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Abstract. This work is aimed at assessing the stress-strain state of a gas 

pipeline section with different types of defects. The purpose of the 

calculations is to determine the reliability of the pressurized structure and 

to assess its serviceability in future operation. The paper presents an 

assessment of the "dent" type defects and a non-through surface fracture, 

which were obtained as a result of impact loading. The calculations were 

performed in the ANSYS mathematical modelling software package, 

which is a multipurpose package for solving complex physics and 

mechanics problems based on the finite element method. A model of the 

gas pipeline section was created in the vicinity of which the defect is 

located. Preliminary equivalent stresses at normal operation of the object 

were calculated in this section, as a result of which the place was found, 

which has the highest load at normal operation. In this zone, defects are 

applied programmatically. In the process of research, it is revealed that at 

given geometric parameters, the considered defects do not pose a threat to 

further operation of the object. The considered assessment method is well 

suited for objects of different complexity and size, so the scope of 

application is vast - from machine parts to huge structures. 

1 Introduction 

The assessment of the stress-strain state of any structures, especially those that are 

dangerous for both humans and the environment, is extremely important [1]. It should be 

carried out both during the construction of objects and directly during their operation. 

Often, various defects appear at the stage of construction, it may be associated with 

impacts, bends, poor quality welds, and so on [2]. As a consequence, defects of various 

types and various effects on the strength reliability of the structure appear. Assessment of 

stress-strain state is designed to prevent accidents at the enterprise, thus ensuring the 

preservation of the company's budget, the funds from which could go to eliminate the 

consequences of the accident, as well as to minimize cash costs for repairs [3]. 

As soon as technology allowed man to build structures of enormous size, the problem 

arose that a large number of structures began to collapse, and at times when the load was 

much less than the allowable load [4]. Huge ships broke apart, bridges fell under their own 

weight, and railroad derailments became more frequent. By studying the accident sites, a 

common cause was identified, this cause turned out to be fractures. It was observed that 
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structures with fractures could operate normally for quite a long time. It was these events 

that prompted the birth of a special section of science studying the strength and 

survivability of structures with fractures, called mechanics of material fracture [5]. Its 

purpose is to elucidate the conditions of fracture of bodies of various shapes operating 

under the action of specified loads in certain external conditions [6]. Such a formulation, 

including the analysis of the stress-strain state of a body under given boundary and initial 

conditions, taking into account the developing fracture of one or another nature, is adjacent 

to the usual problems of continuum mechanics. This section made it possible to determine 

the strength at which defects are allowed in structures safe for their operation [7]. 

The most dangerous type of defect for structures is a crack [8]. There are two types of 

cracks: through and through. If a crack appears in any product, then it is further considered 

unusable, therefore, non-penetrating cracks are subject to the greatest consideration [9]. 

Up to a certain point, cracks do not change their geometric parameters, however, with 

increasing pressure on the crack site, the geometric parameters of the crack can 

significantly increase. As a result, this process leads to an emergency situation at the 

technological facility [10]. 

Previously, researchers found that when the geometric parameters of cracks change, 

both the release and absorption of a certain amount of energy occur [11]. The dependence 

of the geometric size of the crack on the amount of energy that was released during the 

formation of the crack was also established [12]. 

2 Main part 

Specific potential energy is a peculiar density of potential energy distribution over the 

volume of a loaded body: 

𝑈 =
1

2𝐸
[𝜎1

2 +  𝜎2
2 +  𝜎3

2 − 2 ∙ 𝜇(𝜎1 ∙  𝜎2, + 𝜎2 ∙ 𝜎3 +∙ 𝜎3 ∙ 𝜎1)]  (1) 

∆𝑈 = 𝑈 ∙ 𝑉,        (2) 

∆𝑊 = 𝑉 ∙ 𝛾.        (3) 

Here V defines the stress-free zone; 

𝐸 is material modulus; 

𝛾 = 0.01 ∙ 𝐸 ∙ 𝑟0 – specific energy required to create a free surface; 

𝑟0 – distance between atoms of the crystal lattice of the material. 

The energetic criterion of Griffiths is obtained from all this. It determines the 

dependence of the pressure on the part and the geometric dimensions of the crack [13]. The 

criterion is written as follows: 

𝜎2∙𝜋∙𝑙

𝐸
= 4 ∙ 𝛾.       (4) 

When attempting to apply Griffiths' theory to many other materials, such as metals, it 

was found to underestimate the loads. When the found critical load of a material was 

reached and even exaggerated, the test object continued to hold the load and did not 

collapse [14]. Therefore, Griffiths' theory is considered to have a narrow field of 

application, namely to materials close to the ideal brittle material model. 

Irwin argued that the Griffiths criterion was formulated without taking into account the 

plasticity of the material [15]. Therefore, he decided to amend the Griffiths criterion in 

terms of adding the work of plastic deformation in the formation of a unit of surface area: 

𝜎2∙𝜋∙𝑙

𝐸
= 4 ∙ (𝛾 + 𝛾𝑝).      (5) 
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In addition to the energy criterion, there is also a force criterion for fracture growth, 

which was formulated by Irwin [16]. If we consider a fracture, then in the points located in 

the vicinity of its apex, the main stress values are as follows 𝜎1, 𝜎2, 𝜎3, are proportional to 

the stress intensity factor, and also depend on the external load. 

𝐾 = 𝜎√𝜋 ∙ 𝑙 ∙ 𝐶.       (6) 

here 𝜎  is the stress that ruptures the fracture; 

𝑙 – fracture length; 

𝐶 – an additional multiplier that depends on the parameters of both the part and the 

fracture. 

Thus, when the stresses in the part increase, the principal stresses in the vicinity of the 

fracture tip increase along with them and when they reach a certain critical level Kc, 

material at the apex begins to fracture, the crack starts growing. 

𝐾𝑐 = 𝜎√𝜋 ∙ 𝑙 ∙ 𝐶.      (7) 

The stress coefficient is a value that is calculated experimentally for each specific 

substance [17]. It is enough to define it once, so that it can then be used for calculations. 

There are three types of stress state [18]: 

1) K1 defines opening deformation, at which the fracture edges are displaced in the 

direction of normal to the fracture plane; 

2) K2 defines transverse-shift deformation, in which the fracture edges are displaced in 

the fracture plane normal to the fracture propagation front; 

3) K3 defines longitudinal-shift deformation, in which the fracture edges are displaced in 

the fracture plane parallel to the fracture propagation front. 

The special danger of brittle fractures lies in the fact that the crack develops at lightning 

speed when dangerous loads are reached [19].  

It is worth noting that a lightning-fast change in the geometric dimensions of the defect 

is possible only with a single pressure, otherwise the rate of change in geometric 

dimensions will be much less [20]. 

According to the equation of linear fracture mechanics, the fracture and strength 

conditions are written in stress intensity factor: 

𝐾 = 𝜎𝑐√𝜋 ∙ 𝑙 ∙ 𝐶 = 𝐾1𝑐,       (8) 

𝐾 = 𝜎𝑐√𝜋 ∙ 𝑙 ∙ 𝐶 ≤ [𝐾1𝑐] =
𝐾1𝑐

𝑛𝑘
 ,      (9) 

where 𝑛𝑘 is material safety margin. 

According to these conditions, four main objectives are addressed: 

1)  Determination of breaking stresses: 

𝜎𝑐 =
𝐾1𝑐

√𝜋∙𝑙∙𝐶
                   (10) 

2) Strength check: 

𝐾1𝑐 = 𝜎√𝜋 ∙ 𝑙 ∙ 𝐶, 𝐾1 ≤ [𝐾1𝑐]      (11) 

if the stress intensity factor does not exceed the permissible value, the strength is ensured. 

3) Determination of the allowable fracture size: 

[𝑙] =
1

𝜋
(

𝐾1

𝜎∙𝐶
)

2

       (12) 

4) Determination of the allowable stress: 
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[𝜎] =
[𝐾1]

√𝜋∙𝑙∙𝐶
       (13) 

Before fractures appear, parts can work 10-30% of the total life, respectively the 

remaining 70-90% can work with fractures [21]. Therefore, it is worth monitoring the 

condition of objects and detecting the defect in time. For this purpose, a huge number of 

methods of defectoscopic inspection have been developed, for example: ultrasound, X-ray 

fluoroscopy, acoustic emission and many others [22]. 

A team of authors, taking into account the above expressions, conducted a study of the 

stresses of a defective medium-pressure gas pipeline in an application package in the 

ANSYS Mechanical Workbench program.  

Initial data for the simulation:  

– gas pressure in the pipeline: 0.3 MPa;  

– grade 20 steel; – wall thickness 4.5 mm;  

– diameter of the gas pipeline: 159 mm;  

– Young's modulus: 2.12·105 MPa;  

– the mass of the pipeline section is 7,500 g.;  

– the Poisson's ratio is υ = 0.3.  

As part of this work, a finite element model (of 6950 elements) was created, which is 

shown in Fig.1. 

 

Fig. 1. The model in the ANSYS Mechanical Workbench 

First of all, it is necessary to determine the boundary conditions [24]: 

– gas pressure in the pipeline: 0.3 MPa; 

– the gas pipeline is rigidly fixed and its displacement is impossible; 

– atmospheric pressure: 101325 Pa; 

– acceleration of gravity g =9.8 m/s2; 

It is necessary to identify the zone of the studied section of the gas pipeline, which will 

be subject to the greatest stresses [25]. 
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Fig. 2. Distribution of equivalent stresses 

At the next stage of our work, we will use the Parameter Set and Nodal Displacement 

commands [26]. Using the first command, we set the location of the defect, using the 

second command, we perform stress calculations [27].  

The next step is to compare the value of equivalent stresses with the yield strength of 

the material from which the object in question is made. For steel grade 20, the yield 

strength is σ_t=245 MPa.  

Defect parameters: 

– depth 0.1 mm; 

– length 0.1 mm; 

– maximum voltage was 187 MPa.  

The simulation results are shown in Fig. 3. 

Conclusion. The maximum stress is less than the yield threshold, which means there 

will be no irreversible deformations in the pipe. 
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Fig. 3. Stress distribution in the defect area 

In fracture mechanics, fracture conditions are represented by one of the existing 

parameters, which are stress intensity factor (SIF), J-integral or fracture tip opening.  

For further calculations we tentatively assume the value of critical SIF KIc = 

1.61MPa·mm0.5. 

We conduct tests for various defect parameters. The results of the four tests are shown 

in the Table 1. 

Table 1. Values Calculated of SIF 

no. Half-length a, mm. Depth l, mm. Maximum SIF value, 𝑀𝑃𝑎 ∙ 𝑚𝑚0.5. 

1 6 1 1.3979 

2 6.1 1 1.4019 

3 6.1 1.1 1.5044 

4 6 1.1 1.4768 

 

The second and third columns show different ratios of fracture half-length and fracture 

depth and the fourth column shows their corresponding SIF values. The fracture depth has 

more influence on the SIF value. For simplicity, we take integer values (a = 6 mm, l = 1 

mm) as acceptable values. 

The SIF distribution was also modeled. The results are shown in Fig. 4. 

 

E3S Web of Conferences 549, 07001 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454907001

6

RETRACTED



 

Fig. 4. SIF distribution  

3 Conclusion 

The team of authors analyzed the graph shown in Fig. 4. The analysis showed that the 

minima are at the exit of the defect to the surface. It can be concluded that there is a flat 

voltage on the surface of the gas pipeline. However, it is also worth paying attention to the 

fact that there will be a flat deformation inside the gas pipeline. 

Based on the above, we can conclude that the operation of a technological facility, such 

as a gas pipeline, cannot be stopped due to the defect in question, but it is necessary to 

monitor the defect. 
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