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Abstract 

 

The method for estimating the fatigue life of power plant pipelines based on the results of one or two tests without destruction is proposed. 

The proposed method uses the classical model of fatigue resistance. Weller curves for power plant pipelines are determined experimentally, 

the experimental data are presented. Three curves are constructed for the probability of destruction of 2%, 50%, and 98%. The proposed 

method uses the hypothesis of linear summation of Palmgren-Miner injuries. When developing the method, much attention is paid to the 

ways of schematizing the actual process of loading the pipelines. Calculation of the distribution of the total number of cycles was carried 

out by the “Rainflow” method and the Gusev method. The application of this method with a set of design measures provides more than 

fivefold margin for fatigue resistance of all pipelines of the power plant. 
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1. Introduction 

One of the important problems of the operation of power plants for 

a long service life is the provision of a stock of fatigue resistance of 

pipelines [8, 12-16]. At the same time, it is necessary to solve the 

problem of operative assessment of the fatigue life of the power 

plant pipelines based on the results of one or two tests without 

destruction. Since the evaluation of the resource after the 

destruction of the pipeline requires considerable time and resources 

for testing. 

The most reliable methods for assessing fatigue life are methods 

that consider the actual loading processes of pipelines during the 

tests and their fatigue properties [4-7]. This method of estimating 

the longevity of pipelines has been created and is widely used for 

their development for a long service life. In this article, a brief 

description of this method is given and an example illustrating its 

effectiveness is considered. 

2. Materials and Methods 

The proposed method uses a fatigue resistance model based on the 

Weller curve [1-3, 10, 22]. It is assumed that the loading is 

performed by cycles with a constant amplitude according to the 

harmonic law. During the tests, the Weller curves are usually 

constructed with an equal probability of destruction [11,21,23]. 

Figure 1 shows set of three curves for the probability of destruction 

of 2%, 50%, and 98%. 

Numerous experimental data show that the σ - N dependence in 

region 2 has the form: 

𝜎𝑚 ∙ 𝑁 = 𝐶, 

where σ  –  amplitude of the cycle stresses; N -  number of cycles to 

failure; m and С – constants characterizing the material, the 

geometry of the part, manufacturing technology, etc.  

The range of m values for metals is usually 3 ⩽ m ⩽ 10.  

Experimental data on the nature of the dependence in region 3 

remained under-represented in the literature, since their preparation 

is a very laborious task. It is usually assumed that there is some 

stress σ-1, and when loaded with an amplitude σ ⩽ σ-1, the number 

of cycles before destruction tends to infinity [17-19]. 

To evaluate the service life of power plant pipelines, Weller curves 

were experimentally determined on samples manufactured using 

standard technology. The samples were subjected to flexural 

loading, since in all cases of fatigue destruction of pipelines of 

power plants, the structure of the crack development zone, 

characteristic for bending, is noted. The experimental data obtained 

for the three types of pipelines are given in Table 1 for Weller 

curves corresponding to the probability of destruction of 2% and 

50% at four points. The values for N = 107 и 1010 were obtained by 

interpolation of the curves in the range 104 ⩽ N ⩽ 106 [1]. 

The developed method uses the Palmgren-Miner linear damage 

hypothesis [9,25]. It is assumed that when the sample is loaded with 

cycles with different amplitudes, the fractions of damage from the 
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Fig. 1: Type of Weller curve for  pipeline materils. 
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action of individual cycles are summed linearly:𝐷𝛴 = 𝐷1 + 𝐷2 +
𝐷3 +⋯+ 𝐷𝑛 = ∑ 𝐷𝑖𝑖 , 

where DΣ – total damage; Di - percentage of damage caused by 

cycles with amplitude σi.  

The failure conditions for this hypothesis are written as: 

𝛴𝑖 ∙ 𝐷𝑖 = 1, 

Di  is calculated by the formula: 

𝐷𝑖 =
𝑛(𝜎𝑖)

𝑁(𝜎𝑖)
 , 

where n(σi) - total number of cycles with amplitude σi; N (σi) - the 

number of cycles with amplitude σi, required for destruction (Weller 

curve). 

Loading of the pipelines of the power plant during the tests is 

random. Therefore, the processes of training and fatigue softening 

noted in [7], characteristic for block loading, are extremely weak 

and do not have a great influence on the accuracy of the results 

obtained. This circumstance justifies the choice of the linear 

hypothesis. 
Table 1: Dependence of the cyclic life N from the material and stress σ 

(kgf/mm2) 

Material Р, % 
Cyclic life N 

104 106 107 1010 

12XI8HIOT 
2 

50 

39,8 

69,2 

13,4 

22,9 

7,9 

13,1 

6,3 

10,9 

VNS – 25 (ВНС – 25) 
2 

50 

30,1 

56,2 

9,5 

20,0 

5,3 

9,8 

4,3 

7,9 

JeI – 811 (ЭИ - 811) 
2 

50 

41,6 

72,4 

12,3 

22,9 

6,7 

12,6 

5,6 

10,4 

 

As the value of DΣ approaches unity, the probability of destruction 

of this pipeline increases, and at DΣ = 1 it reaches a value equal to 

the probability of destruction for the Weller curve used in the 

calculation. 

When developing the method, great attention was paid to the ways 

of schematization of the real process of loading the pipes σ(t), i.e. 

methods of partitioning a random process into a set of individual 

load cycles with different amplitudes and thus obtaining the 

distribution n(σi). At present, the most accurate method is the 

method of complete cycles [10, 13, 14]. In this paper, its modified 

version was used - the “Rainflow” method, which is associated with 

the need for digital processing of large amounts of information that 

enter the computer in real time with a frequency of up to 4 kHz. The 

complexity of the hardware processing of information flow of this 

intensity limits the possibilities for widespread adoption of this 

method. 

In this connection, various analytical methods for finding the 

distribution n(σi),, based on the assumption of a random Gaussian 

character of the loading process, were considered. There are 

approaches [9,20] based on various methods of schematization of 

the process, for example, Rice's solution, the method for swing, and 

others. They use statistical characteristics of loading processes, 

such as the power spectrum, the correlation function of the process, 

etc. 

The Gusev method [9,20,24], which is closest to the “Rainflow” 

method, was chosen, according to which: 

𝑛(𝜎𝑖) = 𝑓(𝜎𝑖) ∙ 𝑑𝜎 ∙ 𝑁𝑚𝑎𝑥                                                          (1) 

where 𝑁𝑚𝑎𝑥 – the average number of maxima per unit time; 𝑓(𝜎𝑖) 
– functions of the density distribution of the amplitudes of cycles;  

𝑑𝜎 – sampling step;   

𝑓(𝜎) =

{
 
 

 
 𝐾2𝜎 exp (−𝐾2𝑑2

𝜎2

2
) ,           0 ≤ 𝜎 ≤ 𝜎∗

𝐾−1𝑐 𝜎 exp(
−𝜎2

2
) ,                         𝜎 ≥ 𝜎∗

 

𝛼2 = 2
𝑎 + 3𝑏

𝑎𝑏
,          

      𝐶 = 𝐾−
𝑎
𝑏  exp(

𝜎∗
2

2
),     

  𝜎∗ =
√𝑎 ln𝐾

𝐾
             

 

 
Parameters a and b can be found from the solution of the 

transcendental system of equations given in [9], where tables of 

values of a and b are also given depending on the parameter K, 

which characterizes the complexity of the process, i.e. the ratio of 

the number of extrema in it to the number of zeros. The values of K 

and 𝑁𝑚𝑎𝑥 can be expressed by the spectrum of the process: 

𝐾 =
𝜏1𝜏3

𝜏2
2  

𝑁𝑚𝑎𝑥 =
𝜏3
2𝜋𝜏2

 

where: 

𝜏1
2 =

1

2𝜋
∫ 𝑆(𝜔)𝑑𝜔

∞

0

 

𝜏2
2 =

1

2𝜋
∫ 𝜔2𝑆(𝜔)𝑑𝜔

∞

0

 

𝜏3
2 =

1

2𝜋
∫ 𝜔4𝑆(𝜔)𝑑𝜔

∞

0

 

S(ω) - process spectrum. 

In (1), it was assumed that dσ = 0,1τ1, since model calculations for 

different values of K and S(ω) showed that a further decrease of dσ 

would not lead to an increase in accuracy. 

The problem of determining S(ω) for stationary stochastic 

processes is considered in detail, for example, in [17]. 

The equivalent load model was used to account for the effect of 

static stress σm on the service life of pipelines in power plants. 

Calculation of it was carried out according to the formula: 

𝜎equiv = 𝜎𝑎 + 𝜓𝑎𝑚 

where ψ - static load influence factor. 

In the calculations, the value ψ = 0,1 was chosen, which is the most 

characteristic for pipeline materials. In this method, the transition 

to an equivalent load was carried out in the Weller curve, i.e. the 

total damageability was calculated by the formula: 

𝐷𝛴 =∑
𝑛(𝜎𝑖)

𝑁(𝜎𝑖 equiv)𝑖

 

where 𝜎𝑖 equiv = 𝜎𝑖 + 𝜓𝜎𝑚  

The value of σm was measured. In the absence of measurements, the 

maximum permissible value σm for the mounting voltages should 

be taken. In some cases, a series of calculations were performed 

with the values: σm = 0; 7; 20; 50 kgf/mm2. 

3. Results 
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Fig. 2: Distribution of the number of amplitude loading cycles for 

power lines 
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This approach was used to evaluate the pipeline operation life based 

on the results of one or two tests without destruction. In this case, 

the calculation of the distribution n(σi) was carried out both by the 

“Rainflow” method and by the Gusev method. The obtained results 

show that the n(σi) distributions found by the two methods coincide 

both in the form of the function and in its numerical characteristics. 

The discrepancy for typical loading processes does not exceed 20% 

in amplitude. A typical distribution of n(σi) for stresses in the 

pipelines of the power plant is shown in Fig. 2. 

 

The nonmonotonicity of the curve depicted on it is explained by the 

fact that the schematization methods used are based on the 

sequential separation of cycles with the lowest amplitude from the 

process. As the amplitude of the selected cycles increases, the 

broadband factor of the process changes (first K> 1, then K ≈ 1). 

The distribution of the cycle amplitudes for the two indicated zones 

of the values of K is different, which gives rise to a 

nonmonotonicity of the curve. 

For the obtained distributions n(σi), the value of DΣ was calculated 

for one test of power plants. Statistics of fatigue failure of the 

pipelines of the power plant showed that the value of DΣ at the 

moment of failure is 0.6 ... 1.2 for the Weller curve of 50% 

probability, which makes it possible to reliably isolate those 

pipelines in the design of power plants whose resource availability 

is insufficient. 

A characteristic example of using the described method to refine 

the structure for the required resource is the design development of 

one of the power plant pipelines. 

In the original design, the life of this pipeline did not exceed two 

tests. In this case, the value of DΣ calculated by the “Rainflow” 

method for one test is 0.15 ... 0.55, depending on the cyclogram of 

the operation of the power plant for a 50% fracture probability (σm 

= 7 kgf/mm2). The tests for which resonance excitation of the 

pipeline oscillations were observed corresponded to large values of 

DΣ. The change in design reduced the quality of the resonant 

oscillations, and the value of DΣ turned out to be in the range of 0.05 

... 0.4. At the same time, the destruction of this pipeline was also 

observed, but the resource of the work slightly increased and 

amounted to two or three tests. 

Further modification of the design consisted in the transition to 

another grade of pipe. The value of DΣ for one test for this version 

was 0.01 ... 0.026. At the same time, pipeline destruction did not 

occur during the four tests, but the achieved value of DΣ indicated 

a real possibility of fatigue failure of the pipeline for twenty trials 

or more. To guarantee the resource in twenty trials, the fourth 

variant of the pipeline design was introduced, for which DΣ was 

0.003 ... 0.007 per one test, which indicates a sufficient margin of 

fatigue life of the pipeline for a given resource. 

Further experience in the operation of the power plant showed that 

in the range of 10 or more tests fatigue failure of the pipeline is not 

observed. 

Thus, the use of this method with a set of design measures allowed 

to provide more than fivefold margin for fatigue resistance of all the 

pipelines of the power plant. 
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