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Abstract: Pipe from the boiler of thermo power plant with diameter φ45was ruptured in exploitation conditions. In order to determine 

the reasons for this accident, very complex investigations of the pipe were performed.  
As first chemical composition was determined. Ovality and visual inspection of pipe were performed. Mechanical testing include tensile test 
at ambient and increased temperature of 350 0C. Thickness measurement of the wall pipe was made too. As technological testing flattening 
test of pipe segments was done. Metallographic investigations consist of determination of non-metallic inclusions, analyse of microstructure 
and grain size determination. Performed investigations didn’t indicate to defects in material and its processing. So, it can be concluded that 
working conditions in the boiler mainly overheating temperature caused damage of pipe.  
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1. Introduction 
 
It is well known that designed operational life time of power plant 
components may decrease due to activation of different failure 
mechanisms. There are five main reasons for components: 
     1) Design: operational conditions have not been considered 
properly during design; 
     2) Ageing: the decrease of efficiency occurs slowly and can be 
missed during service and no needed refurbishment actions are 
carried out;  
     3) Use: the devices are used inappropriately; 
     4) Service conditions: the conditions are not optimized or 
changed; 
     5) Expertise: the skills of operators and maintenance personnel 
are too narrow [1-3].  
 Damage can be provoked by a number of mechanisms. Frequently, 
two or more mechanisms are at work simultaneously on a 
component. Since damage is dependent upon factors specific to a 
generating unit (design, operating modes, and fuel characteristics), 
it is necessary to treat each unit and its components individually in 
order to obtain realistic state concerning component materials, and 
as a final knowledge a realistic life assessments. Also, it is 
necessary having in mind that particular components will manifest 
damage in unique ways. Unfortunately, the initial stages of 
damaging and thereby of failures are usually unobservable and 
therefore any preventive action of further damage propagation or 
spreading is practically impossible. In the most cases, failures of 
power plant components at elevated temperatures propagate 
gradually. Primary and secondary stage of failure, i.e. initiation and 
first stage of propagation are latent, and then, after a certain period 
of time, some indications of failure can be observed [4, 5].  
It is very important to note that when the component is submitted to 
the failure in general sense (damaging, fracture, loss of 
functioning), a full assessment of the failure mechanisms is required 
to prevent further failures due to the same causes [6-8].  
13 CrMo 4-5 is high-temperature constructional steel. Its material 
number is 1.7335 it is delivered to customer in the normalized and 
tempered condition. These steel grades are characterized by a good 
weldability. 13CrMo4-5 steel grade is a kind of steel which is 
alloyed with Cr, Mo or Cr-Mo an is mainly applied for high 
temperature and pressure vessels They are used above all for 
manufacturing boilers, pressure vessels and pipes transporting hot 
liquids. The user of these steel grades must make sure that his 
calculation, design and processing methods are appropriate for the 
material. The grades of this series offer good cold and hot-forming 
properties. They are used above all for manufacturing boilers, 
pressure vessels and pipes transporting hot liquids. The user of 
these steel grades must make sure that his calculation, design and 
processing methods are appropriate for the material. The grades of 
this series offer good cold and hot-forming properties [9,10]. 

Knowing the properties of this type of steel, and working conditions 
of the pipe, the basic idea in this research work was to analyze and 
detect the reasons for rupture of the pipe made of 13CrMo4-5 in the 
thermo power plant boiler. 

 
2. Material and investigations 

 
Ruptured pipe from the boiler in thermo power plant was brought 
for investigation in order to be found the reasons for occurred 
accident. The view of ruptured pipe is shown in the figure 1. 

 

 
Figure 1 Ruptured pipe 

 
Investigations of the pipe started with the visual inspection. Visual 
inspection showed that the rupture of pipe is so called “fish mouth”.  
Inner side of pipe is flat with dark brown color. On the outer side 
was detected thin dark coating probably grime. 
Chemical composition was determined on spectrometer type 
Spectro. The obtained values for chemical composition of the pipe 
are given in table 1. 

 
Table 1 Chemical composition of investigated pipe 

Chemical composition 
Element % 

C 0.127 
Si 0.230 

Mn 0.493 
P 0.0136 
S 0.003 

Cu 0.140 
Al 0.0062 
Cr 0.874 
Ni 0.130 
Mo 0.486 

 
It was confirmed information obtained from purchaser that pipe is 
produced from 13CrMo4-5 steel.   
Ovality test was made at two different positions on the pipe. It was 
showed that measured difference in pipe diameters is max 1.5%, 
and allowed difference is 8.0%  
Mechanical testing was performed on the prepared tensile 
specimens which were cut from investigated pipe. Testing was 
performed at ambient temperature and at temperature of 350 0C 
(figure 2). Measuring results are given in the table 2. 
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Figure 2  Stress strain diagrams of investigated pipe 
 a. testing at ambient temperature b. testing at 350 0C 

 
Table 3 Results of tensile testing at ambient and elevated temperature 

Spec. Reh, MPa Rm, Mpa A,% R,0C 
1 510 571  +20 
2 302 350  +350 

 
Measurement of pipe wall thickness was performed too. It was was 
realized at different segments of pipe. Results of thickness 
measurement are given in  table 3. 

 

   
a                                                      b 

Figure 3 Measuring segments (a) and positions for pipe wall thickness 
measurement (b) 

 
Table 3 Measured values of wall thickness 

Number of 
segments 

Meas. 
points 

Wall 
thickness 

1 1 3.3 
2 4.2 
3 4.4 
4 4.4 

2 1 2.8 
2 4.2 
3 4.2 
4 4.3 

3 1 2.7 
2 4.4 
3 4.2 
4 4.5 

4 1 1,9 
2 4.0 
3 4.0 
4 4.2 

5 1 2.9 
2 4.2 
3 4.1 
4 4.4 

6 1 3.3 
2 4.4 
3 4.2 
4 4.5 

7 1 3.6 

2 4.5 
3 4.4 
4 4.5 

 
Hardness measurement (table 4) was performed on segments of 

the pipe, at difference distances from rupture. Measuring positions 
are given at figure 3b. Rockwell method (HRB) was used. 

 
Table 4 Hardness of pipe measured at different distances from rupture 

Speci
men 

Meas. 
posit. 

Values (HRB) 

1 1; 2; 3; 4; 84 84 85 93 
2 1; 2; 3; 4; 82 86 86 91 
3 1; 2; 3; 4; 82 86 85 95 
4 1; 2; 3; 4; 75 78 79 78 

 
Flattening test was performed on the cut segments of the pipe. 
Tested specimens are shown at figure 4 and all segments satisfy 
standard requirement. 
 

 
Figure 4 Tested specimens – flattening test 

 
Determination of non metallic inclusions (type and distribution) 
microstructure, grain size distribution has to be analyzed trough 
metallographic investigation as is presented in the figures 5-7. 
Metallographic analyze was performed from the inner, outer and 
middle of the pipe wall in order to check presence of typical defects 
at elevated temperatures, figure 8. 

 

 
Figure 5 Nonmetallic inclusion, type and distribution 

 
Figure 6 Microstructure of investigated pipe and distribution of phases 

 

 
Figure 7 Grain size distributions 

47

SCIENTIFIC PROCEEDINGS INTERNATIONAL SCIENTIFIC CONFERENCE "HIGH TECHNOLOGIES. BUSINESS. SOCIETY 2017"
WEB ISSN 2535-0013 

PRINT ISSN 2535-0005

YEAR I, VOLUME I, P.P. 46-48 (2017)



 

   
a                            b 

 
c 

Figure 8 Microstructure of pipe from inner (a), outer (b) and in the 
middle of the pipe wall (c) 

 
4. Discussion 
 
Performed investigations showed that chemical composition, 

mechanical properties of the investigated pipes are in accordance 
with standard requirement. It has to be point out that mechanical 
properties are much over than minimal values required.  
Microstructural investigation showed that material is very clean 
concerning nonmetallic inclusions. Mainly fine oxide inclusions 
randomly distributed were found. Microstructure of the pipe is 
ferritic-prlitic with about 80% ferrite. It consists of very fine grains. 
There are no some difference in the microstructure on the edges and 
in the middle of the pipe, Some typical defects like decarburation, 
cracks or corrosion were not found. 
Possible reason for this accident could be very high temperature i.e. 
overheating of pipe. Temperature of  the fluid (steam) inside of pipe 
should be 350 0C. But location of pipe is very close to burner. It 
means that could be some overheating from the outer side of pipe. 
The shape of rupture i.e. fish mouth is typical rupture from the 
overheating. And another notice is that one side of the pipe is very 
thin. The reason could be abrasion of pipe from the coal which 
contains much sand.  

 
5. Conclusion 
 

Chemical composition, mechanical and microstructural properties 
of steel pipe correspond with the prescribed standard for the pipe 
quality. So the main reason for occurred accident is overheating of 
the pipe in the boiler. 
Mechanical properties of the pipe at elevated temperature (350 0C) 
fulfill standard requirement. It means that the temperature in the 
neighborhood is much higher than predicted.  
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