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ABSTRACT 
 
The galvanostatic method is a commonly used accelerated corrosion method in studying the durability of 
concrete structures caused by steel corrosion. If this method is not adequately controlled, the ends of steel bars 
will be corroded seriously (this phenomenon is called end effect), which is not common in natural corrosion. How 
to effectively control the end effect during electrified corrosion is helpful to make the characteristics of electrified 
corrosion more similar to that of natural corrosion. In this paper, experimental and electromagnetic numerical 
simulation methods are used to study the influence of cathode and corrosion medium coverage area along the 
longitudinal direction on the end effect of steel bar before producing corrosion crack. The results showed that the 
wider the coverage area of the corrosive medium (NaCl solution with a mass concentration of 3%), the longer 
the corrosion area of reinforcement along the longitudinal direction, the more prone the end effect is. The change 
of cathode length has no noticeable effect on the corrosion area of reinforcement along the longitudinal direction 
when the corrosion medium coverage area is constant. Increasing the distance between the end of the corrosion 
medium coverage area and the end of the reinforcement can effectively avoid the end effect. 
 
 
1. INTRODUCTION 
 
Steel bar corrosion is the overriding factor leading to 
the insufficient durability of reinforced concrete 
structures (RCSs), which will seriously endanger the 
safety and service life of RCSs [1]. Among the 
indicators characterizing the corrosion characteristics 
of steel bars in concrete, the corrosion area of steel 
bars is particularly important. Different corroded 
areas will lead to different distributions of corroded 
expansion force, which will affect the bonding 
performance and the bearing capacity of 
components [2]. 
Due to the slow corrosion process in the natural 
environment, it takes much time for steel bars in 
concrete to corrode to a certain extent [3-5], which 
many researchers cannot accept. In order to quickly 
obtain corroded concrete members, most scholars 
use the accelerated corrosion method, including the 
use of galvanostatic method [6-11], cyclic wetting 
and drying [12-13], artificial climate environment [14], 
among which the galvanostatic method is the most 
widely used. However, due to the lack of relevant 
test standards, the setting of corrosion methods is 
diverse, making it difficult to control the corrosion 
area of reinforcement accurately. The essence of 
electrifying corrosion of steel bars in concrete is the 
reaction of the electrolytic cell, and the corrosion of 
the buried electrodes in the power system is also 
caused by the reaction of the electrolytic cell. It has 

been pointed out that the corrosion of the buried 
linear electrode is not uniform, and the end is 
severely corroded, the middle part is relatively 
slightly corroded, and this phenomenon is called end 
effect [15-16]. The end effect may also exist when 
the corroded RC specimen is obtained by 
galvanostatic method, which may weaken the 
anchorage performance of the steel bar and affect 
the mechanical properties of concrete members. 
Therefore, it is necessary to study the influencing 
factors of end effect and its avoidance methods 
during electrifying corrosion. 
Among the influencing factors of electrifying 
corrosion, the longitudinal setting area of corrosion 
medium and cathode length may be important 
influencing factors of end effect. In the existing 
studies, for the corrosive medium, some literature 
only set the corrosive medium in the local area of the 
specimen [17-19], while others set the corrosive 
medium along the full length of the specimen [20-
22]. For the length of the cathode along the 
longitudinal direction, when the corrosion medium 
coverage area on large-scale concrete members is 
wide, the cathode length in some literature is 
minimal [21], while the cathode length in some 
literature is large [22-23]. Unfortunately, there are 
few studies on the influence of corrosion medium 
setting area and cathode size on reinforcement 
corrosion area. G. Xu et al.[19,24] pointed out that 
the corrosion area of the steel bars along the ring 
direction is mainly the area facing the cathode side. 
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The corrosion form of the steel bars is significantly 
affected by the location of the cathode and the salt 
solution immersion area. C.-Q. Fu et al. [25-27] have 
similar findings. It is a pity that the end effect of steel 
corrosion is rarely mentioned in the existing literature 
when RC is corroded by galvanostatic method.  
In order to explore the control method of end effect 
when RC specimens are corroded by galvanostatic 
method, it is necessary to study the influence 
mechanism of the longitudinal coverage area of 
corrosion medium and the length of cathode on the 
end effect. For this purpose, we try to use 
experimental and numerical simulation methods to 
study this problem. On this basis, the influence law 
of the cathode and corrosion medium arrangements 
on the end effect will be clarified to provide a 
reference to avoid the appearance of such corrosion 
phenomenon. 
 

2. ELECTRIFIED CORROSION TEST 

2.1. Experimental program 

2.1.1. Specimen preparation 

In this test, a total of 6 RC specimens with a size of 
100mm × 100mm × 400mm were designed and 
fabricated, and each specimen was equipped with a 
diameter of 14mm HPB300 steel bars, as shown in 
Figure 1. The concrete strength grade of all the 
specimens was C30, and the composition of the 
concrete mix was 0.520(Water) : 1 (Cement) : 1.709 
(Fine aggregate) : 3.173 (Coarse aggregate), in 
which the cement was of Huaxin brand P•O42.5 
Ordinary Portland Cement (made in China), the 
coarse aggregate was continuous grading macadam 
with a particle size of 5–20 mm, the fine aggregate 
was the river sand with a fineness modulus of 3.3 
and the water was tap water. After 28 days of 
standard curing, the concrete compressive strength 
under standard test conditions was 35.6Mpa. Before 
concrete casting, the reinforcement was treated 
according to standard [28] to ensure no corrosion on 
the surface of steel bars. In order to facilitate the 
positioning of the steel bars during the casting of 
specimens, rubber sleeves with a length of 12 mm 
were set at both ends of the steel bars. 

 

Figure 1. The size and reinforcement of specimen (unit: mm) 

 

Figure 2. Corrosion condition (unit: mm) 
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2.1.2. Corrosion scheme 

In order to clarify the influence of cathode length and 
corrosion medium cover length on the longitudinal 
corrosion area of steel bars, six corrosion conditions 
were designed. The size of the cathode, cofferdam 
and its specific location are shown in Figure 2. 
Before the beginning of electrifying corrosion, the 
test specimens were immersed in NaCl solution with 
a mass concentration of 3% for 14 days. Then the 
NaCl solution was injected into the cofferdam as the 
corrosive medium, and a 304 stainless steel sheet 
with a thickness of 2mm was set as the cathode. 
During the corrosion period, the energizing current is 
102mA, equal to the product of the preset current 
density 0.002 mA / mm2 and the surface area of the 
exposed section of the steel bar (the current density 
is determined according to reference [29]). In order 
to stabilize the temperature and humidity of the 
specimen, a layer of preservative film was covered 
on its surface, and the temperature of the corrosion 
environment was controlled at 20 ± 2 °C. In order to 
facilitate comparison with the simulation results, all 
specimens were charged only before concrete 
corrosion cracking, and the charging time was 12 h. 
After the corrosion was finished, the specimen will 
be broken, the residual mortar on the surface of the 
steel bar will be cleaned, and the corrosion area of 
the steel bar will be recorded. 

2.2. Experimental results 

The corrosion of reinforcement ends in each test 
specimen is shown in Figure 3. When the cathode 
length is constant (such as S1, S2, S3, and S4 
specimens), the longitudinal corrosion area of 
reinforcement increases with the increase of 
corrosion medium coverage area along the 
longitudinal direction of specimen. However, when 

the coverage area of corrosion medium along the 
longitudinal direction is different, the main corrosion 
areas of reinforcement are obviously different. When 
the corrosion medium does not cover the end of 
steel bars (such as S1, S2, and S3 specimens), the 
corrosion area of the reinforcement is mainly 
concentrated in the area covered by the corrosion 
medium, the surface of the reinforcement adjacent to 
the corrosion medium is also slightly rusted, and the 
end of the reinforcement is almost not rusted, that is, 
the end effect is not obvious. When the end of the 
reinforcement is covered with corrosive medium 
(such as S4 specimen), the most severely corroded 
area is concentrated in the reinforcement at the edge 
of the rubber sleeve (as shown in the frame selected 
part in Figure 3), that is, the end effect is significant. 
When the corrosion medium coverage area is 
constant (such as S4, S5, and S6 specimens, the 
corrosion medium covers the end of the 
reinforcement), there is no significant difference in 
the corrosion area of the reinforcement along the 
longitudinal direction in each specimen with the 
increase of the cathode length. The most serious 
corrosion area of reinforcement is concentrated in 
the reinforcement at the edge of rubber sleeve, and 
the end effect is significant. It can be concluded that 
the longitudinal coverage area of the corrosive 
medium along the specimen is the key to affecting 
the longitudinal corrosion area and end effect of 
reinforcement, while the cathode length is not 
obvious. In order to further clarify the influence of the 
longitudinal coverage area of the corrosive medium 
and the cathode length on the end effect, the 
electromagnetic numerical simulation method will be 
used for further analysis. 

 
Figure 3. Corrosion of steel bar ends in each specimen 
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3. NUMERICAL SIMULATION 
 
The principle of electrified corrosion is electrolytic 
cell reaction, and the amount of steel corrosion is the 
amount of electrolysis of iron matrix. When 
controlling the corrosion amount of reinforcement, it 
is often calculated based on Faraday's Electrolysis 
law through the energizing current value and power 
supply time, as shown in formula (1). Among them, 
the energizing current can be expressed by the 
product of the current density and surface area, i.e., 
formula (2). If the current density distribution on the 
surface of the steel bar during energizing corrosion 
period can be clarified, the corrosion on the surface 
of the steel bar can be known. From the perspective 
of electromagnetics, energized corrosion is a 
process of current conduction, which flows from the 
positive pole of the power supply and flows into the 
negative pole. In the study of the current conduction 
problem, a numerical simulation method based on 
electromagnetic theory is often used to simulate the 
surface current density distribution of related 
components [30-31]. Therefore, for the problem of 
electrified corrosion of reinforcement in concrete 
specimens, an electromagnetic model can be tried to 
build by measuring the electrical parameters 
(including resistivity and dielectric constant) of 
reinforcement, concrete, corrosive medium, cathode, 
and other materials, and simulate the current density 
distribution on the reinforcement surface, so as to 
obtain the corrosion condition of reinforcement 
surface. 
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In formula (1), △mF is the theoretical corrosion 
amount calculated by Faraday's law, I is the 
energizing current, n is the number of valence 
electrons lost during the oxidation of the iron matrix, 
and its value is 2; F is the Faraday constant, its 
value is 96485C/mol; M is the atomic weight of iron 
with a value of 56g/mol; t is power on time. In 
formula (2), J(x,y,z) is the current density of a certain 
micro-element. 

3.1. Finite element model 

In this paper, the simulation calculation is carried out 
by using the finite element software ANSYS 
multiphysics. The simulation conditions and model 
dimensions are consistent with the test (see Figure 2 
and Table 1 for details), and the schematic diagram 
of the model is shown in Figure 4. When dividing the 
grid, the grid size of the steel bar is 1mm, the size of 
rubber sleeve, mortar, cathode, and salt solution is 
5mm, and the air is 10mm. Each grid type is a three-
dimensional tetrahedral element, which is a free grid 
division, and the element types are all solid 231 
units. When applying load and restraint, couple the 
potentials of all nodes on the steel bar, and input a 
current of 102mA to the middle node of the steel 
bars; couple the potentials of all the nodes of the 
cathode and set the potential to 0; set the potentials 
of all the nodes on the outermost layer of the air 
domain to 0. The main parameters involved in the 
five materials in the model are resistivity and relative 
permittivity. Among them, the concrete resistivity is 
measured after 14 days of soaking the specimens 
poured in the same batch as in the experiment. The 
specific values of resistivity and relative permittivity 
of each material are shown in Table 2. 

 
Figure 4. Simulation model (taking S5 specimen as an example) 
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Table 2. Parameters of simulation model 

Parameter category Concrete Steel bar/304 stainless steel Air 3% NaCl solution Rubber 

Resistivity (Ω·m) 33 9.78×10-8 1×1013 0.25 1×1013 

Relative permittivity 12 10-7 1.006 81.5 2.5 

Note: The resistivity of NaCl solution with a mass concentration of 3% was measured at 20 °C. 

 

Figure 5. Current density distribution on reinforcement surface of each specimen 
(Area Ⅰ denotes top view; Area Ⅱ denotes side view; Area Ⅲ denotes bottom view) 
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3.2. Simulation results and analysis 

The current density distribution on the reinforcement 
surface under various working conditions is shown in 
Figure 5. When the cathode length is constant, the 
current density distribution area on the reinforcement 
surface along the longitudinal direction is mainly 
concentrated in the corrosion medium coverage 
area. With the increase of the corrosion medium 
coverage area along the longitudinal direction, the 
current density on the reinforcement surface at the 
edge of the rubber sleeve gradually increases, the 
end effect gradually appears. When the corrosive 
medium covers the end of the steel bar, the end 
effect is most obvious, where the current density is 
the largest. However, when the corrosion medium 
covers the end of reinforcement, the increase of 
cathode length has no obvious effect on the current 
density distribution on the reinforcement surface. 
Obviously, the influence of the corrosion medium 
coverage area along the longitudinal direction and 
the cathode length on the distribution area of main 
current density along the longitudinal direction of 
reinforcement surface is consistent with that on the 
longitudinal corrosion area of reinforcement in the 
test, which shows that the corrosion area on 
reinforcement surface before concrete corrosion 
cracking can be predicted by using the numerical 
simulation method based on electromagnetism. 
 
4. DISCUSSION 
 
In conclusion, the longitudinal coverage of corrosive 
media is the critical factor affecting the longitudinal 
corrosion area and end effect of reinforcement. The 
analysis shows that this is because the coverage of 
the corrosive medium changes the current path 
flowing from the surface of the distal steel bar to the 
cathode. When the potential between the steel bar 
and the cathode is the same, the current tends to 
flow from the path with less resistance to the 

cathode. In this test, the resistivity of the corrosive 
medium is much lower than that of concrete. When 
the covering length of the corrosive medium is small, 
the current on the far-end reinforcement surface 
flows to the cathode through concrete. However, 
because of the high resistivity of concrete, the 
resistance of the current path is considerable, which 
results in the current density on the distal 
reinforcement surface being small. Although there is 
an overflow at the end of reinforcement, the large 
concrete resistance makes the end effect difficult to 
occur. When the coverage of the corrosive medium 
increases, the current path from the surface of distal 
reinforcement to the cathode will change, as shown 
in Figure 6, the current will first flow into the nearest 
corrosive medium and then be transmitted to the 
cathode through the corrosive medium, resulting in a 
certain current density distribution on the surface of 
the distal reinforcement. With the increase of 
corrosion medium coverage area along the 
longitudinal direction, the more serious the corrosion 
of the distal reinforcement is, the more obvious the 
end effect is. In addition, the cathode length only 
changes the resistance of current conduction from 
the end of the corrosion medium coverage area to 
the end of the cathode, but because the resistivity of 
the corrosion medium is small, this resistance is also 
very small and can be ignored. Therefore, when the 
corrosion medium coverage area remains 
unchanged, the change of cathode length has no 
obvious effect on the corrosion area of reinforcement 
along longitudinal direction, and the reinforcement in 
the area covered by corrosive medium will be rusted. 
It can be concluded that controlling the longitudinal 
coverage area of the corrosion medium along the 
specimen is the key to controlling the end effect. 
Increasing the distance between the end of the 
corrosion medium coverage area and the end of the 
reinforcement can effectively avoid the end effect. 
 

 

Figure 6. The current flow direction of the S3 specimen along the longitudinal middle section 
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5. CONCLUSION 
 
Based on the experimental work and numerical 
simulation of galvanostatic accelerated corrosion of 
steel bar in mortar, the following conclusions can be 
drawn: 
(1) When the resistivity of corrosive medium is much 
lower than that of concrete, the longitudinal coverage 
area along the specimen is the key to affecting the 
corrosion area of reinforcement, and the wider the 
coverage area, the wider the corrosion area of 
reinforcement along the longitudinal direction, the 
more prone the end effect is. When the corrosion 
medium coverage area is constant, the change of 
cathode length has no obvious effect on the 
corrosion area of reinforcement along the 
longitudinal direction. 
(2) The numerical simulation method based on 
electromagnetism can be used to predict the 
corrosion area of reinforcement before corrosion 
crack. 
(3) Increasing the distance between the end of the 
corrosion medium coverage area and the end of the 
reinforcement can effectively avoid the end effect. 
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