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Abstract: In this this research work, the results of investigation corrosion condition of the steel pipe system for the heated water 

transportation and distribution after long years of exploitation are presented. The analysis was performed on the pipe segments after their 

removing i.e. cutting. Thirty segments were taken for inspection. The outer and inner surface of the pipes was inspected. Plan for inspection 

was prepared basing of the literature revue and personal experience. All specimens were visually inspected. For the investigations of pitting 

corrosion measuring of depth of pits was done. Performed investigations confirmed that general corrosion, uniform and no uniform is 

represented on the pipe from the outer side. From the inner side are presented different types of pitting: narrow, shallow, and elliptical and 

corrosion under layer. Performed investigation confirmed that the most dangerous for the piping systems is corrosion on the outer sides of 

the pipes which their perforation. Measurement of the pits deepness showed that pitting corrosion is not so danger because pits deepness is 

in the range between 0.18-1.24 mm which is negligible compared with the pipes wall thickness. 
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1. Introduction 

These investigations were performed on the request of the company 

for production and transportation of the heat energy. The 

requirement was to perform investigations of the piping system and 

to assess is there danger from cancellation of the system as results 

of pipes perforation because of the corrosion attacks. The system 

was in appliance many years, more than two decades. Part of the 

pipes was, buried in the soil while the other part was laid on the 

metal carriers and is in direct contact with the atmosphere. With 

these investigations should be evaluated current corrosion 

conditions of the pipes from the outer and inner surfaces. It should 

be detected which types of corrosion of the pipes appear on the 

pipes and which type of corrosion is the most dangerous for the 

piping system. 

 

2. Material and investigations 

Subject of investigations in this research work is the steel piping 

system. The pipes are with different diameters. The biggest 

diameter of the investigated pipes is 350 mm. According with the 

former appointment with the purchaser, thirty segments of pipes 

with different diameters and from different locations was delivered. 

The segments were cut from the pipes after perforation or as results 

of random choice. Inside the pipes flow hot water at temperature 

about 830C. This piping system is intended for transport and 

distribution of hot water. pH value of the water is 7.2. The 

inhibitors are added to the water too. 

For the successful realization of the defined task, the plan of 

investigation was made. It was realized in the following way:  

1. Specimens were investigated in the as received condition. 

It means that outer surface of the specimens was 

investigated, 

2. Specimens was longitudinally cut in order to analyze its 

inner surface,  

3. Next phase was rough cleaning of the outer and inner 

surfaces  of the segments with the steel brush, 

4. The last phase was sand blasting of the specimens from 

the both sides.  

This treatment was performed to all investigated specimens. It has 

to be point out that this plan of the investigation is result of our 

considerations and literature information’s. 

Besides visual inspection, measurements of pits depth were 

performed too in order to obtain information about danger of pitting 

corrosion from the inner side. Instrument used for measurement of 

the pitting corrosion, type SARTORIUS is shown in the figure 1 

and the way of measurement can be seen in the figure 2. 

 

 
Figure 1 Instrument for measuring of pits deepness 

 

 
Figure 2 The way of pits depth measurement 

 

3. The results of performed investigations  

An example of the visual inspection is shown in the figure 3. 

(Specimen 4). In the figure 3a is presented outer surface of the 

segment in the as received condition. The surface of the pipe is 

completely corroded. Corroded layers are clearly visible. The inner 

surface of the specimen after longitudinally cutting is given in the 

figure 3b. It can be notice that inner surface of the specimens is 

completely covered with thin corrosive layer, but at some places 

there are thicker layers. In the figure 3c is given inner surface of the 

pipe after rough cleaning with the steel brash. It can be concluded 

that after removing of the layer corroded surface can be clearly seen 

beneath.    

433

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XIII, ISSUE 10, P.P. 433-436 (2019)



 
a 

 
b 

 
c 

 

The inner and outer surfaces of the cut segments after sand blasting 

are given in the figures 3(d and e). From the figure 3d was 

concluded that localized pitting corrosion is present on the inner 

side. Besides narrow,  shallow and elliptical pits are presented too. 

Generally it can be said that pitting corrosion is not dangerous 

because narrow and dip pits are not dominant. The surface of the 

specimen after sand blasting of the outer surface (figure 3e) shows 

that non-uniform corrosion is present. 

 

 
d 

 
e 

Figre 3(a-d) Specimen 4 after complete visual inspection 

 

More typical presentation of the non-uniform corrosion is given at 

the figure 4, and perforation on pipe segment as result of the outer 

corrosion is given at figure 5. 

 

 
Figure 4 Non-uniform corrosion on the outer side 

 

 
Figure 5 Corrosion on the outer side (sand blasted surface)  

 

Figures 6 and 7 show the segments of the pipes which are 

completely corroded. It can be seen perforation of the both pipes. It 

is obvious that corrosion appear as result of the outer mainly non-

uniform corrosion.  

 

 
Figure 6 Perforation of the pipe as result of outer corrosion 

 

 
Figure 7 Perforation of the pipe as result of outer corrosion – inter 

crystal corrosion 

 

Visual inspection indicates that cracks appeared on the curved pipes 

in all cases and in the elongated zone (Figure 8). 

 

 
Figure 8 Cracks in the curved pipe in the elongated zone 

 

The inner surface of the pipe after sand blasting can be seen in the 

figure 9. It can be concluded that thinning of the surface from the 
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outer side directly cause of the segments. Corrosion from the inner 

side is not so danger. Analyzing figure 10 can be obtaining the same 

conclusions. It is visible that pittings on the inner side don’t 

contribute to the perforation from the inner side of the pipe. 

 

 
Figure 9 Thinning of the pipes and corrosion from the inner side 

 

 

 
Figure 10 Thinning and perforation of the pipe from the outer side 

and pitting corrosion from the inner side 

 

The inner surface of the segment after rough cleaning is presented 

in the figure 11. Corrosion layers are clearly seen.  Beneath them 

always have shallow and elliptical pits like in the figure 12. 

 

Figure 11 Inner sides of pipe corrosion layers 

 

 
Figure 12 Inner sides with shallow of pipe shallow and elliptical 

pits 

 

Figure 13 show inner side of pipe too. It is visible that there is 

perforation of pipe but as result of no uniform corrosion on the 

outer side. 

 

 
Figure 13 Inner side of pipe after rouge cleaning – perforation 

 

In the figure 14 is shown pipe which has a pit that propagate from 

inner to the outer surface i.e. trough all thickness of the pipe. It is 

only one such case detected during these investigations.  On the 

outer surface still has traces of the protective paint/ 

 

 
Figure14 (a and) Single Pit on the outer side of pipe 

 

From the figure 15 can be seen that pit is formed at the inner side 

beneath the corrosion layer. 

 

 
 

Figure 15 Formation of pitting 

 

It can see from figure 16 that there is large number of pits (pitting 

corrosion) on the inner side of pipe. The pits are very shallow and 

elliptical and are not dangerous for perforation. 

 

 
Figure 16 Pitting corrosion shallow pits 

 

Very important question in this work was is there a serious danger 

for the piping system from pitting corrosion. Because of that 

measurement of the pits depth was made. Measurement was 
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performed too all thirty segments. Obtained results are given in the 

Table 1. It can be concluded from the table that pits depth is in the 

range 0.11-1.24. The pits depth is much smaller than the pipes wall 

thickness. 

 

Table 1 Pitting depth measuring  

Number 

of 

segment 

Piting depth, 

mm 

Thickness of 

pipe 

(segment), 

mm 

1 0.25 2.30 

2 0.28 2.30  

3 0.11 3.40 

4 0.19 4.00 

5 0.26 4.00 

6 0.16 3.00 

7 0.17 3.60 

8 0.15 4.00 

9 0.23 4.00 

10 0.10 4.00 

11 0.43 6.00 

12 0.62 4.00 

13 0.42 4.00 

14 0.49 4.00 

15 0.42 5.00 

16 0.28 5.00 

17 1.24 5.00 

18 0.77 5.00 

19 0.45 5.00 

20 0.93 3.00 

21 0.27 4.00 

22 0.19 6.00 

23 0.19 5.00 

24 0.842 4.00 

25 0.18 3.00 

26 0.49 4.00 

27 0.22 4.00 

28 0.11 4.00 

29 0.16 4.00 

30 0.25 5.00 

 

 

4. Discussion  

In this research work are presented results of the performed 

investigations about corrosion conditions of the piping system for 

the production and transportation of the heat energy. For this 

investigation thirty segments were analyzed. The plan for 

investigations was made using personal experience and adequate 

technical literature [3-7]. Delivered segments of pipes were 

analyzed from the inner and outer sides It was confirmed that from 

the outer sides general corrosion i.e. uniform and non-uniform 

corrosion appear (figure 17) and from the inner sides local putting 

corrosion in different variants [1-2] was present (figure 18). 

Performed investigations confirmed that most dangerous is general 

corrosion which cause thinning of the pipes wall from the outer side 

and even their perforation. From the inner side are presented local 

pits which are pretty shallow and are note dangerous for the system.  

It is necessary to follow the thickness to the pipes in different areas 

of the piping system – measure thickness which ultra sound device. 

With performed analysis were obtained the most important 

acknowledgement about corrosion condition of the piping system 

like: determination of the type of outer and inner corrosion of pipes 

and   comparison of the degree of danger between inner and outer 

type of corrosion. Besides determination of specimens with the 

strongest corrosion attack, analysis of specimens in order to find out 

is there location vicinity between specimens with the highest 

corrosion attack. 

 
Figure 17 Schematic presentation of general corrosion of pipe from 

the outer side a. uniform b.non-uniform  

 

 
Figure 18 Different variants of local pitting corrosion 

 
5. Conclusion  

 

 Almost all of the investigated specimens (pipe segments) 

are completely corroded from the outer side    

 Performed investigation confirmed that general corrosion 

from the outer side of the pipes, particularly non-uniform 

corrosion is the most dangerous for the safety of piping 

system   

 Almost all specimens are thinned from the outer side as 

result of the uniform and non-uniform corrosion. 

 Almost all specimens are locally corroded from the inner 

sides. Different variants of pits (pitting corrosion) are 

presented on the surfaces. But deep narrow pits are noted 

only in one few cases. Shallow and elliptical pits are 

present very often.  

 Generally it can be said that pitting corrosion is not so 

dangerous for the pipes because the depth of the pits is in 

the range 0.11-1.24 mm. 

 Corrosion under layer is noticed in some cases from the 

inner side of the pipes. This corrosion includes pretty big 

surfaces.  

 Cracks are detected in all inspected curved pipes. 

 Measuring depth of pipes in necessary to detect locations 

with the strongest corrosion attack. 

 Periodical visual inspection of the system and 

measurement of the pipe thickness with ultrasound 

measuring device is very important for the following 

corrosion condition of the system. 
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