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Abstract  

Corrosion of steel bridges is a major problem because it has the 
potential to reduce the performance of the structure over its lifetime. 
One factor that should not be reduced is fracture toughness, so this 
should be a very important concern in the maintenance program. 
Existing guidelines do not specify when corrosion conditions are 
hazardous and when corrosion conditions are not hazardous to 
structural performance. This study aims to explain how long 
corrosion does not cause danger, and when corrosion becomes 
dangerous. The Charpy Impact Test was used in this study to 
examine the effect of corrosion with a corrosion duration of weekly 
up to one year on fracture toughness. The series of tests in this 
research program used SM-490-type specimens which are steel 
plates commonly used for bridge structures. Specimens with 
variations in corrosion duration which were the result of immersion 
in sulfuric acid solution to simulate corrosion growth were then 
subjected to crack toughness testing. The toughness of each 
specimen was tested with a corrosion period starting from 1 week 
and so on up to 1 year to determine the level of fracture toughness. 
The results obtained from all tests showed that there was no 
decrease in the toughness of the corroded specimens for up to 1 
year. The data presented in this study is very helpful for the 
designers and maintainers to plan corrosion treatment programs 
with clearer and more accurate considerations in assessing the 
structural integrity of steel bridges affected by corrosion. 
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INTRODUCTION 

The existence of corrosion on steel as in 
bridge construction is very dangerous because 
it has the potential to cause construction to 
collapse before the design life. Therefore, this 
is a serious hazard that must be a concern in 
the process of designing and maintaining a 
construction using steel material.  

The occurrence of corrosion is an 
influence of the natural environment which in 
fact cannot be easily avoided, especially in 
tropical areas which are highly susceptible to 
corrosion. The hazards that arise can be 

caused by several possibilities that can reduce 
construction performance during the service life 
of the construction. This study focuses on the 
effect of corrosion on the possibility of 
decreasing fracture toughness associated with 
the duration of corrosion. 

Wang et al. [1] have carried out 
experimental tests on the characteristics of 
naturally corroded steel strips on bridge girders. 
The girder has been in use for 128 years, which 
is a very long time exposed in nature, both day 
and night. Based on the results obtained from 
the experimental analysis, one of the 
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conclusions they found was a decrease in 
fracture toughness due to corrosion. 

Zhang et al. [2] said that degradation of 
fracture toughness occurs in structures made of 
steel which then experience corrosion. They 
have even investigated that the presence of 
corrosion can accelerate crack propagation. 
The fracture toughness of corroded steel 
decreases with increasing corrosion severity 
[3].  

Ermakova et al. [4] in their study also paid 
attention to the behavior that appears concerning 
toughness, especially the degree of sensitivity 
shown with the fracture toughness properties that 
occur in corrosive environments. They also 
concluded that in the study there had been a 
decrease in the yield stress due to corrosives. 

Wang et al. [5] analyzed the causes and 
mechanisms that affect the fracture toughness of 
a welded joint in steel due to the presence of 
corrosion. The result obtained is the formation of 
hydrogen cracks due to H2S corrosion causing a 
decrease in fracture toughness. 

Guo et al. in their publication [6], said that 
corrosion events in the field are very scary and 
very dangerous to the performance of steel 
bridge structures, so it is very urgent to 
determine how to program corrosion cleaning 
during the period of use and the maintenance 
period of the steel bridge to be free from this 
dangerous threat.  

In the construction of new bridges as well 
as the regeneration of several old bridges, there 
needs to be an effort to reduce the 
uncomfortable and unsafe impacts caused by 
environmental influences such as corrosion [7, 
8, 9]. 

Various maintenance efforts have been 
made by the community and agencies with 
guidelines to achieve what is required to meet 
the health and safety standards of steel bridge 
construction affected by corrosion, such as 
cleaning to prevent corrosion, such as painting 
before corrosion, and important maintenance, 
for instance replacing girders. as stated by Han, 
et al. [10]. This is very closely related to 
inspection and maintenance, especially in steel 
bridge construction because the construction is 
openly exposed in an environment that is not 
protected from rain and heat. Inspection and 
maintenance of steel bridges must be carried 
out to avoid a decrease in the performance of 
steel bridges during service or use, therefore 
those who carry out inspections and 
maintenance need to know when, how long, 
and what kind of corrosion conditions start to 
reduce the performance of steel bridges.  

Existing inspection and maintenance 
guidelines do not explain when it is dangerous 
and when conditions are not classified as 
dangerous in detail on steel bridges that 
experience corrosion, considering the impact of 
corrosion on performance degradation or the 
mechanical properties of the material [11][12]. If 
corrosion is already in a dangerous state, 
maintenance alone is no longer sufficient and 

repair measures must be taken [13]. 
Repair activities should be avoided 

because they will disrupt the service of the steel 
bridge and require high costs. This research is 
intended to meet these demands, so that it can 
be used as a guideline and to keep steel 
bridges always in prime condition and very 
feasible for operation by knowing how long the 
corrosion conditions occur in prime condition 
and not endangering the safety and comfort of 
bridge users [14].  

Steel corrosion has been extensively 
studied. After all, it is a serious problem for the 
performance of structures, especially steel 
bridges, because it can result in a reduction in 
cross-section and a decrease in the mechanical 
properties of the material, such as a decrease 
in ductility, including a decrease in ultimate 
strength, and a decrease in yield strength 
[15][16]. Other studies conducted on steel for 
pipelines and bridges also concluded the same 
thing. These studies concluded that corrosion 
could reduce the service life of steel pipelines 
and steel bridges and make them susceptible to 
failure [17, 18, 19, 20]. 

In various cases that occur in steel 
construction, it simultaneously experiences 
stress due to loading and is also under 
corrosive conditions [21]. Therefore, it becomes 
very important to consider and measure the 
corrosion behavior and its impact on steel, 
including its fracture toughness. This is 
because every construction that experiences 
corrosion will also experience stress 
simultaneously, this condition is closely related 
to efforts to optimize the process of 
maintaining, repairing, and rehabilitating steel 
bridges during the design life of the bridge. The 
stress acting on the structure causes a 
decrease in the corrosion resistance of the steel 
[22, 23, 24, 25, 26]. 

The corrosion process of steel materials 
has also been studied extensively, in detail, [27, 
28, 29], which shows that the formation of a 
passive oxide film that occurs both before as 
well as during corrosion gives rise to a 
protective layer against corrosion on steel. 
From the results of a study, it was also stated 
that the stress applied damaged the passive 
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oxide film which resulted in increased 
dissolution growth that occurred on the outer 
layer of steel [29]. It was also found that the 
stress that occurs also causes deformation on 
the outside of the steel plate, which results in 
an increase in energy that occurs on the 
outside of the steel which results in easy 
corrosion and covering the outer area of the 
plate [25][26]. 

The combination of stress and corrosion 
can also result in a decrease in the mechanical 
properties of steel [27][29]. On the one hand, as 
previously mentioned, Stress is the main cause 
of the occurrence of passive oxygen film 
rupture and at the same time is the beginning of 
microplastic deformation in the microstructure 
of the material, starting from the grain 
boundaries. These things are closely related 
and even directly cause the initiation and can 
also be continued with the propagation of stress 
corrosion cracking [26]. On the other hand, the 
occurrence of the phenomenon of hydrogen 
embrittlement results in a more serious 
condition if, at the same time, the steel is also 
under stress [27][28]. This is because stress 
causes more cracks and cavities in the steel 
which favor diffusion and housing of hydrogen 
atoms [30].  

In most real cases, steel is subjected to 
elastic stress ranging from 70% to 80% of its 
yield strength under service loads used in 
bridge design standards [31], and knowledge of 
the effect of elastic stress on corrosion is still a 
topic of research concern. Researchers showed 
that elastic stress is associated with an 
increase in surface energy, which then can also 
lead to an increase in the growth of corrosion in 
the steel material. However, other researchers 
found that operating elastic stress did not affect 
corrosion growth in steel. To examine the 
different views from each other, studies are still 
being carried out on this topic, for example by 
conducting comprehensive studies and tests to 
learn more about the effect of elastic stress on 
corrosion growth which is still a concern today. 

In addition, these researchers have 
shown that steel materials subjected to 
overstress are hazardous to corrosion cracking 
due to these stresses, and thus to hydrogen 
embrittlement [27, 32, 33]. In addition, the 
combined effects of corrosion and stress on 
mechanical properties have been studied 
especially for pipe steel, high tensile stress, and 
corrosion-resistant steels [34, 35, 36] as well as 
by other researchers [37, 38, 39]. From the 
literature, it can be assumed that a greater 
number of hydrogen atoms can enter the steel 
when the steel is under stress, and at the same 

time undergo a process of corrosion. Although it 
is realized that corrosion is a problem, however, 
steel materials have been widely used, 
including for bridge construction [40].  

Many studies on the corrosion of steel 
have been carried out with their respective 
characteristics, including research on the effect 
of the surface area ratio of steel to aluminum on 
the corrosion rate [41][42]. This study looks at 
the aspect between surface area and corrosion 
rate, where with an increase in the surface area 
ratio an increase in the corrosion rate occurs. 

This research has carried out a 
comprehensive experimental program to 
achieve the goal of investigating what happens 
to non-corrosive and corrosive steel materials 
by conducting tests to measure the degradation 
of mechanical properties under a corrosive 
environment that increases the concentration of 
hydrogen which results in the corrosion of steel 
materials.  

After going through several stages of 
corrosion time according to the plan on the test 
object, then each of these stages is also 
followed by an investigation of the impact on 
the possibility of decreasing the mechanical 
properties of the material, such as its toughness 
by carrying out an impact test. This is following 
the purpose of this study to explain how long 
corrosion does not cause danger, and when 
corrosion becomes dangerous. 
 
METHODS 

The type of steel used in this study is a 
type that is commonly used and widely applied 
in steel bridge construction. The simulation of 
the corrosion process was carried out by 
immersing the steel specimens in an acid 
solution. Loss of mass and mechanical 
properties of the specimens after each stage of 
immersion were measured. 

The research has been carried out in 
several stages. In the early stages, a literature 
study was carried out including consultations and 
discussions with industry parties such as the PT 
BUKAKA team. Then preparations were made 
with the internal research team. Furthermore, 
several main stages have been carried out in this 
study, as explained below. 
 
Preparation of the test object 

The specimens used in this study were 
made of steel and specially selected from the 
SM-490 type. This is done because this type of 
steel material is a steel plate that is commonly 
used and widely applied to bridge construction 
and other steel construction everywhere. 
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Figure 1. Charpy-impact-test object [43] ASTM E 

23-18, 2018 
 
The dimensions and shapes as well as the 
provisions used on all test objects are made 
according to international standards, in this study 
ASTM E23-18 was used, 2018 [43] as shown in 
Figure 1. 

This study conducted tests on the 
specimens in the laboratory using the Charpy 
Impact Test Machine. 

 
Making Impact Test Objects 

In the process of making this impact test 
object, steel material with grade JIS G3106 SM-
490 is used which is very much and is commonly 
used in bridge construction both in Indonesia and 
in other countries. The standard size of each test 
object is adjusted to ASTM E23-18 [43]. The 
process of making the test object itself was 
carried out at the Mechanical Engineering 
Laboratory of the Jakarta State Polytechnic using 
a 3-axis CNC, MORI SEIKI MV-45/40, made in 
Japan. Test objects that have been made 
according to standards are shown in Figure 2. 

 

 
Figure 2. Test the object before it is corroded 

 
 
 

The process of corroding the test object. 
After making the test object, then the 

corrosion process is carried out using a mixture 
of distilled water mixed with Sulfuric Acid (H2SO4) 
ASTM G31-21. 2021 [44]. The corrosion process 
using Sulfuric Acid (H2SO4) for research has 
been widely used and is still frequently used 
today which aims to determine the rate of 
corrosion reactions in steel [45, 46, 47, 48, 49]. 
When the mixture of distilled water and H2SO4 is 
ready, the specimen is dipped into the mixture for 
a day. After a day of immersing the test object 
using a mixture of solutions with a percentage of 
H2SO4 content of 30%, 40%, and 50%, then 
removed from the mixed solution and placed in a 
room that has a room temperature of 
approximately 250 C so that the oxidation process 
occurs, and the test object corrodes [44]. The 
duration of corrosion on the specimen for the 
impact test in this study was carried out in five 
variations, namely 1 week, 2 weeks, 3 weeks, 4 
weeks, and 52 weeks or one year. The 
implementation of immersing the test object in a 
mixed solution with a predetermined percentage 
of H2SO4 is shown in Figure 3, and the test object 
that has been corroded is shown in Figure 4. The 
H2SO4 used in this study is a product from the 
manufacturer Chepy Elkimy Chemindo, and the 
H2SO4 content is 98%. 
 

 
Figure 3. Immersion of Test Objects 
 

 
Figure 4. Test object after being corroded 
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Testing 
This research was conducted in the 

Center of Excellence for Infrastructure 
Technology Laboratory - Jakarta State 
Polytechnic or PUTI - PNJ. The tool used is the 
Charpy Impact Test MTS-E22 Pendulum Impact 
Test System for Metals, Standard GB/T 229-2007 
which has a maximum impact energy of 450J, 
made in the United States. 

Impact testing for all corroded and non-
corroding specimens was carried out. The first 
test was carried out on non-corroding specimens. 
Then, after all the non-corroding specimens have 
been tested for impact, the test is continued with 
the specimens which have corroded because of 
the immersion process in the H2SO4 mixed liquid 
according to the length of time specified for each 
group of test objects. 

 
RESULTS AND DISCUSSION 

The following are the results of the impact 
tests that have been carried out for both corroded 
and non-corroded specimens. Detailed test 
results are presented in graphical form, and 
summary test results for specimens without 
corrosion and specimens with corrosion are 
presented in tabulation form. 

Specimens that were not corroded or in 
this study called 0-week corrosion were directly 
tested for impact. The test results are shown in 
Figure 5. The data obtained show that the 
resulting impact energy has a close tendency 
between one test object and another, which is 
around 200 Joules. 

The test specimens are corroded 
simultaneously, then tested according to plan, 
namely for corrosion times of 1-week, 2-week, 3-
week, 4-week, and 52-week or one year. 

Following the test schedule, the specimens 
that have been corroded during the first 1-week 
are immediately impact tested. The test results 
are shown in Figure 6. 

 

 
Figure 5. Impact test results with 0-week 

corrosion 
 
 

 
Figure 6. Impact test results with 1-week 

corrosion 
 

The data obtained show that the resulting 
impact energy has a close tendency between one 
test object and another, which is around 200 
Joules. This tendency is the same as that 
obtained from the specimen without corroding. 

Subsequent tests were carried out on 
specimens that had been corroded for 2 weeks. 
The test results obtained are shown in Figure 7 
below. The data obtained from all these test 
objects show results with impact energies that 
also have a close tendency between one test 
object and another, which is still around 200 
Joules. This tendency is the same as the results 
obtained from testing the specimens without 
corroding. 

Subsequent tests were carried out with 
specimens that had been corroded for 3-weeks. 
This test also shows the same test results with 
the tendency of the results obtained from the test 
object without corroding, as shown in Figure 8. 
The data obtained from this test object shows 
results with close impact energy between the test 
objects, which is still around 200 Joules. 

The test was continued with the corroded 
specimen for 4-weeks. Like the previous tests, at 
this stage, it also showed the same test results 
with the tendency of the results obtained from 
testing the test object without corroding, as 
shown in Figure 9. 

 

 
Figure 7. Impact test results with 2-week 

corrosion 
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Figure 8. Impact test results with 3 weeks of 

corrosion 
 

 
Figure 9. Impact test results with 4-week 

corrosion 
 

The data obtained from this test object showed 
results with a close impact energy between one 
test object and another, which is still around 200 
Joules. 

Subsequent tests were carried out on 
specimens that had been prepared for a 52-week 
or one-year corrosion period. The results 
obtained were still the same as previous tests, 
namely testing of specimens without corrosion 
and specimens with corrosion at 1-week, 2-week, 
3-week, and 4-week respectively. At this stage, it 
also shows the same test results, as shown in 
Figure 10. The data obtained from this test object 
also still shows results with a close impact energy 
between one test object and another, which is 
still around 200 Joules. 

 
Figure 10. Impact test results with 52-week 

corrosion 

To show the results of the fracture 
toughness test of the specimens without 
corrosion or 0-week corrosion compared to all the 
specimens that were corroded, the following is 
presented the results of the test without corrosion 
and the average value presented by each group 
of corroded specimens as shown in Table 1. 

An overview of the fracture toughness from 
the test results, which is presented the average 
results confirmed by each group of test objects 
with a duration of corrosion with conditions 
between 0-week to 52 weeks shown in Figure 11. 

Statistical analysis was used to compare 
the performance shown by the test results for 
each specimen condition with corrosion durations 
of 0 weeks, 1 week, 2 weeks, 3 weeks, 4 weeks, 
and 52 weeks, respectively. From the plot data 
shown above, the results of the T-test were 
obtained with a standard deviation of 6.825697 
and skewness of 0.393543. 

In Figure 11 it is seen that the impact of 
the duration of corrosion starts from the 
specimens with 0-week corrosion or rusting 
conditions to the specimens with 52-week 
corrosion conditions showing the same results. 
The test results obtained are absorbed energy or 
impact energy of around 200 Joules, which is a 
condition where there has been no change 
indicating a decrease in the fracture toughness of 
the steel material.  

The actual corrosion rate is the speed of 
propagation or the speed of material degradation 
over time. 

 
Table 1. Test Results of Non-Corroded and 

Average Values of Corroded Specimens 

No 
Non-Corroded 

(Joule) 
Corroded 

(Joule) 

1 153 210 
2 241 203 
3 221 201 
4 215 202 
5 220 217 
6 - 214 

 

 
Figure 11. Average impact test results with 0-

week to 52-week corrosion duration 
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In this study to show the trend of corrosion 
rate is calculated using the Loss of Weight 
Method. The weight loss method uses the weight 
loss due to corrosion to determine the corrosion 
rate with the formula: 

 (1) 

where: 
W   = weight reduction (mg) 
W2 = final weight 
W1 = initial weight 

Specimen weighing was carried out before 
and after corrosion to determine the development 
of corrosion on the surface of the test object. The 
first weighing is carried out for specimens without 
corrosion which is called 0-week corrosion. Then 
proceed with specimens that have been corroded 
for 1 week, 2 weeks, 3 weeks, 4 weeks, and 
specimens with 52 weeks corrosion. The 
weighing results that describe the corrosion rate 
are shown in Figure 12. 

The test specimens as described above 
show that the selected corrosion time is up to 1 
year and the fracture toughness that occurs has 
not shown a decrease in material performance. 
On the other hand, it is generally known and 
has long been common knowledge of engineers 
that corrosion is very dangerous and can lead 
to the collapse of a structure. 

The results of several studies indicate 
that the hazard that arises can be caused by a 
decrease in the volume of the steel plate, a 
decrease in the yield stress capability, and 
other mechanical properties including fracture 
toughness. This study focuses on the effect of 
corrosion on fracture toughness concerning the 
duration of corrosion. 

The mechanical properties and other 
properties of corroded steel material also affect 
the stress and conversely the stress that occurs 
also affects the rate of corrosion.  
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Figure 12. Development of corrosion from 0-week 
to 52 weeks 

 

In fact, what is happening in the field, is 
the bridge steel material does not only 
experience corrosion as a single cause. Stress 
and other environmental conditions also greatly 
affect the performance of steel materials. 
Research related to this matter should be of 
concern to researchers and bridge managers, 
especially for steel bridges. Aspects related to 
the decrease in the performance of bridge steel 
materials will be carried out in further research 
activities and will become part of this research 
roadmap. 

Previous research [1] conducted 
experimental tests on the characteristics of steel 
pieces that had undergone natural corrosion on 
bridge girders that had been used for a very long 
time of 128 years, proving that there had been a 
decrease in fracture resistance due to corrosion. 
Accordingly, [2] found that degradation of fracture 
toughness also occurred in structures made of 
steel and corroded. The fracture toughness of 
corroded steel decreases with increasing 
corrosion severity. Other researchers [3][4] in 
their research demonstrated the level of 
sensitivity related to the fracture toughness 
properties that appear in a corrosive 
environment, such as the decrease in yield stress 
due to corrosive effects. However, those studies 
do not specifically examine the impact of the 
length of time of corrosion that needs to be 
considered and carried out in a process of 
maintaining or inspecting steel bridges. 
Generally, only describes the process carried out 
between 6 months to 1 year. 

The existing guidelines [11][12] require an 
inspection to be carried out once a year, but it is 
not clear what the consequences of corrosion 
occurring during the year on the mechanical 
properties of the steel material are not explained. 
This study explains that corrosion within a year 
still provides excellent performance because 
during such a period there has been no reduction 
or decrease in the performance of steel materials 
due to corrosion. Thus, inspection and 
maintenance if carried out no later than once a 
year will maintain conditions that can maintain 
the performance of the bridge steel material as it 
was in its initial state [50]. 

This research continues to carry out the 
corrosion process on many test objects over a 
longer period with variations to help designers 
and managers of steel bridges make inspection 
and maintenance plans more accurately in 
assessing the integrity and performance of steel 
bridge structures subject to corrosion. 

 
 



SINERGI Vol. 27, No. 2, June 2023: 153-162 

 

160 F.  Fahimuddin et al., Effect of one-year corrosion on steel bridge materials in the ... 

 

Further research will also continue to be 
carried out to analyze the rate of corrosion 
development, examine the effect of reducing the 
volume of steel on the existing stress capabilities, 
and test fatigue performance after experiencing 
corrosion, including changes in the material's 
microstructure. 

 
CONCLUSION 

Test results from corroded specimens for 
one week to one year did not show any decrease 
in fracture toughness compared to non-corrosive 
specimens. Specimens that have been corroded 
for one year still have the same fracture 
toughness as specimens without corrosion. This 
shows that steel that is corroded with a corrosion 
time of up to one year still shows very good 
performance or is not yet dangerous for hydrogen 
embrittlement during the corrosion process. The 
strategy of routine inspection once a year can be 
carried out if it is accompanied by cleaning in 
perfect corrosion treatment, by maintaining the 
condition of the steel as if it is not corroded. 
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