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(is paper investigates the damage and residual bearing capacity of corroded reinforced concrete (RC) short columns after impact
and presents a method for evaluating the residual bearing capacity of RC short columns by nondestructive testing. Firstly,
accelerated corrosion test and drop hammer impact test were carried out to obtain specimens under different impact loads and
corrosion rates. (en, the damage caused by corrosion and impact loads was evaluated by supersonic wave aided nondestructive
test. (rough the damage factor, the influence of corrosion rate and impact loads on the specimen was revealed, and the
calculation method of corrosion rate and impact velocity was proposed. Finally, according to the bearing capacity test results, the
influence factors of reinforcement, concrete, and impact were introduced into the bearing capacity calculation equation.
Considering the relationship between the residual bearing capacity of RC short columns and the damage factor, an improved
formula for calculating the residual bearing capacity of corroded RC short columns under impact loads was proposed. (is work
lays the foundation for further research on mechanical properties of corroded RC structures under impact loads.

1. Introduction

With the development of economic and technology, the
building environment may be more complex, the problem of
reinforcement corrosion becomes emergent, and the impact
loads on buildings may occur more frequently. (e damage
caused by corrosion and impact load could bring huge ir-
reparable losses to the society.

Reinforcement corrosion could cause grave damages to
concrete and ultimately weaken the bearing capacity and
durability of RC structures [1, 2]. Hence, with the devel-
opment of society, researchers have paid more attention to
the research on the mechanical behavior of reinforced
concrete structures after corrosion. On the basis of bearing
capacity test, Du et al. [3] reported that the effect of different

types of corroded steel bars on the residual bearing capacity
was comparable and proposed the prediction formula of
residual bearing capacity. Dang and François [4] proposed
that the service life of corroded structures was limited by the
ductility reduction of bending properties, and the reduction
of bending properties was more obvious to the reduction of
bearing capacity. By assessing the effect of corrosion on the
residual bearing capacity of RC structures, Nepal and Chen
[5] proposed an approach for determining risk-cost bal-
anced repair strategy of corrosion damaged RC structures
with consideration of uncertainty in structural resistance
deterioration. Chen and Xiao [6] presented an approach for
reliability analyses of corrosion RC structures affected by
reinforcement corrosion based on the representative
symptoms identified during the deterioration process. In
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addition, to evaluate the damage of RC structures caused by
corrosion, different detection methods have been used to
study the damage detection caused by corrosion. Liang and
Su [7] proposed a method to evaluate the corrosion damage
of steel reinforcement by impact echo method. (is method
converts the displacement spectrum into acceleration
spectrum to predict the corrosion damage of RC specimens.
Zhang et al. [8] proposed a nondestructive test method for
steel corrosion in RC structures by using a 3-dimensional
digital micromagnetic sensor to detect and analyze the self-
magnetic field leakage from corroded RC structures, which
can be used to detect and evaluate the range of the inner steel
corrosion in engineering structures. Based on the analysis of
magnetic flux leakage signals, Zhou et al. [9] proposed a
nondestructive testing method that can qualitatively de-
termine the location and extent of steel corrosion.

When a structure is subjected to an impact load, since
the impact load is transient and usually local, its behavior
may differ from that of the structure under static load. In
order to evaluate the effects of impact load on the perfor-
mance of RC structures, many researches have been con-
ducted based on theoretical analysis, experiment, and
numerical simulation [10–18]. Based on theoretical analysis
and numerical simulation, Sun et al. [19] investigated the
failure modes of RC columns under explosion. Based on the
impact test, Chen and May [20] provided experimental data
to calibrate numerical procedures for the simulation of
impact-loaded RC structures. (ilakarathna et al. [21]
simulated the dynamic response of RC column under lateral
impact by using the finite element software ANSYS/LS-
DYNA. Kantar et al. [22] investigated the behavior of two
kinds of concrete specimens through drop hammer test and
analyzed the mechanical performance under impact loads.
By conducting dynamic impact loading tests on 12 RC
specimens with different materials and sizes, Anil et al. [23]
investigated the mechanical properties with different con-
crete types under dynamic impact load. (rough LS-DYNA
finite element analysis, Yu et al. [24] reported that the
mechanical properties of RC structure are related to the
combination form of mass and impact velocity, and the
combination of mass and impact velocity should be con-
sidered in the design of concrete structures subjected to
impact load.

When both corrosion and impact loads act simulta-
neously, the effects on the mechanical properties of RC
structures would change with the change of corrosion rate
and impact velocity. Dai et al. [25] conducted a drop
hammer impact test on RC specimens with different cor-
rosion rates to investigate the impact of the specimens on the
midspan and found the influence of longitudinal steel
corrosion on the impact performance of RC specimens.
Yang et al. [26] simulated the whole process of lateral impact
resistance of corroded RC columns based on LS-DYNA
software and verified the reliability of the simulation
through experiments. Based on the test and numerical
simulation, Fang et al. [27] investigated the lateral impact
resistance of corroded RC columns by simulating the cor-
rosion of reinforcement through the degradation of rein-
forcement mechanical properties.

In conclusion, many researches on impact and corrosion
of RC structures have been carried out in terms of me-
chanical properties, damage conditions, and detection
methods. However, there are still some problems in cal-
culating the residual capacity of RC structures under the
combined action of corrosion and impact loads:

(1) Most research studies only consider the influence of
a single factor on the structure of RC. (ere are few
studies on damage degree and residual bearing ca-
pacity of corroded RC structures after impact.

(2) Due to the complex environment of buildings, it is
difficult to determine the numerical value of impact
velocity and corrosion rate in construction projects.
Researchers mainly study the effect of corrosion and
impact on reinforced concrete structures through
corrosion rate and impact velocity, so it is difficult to
apply in practical engineering.

In view of the above problems, this paper investigated
the relationship between damage and residual bearing ca-
pacity through nondestructive testing and bearing capacity
tests of corroded RC short columns under impact load. (e
electric accelerated corrosion and drop hammer impact test
were carried out to obtain the specimens with different
corrosion rates and impact energy. Ultrasonic nonde-
structive testing of RC short columns was carried out to
obtain the damage information of the specimens. (en
damage factors were introduced to describe the damage
degree of RC short columns. Based on corrosion damage
factor and impact damage factor, the calculation formulas of
corrosion rate and impact velocity were presented, respec-
tively. Finally, the bearing capacity test was carried out to
find out the influence of corrosion rate and impact energy on
the residual bearing capacity of specimens. By establishing
the relationship between concrete, reinforcement, impact
factors, and damage factors, a fast, effective, and simple
method for calculating the residual bearing capacity of RC
structures was provided.

2. Experimental Programme

2.1. Design andFabrication of Specimens. In this experiment,
the corrosion rate and impact energy are taken as experi-
mental variables. Seven RC short columns, numbered C0X0-
C2X10, are prepared, as shown in Table 1, where “C” and “X”
denoted the impact energy and corrosion rate, respectively.
As shown in Figure 1, the RC short column used in the
experiment is a square solid section, with a size of
300mm× 300mm× 1200mm. (e diameter of longitudinal
reinforcement is 18mm, and the diameter of stirrup is 8mm.
In order to study the impact resistance and residual bearing
capacity of corroded RC columns, material performance
tests were performed on the concrete, longitudinal bars, and
stirrups, and relevant mechanical parameters were obtained.
(e designed strength of longitudinal reinforcement used in
specimen is 360MPa, and the elastic modulus is 196GPa.
(e designed strength of stirrup is 270MPa, and the elastic
modulus is 197GPa. (e compressive strength of the con-
crete specimen is 40.6MPa and the elastic modulus is
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26.3GPa. (e protective layer thickness of the concrete is
30mm.

2.2. Corrosion Method. (ere are two main types of cor-
rosion of RC structures: electrochemical corrosion and stray
current corrosion. Electrochemical corrosion of steel bar is
ubiquitous in nature and the main cause of steel bar cor-
rosion. Due to the heterogeneous characteristics of steel bar
and concrete, the potential of steel bar at different positions
is different, which results in galvanic effect and electro-
chemical corrosion. When the structure is eroded by
chloride ions or acted by oxygen, the passive film on the
surface of steel bar is decomposed and the steel bar begins to
be corroded. (e volume of steel products after corrosion is
several times larger than the original, after corrosion of steel
surface volume expansion and so the protective layer of
concrete tensile stress. When the tensile stress increases to a
certain extent, cracks appear in the concrete protective layer,
which would accelerate the corrosion of steel reinforcement.

(ere are three types of techniques that can be used to
corrode reinforcement, namely, natural corrosion,
accelerated corrosion, and simulated corrosion. Natural
corrosion may take many years for corrosion to have any
significant influences on its mechanical properties, which is
unrealistic for laboratory test. (erefore, an electrochemical
technique was adopted to accelerate the corrosion process of
reinforcement in order to achieve a significant amount of
corrosion of reinforcement within a reasonable time. Based
on Faraday’s law of electrolysis, the magnitude of current
and conduction time can be determined by

Δm �
M · It

96500 × n
, (1)

where Δm is the weight of steel bar involved in chemical
reactions;M is the molar mass of material; I is the magnitude
of current; t is the conduction time; n is the number of
electrons in electrode reaction measurement equation. (e
product of current and time required for corrosion of steel
bar with a corrosion rate of 5% is It� 115Ah, and the
product of current and time required for corrosion of steel
bar with corrosion rate of 10% is It� 230Ah. When the
magnitude of current is 0.4 A, it takes 287.5 h and 575 h to
corrode the reinforcement, respectively. Due to the current
instability during the test, the time required to reach the
corresponding corrosion rate is different from the theo-
retical time. Hence, the actual conduction time is 30% more
than the theoretical time to achieve the designed corrosion
rate. (erefore, the actual corrosion time is 373.75 h and
747.5 h, respectively. In order to carry out the corrosion test
of reinforcement, NaCl solution with a mass concentration
of 5% was injected into a pool. (ere were four layers of
plastic sheets in the pool to prevent leakage of chlorine ions
from the solution during the test. (e RC short columns
were immersed in the pool for 48 hours to eliminate passive
film on the steel bar. (e steel bars to be corroded were
connected to the positive pole of the power supply, and the
copper sheets were connected to the negative pole of the
power supply. After the equipment is connected, the current

is adjusted to the design value to corrode the steel bar, and
the corrosion test is completed after the corrosion time is
reached. In order to determine the actual corrosion rate of
reinforcing bars, corrosion tests were carried out on four
steel bars at the same time. (e corrosion process and the
steel bar after corrosion are shown in Figure 2. After cor-
rosion test, the steel specimens used for comparison were
washed in HCl solution, then dried, and weighed; the
measuring corrosion rate (ω) of the steel is obtained shown
in Table 2. (e average corrosion rate of specimens designed
to have corrosion rates of 5% and 10% was actually 17% and
30%, respectively.

2.3. DropHammer Impact Test. In order to study the impact
resistance of components and achieve the impact phe-
nomenon that often occurs in civil engineering practice, an
impact test was performed on RC columns. As shown in
Figure 3, drop hammer impact test is used to simulate the
impact load on RC short columns. In order to ensure the
stability of the supports during the impact process, the rigid
mount used in this experiment is rectangular solid sections
with a size of 300mm× 400mm and a height of 1000mm.
(e rigid mount was connected with the lower steel plate of
the testing machine with high-strength bolts. (e upper part
of the rigid mount was the hinge support, which was also
connected with the rigid support by high-strength bolts. (e
specimen is placed on the upper part of the hinge bracket,
fixed by carbon fiber clamps on both sides, and connected to

Table 1: Specimen parameters.

Number C0X0 C0X5 C0X10 C1X5 C1X10 C2X5 C2X10
Corrosion
rate 0 5% 10% 5% 10% 5% 10%

Impact
energy (kJ) 0 0 0 1 1 2 2

Longitudinal
reinforcement

Longitudinal
reinforcement

Stirrups

30
m

m
30

0m
m

300mm

300mm

15
0m

m

12
00

m
m

Figure 1: Geometric configuration of the specimen.
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the rigid bracket with a wire rope to prevent the specimen
from moving out of position. (e RC short columns were
impacted by drop hammer, which was dropped from a
specific height. (e impact load level is determined by
adjusting the weight and falling height of the drop hammer.
(e hammer head used in this test was flat hammer head, the
weight of the drop hammer was 400 kg, and the falling height
of the drop hammer was 0.25m and 0.5m.(e test surfaceA
of RC short column was the impacted surface.

2.4. Supersonic Wave Aided Nondestructive Test.
Supersonic wave aided nondestructive testing, which is
easy to operate, widely applicable, and reliable in testing
results, is used to detect the internal damage of concrete
caused by corrosion and impact. (is method used the
ultrasonic transmitter to continuously transmit the pulse
signal. After the signal passes through the concrete and
returns to the receiver, the acoustic parameters such as
wave velocity can be obtained. By establishing the rela-
tionship between these acoustic parameters and the
damage degree of RC short columns, the purpose of
detection could be achieved. (e layout of ultrasonic
testing area is directly related to the results of damage
detection. In order to understand the damage situation of
RC short columns more comprehensively and carefully,
48 measuring points were evenly arranged on the four
facades of the columns. (e specific layout of measuring
points is shown in Figure 4.

2.5. Bearing Capacity Test. Bearing capacity test of the RC
short column was performed on a Precision Testing Ma-
chine, which was equipped with a data-processing computer,
a 5000 kN pressure testing machine, and a static acquisition
system. (e computer was programmed to control the test
under force and to record the applied load, strain, and
displacement of the specimens. (e preliminary loading rate
was controlled at 4–6 kN/s, and when the ultimate bearing
capacity was approached, the loading rate was reduced to
0.5–1 kN/s. (e static acquisition system with 16 acquisition
channels could simultaneously collect displacement meter
signal, strain gauge signal, and force sensor signal and
transmit the data to the computer. In addition, a force sensor
was placed at the top of the column, and four high precision

(a) (b)

Figure 2: Corrosion test. (a) Layout of corrosion test. (b) Corrosion of steel bar.

Table 2: (e measuring corrosion rate of steel bar.

Time (h) Initial weight (g) Corroded weight (g) Calculated corrosion rate Measuring corrosion rate
374 700 580 5% 17.1%
374 708 575 5% 18.8%
748 792 550 10% 30.6%
748 803 565 10% 29.6%

Impact weight

Guide rails

RC short column
Hinge support

Rigid mount

Drop hammer

Wire rope

Carbon fiber fixture

Figure 3: Apparatus used for impact experiment.
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displacement meters were set at the four corners of the
column. Concrete strain gauges were placed in the middle of
the four sides of the concrete. (e layout of specific mea-
suring points is shown in Figure 5.

3. Damage Detection of RC Short Columns

Concrete damage refers to the mechanical properties of
concrete changed, resulting in the reduction of the bearing
capacity of structures. Damage detection of RC short col-
umns was carried out by using wave velocity-based damage
detection method. For RC short columns, some damage
information could be found by analyzing the mean and
variance of wave velocity before and after corrosion, but it
could not be used as a basis for judgment. Hence, introduce
the damage factor (D) to infer the damage degree of
concrete.

Assuming that E is the modulus of elasticity of materials
before damage and E∗ is the modulus of elasticity of ma-
terials after damage, the damage factor (D) is defined as
D� 1−E∗/E [28]. When the concrete density (ρ) and Pois-
son’s ratio (c) are constant, the quadratic of ultrasonic wave
velocity is proportional to the elastic modulus of concrete.
(erefore, the damage factor expressed by wave velocity can
be calculated through

D � 1 −
]12

]20
, (2)

where v0 is the initial wave velocity and v1 is the postdamage
wave velocity.

3.1. Damage Detection of Corroded RC Short Columns before
Impact Test. Before the impact test, the damage information
of corroded RC short columns was detected. (e wave
velocity data before and after corrosion damages are pro-
cessed by (2), and the distribution of damage factors at each
measuring point is obtained, as shown in Figure 6. It can be
seen that the damage distribution of C1X5 short column
from the bottom to the top is relatively uniform, indicating
that the corrosion of reinforcement is roughly uniform. Due
to the volume expansion caused by the corrosion of steel

bars, the concrete near the steel bars was pulled up, resulting
in serious damage to the concrete near the steel bars.
(erefore, the closer the concrete is to the steel bar, the more
serious the corrosion effects are and the greater the damage
degree is. For C1X5, the damage levels of B and C test
surfaces are greater than those of A and D, and for other
short columns, the damage levels of B and C test surfaces are
less than those of A and D test surfaces. It shows that the
damage caused by corrosion is different in the two directions
of the same concrete, which may cause the mechanical
properties of the RC column to change. (e damage factors
of other specimens are relatively uniform in distribution,
which is similar to the distribution rule of C1X5 short
column, except that the damage factors of individual test
points are relatively large.

To acquire the relationship between corrosion rate and
concrete damage degree, the concept of corrosion damage
factor (D) is introduced. (e corrosion damage factor (D) is
defined as the average value of damage factors under dif-
ferent corrosion rates. As shown in Table 3, the corrosion
damage factor is 0.07024 when the corrosion rate of steel
reaches 17%, which is 7% higher than that before corrosion.
When the corrosion rate increases from 17% to 30%, the
corrosion damage factor of concrete is 0.07437, which in-
creases by 5.88%. After the corrosion rate is higher than 17%,
the increase of corrosion damage factor is very small. It can
be seen that when the corrosion rate reaches a certain level,
the damage caused by corrosion to concrete decreases with
the increase of the corrosion rate. (e reason may be that
when the steel bar corrosion rate reaches 17%, cracks appear
on the concrete surface, the concrete protective layer no
longer can bear the tension, and the tensile stress caused by
the volume expansion of the corroded steel bar in the
concrete is released.

From the distribution of damage factors, it is known that
the damage of concrete caused by corrosion is generally
uniform. (erefore, corrosion damage factor can be used to
indicate the damage degree of RC short columns. According
to the experiment, there is a certain relationship between the
damage factor and the corrosion rates. In combination with
the experimental law, the linear curve fitting was carried out
to investigate the influence between different corrosion rates

Steel grider

Force sensor

Strain gauges

Displacement meters

RC short column

Figure 5: Layout of specific measuring points.

A-D

1 2 3 4
5 6 7 8
9 10 11 12

13 14 15 16
17 18 19 20
21 22 23 24
25 26 27 28
29 30 31 32
33 34 35 36
37 38 39 40
41 42 43 44
45 46 47 48

1 2 3 4
5 6 7 8
9 10 11 12

13 14 15 16
17 18 19 20
21 22 23 24
25 26 27 28
29 30 31 32
33 34 35 36
37 38 39 40
41 42 43 44
45 46 47 48

B-C

Impact load
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D
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30
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m
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Figure 4: Layout of damage detection points (units: mm).
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and corrosion damage factor. When the corrosion rate is
between 0 and 0.4, the corrosion damage factor (D) can be
calculated through

D � 0.25618w + 0.00807. (3)

3.2. DamageDetection of Corroded RC Short Columns Caused
by Impact Load. After the impact test, the damage infor-
mation of corroded RC short columns caused by impact was
detected. (e wave velocity data before and after impact are
processed by equation (2), and the distribution of damage

factors at each measuring point is obtained, as shown in
Figure 7. When calculating the damage factor caused by
impact, the wave velocity after corrosion damaged is taken as
the wave velocity before impact damaged. (e effect of
corrosion is not considered, so the damage factor of Figure 7
can be larger than that of Figure 6. As nonimpact test
surfaces B and C, the closer to the impact area of the short
column, the greater the value of damage factor. It shows that
the impact energy diffuses to both sides and decreases
gradually, resulting in greater damage in the middle than on
both sides. As impact test surfaces A and D, there is no large
damage factor in the impact area, and the larger damage

0.25

0.20

0.15

0.10

0.05

0.00

Damage area (ω = 17%)

D

0 4 8 12 16 20 24 28 32 36 40 44 48

C1X5-B-C
C1X5-A-D

(a)

0.4

0.2

0.3

0.1

0

Damage area (ω = 17%)

D

0 4 8 12 16 20 24 28 32 36 40 44 48

C2X5-B-C
C2X5-A-D

(b)

0.4

0.2

0.3

0.1

0

Damage area (ω = 30%)

D

0 4 8 12 16 20 24 28 32 36 40 44 48

C1X10-B-C
C1X10-A-D

(c)

0.25

0.20

0.15

0.10

0.05

0.00

Damage area (ω = 30%)

D

0 4 8 12 16 20 24 28 32 36 40 44 48

C2X10-B-C
C2X10-A-D

(d)

Figure 6: Distribution of damage factors caused by corrosion. (a) C1X5 A-D and B-C test surfaces. (b) C2X5 A-D and B-C test surfaces.
(c) C1X10 A-D and B-C test surfaces. (d) C2X10 A-D and B-C test surfaces.

Table 3: Damage factor of test surfaces under corrosion.

Corrosion rate Test surfaces Average value Variance Maximum Minimum Corrosion damage factor

17%

C1X5-B-C 0.08066 0.00344 0.2044 0.00025

0.07024C1X5-A-D 0.05937 0.00201 0.1726 0.00025
C2X5-B-C 0.06370 0.00371 0.3682 0.00078
C2X5-A-D 0.07721 0.00313 0.2232 0.00806

30%

C1X10-B-C 0.05909 0.00144 0.1228 0.00078

0.07437C1X10-A-D 0.07469 0.00425 0.3718 0.00182
C2X10-B-C 0.08209 0.00300 0.2029 0.00025
C2X10-A-D 0.08161 0.00269 0.2333 0.00078

6 Mathematical Problems in Engineering



factor mainly occurs near the reinforcement. By comparing
the damage factors of each test surface, it is found that the
damage area of the impact surface is mainly concentrated in
the position of column being impacted. For the nonimpact
surface, the impact damage area is also concentrated near the
impact area of the column, but the damage in the tension
area is particularly serious.

For impact surfaces A and D, under the same impact
energy, the peak value of damage factor of specimens with
high corrosion rate is larger and the damage is more serious,
which indicates that the impact resistance of RC short
columns under impact direction is reduced due to corrosion.
For B and C test surfaces without impact, the peak and
average damage factors of specimens with different corro-
sion rates are close at the same impact height, indicating that
the corrosion rate has few effects on the impact damage in
this direction. At the same corrosion rate, the higher the
impact height is, the higher the peak value of damage factor
is, which indicates that the greater the impact energy is, the
more serious the damage to the column would be. (e
damage of A and D test surfaces is more serious than that of
B and C test surface at 30% corrosion rate, but there is no
such phenomenon at 17% corrosion rate, which indicates
that the situation is related to the corrosion rate. When the
corrosion rate reaches a certain level, the test surface under
direct impact is more vulnerable to damage.

As shown in Table 4 and Figure 7, the damage caused by
impact on RC short columns is concentrated and large.
(ere is a linear relationship between impact and damage
level, so the concept of impact damage factor (D′) is in-
troduced to determine the relationship between impact
energy and concrete damage.(e impact damage factor (D′)
is defined as the maximum damage factor of RC short
columns. When the impact height increases from 0.25m to
0.5m, the impact velocity (v) changes from 2.21m/s to
3.16m/s. Considering the influence of different impact
surfaces and corrosion rate on impact damage, the linear
curve fitting is carried out to investigate the influence be-
tween different impact velocity and impact damage factor, as
shown in Table 5.

4. Experimental Analysis of Residual Bearing
Capacity of RC Short Columns

4.1. Analysis of Bearing Capacity Test of Corroded RC Short
Columns without Bearing Impact Load. Before impact test,
the residual bearing capacity of RC short columns with
different corrosion rates was tested. (e failure forms of
columns under different corrosion rates are consistent,
which could be divided into three stages:

(1) (e force-displacement curve of the RC column
presents a straight upward state, of which the con-
crete and steel bars are in the elastic stage.

(2) As the force continues to rise, the force-displacement
curve bends and the force begins to decline shortly
after the plastic zone appear.

(3) As the test continues, the force decreases rapidly and
the displacement increases rapidly. At this time, the
short column enters the stage of destruction, and the
concrete protective layer begins to fall off. Finally, the
short column was destroyed and the experiment was
over.

FromTable 6, it can be seen that the corrosion of steel bar
could reduce the residual bearing capacity (F) and peak
displacement of RC short columns. Compared with the
C0X0 short column, the bearing capacity of C0X5 short
column decreases by 11.33%, and that of C0X10 short
column decreases by 15.93%. With the increase of corrosion
rate, the residual bearing capacity of RC short column de-
creases, and the rate of decline decreases. When the cor-
rosion rate tends to 1, the residual bearing capacity of RC
short column would not approach zero due to the residual
bearing capacity of concrete in the core area.

(e equation for bearing capacity of RC short columns
given in GB 50010-2010 [29] is as follows:

F � 0.9φ fcA + fy
′As
′ , (4)

where F is the bearing capacity; 0.9 is reliability coefficient; φ
is the stability coefficient of RC short column;fc and fy

′ are
the strength design value of concrete and steel bar; A is the
area of concrete section; As

′ is the area of steel bar section.
(e calculated bearing capacity of C0X0 short column is
4155 kN, which is basically consistent with the actual bearing
capacity of C0X0 short column.

Due to corrosion, cracks appear along the ribs of the
protective layer, and the cross section of the concrete and
steel bars is reduced, which results in a reduction in bearing
capacity. Considering the influence of corrosion on the
equivalent section and yield strength of reinforcement and
concrete, the influence factors of reinforcement (ζ) and
concrete (ξ) are introduced into (4). (e improved equation
for calculating F is obtained as follows:

F � 0.9φ ξfcA + ζfy
′As
′ . (5)

In order to determine the influence factor of rein-
forcement, the relationship between the influence factor of
reinforcement and the corrosion rate is established by linear
curve fitting. (e equation for calculating ζ is obtained as
follows:

ζ � −1.3476ω + 0.9958, 0<ω< 0.4. (6)

Similarly, through linear curve fitting, the relationship
between concrete influence factor and steel corrosion rate is
established. (e equation for calculating ξ is obtained as
follows:

Mathematical Problems in Engineering 7



ξ � −0.3537ω + 0.996, 0<ω< 0.4. (7) (erefore, the calculation equation of the bearing ca-
pacity of the corroded RC short columns is as follows:

F �

0.9φ fcA + fy
′As
′ , 0<ω< 0.4,

0.9φ −0.3537ωfcA + 0.996fcA − 1.3476ωfy
′As
′ + 0.9958fy

′A′ , ω≠ 0.

⎧⎪⎪⎨

⎪⎪⎩
(8)

According to (8), the bearing capacity of C0X5 short
column is 3863.8 kN, and the error between the calculated
result and the measured value is 1%, while the bearing
capacity of C0X10 short column is 3548.1 kN, and the error
is 0.01%. (e calculation error is less than 5%, which in-
dicates the rationality of the equation.

As it is difficult to determine the corrosion rate of re-
inforcement in reality, (8) is difficult to be applied in en-
gineering buildings. Corrosion damage factors of RC short
columns could be obtained through ultrasonic testing.
Hence, to calculate the residual bearing capacity of RC short

columns more conveniently, corrosion damage factors are
used to replace the corrosion rate.

Based on the linear curve fitting, the relationship be-
tween the influence factor of reinforcement and the cor-
rosion damage factor is established. (e equation for
calculating ζ is obtained as follows:

ζ � −4.5583D + 1.0041. (9)

Similarly, the relationship between the influence factor
of concrete and the corrosion damage factor is established
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Figure 7: Distribution of damage factors caused by impact. (a) C1X5 A-D and B-C test surfaces. (b) C2X5 A-D and B-C test surfaces.
(c) C1X10 A-D and B-C test surfaces. (d) C2X10 A-D and B-C test surfaces.
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through linear curve fitting. (e equation for calculating ξ is
obtained as follows:

ξ � −1.2479D + 1.0008. (10)

(e improved equation for calculating the bearing ca-
pacity of RC short columns through corrosion damage
factor is as follows:

F �

0.9φ fcA + fy
′As
′ , D � 0,

0.9φ −1.2479DfcA + 1.0008fcA − 4.5583Dfy
′As
′ + 1.0041fy

′A′ , D≠ 0.

⎧⎪⎪⎨

⎪⎪⎩
(11)

According to (11), the bearing capacity of C0X5 short
column is 3679 kN, and that of C0X10 short column is
3651 kN. (e error between the calculated results and the
measured values is less than 5%, which shows the rationality
of the equation.

4.2. Test Results Analysis of Residual Bearing Capacity of
Corroded RC Short Columns after Impact Load. After impact
test, the residual bearing capacity of RC short columns with
different corrosion rates was tested. As shown in Table 7, the
residual bearing capacity of corroded RC columns decreases

with the increase of impact height. When the corrosion rate
reaches 17%, if the impact height increases from 0 to 0.25m,
the bearing capacity decreases by 14.9%, and if the impact
height increases from 0.25m to 0.5m, it decreases by 3.2%.
When the corrosion rate reaches 30%, if the impact height
increases from 0 to 0.25m, the bearing capacity decreases by
15.4%, and if the impact height increases from 0.25m to
0.5m, it decreases by 6%. (e larger the corrosion rate of
steel bars is, the faster the bearing capacity decreases.

In order to investigate the effect of impact velocity on the
residual bearing capacity of RC short columns, the exper-
imental results of specimens are used to make linear curve

Table 6: Test results of bearing capacity of corroded RC short columns.

Number C0X0 C0X5 C0X10

Peak

Bearing capacity (kN) 4246.3 3765.4 3569.9
Displacement (mm) 1.334 1.215 1.218
Concrete strain (με) 2110 1757 1757

Strain of reinforcing steel (με) 225t5 — 1512

Destructive

Force (kN) 3991.9 2828.1 1563.5
Displacement (mm) 1.486 4.860 5.290
Concrete strain (με) 2343 — —

Strain of reinforcing steel (με) 2399 — —

Table 4: Damage factor of test surfaces under impact load.

Test surfaces Average value Variance Maximum Minimum
C1X5-B-C 0.07186 0.00681 0.3680 0
C1X5-A-D 0.08629 0.01076 0.3743 0
C2X5-B-C 0.10540 0.01147 0.4944 0
C2X5-A-D 0.09397 0.01533 0.5029 0
C1X10-B-C 0.08760 0.00786 0.3759 0
C1X10-A-D 0.13810 0.01909 0.4862 0
C2X10-B-C 0.08620 0.01307 0.4605 0
C2X10-A-D 0.12389 0.01338 0.5996 0

Table 5: (e relationship between impact damage factor and impact velocity.

Test surfaces w
D′� a× v+ b

a b
A-D 17% 0.1610 0.0043
A-D 30% 0.1951 0.0127
B-C 17% 0.1582 0.0042
B-C 30% 0.1500 0.0103
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fitting. (e relationship between residual bearing capacity
and impact velocity of corroded RC short columns is as
follows:

F �
3746.81 − 216.92v, w � 17%,

3562.46 − 234.99v, w � 30%.
 (12)

Considering the influence of impact loads on corroded
RC structures, the impact factor (c) is introduced into 5. (e
improved bearing capacity equation is as follows:

F � 0.9φ cξfcA + ζfy
′As
′ . (13)

(e relationship between the impact factors and the
impact damage factors is established through linear curve
fitting. (e equation for calculating c is obtained as follows:

c � −0.6155D′ + 1.0097. (14)

(e calculation equation for RC short columns con-
sidering corrosion and impact damage of steel is as follows:

F �
0.9φ fcA + fy

′As
′ , D � 0,

0.9φfcA 1.0097 − 0.6155D′( (1.0008 − 1.2479D) + 0.9φfy
′As
′(1.0041 − 4.5583D), D≠ 0.

⎧⎪⎨

⎪⎩
(15)

According to (15), the bearing capacity of C1X10 short
column is 2835.9 kN and that of C2X10 short column is
2201.7 kN. As shown in Table 8, the error between the cal-
culated results and the measured values is less than 3%, which
shows the rationality of the bearing capacity equation. It should
be noted that, through nondestructive testing, it can be known
that the corrosion of the steel bar in this experiment has a more
uniform effect on the RC column, so the parameterD could be
used to express the damage of the column.

5. Conclusions

In this paper, the effects of impact energy and corrosion rate on
the damage and residual bearing capacity of RC short columns
were discussed through the supersonic wave aided nonde-
structive test and bearing capacity test. Amethod for calculating
the residual bearing capacity of corroded RC column under
impact loads is presented by supersonic wave aided nonde-
structive testing. (e following conclusions can be drawn:

(1) When the damage of RC short column is caused by
corrosion of longitudinal reinforcement, the damage
along the direction of reinforcement is uniform. (e
closer the concrete is to the longitudinal reinforcement,
the higher the damage degree would be. Before the
reinforcement corrosion reaches a certain degree, there

are no cracks on the surface of concrete, and the damage
of concrete aggravates with the increase of reinforce-
ment corrosion. After cracks appear on the concrete
surface, the increasing speed of concrete damage
gradually decreases with the increase of steel corrosion
rate.(e damage degree of RC columns is related to the
corrosion rate, and the corrosion rate of RC short
columns could be determined by damage detection.

(2) (e impact resistance of RC short columns subjected
to direct impact test surface decreases due to cor-
rosion of steel reinforcement. When the corrosion
rate reaches a certain level, the test surface under
direct impact is more vulnerable to damage. (e
greater the impact energy is, the more serious the
damage to the column is and the damage is mainly
concentrated near the impact area. (e damage
degree of RC columns is related to the impact load,
and the impact load of RC short columns could be
determined by damage detection.

(3) In order to determine the effect of impact and
corrosion on the residual bearing capacity of RC
short columns, the equation of bearing capacity of
RC columns under axial compression in China’s
current codes was introduced. According to the

Table 7: Statistics of bearing capacity test results of corroded RC short columns after impact load.

Number C1X5 C2X5 C1X10 C2X10

Peak

Bearing capacity (kN) 3205.6 3104.6 3018.4 2837.2
Displacement (mm) 1.29 1.77 1.30 2.03
Concrete strain (με) 1113 1015 1325.3 1599

Strain of reinforcing steel (με) 1960 — 2634 —

Destructive

Force (kN) 2873.7 2814.3 1650.8 1726.7
Displacement (mm) 1.88 2.02 3.45 3.38
Concrete strain (με) — 2240 1839 1560

Strain of reinforcing steel (με) — — — —

Table 8: Comparisons of calculated value and test value of
equation.

Number
Bearing capacity (kN)

Calculation error
Experimental data Calculated value

C1X10 2871.4 2835.9 1.2%
C2X10 2256.4 2201.7 2.4%
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results of bearing capacity test, corrosion damage
factor and impact damage factor were introduced
into the bearing capacity calculation formula, and a
reliable and simple calculation formula for the re-
sidual bearing capacity of corroded RC structures
under impact load was presented.

In general, this paper investigated the influence of
corrosion and impact load on the damage and residual
bearing capacity of RC short columns through ultrasonic test
and residual bearing capacity test. By establishing the re-
lationship between the damage degree and the residual
bearing capacity of RC structures, a new method for cal-
culating the residual bearing capacity of corroded RC
structures under impact load by damage detection is pro-
posed. In addition, this study provides a new research di-
rection for determining the residual bearing capacity of the
structure. However, due to the complexity of the corrosion
and impact problems, there are still many problems that
need further study. (is article only considers two impact
heights and two corrosion rates, so more experimental data
are needed to improve the bearing capacity formula in the
future.
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