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 The use of thin-walled steel tanks in various industrial and structural fields has been 
increasing in recent years. One of the most important problems for tanks that are exposed 
to various effects throughout their lifetime is corrosion. There is a change in the cross-
sectional properties of the tanks used for storage and containing chemicals with low pH due 
to corrosion. This deformation caused by corrosion also affects the strength of the tanks. In 
this study, four thin-walled steel tanks with the dimensions of 800x400x0.45 mm were filled 
with acid solution containing varying proportions of HCl (hydrochloric acid) and exposed to 
corrosion for 24 hours. The weight loss caused by corrosion was determined and the effect 
of this weight loss on the buckling behavior of the tanks was investigated. It was determined 
that as the filling rate of the tanks and the percentage of acid in the solution increased, the 
corrosion damage and thus the buckling damage increased. The number of buckling waves 
has increased in tanks with more corrosion damage. 

1.Introduction 

Metals are exposed to corrosion due to various effects throughout 
their lifetime. In studies investigating the effect of corrosion on 
metals, it is stated that the cross-sectional properties of metals 
change due to corrosion [1]. Hydrochloric acid is a highly aggressive 
and strong acid. Metal corrosion occurs even when the percentage of 
acid in the solution is low [2]. In cases where the metal comes into 
contact with the acidic solution, the corrosion rate and the corrosion 
damage that will occur increase as the acid ratio in the solution 
increases [3]. Sharifi and Rahgozar (2010) [4] stated in their study that 
corrosion causes thickness loss, and this thickness loss causes a 
decrease in the moment capacity. 

Determination of corrosion rate is a widely used method by means of 
weight loss or thickness loss data of metals. Xu et al. (2019) [5] stated 
in their study that as the corrosion damage increases, the mechanical 
properties of the elements such as stiffness, energy absorption 
capacity and axial pressure capacity decreases. The mass-loss  rate 
was used to determine the corrosion rate. Kim et al. (2017) [6] 
examined the tensile strength of structural elements exposed to 
corrosion in their study. In this study, thickness loss data were used 
to determine the corrosion class. Corrosion classification was made by 
proportioning the thickness data obtained from different parts of the 
elements to each other. It has been stated that the damages generally 
occur in regions where the thickness decreases more. Morales et al. 
(2000) [7] investigated the corrosion of low carbon AISI 1008 steel in 
contact with sulfate and chlorine-containing solutions in their study. 
In this study, mass loss method was used to determine the corrosion 
rate as specified in ISO norm 156/4 N 153. Fiolek and Jakubowski 
(2019) [8] investigated the effect of corrosion on the local buckling 
capacity of box-section profiles in their study. The thickness of the 
profiles was reduced by etching with acid. Thickness loss data were 
used to calculate the corrosion rate.  

In this study, the effect of acid corrosion on mass loss and buckling 
behavior in thin-walled tanks was investigated. In the first stage, the 
tanks were exposed to corrosion for 24 hours with 5% and 10% acid 
solutions.  Weight loss rates were determined with the help of 

formula. Then, the buckling test was performed on the tanks. 
Damages in the tanks were examined. 

2. Testing process 

2.1. Test specimens and properties 

In this research steel sheets with the dimensions of 1260x800 mm 
have been used to prepare thin walled cylindrical tanks. Material 
properties obtained from coupon tests are given in Table 1. Sheets 
were rolled with with the machine used by Maali et al. (2015). Then 
connections attached to each other by soldering. The reason of 
choosing soldering instead of welding is the material thickness. 
Welding may cause defection to thin materials. After rolling and 
soldering process, preparation phase of the tanks has been completed. 
Figure 1 shows the dimension details of the models. 

Table 1. Material properties of the steel sheets 

Failure Stress 342.4 MPa 
Yield Stress 198.8 MPa 
Modulus of Elasticity 210 GPa 
Poisson Ratio 0.29 
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Figure. 1. Dimensions of the tanks 

In this study, the tanks were divided into two groups as full and half 
full. Foam board sheets are used to prevent the solution to be filled 
into the tanks from leaking. After the tanks were placed on the foam 
bard sheets, the contact area of the foam bard sheet and the tanks was 
siliconized from inside and outside. The tanks were filled with 
solution containing 5% and 10% hydrochloric acid and exposed to 
corrosion at room temperature for 24 hours. Details of the models 
used are given in Table 2. Figure 2 shows the M3-H-A10 tank half-
filled with 5% solution. 

Table 2. Details of models 

Group Models Fulness HCl Solution 
Fully Filled M1-F-A10 Full 10% 

M2-F-A5 Full 5% 
Half Filled M3-H-A10 Half 10% 

M4-H-A5 Half 5% 
 

Model: M1-F-A10; M1: Model 1; F: Filling ratio (F: Fully filled and H: 
Half full) A10: Acid ratio in solution (A10: Solution containing 10 

percent hydrochloric acid and A5: Solution containing 
5%hydrochloric acid)

 
Figure 2. Half filled tank M3 

 
2.2. Test setup 

In this study, the test system used by Maali et al (2019) [9] was used. 
The test system is given in Figure 3. The test system consists of two 
1500x1500x30 mm plates, vacuum pump, circular supports and a 
crane that helps the upper plate to move. In this study, a vacuum 
pump with a hydrostatic pressure capacity of 600 kPa was used. After 
the tanks are placed on the circular supports, the contact areas are 

siliconized to prevent air leakage. The movement of the system is 
prevented by tightening the bolts on the edges of the plates. The data 
obtained from LVDT and strain gauges were transferred to the 
computer with a data collection device. 

LVDT (Linear variable displacement transducer) and strain gauges 
were used to measure the deformations and displacements that will 
occur in the tanks during the buckling test. Four LVDT's were placed 
around the tanks where buckling waves are expected to form. Strain 
gauges were placed on each tank horizontally and vertically to 
measure the deformations. The layout of the LVDT and strain gauges 
is given in Figure 4. 

 

Figure 3. Test setup used for buckling tests (Maali et al. 2019 [9]) 

 

Figure 4. Location of measurement tools 

3. Results of corrosion tests 

Weight loss rates were determined with the help of pre- and post-
corrosion weights of the models. The formula used in the study of 
Noor and Al-Moubaraki (2008) [3] was used to determine the weight 
loss rates. Weight loss rate ρml (g mm-2 min-1) was calculated by the 
following formula: 

ρml=
𝑚𝑚𝑏𝑏−𝑚𝑚𝑎𝑎

𝑆𝑆.𝑡𝑡∞
                    (1) 

In this formula, mb is the pre-corrosion weight of the tank (g), ma is the 
post-corrosion weight of the tank (g), S is the surface area of the tank 
(mm2) and t∞ is the corrosion time (min). The weight loss rates 
calculated for the tanks with the help of the relevant values are given 
in Table 3. 
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Table 3. Weight loss ratios of tanks 

Model mb  ma  S  t ρml x 108 
M1-F-
A10 

3100 2980 1008000 1440 8.267 

M2-F-A5 3080 3000 1008000 1440 5.511 
M3-H-
A10 

3080 3060 1008000 1440 1.378 

M4-H-
A5 

3080 3060 1008000 1440 1.378 

 

The weight of the tanks decreased after 24 hours of corrosion. It is 
determined that corrosion causes weight loss between 3.871% and 
0.645% in the tanks. 

When the values obtained from the formula (1) are examined, it is seen 
that the model with the highest weight loss rate is the M1-F-A10 
model, which was tested fully loaded with 10% solution. When the acid 
ratio is reduced to 5%, it is seen that the weight loss rate due to 
corrosion decreases. Increasing the acid content in the solution 
increased the weight loss ratio by 50%. When the half-filled tanks 
were examined, it was observed that there was no change in the 
weight loss rate. 

Filling the tank to half height in 10% filled tanks reduced the weight 
loss rate by 83.33%. In 5% solutions, filling the tank to half height 
reduced the weight loss rate by 75%. It is seen that the filling rate of 
thin-walled tanks significantly affects the amount of corrosion rate. 

After the corrosion tests, color changes were observed on the surface 
of the tanks in contact with the solution. The post-corrosion 
conditions of fully loaded models M1 and M2 are given in Figure 5. 
Light blue and yellow colors were observed immediately after 
corrosion in M1 tested with 10% solution. A light-brown color was 
observed in M2 with 5% solution. It is seen that the corrosion effects 
of solutions containing different amounts of acid on the surface of the 
tanks are also different from each other. 

 

Figure 5. Models M1 and M2 after corrosion 

 

4. Results of buckling tests 

After the corrosion stage of the cylinders was completed, the buckling 
tests were started. During the buckling experiments, buckling 
damages in the tanks were observed with the help of LVDT, strain 
gauges and video images. When the waves formed in the cylinders 
was examined, it was determined that the damage occurred in the 
tanks with a higher weight loss ratio was greater. Generally, the 
defects formed at the middle height of the tanks.  It was determined 
that the maximum number of waves occurred in the M1 model, which 
was tested as fully loaded with 10% solution. In addition, due to the 
damage to the M1, the shape of the cylinder has changed considerably. 
It has been determined that the damage in half-filled tanks is more 
acceptable. Especially the damage that occurred in full tanks caused 
the initial shape of the tanks to change significantly. The damages of 
the tanks after the buckling test are given in Figure 6-7-8. 

  
Figure 6. M1 after the buckling tests 

  
Figure 7. M2 after the buckling tests 

 

  
Figure 8. Models M3 and M4 after the buckling tests 

Conclusions 

In this study, the effect of hydrochloric acid corrosion in thin-walled 
steel tanks was investigated. The results obtained are as follows: 

• As the acid rate in the solution increases, the weight loss rate of 
the tanks increases. The increase of the acid ratio in the solution 
from %5 to %10 increased the weight loss rate by 50% in fully 
filled tanks. There was no change in half-filled tanks. 

• Weight loss decrease of the models varies between 3.871% and 
0.645%. The biggest decrease was seen in the M1 model, which 
was tested with a full 10% solution. 

• Halving the filling rate of the tanks resulted in a reduction in the 
weight loss rate. For tanks containing solution with 10% acid, 
this decrease is 83.33%. For tanks containing solution with 5% 
acid this decrease is 75%. 

• It has been observed that as the percentage of acid in the solution 
changes, the colors formed on the surface of the cylinder also 
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change. In tanks containing solutions with 10% acid, light blue 
and yellow colors were observed. In tanks containing solutions 
with 5% acid, light brown colors were observed. 

• An increase in buckling damage was observed in tanks due to 
corrosion damage. Damages and wave numbers in tanks with 
high acid ratio and occupancy are higher than other tanks. 

• Damages in tanks generally occurred at medium heights. 
Strengthening in this area can reduce buckling damage of tanks. 
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