. It is esti-
mated that savings of between 15 and 35% of the cost of
corrosion could be realized, i.e., between US$375 and $875
billion annually on a global basis by using available corro-
sion control practices.

Much research on the effect of corrosion on reinforced
concrete have focused on the bond strength between the
corroded steel bars and concrete [23-28]. This article focuses
on the level of constitutive relationship, proposes the
bond-slip constitutive relationship between steel bars
and concrete based on the research by Zhao et al [29],
and summarizes the influence of corrosion degree on the
ultimate bond stress and residual bond stress between
steel bars and concrete. Scholars have also researched
the mechanical properties of corroded reinforced con-
crete [30], but the research mainly focuses on beam struc-
tures. In response to the current lack of attention to the
mechanical properties of SRC middle-length columns,
research has been conducted on the axial compression
capacity of SRC middle-length columns. In addition, Jiang
et al. [31] proposed a formula for calculating the shear-
bearing capacity of corroded reinforced concrete beams.
This article proposes a formula for calculating long col-
umns’ ultimate axial compressive bearing capacity in SRC.

This article established a numerical analysis model for
corroded SRC middle-length columns using ABAQUS, a
finite element analysis platform. This model considered
the impact of bonding strength degradation on corroded
steel reinforcing columns [29]. It revealed the negative
impact of corrosion and slenderness ratios on the loading
capacity of SRC columns under axial compression. Next it
confirmed good consistency between simulation and
experimental results, demonstrating the validity of the
numerical analysis model. Furthermore, the parameter
range is broadened to study the influences of slenderness
ratio and rust rate on the bearing capacity of the corroded
SRC columns. Finally, the study proposed a formula to cal-
culate the bearing capacity of SRC middle-length columns,
considering the influence of corrosion, and verified the
formula.
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2 Considering the influence of
corrosion: Numerical simulation

2.1 Standardized selection

The ultimate bearing capacity of reinforced concrete col-
umns with different degrees of corrosion was calculated
using Chinese [32], American [33], and European [34] stan-
dards. Based on the corrosion test conducted in the fol-
lowing text to verify the accuracy of the established finite
element model (as the test details are described in detail in
the finite element verification, there will be no further
explanation here. The test includes 12 SRC mid-length col-
umns, of which 3 are uncorroded and 9 are corroded). The
ultimate bearing capacity of reinforced concrete columns
are compared with different degrees of corrosion obtained
from the standard and experimental results, as shown in
Figure 1. The deviation rate between specifications and
tests is calculated using Eqs (1)-(3).

From Figure 1, it can be seen that the calculation and
experimental results of the European and Chinese stan-
dards are closest. In contrast, the American standard has
the most significant difference between the calculated and
experimental results. Chinese standards are more suitable
for solving the corrosion problem of reinforced concrete in
China, so Chinese standards were chosen.
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Figure 1: Comparison of ultimate bearing capacity between normative
and experimental results.
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where N, is the ultimate bearing capacity result calcu-
lated by European standards, N, is the ultimate bearing
capacity result calculated by Chinese standards, N , is the
ultimate bearing capacity calculation result calculated by
American standards, D. represents the deviation rate
between European standards and test results, D, repre-
sents the deviation rate between Chinese standards and
test results, and D, represents the deviation rate between
American standards and test results.

2.2 Constitutive relation of concrete

The following steps are involved in the investigation of the
concrete’s uniaxial compression and tensile stress—strain rela-
tionships in unconstrained areas. Various parameters should
be selected based on the Chinese standard GB 50010-2010 [32].

The stress—strain relationship of concrete under uni-
axial compression is estimated using Eqs (4) and (5).
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where E. is the elastic modulus of concrete, g, denotes the
compressive stress of the concrete, €. represents the compres-
sive strain of concrete; a. is the parameter value of the des-
cending section of the stress—strain curve of concrete under
uniaxial compression, f. is the value of the uniaxial compres-
sive strength of concrete, &, stands for the peak compressive
strain of the concrete with the uniaxial compressive strength
fer, and d. represents the damage evolution parameter.

The stress—strain relationship of concrete under uni-
axial tension is calculated by Eq. (6).

Oy = (1 - dt)cht. (6)

The developed parameters of tensile damage are cal-
culated by Eq. (7).
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where g, represents the concrete’s tensile stress, & denotes
its tensile strain, a is the parameter value of the reduced
section of the concrete’s uniaxial tensile stress—strain curve,
chosen by the specifications, f;, stands for the concrete’s
uniaxial tensile strength, & represents the concrete’s peak
tensile strain, which is related to the uniaxial tensile
strength f;, and d, is the evolution parameter of the con-
crete’s uniaxial tensile damage.

For corroded SRC columns [35], Eq. (8) is used to cal-
culate the compressive strength of the concrete protective
layer.

fr = I ®
<0 1+ Knmerr(n - I)X/boé'co,

where f7 represents the equivalent strength of the uncon-
strained concrete after corrosion, fC’O represents the com-
pressive strength of unconstrained concrete, K represents
the factor of roughness and diameter of the steel bars, ¢; is
the average tensile strain along the vertical crack of the
concrete protective layer, €. represents the strain related
to the compressive strength of the unconstrained concrete,
b, is the width of the cross-section in its original state, b is
the width of the cross-section, ny,rs is the number of com-
pressed steel bars close to the outer layer, w,, is the total
crack width at the current degree of corrosion, n is the
expansion ratio of the corrosion products, and X is the
corrosion penetration depth within the rebar.

The calculated concrete strength improvement coeffi-
cient in the constraint area is substituted in the Mander
constraint area concrete model [36]. The stress—strain
curve of the concrete in different constraint areas after
corrosion occurs is obtained as shown in Figure 2. k; and
k, are the improvement coefficients of the concrete strength
in the stirrup constraint area and the composite constraint
area, respectively, and €., and &, are the peak strains
related to the peak stress of the concrete in the stirrup con-
straint area and the concrete in the composite constraint
area, respectively; f/, represents the axial compressive
strength of the concrete in the unconstrained area.

The parameters of the plastic damage model of the
concrete [37] are shown in Table 1. Eqs (9) and (10) can
be used to obtain the concrete damage factor.

d/=1- ocLe 9)
¢ eP'(1/b. - 1) + GlE.’
o0/E,
d/=1- = , (10)

e?(/b. - 1) + o/E.

where d/ and d/ indicate the compression and tensile

damage coefficients of corroded concrete, respectively.

I pl : .
i, €4, €8, dY, and dy; denote the modified tensile stress,
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Figure 2: Stress-strain curve of confined concrete considering corrosion.

Table 1: Concrete damage plasticity model parameter inputs

Expansion Eccentricity foo/feo K Viscosity
angle parameter
30 0.1 1 0.6666667 0.001

the compressive and tensile plastic strain, and the com-
pression and tensile damage factors. b, and b, stand for
the proportional coefficient between plastic strain and
elastoplastic strain for the compressed and tensile con-
crete, and they are set to 0.7 and 0.5, respectively.
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2.3 Constitutive relation of steel

Figure 3(a) displays the stress—strain relation of section
steel, and the parameters are shown in Table 2. To simplify
the stress—strain curve, we divided it into four stages: the
elastic section (0A), the plastic section (AB), the strength-
ening section (BC), and the secondary plastic flow section
(CE). The strengthening section (BC) is regarded as a
straight section to facilitate input and calculation. As
shown in Table 2, f; is the yield strength of the steel and
fu represents the ultimate strength of the steel. The stress—
strain relationship of steel bars is shown in Figure 3(b), and
the parameters are shown in Table 3, in which simplified

g
B
] VA
0 5 %
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Figure 3: Stress-strain curve of steel. (a) Stress-strain curve of section steel. (b) Stress-strain curve of steel bar.
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Table 2: Constitutive of section steel T A
Steel E(MPa) f, (MPa) f,(MPa) & & &y
grade
Q235 201,000 261 407 0.00107 0.00125 0.0940
Table 3: Constitutive of steel bar
Steel grade E (MPa) fy (MPa) £
HRB400 216,000 439 0.00203
HPB300 212,000 352 0.00166
0 SSM SM SV S

dotted lines are used. If the slope of AB is 1, then the slope
of OA is 100.

The von Mises yield criterion is used to determine the
stress state of the steel, and Eq. (11) is used to determine
whether the steel enters the yield state.

1
g= E\/(Ul - 0)?+ (0, - 03)* + (03— 0p)?, (D)

where gy, g5, and o5 are the first, the second, and the third
principal stresses, respectively.

2.4 Bond-slip constitutive relation between
the section steel and the concrete

The typical bond stress-strain curve of SRC was divided
into four main stages, as shown in Figure 4 [38]: the non-
slip stage (OA), the slip stage (AB), the descent stage (BC),
and the residual bond force stage (CD). The ordinate value
of feature point A’ is 0.5 (75 + 7).

The initial bond-slip strength can be obtained by Eq. (12).

C L
T, = [0.314 + 0.3292? - 0.0182179% (12)

The ultimate bond strength can be obtained by Eq. (13).

C L
Ty = [0.2921 + 0.4593? - 0.007813‘”‘]/t. (13)
Eq. (14) shows the residual bond strength.
C.
% = [-0.0117 + 0.3675§ + 0.3927psv]ﬁ, (14)

where Cg stands for the thickness of the concrete protec-
tive layer for the section steel, d represents its height, L. is
its embedded length, ps, denotes the reinforcement ratio,
and f; is the tensile strength of the concrete.

Figure 4: Typical bond stress-slip curve of SRC structure.

Eqs (15)-(17) are used to calculate the slip value of each
point.

Sy = 4.098 x 1074L,, (15)
Sy = 27.165 x 10™4L, 16
Ssu = 0.456S,, an

where S, represents the slip amount of the control point
A', S, is the slip amount of the maximum bonding stress,
and S, is the slip amount of the starting point at the resi-
dual bonding stress stage.

Therefore, the bond-slip curve of the SRC can be
obtained. Table 4 shows the curve’s parameters, and
Figure 5 shows the bond-slip curves of specimens with
different slenderness ratios.

Eq. (18) considers the impact of corrosion on the bond
strength of SRC.

_ {1+ 0.0335p + 3.7821p% - 1.9159p° p <15

= (18)
4.6237p7101  p > 15,

Eq. (19) shows the bonding strength after corrosion.

T = ft. 19)

Table 4: Bond slip characteristic parameters of specimens with different
slenderness ratios

Order number L, Ts Ty T, Ssu Su S,

1 600 1145 1.472 0.536 0.112 0.246 1.630
2 1,000 0.919 1.375 0.536 0.187 0.410 2.717
3 1,400 0.693 1.278 0.536 0.262 0.574 3.803
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Figure 5: Bond-slip curve of specimens with different slenderness ratios.

After calculation, the bond-slip curves with different
slenderness ratios and corrosion rates can be obtained, as
shown in Figure 6. In comparison to an SRC column
without corrosion, the bond stress will marginally rise
when the rust rate is low, but the ultimate bond stress
and residual bond stress will both decline sharply as the
rust rate continues to increase. The reason for the above
phenomenon is that at the beginning of the steel corrosion,
the rust products fill the small gaps between the steel and
concrete, increasing the contact area between the steel and
concrete, thereby improving the bonding stress between
the steel and concrete. As the rust rate continues to
increase, the rust products spread across the surface of the
steel, causing the steel and concrete to detach from the bond,
resulting in a significant decrease in bonding stress.

2.5 Cell type selection

Concrete, steel sections, and base plates use C3D8R eight-
node linear hexahedral linear reduced integral solid
elements, containing only one integration point at the ele-
ment’s center. The advantage is that it is less prone to shear
self-locking linearity under bending loads, and the displa-
cement solution results are relatively accurate. When there
is twisting deformation in the grid, the accuracy of the
analysis will not be significantly affected. The longitudinal
reinforcement and hoop reinforcement use a T3D2 two-
node linear three-dimensional truss, Truss element, which
can only withstand axial forces and cannot withstand
bending moments and shear forces. It can effectively

DE GRUYTER
1.6
---p=52
1.4 |- &
=103
1.2 — —— p=148
_ 10}
S
o
ol
0.6 ==
04 | S
0'2_/\
00 1 1 1 1 1 1 1 1 1
00 05 1.0 1.5 20 25 3.0 35 40 45 5.0
S (mm)
(a)
1.6
14 | === p=4.8
p=10.1
1.2 | p=153
_ 1ot
]
e
S 08 Formss
w S
0.6 | e
0.4 [
02
0.0 " 1 " 1 " 1 " L " 1 " L " 1 " L " 1
00 05 1.0 15 20 25 3.0 35 40 45 5.0
S (mm)
(b)
1.6
I - - -p=49
14+ -
£=9.7
1‘2_ _/)7|52
10+
3]
o
S 0,8 b—grenedpr——
w - BB il SR
0.6 I T R
04 F 3
()‘2_/\
00 i | " 1 " | 1 M 1 " 1 i 1 M 1 1
00 05 10 15 20 25 30 35 40 45 50
S (mm)
(c)

Figure 6: Considering bond deterioration 7-S curve. (a) Bond-slip curve
of 0.6 m SRC columns. (b) Bond-slip curve of 1.0 m SRC columns. (c)
Bond-slip curve of 1.4 m SRC columns.
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Figure 7: Spring node sequence setting. (a) Compression spring. (b) Tension spring.
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Figure 8: Parts and grid division. (a) Reinforcement cage. (b) Section steel. (c) Concrete.

simulate the tensile and compressive behavior of the hoop
reinforcement.

Relative sliding between the section steel and the con-
crete quickly occurs when the SRC structure is under load.
To reflect this bond-slip relationship in the finite element
model, we have established a spring2 element with non-
linear stiffness between the section steel and the concrete.
In spring?, the spring element Au = u}' - u? is the relative
displacement. It is obtained by subtracting the displace-
ment in the direction of the second node j from the dis-
placement in the direction of the first node i. When u! = 1,
ujz = 0, the spring is in a compressed state, as shown in
Figure 7(a), the force in the spring is tensile. The node
order must be changed to obtain the tension spring, as
shown in Figure 7(b). As the length of the spring between

(@)

the section steel and concrete elements is zero, the spring
remains in tension after the sliding occurs.

2.6 Parts and grid division

The SRC column can be divided into components with dif-
ferent material properties: the reinforcement cage, the sec-
tion steel, and the concrete, as shown in Figure 8. Different
material properties should be assigned to different con-
straint areas of the concrete. The split geometric element
command is used to divide the constrained concrete into
three different areas: the unconstrained area, the stirrup
constraint area, and the composite constraint area, as
shown in Figure 9. The grid size of the SRC column cross-

(b) (©)

Figure 9: Division of concrete constraint areas. (a) Concrete in the unconstrained area. (b) Concrete in the stirrup constraint area. (c) Concrete in

composite constraint area.
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section and the grid size along the height direction are set
to be around 25 mm.

2.7 Interaction and boundary conditions

The longitudinal, transverse, and everyday interactions
between the section steel and the concrete should be con-
sidered separately. In other words, spring units and their
corresponding spring stiffness should be established in
these three directions. Among them, the longitudinal springs
are highly crucial to numerical analysis, and the bond-slip
curve defined earlier is the longitudinal slip between the
section of steel and the concrete. To reflect this nonlinear
relationship in the spring element, it is necessary to define
the spring’s F-u curve in the inp file of ABAQUS, which
indicates the relative displacement between the spring force
and the spring node. The bond-slip curve shows the relation

Ai

g A g e |
] T 7 1T | \
JZZJ‘ al2 b2 \
f o

3
Ai

Figure 10: A; area calculation.
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between stress 7 and slip S, and stress 7 should be converted
to force F based on Eq. (20).

F=1xA;, (20)

where A4; is related to the spring position at the node and
the unit area size, as shown in Figure 10. Moreover, 1/4 of
the area of each unit at the node location is added fol-
lowing Eqgs. (21)-(23).

Middle node:

1
A; = Z(a + b)(c + d). 21
Edge node:
1
A = Z(a + b)e, (22)
Corner nodes:
1
A = Zef (23)

The steel web plate and flange should be considered
separately for transverse springs. Due to the constraint
effect of the flange at the web position, there is no relative
sliding between the section steel and concrete with a more
considerable spring stiffness value. The lateral slip at the
flange is similar to the longitudinal slip, and its spring
stiffness value is the same as that of the longitudinal one.
As the characteristics of concrete materials are a necessary
factor of standard springs, a compression spring with high
stiffness can be set, and the spring stiffness can be taken to
approximate the elastic modulus of concrete. The distribu-
tion of spring nodes in the SRC column is shown in Figure 11.

The slip between steel bars and the concrete can be
neglected. The steel mesh is embedded into the concrete to
realize the coordinated deformation between the concrete
and steel bars. The regular contact relationship between

(@)

(b)

Figure 11: Distribution position of spring nodes. (a) Spring node. (b) The distribution of spring nodes in SRC columns.
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Figure 12: Reference point coupling.

Figure 13: Boundary condition settings.
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the two ends of the cushion plate and the surface of the SRC
column is challenging to contact, and the cushion plate is
bound to the upper and lower end faces of the SRC column
to prevent rigid displacement of the column body. As
shown in Figures 12 and 13, a reference point coupled
with the upper surface of the column upper cushion plate
is created, locking all displacement and angular degrees of
freedom of the SRC column lower cushion plate. To simu-
late the movement of the loading end during the testing,
displacement control is adopted to apply the axial load.

2.8 Finite element model validation

To verify the reliability of the finite element model, 12
middle-length SRC columns were designed and manufac-
tured based on the established model parameters. The
specimen’s dimensions and the steel bars’ arrangement
are shown in Figure 14. The on-site images of the experi-
ment are shown in Figures 15-17. The study variables
include the corrosion time, the corrosion current magni-
tude, the concentration of chloride ions, and the slender-
ness ratio of the SRC columns. In addition, electrochemical
accelerated corrosion tests were conducted on nine SRC
middle-length columns, axial compression tests on cor-
roded middle-length SRC columns, and non-corroded

HW100x100x6x8

200
71

f

(=3 i

S A

Q =

50, 9x100 0
D6@100 D12 A
T 1400 1,

(=3 e

S A

Q =

50 13x100 0

D6@100 D12

Figure 14: Sample size and reinforcement arrangement.
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Figure 15: Corrosion of section steel.

Figure 16: Reinforcement cage.

control group specimens. The accelerated corrosion test
scheme adopted the total immersion method. First, the
wooden template with the upper opening was made, and
sufficient NaCl solution was added. The specimen was then
placed into the wooden template. Before powering on, two
stainless steel rods are arranged at both ends of the SRC

Figure 17: Section steel.

column, and wires connect the stainless steel rods to the
power cathode. The pre-embedded wires inside the SRC
column are connected to the power anode. Adjust the power
supply to constant current mode and start powering on. All
SRC specimens are numbered according to the above four
parameters to identify specimens better. Table 5 shows the
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details. For example, “D9-CL3.5-EC8.0-L0.6” defines the fol-

lowing parameters:

1) “D9” refers to 9 days of corrosion time.

2) “CL3.5” indicates that the solution’s chloride ion concen-
tration is 3.5%.

3) “EC8.0” means that the corrosion current is 8.0 A.

4) “L0.6” shows that the SRC column is 0.6 m in height.

The ABAQUS numerical simulation software was used
to conduct axial compression simulation on corroded SRC
columns and control groups with monotonic load. Then,
comparisons between the load—displacement curves obtained
from numerical simulations and the measured load—displace-
ment curves are shown in Figures 18-20. According to the
results, the numerical simulation curve is consistent with
tests with similar peak loads. In terms of the displacement
under the maximum load, the result of the tests is greater
than the numerical simulation one.

Regarding the stiffness of the elastic section, the finite
element results are more significant than the experimental
ones. Moreover, the descending curve of each specimen
after peaking aligns well with the experimental curve.
Notably, the error between the two can be explained by
neglecting the relative slip between the steel bars and the
concrete during the numerical analysis, thus leading to a
higher initial stiffness of the SRC column. Furthermore, the
material input of each component of the SRC column is
isotropic and homogeneous materials, and the discreteness
of the concrete material under actual working conditions
will also affect simulation results. Due to these initial nega-
tive factors and the incomplete planar contact between the
loading end and the end section of the SRC column during
testing, some gaps result in displacement, corresponding to
the peak load in the test results being more significant than
the numerical simulation ones. Finally, for nonlinear ana-
lysis, mesh dependence is also one of the reasons for errors
between finite element results and experimental results.

From the numerical simulation and experimental
results, it can be seen that for the 0.6 and 1.0 m SRC col-
umns, the peak value of the load-displacement curve
shows a significant decrease in corrosion of the compo-
nents. As the degree of corrosion gradually increases, the
decrease in the peak value of the load-displacement curve
gradually slows down. For a 1.4m SRC column, the peak
value of its load—displacement curve did not show a sig-
nificant decrease with the corrosion of the component,
similar to that of 0.6 and 1.0 m SRC columns. Instead, it
gradually decreased slightly with the deepening of the
degree of corrosion. From this, it can be seen that for
1.4 m SRC columns, the effect of corrosion on their load—
displacement curves is smaller than that of corrosion on

Table 5: Design parameters of specimen

Slenderness ratio

Column height (m)

Chloride ion concentration (%) Corrosion current (A)

Corrosion time (days)

Test number

11.12
11.12
11.12
18.54
18.54
18.54
25.95
25.95
25.95
11.12
18.54
25.95

0.6
0.6
0.6
1.0
1.0
1.0
1.4
1.4
1.4
0.6
1.0
1.4

nwwmwwmwmw AN 1N oo

D9-CL2.0-EC5.0-L0.6
D9-CL3.5-EC5.0-L0.6
D9-CL5.0-EC5.0-L0.6
D6-CL3.5-EC5.0-L1.0
D9-CL3.5-EC5.0-L1.0

35

35

3.5
35
35
35
35

D12-CL3.5-EC5.0-L1.0

D9-CL3.5-EC2.0-L1.4
D9-CL3.5-EC5.0-L1.4
D9-CL3.5-EC8.0-L1.4
D0-CLO-ECO-L0.6
DO0-CLO-ECO-L1.0
D0-CLO-ECO-L1.4

Analysis of axial compression behavior of corroded SRC middle-length columns
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Figure 18: Comparison of finite element method and test load-displacement curve of 0.6 m specimen. (a) DO-CLO-ECO-LO.6. (b) D9-CL2.0-EC5.0-L0.6.

(c) D9-C3.5-EC5.0-L0.6. (d) D9-CL5.0-EC5.0-L0.6.

the load-displacement curves of 0.6 and 1.0m SRC col-
umns. In general, the numerical simulation matches the
test results, which verifies the efficiency of the numerical
analysis model and rational selection of these parameters.

Figures 21-32 show the stress virtual reality and con-
crete damage virtual reality of the finite element model of
corroded SRC columns. The failure mode of SRC columns
with a length of 0.6 m is mainly due to the bending of
longitudinal steel bars and the middle section steel. In
addition, the virtual reality of concrete compression damage
indicates that the concrete in the middle of the SRC column
shrinks and protrudes outward, which is consistent with the
experimental failure mode. When the rust rate is relatively
low for the failure mode of SRC columns with a length of
1.0 m, it is similar to that of SRC columns with a length of
0.6 m. As the rust rate increases, the failure mainly develops
toward both ends of the longitudinal steel bars and section
steel. The concrete compression damage virtual reality shows
the same damage mode as longitudinal steel reinforcement
and section steel failure mode. The failure gradually

develops toward both ends as the rust rate increases.
There is a slight difference between the finite element
method and the experiment here, possibly due to the
uneven corrosion during the experimental process. The
failure mode of a 1.4 m corroded SRC column shows that
the plastic deformation of longitudinal steel bars and pro-
files is mainly concentrated near the upper and lower
ends of the SRC column during specimen failure. According
to the concrete compression damage virtual reality, the
upper and lower ends of the SRC column collapse and bulge
outward, which is consistent with the experimental
failure mode.

Overall, the comparison between finite element ana-
lysis and experiments is highly consistent and has a spe-
cific reference value. From the finite element analysis and
experimental results, it can be concluded that the failure of
corroded SRC columns under axial compression is mainly
due to strength failure. For the 0.6 m SRC column, concrete
collapse and steel yield are mainly distributed in the
middle of the column. The damage area of the 1.4 m SRC
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Figure 19: Comparison of finite element method and test load-displacement curve of 1.0 m specimen. (a) DO-CL0-EC0-L1.0. (b) D6-CL3.5-EC5.0-L1.0.

(c) D9-CL3.5-EC5.0-L1.0. (d) D12-CL3.5-EC5.0-L1.0.

column is mainly concentrated at the upper and lower
ends of the SRC column. The failure mode of the 1.0 m
SRC column is between the two. The main manifestations
of the damaged area are local concrete crushing, long-
itudinal splitting of concrete, yielding of H-shaped steel
flanges, yielding of longitudinal reinforcement, and hoop
reinforcement.

3 Parameter analysis

3.1 Establishment of parameter analysis
model

In Table 6, the specimen is labeled with “SRC-p-L,” where p
indicates the rust rate of the section steel and L represents
the calculated height of the SRC column. Among them, the
ultimate bearing capacity, ductility coefficient, and axial

compression stiffness are critical indicators to measure the
axial compression performance of SRC that need special
attention.

(24)

where Ny and Ay are yield load and corresponding displa-
cement, respectively.

(25)

where 4, is the axial displacement with 85% of the max-
imum load.

To understand the effect of slenderness ratio and rust
rate on the performance of SRC long columns under axial
compression, the influence coefficients a;, a,, by, by, ), and
¢, have been calculated based on Eqs (26)—(31).

_ Nuo = Nux

a = ; (26)
& NuO
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Figure 21: Finite element analysis results of DO-CL0O-EC0-LO0.6. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 22: Finite element analysis results of D9-CL2.0-EC5.0-L0.6. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 23: Finite element analysis results of D9-CL3.5-EC5.0-L0.6. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 24: Finite element analysis results of D9-CL5.0-EC5.0-L0.6. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 25: Finite element analysis results of DO-CLO-EC0-L1.0. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 26: Finite element analysis results of D6-CL3.5-EC5.0-L1.0. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 27: Finite element analysis results of D9-CL3.5-EC5.0-L1.0. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 28: Finite element analysis results of D12-CL3.5-EC5.0-L1.0. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 29: Finite element analysis results of D0O-CLO-EC0-L1.4. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 30: Finite element analysis results of D9-CL3.5-EC2.0-L1.4. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 31: Finite element analysis results of D9-CL3.5-EC5.0-L1.4. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Figure 32: Finite element analysis results of D9-CL3.5-EC8.0-L1.4. (a) Virtual reality of stress distribution in reinforcement. (b) Virtual reality of stress
distribution in section steel. (c) Virtual reality of concrete compression damage. (d) Failure mode.
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Table 6: Calculation results of parameter analysis

Specimen number L (m) A P (%) p2 (%) ps (%) N, (kN) H K (kN/mm)
SRC-0-0.6 0.6 1.12 0 0 0 2316.75 2.447 2,007
SRC-0-0.6 11.32 5 7.5 4.05 2201.65 2.405 1,917
SRC-0-0.6 11.42 10 15 8.1 1924.65 2.310 1,657
SRC-15-0.6 11.51 15 22.5 12.15 1606.34 2.269 1,452
SRC-15-0.6 11.57 20 30 16.2 1604.68 2.267 1,450
SRC-15-0.6 11.60 25 37.5 20.25 1557.51 2.259 1,404
SRC-30-0.6 11.63 30 45 243 1553.07 2.258 1,401
SRC-30-0.6 11.64 35 52.5 28.35 1544.84 2.243 1,389
SRC-30-0.6 11.65 40 60 324 1314.10 2.187 1,157
SRC-45-0.6 11.67 45 67.5 36.45 1290.35 2.166 1,134
SRC-45-0.6 11.70 50 75 40.5 1273.64 2147 1,086
SRC-45-0.6 1.75 55 82.5 44.55 1254.64 2134 1,064
SRC-60-0.6 11.66 60 90 48.6 1244.27 2112 1,056
SRC-0-0.8 0.8 15.14 0 0 0 2302.47 2.405 1,746
SRC-0-0.8 15.28 5 7.5 4.05 2094.81 2.363 1,636
SRC-0- 0.8 15.37 10 15 8.1 1917.43 2.267 1,317
SRC-0-0.8 15.52 15 22.5 1215 1602.61 2.212 1,108
SRC-0-0.8 15.58 20 30 16.2 1597.57 2.207 1,102
SRC-0-0.8 15.61 25 37.5 20.25 1547.94 2.201 1,054
SRC-0-0.8 15.65 30 45 243 1544.23 2.195 1,050
SRC-0-0.8 15.69 35 52.5 28.35 1539.89 2.183 1,035
SRC-0-0.8 15.72 40 60 324 1312.56 2124 1,005
SRC-0-0.8 15.69 45 67.5 36.45 1258.26 2.101 985
SRC-0-0.8 15.75 50 75 40.5 1247.15 2.084 970
SRC-0-0.8 15.79 55 82.5 44.55 1223.44 2.071 956
SRC-0-0.8 15.81 60 90 48.6 1098.82 1.958 954
SRC-0-1.0 1.0 18.54 0 0 0 2279.59 2.361 1,286
SRC-0-1.0 18.79 5 7.5 4.05 2064.17 2.335 1,152
SRC-0-1.0 18.94 10 15 8.1 1817.56 2.226 886
SRC-15-1.0 19.17 15 22.5 12.15 1615.64 2.182 659
SRC-15-1.0 19.20 20 30 16.2 1594.79 2.180 653
SRC-15-1.0 19.29 25 37.5 20.25 1577.79 217 601
SRC-30-1.0 19.38 30 45 24.3 1564.49 2.168 597
SRC-30-1.0 19.42 35 52.5 28.35 1557.19 2.153 584
SRC-30-1.0 19.45 40 60 324 1345.84 2.101 559
SRC-45-1.0 19.44 45 67.5 36.45 1267.73 2.085 532
SRC-45-1.0 19.41 50 75 40.5 1257.79 2.063 521
SRC-45-1.0 19.44 55 82.5 44.55 1179.13 2.051 495
SRC-60-1.0 19.38 60 90 48.6 1169.97 2.028 491
SRC-60-1.2 12 22.56 0 0 0 2231.74 2.335 1,059
SRC-60-1.2 22.84 5 7.5 4.05 2111.89 2.292 945
SRC-60-1.2 22.96 10 15 8.1 1857.38 2.208 621
SRC-60-1.2 23.07 15 22.5 12.15 1530.56 2.163 615
SRC-60-1.2 23.12 20 30 16.2 1525.84 2.161 612
SRC-60-1.2 23.15 25 37.5 20.25 1472.76 2.152 569
SRC-60-1.2 23.04 30 45 24.3 1467.68 2.150 567
SRC-60-1.2 23.15 35 52.5 28.35 1454.75 214 552
SRC-60-1.2 23.20 40 60 324 1237.34 2.056 524
SRC-60-1.2 23.24 45 67.5 36.45 1224.67 2.031 501
SRC-60-1.2 23.55 50 75 40.5 1201.65 2.014 486
SRC-60-1.2 24.10 55 82.5 44.55 1181.15 2.008 476
SRC-60-1.2 24.14 60 90 48.6 1177.52 1.971 474
SRC-60-1.4 1.4 25.95 0 0 0 2201.55 2.285 986
SRC-60-1.4 26.10 5 7.5 4.05 2041.53 2.262 874
SRC-60-1.4 26.26 10 15 8.1 1756.17 217 553
SRC-60-1.4 26.32 15 22.5 12.15 1427.89 2122 324

(Continued)
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Table 6: Continued
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Specimen number L (m) A P1 (%) P2 (%) p3 (%) N, (kN) H K (kN/mm)
SRC-60-1.4 26.32 20 30 16.2 1419.45 2.120 321
SRC-60-1.4 26.32 25 375 20.25 1381.47 2115 201
SRC-60-1.4 26.35 30 45 243 1376.27 2112 195
SRC-60-1.4 26.35 35 52.5 28.35 1364.15 2.101 193
SRC-60-1.4 26.35 40 60 32.4 1197.20 2.045 185
SRC-60-1.4 26.39 45 67.5 36.45 1177.78 2.027 163
SRC-60-1.4 26.39 50 75 40.5 1157.16 2.001 142
SRC-60-1.4 26.39 55 82.5 44.55 1141.64 1.994 131
SRC-60-1.4 26.35 60 90 48.6 1104.59 1.984 128

Note: p1, po, and ps are corrosion rates of section steel, stirrups, and longitudinal bars, respectively.

K - K,

X, (3D

C =

Among them, coefficients Ny, i, and K, refer to ulti-
mate compression strength, ductility coefficient, and axial
compression stiffness of the middle-length uncorroded SRC
columns, respectively. In addition, Ny;, &, and K, are the
ultimate bearing capacity, ductility coefficient, and axial
compression stiffness of the SRC columns when the slen-
derness ratio is A. Moreover, Ny,, Uy and K, represent the
ultimate bearing capacity, ductility coefficient, and axial
compression stiffness of the middle-length SRC columns
when the rust rate is p. As shown in Table 7, a larger
influence coefficient a;, a,, by, by, ¢, and ¢, will have a
stronger impact on the performance of SRC under axial
compression.

3.2 Effect of slenderness ratio on axial
compression performance of long
columns in SRC

Figure 33 shows a curve that reflects the relationship
between the slenderness ratio and the axial compression
performance of SRC middle-length columns. Their ultimate
bearing capacity and displacement ductility coefficient are
almost linearly and positively related to the slenderness
ratio for non-corroded SRC middle-length columns. How-
ever, the axial compression stiffness decreases massively
as the slenderness rate gradually rises. More specifically,

— Ultimate bearing capacity a,
— Ductility index b,
— Axial compression stiffness ¢,

A

10 12 14 16 18 20 22 24 26 28

Figure 33: Influence curve of slenderness ratio on axial compression
performance of long columns in SRC.

when the slenderness rate grows to 25.95, the axial com-
pression stiffness decreases by 50.9%, while the ultimate
bearing capacity and displacement ductility coefficient
decrease by 5.0 and 6.6%, respectively. In summary, a
higher slenderness ratio significantly influences the axial
compressive stiffness of long columns in SRC. However, its
ultimate bearing capacity and displacement ductility coef-
ficient have no significant drop.

Table 7: Fitting function of the impact coefficient of slenderness rate on the axial compression performance of long columns in SRC

Nua (kN) n

K (kN/mm)

a; = 0.025¢-1764 _ 0,048

R? =0.9792 R? =0.9226

by = 0.022¢~18524 _ 0,047

¢ = -0.001A2 + 0.0882 - 0.831
R? = 0.9461
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Based on the results shown in Figure 33 and the math-
ematical calculation model in Table 7, the ultimate com-
pressive strength Ny, ductility coefficient u,, and axial
compression stiffness K of a long column in a given non-
corroded SRC, along with the ultimate bearing capacity Ny,
ductility coefficient y;, and axial compression stiffness K, of
a long column in SRC with a slenderness ratio A, can be
calculated by the model shown in Figure 33 and Eqs (32)—(34).

Nu/l
Mg 32
Noo 1-a, (32)
B _q1op, 33)
0
K;
o1-g, 4
K, 1-¢ (34

3.3 The influence of rust rate on the axial
compression performance of long
columns in SRC

Figures 34-36 show the degradation curve of rust rate, the

ultimate bearing capacity, displacement ductility coeffi-

cient, and axial compression stiffness of SRC medium-
long columns under the same column height conditions.

The conclusions are as follows:

1) Asthe rustrate rises from 0 to 60%, the axial compres-
sion performance (ultimate bearing capacity, displa-
cement ductility coefficient, and axial compression
stiffness) of long columns in SRC significantly drops.

column height 0.6m
column height 0.8m
column height 1.0m

2)

3)

4)

5)

a
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At the same corrosion rate, the degradation coefficient
of long SRC columns with a slenderness ratio of 25.95 is
greater than that of long SRC columns at 11.12, 15.14,
18.54, and 22.56 ratios. Therefore, a larger slenderness
ratio leads to a more substantial degradation effect of
corrosion.

When the rust rate increased from 0 to 15, 30, 45, and
60%, the average ultimate bearing capacity of long col-
umns in SRC decreased by 22.3, 33.8, 45.1, and 48.9%,
respectively. This is because the corrosion reduces the
strength of the concrete protective layer and accelerates
performance degradation of the cross-sectional area of
SRC columns. When the corrosion degree reaches 45%,
the decline of ultimate bearing capacity tends to slow
down and reach a stable platform. When this degree
reaches 60%, the concrete protective layer is broken.
When the rust rate increased from 0 to 15, 30, 45, and
60%, the average displacement ductility coefficient of
the long column in SRC decreased by 7.7, 8.3, 12.3, and
15.3%, respectively. The decrease in displacement ducti-
lity coefficient can be explained by the corrosion in the
steel section, leading to local stress concentration and
destabilizing the buckling, leading to higher deforma-
tion capacity of the long column in SRC.

When the rust rate increased from 0 to 15, 30, 45, and
60%, the average axial compression stiffness of the long
columns in SRC decreased by 44.4, 50.1, 56.4, and 59.4%,
respectively, which is because corrosion leads to the
cracking of concrete surfaces. It is noted that the axial
compression stiffness of the long columns in SRC
decreased sharply at the early stage of corrosion but

column height 1.2m
column height 1.4m

40 50 60

(%)

(b)

Figure 34: Deterioration curve of rust rate on the ultimate bearing capacity of long columns in SRC. (a) Coefficient a, at column height of 0.6 m, 0.8 m,

and 1.0 m. (b) Coefficient a, at column height of 1.2 m and 1.4 m.
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column height 0.6m
column height 0.8m
— column height 1.0m
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(a)
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—— column height 1.2m
— column height 1.4m

0 10 20 30 40 50 60
p(%)

(b)

Figure 35: Degradation curve of rust rate on the displacement ductility coefficient of long columns in SRC. (a) Coefficient b, at column height of 0.6 m,

0.8 m, and 1.0 m (b) Coefficient b, at column height of 1.2m and 1.4 m.

column height 0.6m
— column height 0.8m
column height 1.0m

0 10 20 30 40 50 60

column height 1.2m
column hceight 1.4m

p(%)

(b)

Figure 36: Degradation curve of axial compression stiffness of long columns in SRC by rust rate. (a) Coefficient ¢, at column height of 0.6 m, 0.8 m,

and 1.0 m (b) Coefficient ¢, at column height of 1.2m and 1.4 m.

slowed down later. When the rust rate is about 45%, the
impact on the axial compression stiffness of the long
columns in SRC reaches its maximum.

According to Figures 34-36 and the mathematical
calculation model in Table 8, the ultimate compressive
strength Ny, ductility coefficient u,, and axial compres-
sion stiffness K of the long column in SRC with a given
non-corroded SRC, along with the ultimate bearing capa-
city Nyp, ductility coefficient u,, and axial compression

stiffness K, of the long column in SRC with a slenderness
ratio, p can be measured by the calculation model shown
in Figures 34-36 and Eqs (35)-(37).

Nyp
—=1-aq, (35)
NuO P
u
L =1-b, (36)
2
p
?0 =1- Cp. (37)
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Table 8: Fitting function of deterioration coefficient of rust rate on axial compression performance of long columns in SRC
Ny, (kN) o K, (kN/mm)

L0.6 a, = 0.071p%48-0.016 b, = 0.012p0-5% ¢ = 0.0490p%572-0.014
R? = 0.9247 R? = 0.9505 R? = 0.9425

0.8 a, = 0.064p%%7-0.006 b, = 0.009p°719-0,002 ¢ = 0.116p°360_0.017
R? = 0.9543 R? =0.9330 R?=0.872

1.0 a, = 0.067p%485-0.003 a, = 0.009p°%71-0.002 ¢ = 0.153p0365-0.022
R? = 0.9440 R? = 0.9196 R? =0.891

1.2 a, = 0.008p%7%-0.001 a, = 0.096p"4180.015 ¢, = 0.213p%375-0.0381
R? = 0.9452 R? = 0.9247 R?=0.872

1.4 a, = 0.014p°%%53-0.001 a, = 0.0743p%4-0.016 ¢ = 0.160p°320-0.012
R? = 0.9487 R? = 0.9287 R?=0.8793

4 Calculation formula for bearing
capacity of SRC middle-length
columns considering corrosion
effects

4.1 Reduction factors of ultimate bearing
capacity

Due to the previous parameter analysis only considering
the influence of slenderness ratio and rust rate, and the
axial compression performance of SRC separately, a calcu-
lation formula was established in order to more intuitively
express the coupling effect of slenderness ratio and rust
rate, the ultimate bearing capacity of long columns in SRC.

As the part of section steel only accounts for a small
part in the entire section of SRC columns, the stable
bearing capacity of SRC short columns can be calculated
by an approach similar to that of RC axial compression
units, as shown in Eq. (38).

Nuo = foh + figha + flohs + fAs + fiyAa,  (38)

where A is the concrete area of the unconstrained area, A, is
the concrete area in the confinement area of the stirrup, A; is
the concrete area of the composite constraint area, A is the
sum of the cross-sectional areas of the longitudinal reinforce-
ment, A, is the cross-sectional area of the section steel, f,
represents the concrete strength in the unconstrained area,
f!4 is the concrete strength in the confinement area of the
stirrup, f7, represents the strength of concrete in the compo-
site constraint area, f; is the yield strength of the longitudinal
reinforcement, and fiy is the yield strength of the section steel.

When corrosion happens in the component and slen-
derness ratio changes, SRC columns’ axial compressive

ultimate bearing capacity will correspondingly decrease.
Therefore, a reduction coefficient K is introduced to describe
how ultimate bearing capacity decreases. The reduction
coefficient is a functional expression that includes the com-
ponent’s slenderness and corrosion rates. Considering the
deterioration effect, the axial compressive ultimate bearing
capacity of corroded SRC columns can be calculated by the
Eqgs (39)-(42).

Nuc = KNy,
K = f(Of (p).

Regression fitting was performed on the data, and the
specific expression was obtained as Eqs (41) and (42). The
fitting surface graph is shown in Figure 37.

39)
(40)

f(A) =110.695 + 0.0174 - 0.00422, 41

f(p) = 0.009 - 0.014p + 0.011p.

(42)

Figure 37: Fitted surface of A and p influence regularity.
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4.2 Regression formula test

To verify and ensure a more accurate established ultimate
bearing capacity formula, Eq. (43) can be adapted to pre-
dict the current results. D., represents the deviation
between the predicted ultimate bearing capacity N,. and
the finite element results in Ny,.

- Nua = Nyc

ua

Dca X 1000/0 (43)

According to Figure 38, the deviation in corroded SRC
is mostly within +10%. Moreover, in Figure 38, N, is used
to quantitatively represent the percentage of samples

falling within a given deviation range to the number of

2400 =
T Dm « m.
® column height 0.6m Y a a
2200 |- column height 0.8m s o
. 4 A Vd
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2000 L™ column height 1.2m 27 i
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Figure 38: Range of deviations in the prediction model.
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Figure 39: Distribution of bias in the prediction model.
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D., samples. From this figure, samples exceeding +10%
account for about 15% of the total, indicating that most
prediction results can match finite element data well.
Overall, the regression formula can be considered effi-
cient to achieve relatively accurate predictions.

n;
Ma = )
n

(44)
where n; represents the number of SRC long-column speci-
mens within the specific deviation range given in Figure
39, and n represents the total amount of specimens.

5 Conclusion

This study established a numerical analysis model for
corroded SRC middle-length columns. The effects of slen-
derness ratio and rust rate on its axial compression per-
formance were studied and the conclusion is as follows:
1) A bond-slip constitutive relationship between steel and
concrete was established, and it was found that when
the rust rate was low, the bond stress of SRC columns
would be increased compared to those without corro-
sion. When the rust rate exceeds 15%, the ultimate and
residual bonding stress will significantly decrease.

2) When the slenderness ratio increases to 25.95, the axial
compressive stiffness decreases by 50.9%, while the ulti-
mate bearing capacity and displacement ductility coef-
ficient decrease by 5.0 and 6.6%, respectively. A higher
aspect ratio significantly affects the axial compressive
stiffness of long columns in SRC. However, its ultimate
bearing capacity and displacement ductility coefficient
did not show a significant decrease.

3) When the rust rate increased from 0 to 15, 30, 45, and
60%, the average displacement ductility coefficient of
long columns in SRC decreased by 7.7, 8.3, 12.3, and
15.3%, respectively. The reason is that corrosion reduces
the cross-sectional area of the steel, resulting in local
stress concentration and unstable buckling.

4) The axial compressive stiffness of long columns in SRC
decreases sharply in the early stage of corrosion but
slows down slightly in the later stage. When the rust
rate is about 45%, the axial compressive stiffness of the
long column in SRC is affected to the maximum value.

5) The reduction coefficient K related to the slenderness
ratio and rust rate is proposed to represent the effect of
corrosion on the ultimate bearing capacity of SRC col-
umns. Considering the effect of corrosion, the estab-
lished formulas for calculating the ultimate bearing
capacity of SRC columns have good accuracy.
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In summary, this study established a numerical ana-
lysis model for SRC mid-length columns considering corro-
sion effects and studied the effects of slenderness ratio and
rust rate on the axial compression performance of SRC
mid-length columns. The research results contribute to sol-
ving the corrosion problem of long columns in SRC and
provide a reference for the application and design of
long columns in SRC. However, the main content of this
study is a simulation study of corroded SRC columns,
which needs stronger persuasiveness.
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