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Abstract: The paper analyses the produced stress state in a pipe system, taking into account 
the period of use and conservation, namely the pipe wall thinning by corrosion. It is 
estimated the further duration of use and the next periodic inspection for the structure 
safety. 
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1. INTRODUCTION 
 
In the industrial practice, the cases of appreciation of the lifetime of the mechanical structure or of a part of it, 
after the forecast period, are frequent. For this purpose, it is necessary to determine the appropriate 
measurements to establish the current geometry, on one hand, and the characteristics of the building materials, 
on analysis date, on other side.  
 
Unfortunately, if the first part of the previous observation is plausible, the second, usually, is not always 
possible. In addition, it requires an accurate knowledge both of the normal operating conditions, and those of the 
conservation of the structure or of the analyzed component [1 - 8].  
 
Therefore, to propose a finite period of use of the section of the pipe, that is the subject of this paper, the pipe 
wall thinning was taking into discussion, with a medium rate of corrosion, over its lifetime or that of 
conservation.  
 
The storage conditions of the conservation of the section of the pipe, that is the subject of this paper, as in other 
cases [1 - 7], are not known with precision. The mentioned section of pipe (composed of linear sectors with the 
geometry , , respectively the leg pipes with 28 3∅ − 60 4∅ − 60 4∅ − ), was provided in a steam cracker, 
with the aim of transporting the condense between a specific machine and another connecting pipe. In the pipe, 
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structure there is no safety valve or elements of compensation of the thermal deformations, except its own 
configuration (Figure 1). During the 31 years since the release operation, on the section of pipe there has been no 
intervention (that is about the period of use, in essence). 
 
 

 
Fig. 1. The pipe route sketch. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 2. INITIAL DATA 

 
- Calculating pressure: 1.5 ;cp MP= a - Working pressure: 1.23 ;lp MPa= - Hydraulic test 
pressure: 2.2 ;hp MPa= - Maximum temperature: 0200 ;MT - Minimum temperature:C= 0183 ;mT C          
- Working environment: condensation. 

=

 
 The construction materials of the structure have the characteristics in the Table 1. 
 

Table 1. The values of mechanical properties of the used materials. 
 
 Size M.U. OLT 35 K OLT 35 
 
 350 .... 450  [9, 10] Tensile strength ,  rσ 2N mm   
 

0.2% yield at 20°C 230  [10] 240  [9] 2N mm  
 

0.2% yield at 183°C 194 [10] 195  [9]  2N mm  
 
 0.2% yield at 200°C 190 [10] 190 [9] 2N mm  
 

Maximum allowed values of the nominal 
design stress at 20°C 

 146 2N mm  
 

 Maximum allowed values of the nominal 
design stress at 183oC 

 129.3 130 2N mm  
 

 Maximum allowed values of the nominal 
design stress at 200oC 

 126.7 2N mm  
 

Maximum allowed values of the nominal 
design stress in hydraulic testing and 

exceptional used cases  

 
207; 209.1 216; 218.2 2N mm   
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► Maximum allowed values of the nominal design stress to the hydraulic test is calculated with the relation 
2 00.9 cσ⋅ ; 20 1.1cσ ,corresponding to the point 5.5.3.2 [11].  

 
► The steel OLT 35 is according to STAS 8183-80, equivalent to the German steel St 35.8 - DIN 17175 [9], 
table 120 (recommended for pipe up to 580 0C temperature). 
 
Maximum allowed values of the nominal design stress at temperature T are calculated with the relation 
(paragraphs 2.6.12 and 5.5.3.1 [11]): 

 

m i n ; ,
1.5 2.4

T
T c r
a

σ σσ
⎧ ⎫

= ⎨ ⎬
⎩ ⎭

 

 
Where: T

cσ is the yield at temperature T . 
 
 
3. THE RESULTS OF THE EXPERIMENTAL MEASUREMENTS 
  
Before the actual measurements, we performed a visual inspection of the exterior of the pipes, uncovering the 
isolated areas. In the corroded portions, the pipe outer surface was machined, so that the measurement of the wall 
thickness can be produced. The observed defect has a reduced expansion and a small depth in these conditions 
where it was considered that there are no problems for a normal operation of the pipe.  
 
The measurement of the wall thickness was performed with the T - Mike –El apparatus, by direct reading of data 
provided by the transducer type DA 308, having the diameter of 6 mm, with is attached to the pipe, using the 
coupling special grease, using an ultrasonic velocity 5730 m/s, frequency 4 MHz. The readings were made in 
four points, located on two perpendicular diameters, both on the linear branches of the pipe, and on the curved 
areas. The examination with penetrating radiations what was performed in 15% from the weld length, as the 
examination with penetrated liquids, have not lead to the detection of some not admitted defects. 
 

Table 2. The results of the experimental measurements. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Measurement 
zones 

(Figure 1) 

Thickness [mm] Brinell hardness[HB] 

Minimum Maximum Minimum Maximum 

1 4,6 4,7 - - 
2 4,4 4,8 - - 

3 * 2,5 3,8 - - 
4 4,6 5,0 - - 

5 * * 6,0 7,5 146 156 
6 4,7 4,9 - - 

7 * * 5,7 6,5 - - 
8 4,2 4,5 - - 

9 * * 3,1 4,5 - - 
10 4,6 4,9 - - 

11 * * 6,1 7,2 - - 
12 4,4 4,5 122 141 

* - secondary pipe; * * -  elbows 

The metallographic analysis, in accordance with SR 5000/1997, SR EN ISO 634/2003, SR EN ISO 6506-1 / 
2006, performed with a microscope LEITZ Wetzlar SM-LUX-HL/448020 and apparatus for hardness EQO - 
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Tip/59.1196, showed a predominantly ferritic structure, grain 7 and 9, with globular pearlite at the grains limit. 
The microscopic analysis was performed on metallographic samples, located on two areas of the pipe.   
 
 
4. CALCULATING RELATIONS FOR STRESSES IN THE LINEAR ZONES [12 - 16] 

 
 The meridional stresses 1σ  these annular 2σ , and the maximum equivalent stress I I I

e c hσ , calculated after 
the third theory of resistance [16], are established with the relations: 

 

1 2
mp r

s
σ ⋅

=
⋅

;    2
mp r

s
σ ⋅

= ;       m a x m i n
I I I
e c hσ σ σ= − , 

 
where:  

p  is, if necessary, the calculating pressure or the pressure of the hydraulic test;  

mr − the radius of median transversal surface of the pipe;  
s − the pipe wall thickness. 

 
Note: As follows, the calculation is made for the current state of the geometry of the pipe (taking into account 
the wall thickness determined by ultrasound measurements - Table 2). 

 
4.1. Solicitations in the mainline ( )60 4∅ −  
The minimum thickness of the wall of the mainline ( 60 4∅ − - the initial state) is noted in paragraph 9, with the 
value of 3.1 mm (Table 2). 
 
The radius of the median area, in this case, is: 

 
60 2 4 3.1 27.55 .

2 2mr m− ⋅
= + = m     

 
The meridional and annular stresses, respectively that equivalent, have values: 
- for the calculating pressure: 

 
2

1
1.5 27.55 6.7

2 3.1
N mmσ ⋅

= =
⋅

;         2
2

1.5 27.55 13.3
1.1

N mmσ ⋅
= = ;  

 
213.3I I I

e c h N mmσ = . 
 

Note: The condition of resistance 2.6.1.2 is satisfied, considering the stipulations of the paragraph 5.5.3.1 [11]. 
 

- for the hydraulic test pressure: 
 

2
1

2.2 27.55 9.8
2 3.1

N mmσ ⋅
= =

⋅
;        2

2
2.2 27.55 19.6

3.1
N mmσ ⋅

= = ;  

 
219.6I I I

e c h N mmσ = . 
 

Note: the condition of resistance, corresponding to the hydraulic test, is satisfied (see paragraph 5.5.3.2 [11]). 
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For the duration of 35 years, the rate of corrosion has the value: 

 
4.0 3.1 0.026

35cv mm year−
= = . 

 
The thickness of the pipe wall after another 12 years will have the value s mm1 2 3.1 0.026 12 2.79= − ⋅ = . In 
such state, the medium radius of the pipe is: 

 
60 2 4 2.79 27.4 ,

2 2mr mm− ⋅
= + =  

 
so that the stresses are in the form: 

 
- for the calculating pressure: 

 
2

1
1.5 27.4 7.4
2 2.79

N mmσ ⋅
= =

⋅
;        2

2
1.5 27.4 14.7

2.79
N mmσ ⋅

= = ;  

 
214.7I I I

e c h N mmσ = . 
 

Note: The condition of resistance 2.6.1.2 is satisfied, considering the provisions of paragraph 5.5.3.1 [11]. 
 

- for the hydraulic test pressure: 
 

2
1

2.2 27.4 10.8
2 2.79

N mmσ ⋅
= =

⋅
;       2

2
2.2 27.4 21.6

2.79
N mmσ ⋅

= = ;  

 
221.6I I I

e c h N mmσ = . 
 

Note: The condition of resistance is satisfied corresponding to the hydraulic test (see paragraph 5.5.3.2 [11]. 
 

As a result, the proposed period of 12 years, for later use is justified. 
 
The calculation thickness of the wall of the leg pipe, based on the third theory of resistance, with taking in 
discussion of the outer diameter ed of the pipe, has the expression [11]: 

 

( )
,

2 2
c e

c T
a c c

p ds
p z pσ
⋅

=
⋅ − ⋅ + ⋅

  

 
where:  z -  the coefficient of resistance of the welded joint (z=1), considering seamless pipes. 
 
With the present data, we arrive at: 
-   the mainline : ( )60 4∅ −
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1.5 60 0.35 4
2 126.7 1.5 2 1.5cs mm mm⋅

= =
⋅ − + ⋅

〈 ; 

 
 

- the secondary line 28 3∅ − : ( )
 

1.5 28 0.16 3
2 126.7 1.5 2 1.5cs mm mm⋅

= =
⋅ − + ⋅

〈 , 

 
for the steel OLT 35 K and OLT 35. 
 
4. 2. Requests in the second line ( )28 3∅ −  

On the secondary line ( )28 3∅ − - paragraph 3 (Figure 1) – the minimum thickness is 2.5 mm. 

 
The radius of the median surface, in this case, is: 

 
28 2 3 2.5 12.25 .

2 2mr mm− ⋅
= + =  

 
The meridional and annular stresses, respectively that equivalent have the values: 

 
- for the calculating pressure: 

 
2

1
1.5 12.25 3.7

2 2.5
N mmσ ⋅

= =
⋅

;         2
2

1.5 12.25 7.4
2.5

N mmσ ⋅
= = ; 

  
27.4I I I

e c h N mmσ = . 
 

Note: The condition of resistance 2.6.1.2 is satisfied, considering the stipulations of paragraph 5.5.3.1 [11]. 
 
- for the hydraulic test pressure: 

 
2

1
2.2 12.25 5.4

2 2.5
N mmσ ⋅

= =
⋅

;       2
2

2.2 12.25 10.8
2.5

N mmσ ⋅
= = ;  

 
210.8I I I

e c h N mmσ = . 
 

Note: The condition of resistance, corresponding to the hydraulic test (see paragraph 5.5.3.2 [11]) is satisfied. 
 
For the period of existence for 35 years, the rate of corrosion has the value: 

 
3 2.5 0.014

35cv mm year−
= = . 
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The thickness of the pipe wall after another 12 years will have the value s mm1 2 2.5 0.014 12 2.33= − ⋅ = . In 
such state, the medium radius of the pipe is: 

 
28 2 3 2.33 12.17 ,

2 2mr mm− ⋅
= + =  

 
so that the stresses is in the form: 
 
- for the calculating pressure: 

 
2

1
1.5 12.17 3.7

2 2.5
N mmσ ⋅

= =
⋅

;       2
2

1.5 12.17 7.4
2.5

N mmσ ⋅
= = ;  

 
27.4I I I

e c h N mmσ = . 
 

Note: The condition of resistance 2.6.1.2 is satisfied, considering the stipulations  of paragraph 5.5.3.1 [11]. 
 
- for the hydraulic test pressure: 
 

2
1

2.2 12.17 5.4
2 2.5

N mmσ ⋅
= =

⋅
;         2

2
2.2 12.17 10.8

2.5
N mmσ ⋅

= = ;  

 
210.8I I I

e c h N mmσ = . 
 

Note: The condition of resistance, corresponding to the hydraulic test (see paragraph 5.5.3.2 [11]) is satisfied. 
 
As a result, the proposed period of 12 years, for later use, is justified. 

 
 
5. REQUESTS IN THE ELBOWS 

 
Restrictions: The calculations specified for elbows are valid for [11]: 
 
- outer diameters of the pipes of which the elbows larger than 70 mm, are confectioned; 

 

- 70 , if 159ed m〈 〈 m 3e

e

R
d

≥  or 2m

e

R
d

≥ eRwhere  is the radius of curvature relative to the outer diameter 

of the pipe, and mR the medium radius of curvature; 

- for elbows with 159ed mm〉 , without restricting the ratio value e

e

R
d

. 

 
Analyzing the thickness values of the walls of the four elbows (C 1, C 2, C 3 and C 4 - items 5, 7, 9, 11 - Figure 
1) it appears that they are above the nominal thickness (of 4 mm for the main pipe ( 60 4∅ − )), except for the 
leg pipe C 2 which has at intrados 3,1 mm.  
 
For elbows, the required minimum thickness is that derived for the straight pipes of the route that one derived 
above (0.35 mm). 
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From the analysis of the above restrictions, it is noted that the value of their outer diameter does not satisfy the 
respective requirements, for the effectuation of the subsequent calculations. 
 
 
6. CONCLUSIONS  
 
- The (induced) stress state in pipe, in various stages normal operating conditions, hydraulic test) shows that the 
equivalent stresses are under the allowed values of the nominal design stresses; 

 
– Both the values of the maximum effective stresses, and the value of the estimated corrosion rates, in different 
parts of the pipe route, show the use possibility for a period of 12 years. The prescriptions of the codes 
concerning the nondestructive examinations and protocols of the periodic inspections will be adopted. 
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