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Abstract— The purpose of placing steel in reinforced concrete structures is to increase the tensile strength of concrete. The 

diameters of the reinforcements steel in the concrete decrease as a result of electro-chemical reactions. Therefore; corrosion 

of reinforcement steels is the most important problem in the buildings. As a result of some experimental study, the ductility 

and ultimate load-carrying capacity decreases as the corrosion rate was increased. In this study, reinforcements steel with 

diameters of ø12, ø14 and ø16, respectively, were exposed to accelerated corrosion by applying 18 V DC stress intensity for 

18 hrs. The solutions whose NaCl ratios are 3, 3.5 and 4%, respectively, were prepared to investigate the effect of NaCl on 

accelerated corrosion on reinforcement steel. As a result; it has been observed that as the NaCl ratio decreases and rein-

forcement steel diameter increases, the corrosion rate decreases. 
Index Terms— Reinforcement steel, Accelerated corrosion, DC current, Ratio of NaCl. 

I INTRODUCTION

 
The tensile strength of concrete is low. In order to increase 

the tensile strength of the concrete, steel reinforcements of 

different diameters are placed in the concrete. The rein-

forcement steels in the concrete corrode over time and de-

pending on various factors. Corrosion of steel reinforce-

ments in concrete may cause deterioration of reinforced 

concrete structures over time and even structural collapse [1-

2]. Thus one of the main major reasons for the deterioration 
of reinforced concrete structures is the corrosion of steel 

rebar [3-5]. Corrosion of steel in concrete takes long time. 

Some accelerated techniques is need because of difficult to 

achieve a significant degree of reinforcement corrosion. 

Galvanostatic methods are used to determine corrosion rati-

os [6]. In order to study the accelerated corrosion character-

istics of steel rebar, three laboratory research methods are 

widely used, such as natural exposure (chloride diffusion, 

H2SO4, biological etc.) [7-8], artificial climate acceleration 

[9-11], electrochemical technique [12]. Austin et al. [13] 

have found that current can be used for accelerated corro-

sion. The corrosion rate with current application, is reducing 
the initiation period for depassivation from years to days 

[13]. Yuan et al. [14] have concluded corroded reinforce-

ment steel ratios are different when current application and 

nature corrosion of steel bar. This differences lead to differ-

ent corrosion distribution on the surface of the bar [12]. 

Some investigations have been reported about accelerating 

corrosion of reinforced steel. Husain et al. [15] have been 

used AC current for the evaluation and prequalification of 

concrete materials prepared with chemical corrosion inhibi-

tors and pozzolanic admixtures of GGBS slag. They have 

found that the AC current allows detection of performance 

of the steel reinforcement and the breakdown of passivity in 
concrete within a much shorter time than with DC current. 

Wang et al. [16] were prepared eight different reinforced 

concrete and corroded different accelerated corrosion setup 

such as wet-dry cycling, half-immersion, full-immersion etc. 

They found that however wet-dry cycling seems to be the 

best, the impressed current density is recommended to be 

kept below 50 IA/cm2. Sarıbas et al. [17] have investigated 

the short term effects of Na2SO4 and NaCl concentrations 

on the strength and durabilility characteristics of hardened 

mortars. They found that mortars with high water/cement 

ratio and then exposed to  Na2SO4 and NaCl concentrations 

has lower strength and durability characteristics. Paulson et 
al. [18] have investigated the capacity of penta sodium tri-

phosphate (PST) to avert the steel reinforcement corrosion 

in contaminated concrete,by putting specimens in NaCl 

solutions for 480 days. Their investigations proved that, PST 

can be used as a competent admixture for inhibiting the 

corrosion of steel reinforcement.In this study, DC stress 

intensity was applied on different diameters of reinforce-

ment steels. Different proportions of solutions were prepared 

to investigate the effect of NaCl on accelerated corrosion. 

The effects of accelerated corrosion on weight loss and ten-

sile strength of steels were investigated.  
 
II EXPERIMENTAL STUDY 
 
Reinforcement steel diameters of ø12, ø14 and ø16, respec-

tively, were weighed and recorded before the experiment). 

Then reinforcement steels have been put into sodium chlo-

ride solution at the ratio of 3, 3.5 and 4%). 18 V constant DC 

stress intensity was applied for 18 hrs on the reinforcement 

steels (Figure 1). At the end of the experiment, the rebars 

were cleaned with Clarke solution and their weight was 

measured). When the amount of water used in the experi-

ments is determined to be high during the experiments, the 

current drawn from the DC power supply becomes very high 
and causes the cable to burn). For this reason, 2000 liters of 

water were used in all NaCl solution (Table 1). It has been 

observed that the diameters of rebars have decreased after 



Ġsmail Hocaoğlu, Ġlker Bekir Topçu/Effect of DC Current and NaCl Ratio on Accelerated Corrosion at Different Diameter of Steels (2020) 
 

  

19  

accelerated corrosion test (Figure 2). Tensile strengths of 

steels is shown in Figure 3. 
III RESULTS AND DISCUSSION 

III.I Weight Loss in Accelerated Corrosion 

18 V DC stress intensity was applied for 18 hours to the 

reinforced steels that were put into a 3, 3.5, and 4% NaCl 
solution, respectively. Table 2 has been prepared in order to 

compare the weight loss rates of the samples due to acceler-

ated corrosion test. 

 
For all solution ratios, it was observed that as the reinforce-

ment diameter increased, the corrosion rates decreased. 

When the solution containing 3% NaCl in the mixture is 

examined, corrosion in the diameter of the reinforcement 

steel of ø12 poses more risk than the others. However, it has 

been observed that raising the reinforcement steel diameter 
to ø14 and ø16 does not pose corrosion risk.  As a result of 

the some experimental study, it was found that when corro-

sion ratio at 3% increased, the ductility of structural mem-

bers but decreases the ductility and ultimate load-carrying as 

the corrosion rate was increased [19].  With the increase in 

sodium chloride ratio, it causes an increase in corrosion rate 

and causes a decrease in reinforcement steel diameter. As the 

amount of NaCl in ø12 reinforcement steels increased from 

3% to 4%, the corrosion rates of the samples become 4.14%, 

11.40 and 11.61% respectively.  As the NaCl ratio increased 

in solutions, with ø14 reinforcement steel diameters, weight 

loss due to accelerated corrosion test were calculated 2.57%, 
9.22 and 11.00%, respectively. Weight loss ratios for bars 

with reinforcement steel diameter of ø16 were calculated as 

1.42%, 2.66 and 6.69%, respectively. It has been determined 

that as the NaCl ratio decreases and the reinforcement steel 

diameter increases, the corrosion rate decreases (Figure 4). 

Table 3 
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Figure 2. Rebars After Accelerated Corrosion 

 
 

 

TABLE 1 

NaCl Solution Mixing Ratios. 

Ratio of 

NaCl (%) 

The amount of 

water (l) 

The amount of 

NaCl (g) 

3,0 6000 180 

3,5 6000 210 

4,0 6000 240 

 

 

                          Figure 1 Acceleration corrosion setup      

 

TABLE 2 
     Weight Loss Rates Of The Reinforcement Steels due to 

Accelerated Corrosion Test. 

 

Ra-

tio of 

NaCl 

(%) 

Diame-

ter of 

Steel 

Weight 

before 

corrosion 

(g) 

Weight 

after 

corro-

sion (g) 

Weight 

loss (g) 

Weigh

t loss 

ratio 

(%) 

3,0 12 1375 1318 57 4,14 

3,0 14 1945 1895 50 2,57 

3,0 16 2380 2346 34 1,42 

3,5 12 1490 1320 170 11,40 

3,5 14 2005 1820 185 9,22 

3,5 16 2435 2370 65 2,66 

4,0 12 1515 1339 176 11,61 

4,0 14 2180 1940 240 11,00 

4,0 16 2540 2370 170 6,69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Tensile strenght tests of steels 
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Figure 4. Weight Loss Ratios of Rebars Depending Upon NaCl Ratio 

and Diameter of Steel 

 

III.II Results of Steel Tensile Strength  
Steel tensile tests were carried out on rebars that 18 V DC 

stress intensity applied for 18 hours in different proportions 

of NaCl solution. In general, as the diameter and NaCl ratio 
increases, it is observed that decreases of steel values (Fig-

ure 5). This situation can be explained by the cross section 

losses occurring in diameters as a result of accelerated cor-

rosion in the reinforcement steel. Table 3 has been prepared 

in order to compare the steel tensile strength values accord-

ing to the reinforcement diameter of steel NaCl ratio in solu-

tion. When the reinforcement steel diameters of ø12, ø14 

and ø16 are put in 3% NaCl solution and constant 18 V 

stress intensity is applied, the tensile strength were de-

creased by 2.29%, 4.15 and 11.36%, respectively. 

 

 

 

The tensile strength of the samples in 3.5% NaCl solution 
decreased by 19.59%, 12.60% and 19.58%. Reinforcement 

steel diameters of ø12, ø14 and ø16 were placed in 4% NaCl 

solution and DC tension was applied, resulting in tensile 

strength of 19.94%, 13.56 and 24.37%, respectively (Figure 

6).  

  

Figure 6. Tensile strength ratio losses depending upon NaCl ratio 

and diameter of steels 

 
Determining the tensile strength of reinforcement steel is of 

great importance in reinforced concrete structures. In some 

studies, it has been tried to establish a relationship between 

reinforcement steel corrosion and steel tensile strength. 

Moreno et al. [20] obtained the tensile strength of the steel 

of 525.59 MPa for ø16 size steels which were corroded 

7.43. In this study, for the 6.69 corrosion ratio it is reached 
496.07 MPa tensile strength for the same dimension of 

steels. In order to establish relation between tensile strength 

and weight loss ratio in terms of NaCl ratio (3, 3.5 and 4%) 

on reinforcement steels whose dimensions are ø12, ø14 and 

ø16, graphic has been prepared (Figure 7). As it shown in 

Figure 7, when the corrosion ratio of steels has increased, 

tensile strength has decreased for the all dimension of 

reinforcement steels.  Relationship between accelerated 

corrosion ratio and tensile strenght on different dimension 

steels which is put into 3 %, 3.5 and 4 % NaCl solutions 

have can be calculated as given in Table 4. 

 

TABLE 3 

The Tensile Strength Values Depending Upon Diameter of 

Steel and the Ratio of NaCl 

 

Dimension 

of steel 

Ratio of NaCl (%) 

0  3 3.5  4 

ø 12 670,23 654,64 538,93 536,54 

ø 14 612,35 586,90 535,16 529,31 

ø 16 655,93 581,41 527,47 496,07 

 

 

 

 
 

 

 

 

 

 

 

Table 3 

The Tensile Strength Values Depending Upon Diameter of 

Steel and the Ratio o 
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Figure 5. Tensile strengths of steels depending upon NaCl ratio in 

solutions 
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III.III The Relationship between DC Current Transition 

and Corrosion Ratio of Steel 

 
Because of liquid phase of NaCl solution electrical current is 

easily passes from one electrode to other electrode. The 

values of current have been measured by ampermeter. Am-

permeter has been directly connected to the reinforcement 

steels. It has been seen that, by increasing NaCl ratio in 

general it is observed that current passage is increased, too 
(Figure 8).  

 

 

 

 

 

 

 

 

 

 

 
 

 
In order to establish relation between current passages at the 

end of 18 hours and weight loss ratio in terms of NaCl ratio 

(3, 3.5 and 4%) on reinforcement steels whose dimensions 

are ø12, ø14 and ø16, graphics have been prepared (Figs. 9-

11). In Figs. 9-11, X axis represents corrosion weight losses 

and Y axis represents current pass at the end of 18 hours. As 

a result of forming trend line, equations of weight loss ratio 
by corrosion have been obtained depending on the NaCl 

ratio (3 %, 3.5 and 4 %) of the steels which dimensions are 

ø12, ø14 and ø16. It is concluded that the weight loss of the 

steels can be estimated by measuring at the end of the cur-

rent passage of the reinforcement steels. Although most of 

the sea waters have NaCl values of 3.1 % to 3.8 %, the NaCl 

rate in the seas varies around the world [21]. In Figure 9 it 

has been observed that the current passages on steels has 

been measured -0.131 Ma, -0.129 and -0.112 Ma, respective-

ly (Figure 9). 

In Figure 10, for the ø14 steels, the current passages on bars 

have been measured as -0.124 Ma, -0.123 and -0.112 Ma, 

respectively. It has been observed that when the NaCl ratio 

increased, the corrosion ratio of reinforcement steels have 

been increased too. 

 

 

 

TABLE 4.  

Equation and correlation coefficient for relationship be-

tween corrosion ratio and tensile strenght of different di-

ameters of steel 

 

Dimension of 

steel 

Equation R2 

12 y = -114,4ln(x) + 

817,15 

1,00 

14 y = -39,94ln(x) + 

624,52 

 0,9996 

16 y = -53,49ln(x) + 

592,57 

0,9336 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 8. Electrical current change depending upon dimension of 

steel and NaCl ratio 

Figure 9. Relationship between current and weight loss ratio of 
steels whose dimension are ø12 

 

 

 

Figure 7. Relationship between tensile strenght and weight loss 
ratio of steels whose dimensions are ø12, ø14 and ø16 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 8. Electrical current change depending upon dimen-

sion of steel and NaCl ratio 
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In Figure 11, for the ø16 steels, the current passages on 

steels have been measured as -0.122 Ma, -0.114 and -0.098 

Ma, respectively. In Figure 11, has been observed to the 
uniform increase in corrosion rate depending upon the NaCl 

ratios.   

 

This study is important because for the determination of 

corrosion rate of construction steels directly exposed to 

NaCl solution such as sea water. Relationship between ac-

celerated corrosion ratio and current passage on different 
dimension steels which is put into 3 %, 3.5 and 4 % NaCl 

solutions have can be calculated as given in Table 5. 

IV CONCLUSIONS 

The diameters of the reinforcements steel in the concrete 

decrease as a result of corrosion. Therefore; corrosion of 

reinforcement steels is the most important problem in the 

buildings. Determining the corrosion rate of steels at the 

buildings is extremely important to prevent damage to the 
structures. 

 

The results being obtained by the research study are given 

below: 

 

 It has been determined that as the NaCl ratio decreases and 

the reinforcement steel diameter increases, the corrosion 

rate decreases. 

 Generally, as diameter of steel and NaCl ratio increased, 

steel tensile strength values decreased. 

 The most efficient results in terms of steel tensile strength 
loss have been achieved with ø14 reinforcement steels.  

 Relationship between accelerated corrosion ratio and cur-

rent passage on different dimension steels which is put into 

3%, 3.5% and 4% NaCl solutions have can be estimated as 

using equation in Table 5. 

Consequently, reinforcement steels corrosion ratio can be 

accelerated by applying DC current. In order to make the 

study more detailed, it is recommended to test it with differ-

ent amounts of NaCl ratio and applying different voltage 

intensities. It is recommended to compare the same experi-

ments by applying AC current and applying current at dif-
ferent frequencies. 
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Figure 11. Relationship between current and weight loss ratio of 

steels whose dimensions are ø16 
 

Table 3 

The Tensileon Diameter of Steel and the Ratio of NaC 

 

 
 

 

 

 

 

 

 

 

 

Figure 10. Relationship between current and weight loss ratio of 

steels whose dimensions are ø14 

 

TABLE 5.  

Equation and correlation coefficient for prediction of corro-

sion ratio of different diameters of steel and the ratio of 

NaCl as a result of application of 18 V DC stress intensity 
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of steel 

Equation R2 
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0,1298 

0,4251 

16 y = 0,0156ln(x) - 

0,1282 

0,9935 

 

 

 



Ġsmail Hocaoğlu, Ġlker Bekir Topçu/Effect of DC Current and NaCl Ratio on Accelerated Corrosion at Different Diameter of Steels (2020) 
 

  

23  

rials, vol. 38, pp. 846–853, 2013. 
[7] M. Otieno, H. Beushausen, M. Alexander, ―Chloride-

Induced Corrosion of Steel in Cracked Concrete – Part 

I: Experimental Studies under Accelerated and Natural 
Marine Environments‖. Cem. Concr. Res, vol. 79, 

pp. 373-385, 2016. 

[8] O.A. Omotosho, O.O.  Ajayi, O.S.  Fayomi, V.O. Ifepe, 

―Assessing the Deterioration Behaviour of Mild Steel in 2 M 

Sulphuric Acid Using Bambusa Glauscescens‖.  Internation-

al Journal of Applied Engineering Research, vol. 2, no 2, pp. 

406-418, 2011. 

[9] Y. Zhao, X. Zhang, H. Ding, ―Non-Uniform Distribution 

of A Corrosion Layer at A Steel/Concrete Interface De-

scribed by A Gaussian Model‖. Corros. Sci, vol. 112, 

pp. 1-12, 2016. 
[10] Y. Ji, Y. Yuan, P.S. Surendra, ―Comparison of Two Ac-

celerated Corrosion Techniques for Concrete Struc-

tures‖. ACI Structural Journal, vol.104, no. 3, pp. 344–

347, 2007. 

[11] L. Li, C.L. Page, ―Finite Element Modelling of Chlo-

ride Removal from Concrete by An Electrochemical 

Method‖. Corrosion Sci, vol. 42, no. 12, pp. 2145–

2165, 2000. 

[12] A. Shamsad, ―Techniques for Inducing Accelerated 

Corrosion of Steel in Concrete‖. The Arabian Journal 

for Science and Engineering, vol. 34, no. 2C, pp. 95-

104, 2009. 
[13] S.A. Austin, R. Lyons, M.J. Ing, ―Electrochemical Be-

havior of Steel-Reinforced Concrete During Acceler-

ated Corrosion Testing‖. Corrosion, vol. 60, no. 2, pp. 

203–212, 2004. 

[14] Y. Yuan, Y. Ji, S.P. Shah, ―Comparison of Two Acceler-

ated Corrosion Techniques for Concrete Structures‖. 

ACI Structural Journal, vol. 104, no. 3, pp. 344–347, 

2007. 

[15] A. Husain, S. Al-Bahar, S.A. Salam, O. Al-Shamali, 

―Accelerated AC Impedance Testing for Prequalifica-

tion of Marine Construction Materials‖. Desalination, 

vol. 165, pp. 377–384, 2004. 
[16] X. Wang, X. Song, M. Zhang, X. Du, ―Experimental 

Comparison of Corrosion Unevenness and Expansive 

Cracking between Accelerated Corrosion Methods 

Used in Laboratory Research‖. Construction and 

Building Materials, vol. 153, pp. 36–43, 2017. 

[17] I. Sarıbas, O. Cakır, ―Short-term Effects of Sodium 

Sulfate and Sodium Chloride Solutions on The 

Strength and Durability Properties of Hardened Mor-

tars‖. European Journal of Science and Technology, 

vol. 6, no. 10, pp.38-47,2017. 

[18] B.M. Paulson, K. J. Thomas, V. P. Raphael, 
K.S. Shaju, K. Ragi, ―Mitigation of concrete rein-

forced steel corrosion by penta sodium triphosphate: 

physicochemical and electrochemical investigations‖. 

Springer Nature Switzerland AG, 2020. 

[19] I. Ertuç, H. Yalciner, A. Kumbasaroglu, ―Flexural Be-

havior of Reinforced Concrete Beams Subjected to 

Corrosion, Erzincan University‖. Journal of Science 

and Technology, vol. 11, no. 1, ISSN: 1307-9085, e-

ISSN: 2149-4584, 2018. 
[20] E. Moreno, A. Cobo, G. Palomo, M.N. González, 

―Mathematical Models To Predict the Mechanical 

Behavior of Reinforcements Depending on Their De-
gree of Corrosion and The Diameter of The Rebars‖, 

Construction and Building Materials, vol. 61, 

pp.156–163, 2014 

[21]https://www.sciencedaily.com/terms/seawater.htm#:~:te

xt=On%20average%2C%20seawater%20in%20the,s

odium%20chloride)%20dissolved%20in%20it. 
 

First Author’s Biographie  
 
Dr. Ġsmail Hocaoğlu is currently assistant professor in the Afyon 
Kocatepe University, Bolvadin Vocational School Civil Depart-
ment, Afyonkarahisar, Turkey. He graduated from Civil Engineer-
ing in 2008, and obtained his MS from the Institute of Science, 
Süleyman Demirel University, Isparta, Turkey. He obtained his 
Ph.D. from the Institute of Science, Afyon Kocatepe University, 

Afyonkarahisar, Turkey, in 2018. He has worked in Afyonkarahisar 
municipity by civil enginner during ten years.  He has published 7 
refereed papers in international and national journals, 10 proceed-
ings papers in international and national congress and symposiums, 
1 book chapters. His papers cited more then 100. His research 
interests are, electrical features of mortar and concrete, concretes 
using industrial wastes such as fly ash, bottom ash, silica fume, 
accelerated curing of concrete.  

 

Second Author’s Biographie  

 
Dr. Ġlker Bekir Topçu is currently professor in the Civil Engineer-
ing Department, Eskişehir Osmangazi University, and Eskişehir, 
Turkey. He graduated from Engineering and Architecture of State 
Academy in 1980, and obtained his MS from the Institute of Sci-

ence, Anadolu University, Eskişehir, Turkey, in 1984 and joined 
the teaching profession as a research assistant in 1982 at the 
Anadolu University. He obtained his Ph.D. from the Institute of 
Science, Ġstanbul Technical University, Ġstanbul, Turkey, in 1988. 
He has worked as a visiting scientist at the Lehigh University, from 
1990 to 1992, and Northwestern University, from 1996 to 1997. He 
has published 180 refereed papers in international and national 
journals, 229 proceedings papers in international and national 
congress and symposiums, 13 book chapters and 57 actual papers. 

His papers cited more then 7846. He supervised 13 PhD and 42 Ms 
Thesis. His research interests are lightweight, heavyweight and 
high-strength concretes, concretes using industrial wastes such as 
fly ash, bottom ash, silica fume, waste tire, waste glass and waste 
concrete, Khorasan mortars, concrete as a composite material, 
using admixtures and additives in concrete, Ferrocement and using 
artificial neural networks and fuzzy logic techniques in concrete 
technology. He is currently supervising 8 Ph D and 8 Ms Thesis. 

Married and has a daughter. In 2018, ASCE 2017 Outstanding 
Reviewer was selected. In 2019, it became the 4th in the Top Ten 
Awards given by the ESOGÜ Rectorate for academic publications 
and 11th in 2020. In July 2020 prepared by a team of US and Dutch 
scientists, scientists around the world who took part in the 196 
most influential people from science to the list of Turkey. In an 
article prepared by Stanford University researchers in October 
2020, it was among the top 2% of the names in the world in the 

evaluation made according to various citation indicators such as 
citation, h-index, hm-index. 

https://www.sciencedaily.com/terms/seawater.htm#:~:text=On%20average%2C%20seawater%20in%20the,sodium%20chloride)%20dissolved%20in%20it
https://www.sciencedaily.com/terms/seawater.htm#:~:text=On%20average%2C%20seawater%20in%20the,sodium%20chloride)%20dissolved%20in%20it
https://www.sciencedaily.com/terms/seawater.htm#:~:text=On%20average%2C%20seawater%20in%20the,sodium%20chloride)%20dissolved%20in%20it

