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Abstract: The main goal of this approach is to present a technical analysis based on fracture 

mechanics theory, examining the fatigue behaviour of a simulated longitudinal crack with an 

ellipsoidal geometry in a firewater pipeline belonging to a process plant designed under the ASME 

B31.3 Process Piping Design Code for processing lithium ore in northern Argentina. The study 

focuses on a straight section of carbon steel piping (ASTM A53 Type E Gr B) with a diameter of 20 

inches, simulating a longitudinal crack with an ellipsoidal base induced in the upper part of the 

forging area. This is under pressure design conditions of ±1.30 MPa (σ m Mean Stress = 0) and a 

constant temperature of 60 °C, according to the design specifications of the lithium extraction project 

A1C. This approach uses the strain-life fatigue analysis method available in the Ansys fatigue 

module. Strain-life is usually concerned with crack initiation. This procedure uses a numerical 

simulation method in the ANSYS 2025 R1 workbench. The results show that the lowest fatigue life 

occurs in the FWZ (Forged Weld Zone) area of the ERW. Once the obtained values have been 

analysed, the critical zones of the crack and low cycling are identified. It is suggested that pressure 

should be kept below the critical value, and that experimental studies available in literature should 

be carried out to compare the results of this approach. These conclusions form the basis for applied 

research in real case studies in industry. 

Keywords: mechanical fatigue; carbon steel; electric resistance welding (ERW); finite element 

method (FEM); lithium process plant 

 

Nomenclature 

a Crack Depth 

ANSYS Stand For Analysis System 

A1C Design Specification for firefighting water 

ASTM American Standard Testing Material 

A53 Grades of steel according to ASTM 

API American Petroleum Institute 

APIX65 Material Grade X65 

APIX70 Material Grade X70 

ASME American Standard Mechanical Engineer 

BM Base Metal 

°C Degrees Celsius 

da/dN Crack Growth Rate 
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DWG Drawing Extension AutoCAD 

ERW Electrical Resistance Welding 

e Young's modulus 

FEM Finite Element Method 

FWZ Forged Weld Zone 

FD Fatigue Damage 

GTAW Gas Tungsten Arc Welding 

HAZ Heat Affected Zone 

In Inches 

LIF Life in Fatigue 

MPA Megapascal Unit of pressure 

OD Outside Diameter 

ID Inside Diameter 

PD Desing pressure 

P Pressure applied 

PA Pascal 

Ri Internal Radio 

Re External Radio 

Ts Thickness 

STD Schedulle Standard of Piping 

SPEC Specification of Piping Class 

SIF Stress Intensity Factor 

SF Safety Factor 

SMAW Shielded Metal Arc Welding 

SSWC Selective Seam Weld Corrosion 

SEM Scanning Electron Microscope 

SCH Schedulle 

.sat Extension of file to import from Cad to ANSYS 

TD Design Temperature 

USGS U.S. Geological Survey 

v Poisson’s ratio/coefficient 

WTa Wall Thickness failed before 

WTb Wall Thickness after failed 

X, Y, Z Axis 

𝜎𝑚  Mean Stress 

∆Ɛ/2 Total strain Amplitude 

 𝜎𝑓  Fatigue Strength Coefficient 

2𝑁𝑓  Number of reversals to Failure 

𝑁𝑓 Number of Cycle to Failure 
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1. Introduction 

According to the USGS Mineral Commodity Summaries [1], lithium resources totalling 

approximately 20 million tonnes have been detected in Argentina, surpassing countries such as China, 

Australia, Chile, Canada and Mexico. Since 1991, Minera Altiplano S.A., an American subsidiary of 

Livent Corp [2], has operated in the north of Argentina, with an estimated production of 20,000 tons.    

Phase I, the SA plant process design, is based on existing Livent technology. The plant feed is 

fresh brine with a lithium concentration of 600 ppm [3] Pre-concentration of brine in solar ponds is 

included in the project. The process plant will be built according to specifications developed using 

the American National Standard Code for Pressure Piping Process Piping (ASME B31.3) [4]. This code 

is usually used for many piping systems in the erection of process plants. One of the most important 

units in this plant is the fire water station, where the 20-inch-diameter carbon steel piping (ASTM 

A53 Type E Gr B) shows a crack of an ellipsoidal base induced in the upper part of the ERW forging 

area. 

In industrial environments, we are usually surrounded by several pipes, both underground and 

above ground, which supply different services. These pipes are often joined by ERW types, which 

have been found to have several cracks that have caused accidents. This study focuses on the fatigue 

behaviour of API-X70 steel [5]. 

According to Krupp Ulrich's proposal regarding fatigue crack propagation in metals and alloys, 

the study of fatigue behaviour in materials has been ongoing for at least 150 years [6]. This is of great 

importance in an industrial context worldwide, and studies of mechanical elements yielding 

significant advances in crack prediction will continue to be conducted, as emphasised by renowned 

scholars in this field, such as Paris and Paul [7]. However, fatigue crack growth is an even more 

complex process involving load cycling, and better analysis in this area is needed. 

On the other hand, FEM (Finite Element Method), a numerical technique for finding 

approximate solutions in engineering, provides an important scope and contribution to the field of 

engineering problem solving. Problems are mostly identified by presenting differential equations, 

boundary conditions and geometries [8]. 

Zilong Xia et al. analysed a leakage in a buried fire water pipeline that occurred after 15 years 

in service. The pipeline was manufactured from a Q235B carbon structural steel plate using high-

frequency electric resistance welding. They conducted their analysis using a combination of 

experimental metallography and theoretical finite element modelling with Ansys software. The 

pipeline operated within a pressure range of 0.8 to 1.2 MPa. Following experimental and theoretical 

analysis, the results showed that the main cause of cracking in the pipe was low heat input and that 

selective weld seam corrosion (SSWC) also had a significant effect [9]. 

Brian Young et al. made approximations using fatigue models that had been applied to the 

cracking of ERW welds in pipelines for the estimation of mechanical fatigue crack growth.  These 

approximations were made in an experimental setting using X-70, X-52 and B grade steels [10,11]. 

Their results showed that the threshold model can characterize the stress intensity range as a function 

of material grade and stress ratio, and that this method can be used to estimate crack growth rates. 

The aim of this study is to reduce accidents in pipe networks with a high rate of weld failure. 

Zhang Guangli et al. carried out an experimental study on the fatigue characteristics of an 

ERW weld on an API X65 pipeline material, as well as evaluating the fatigue life. Their main finding 

was that the main cause of cracks in ERW pipes is cold welding, and they provided technical 
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support for this in the form of the API 579-2007 standard, also known as the failure assessment 

diagram [12]. 

Zilong Xia et al., have elaborated a paper concerning an analysis of an ERW weld in a fire water 

pipeline belonging to a chemical plant. The crack is located at the bottom of the pipe. They have 

developed a macro morphology and metallographic analysis using a scanning electron microscope 

(SEM), as well as finite element method (FEM) simulations. The numerical and experimental results 

summarized that insufficient fusion of heat and selective seam weld corrosion (SSWC) contributed 

to the formation and progression of cracking. For this reason, when high pressure is produced in 

the pipe network, plus the effect of SSWC, cracking will be present. The crack location and the 

macro morphology of the pipeline at the leak and the affected weld zones are shown in Figure 1 

[13]. 

 

 
(a) (b) 

Figure 1. (a) Crack at the weld of pipeline. (b) The weld zones affected. 

In 2023, Gang Wang et al. analysed the fatigue behaviour of a circumferential crack in a pipe 

using numerical analysis. They used a reinforced polymer fibre to validate and evaluate the fatigue 

life and stress intensity factor (SIF). This pipe belongs to marine engineering plants. The following 

Figure 2 shows the crack characteristics [14]. 
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Figure 2. (a) Geometry of unrepaired steel pipe, (b) elevation of specimen and (c) crack details. 

Their results showed that the initial size of cracks has an impact on the fatigue behaviour of steel 

pipes, particularly with regard to the SIF. The design of the polymer fibre reinforcement contributed 

to reducing the rate of crack propagation. 

Recently, Gazala Mohamed et al. analysed several factors influencing the failure of a seam-

welded pipeline under the action of fatigue and thermal conditions. Their study covered a SS 304L 

pipeline, using experimental analysis and numerical simulations with FEM. Figure 3 shows the crack 

(failed sample) and a 3D representation of the crack. Figure 4 shows a mesh scheme and a zoom of 

the crack tip. 

Their findings revealed that the main cause of the failure was the residual stresses in the HAZ, 

with two important issues to consider: The welding sub-procedures and their post-treatment [15]. 

This approach will contribute to the exploration of a real industrial case in a firewater station 

with piping designed to international standards. This station belongs to a lithium plant located in the 

north of Argentina. The approach uses the advantages offered by FEM with ANSYS Workbench and 

the Fatigue Module, which represent a versatile technical tool based on scientific theory and 

engineering experience.  

 

 



Sci. Insights 2025, 1, 7;  6 of 22 

 

Figure 3. (a, b) Failed sample of crack base metal. (c, d) Local coordinate system and contour at the 

crack tip. 

 

Figure 4. (a) Schematic of mesh generation. (b, c) zoom at the crack tip, (d) More zoom showing 

mesh contour. 

The main goal of this proposal is to offer an easy way to solve industrial problems that arise in 

the daily operations of installations. These installations have human and environmental 

responsibilities and must implement policies to guarantee optimal performance. 

The pipeline design is under SPEC A1C (Figure 5) which shows the following values: 

 

Figure 5. Spec A1C 
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The main zones in the weld where fatigue damage is greatest will be identified, as will the fatigue 

life and safety factor. The cycles at which these concepts will be reached in the fatigue study will be 

estimated, and the sensitivity graph will be commented on. 

2. Method and Material  

Figure 6 below presents the methodology applied in this approach in a very general way [16]. 

 

Figure 6. Step-by-step diagram of study. 

2.1 Auto CAD 3D Design (Model and Location of the Crack) 

The geometry consisted of a straight pipe (cylinder) with a diameter of 20 inches, a thickness of 

0.375 inches and a length of 6 metres. It was manufactured in the workshop for use in the field. A 

longitudinal crack with an elliptical cross-section and ellipsoidal ends was designed symmetrically 

and modelled. Only half of the pipe was used to ensure computational savings, given that the 

simulation was performed using an academic licence. Figure 7 shows half of the 20-inch pipe 

(Importing a CAD model into FEM software, for example, reduces the effort of producing a geometric 

model with all its lines, circles, surfaces and so on [17]). 

The geometry was designed in a DWG file, which is then converted to a '.sat' extension before 

being imported into the Ansys Workbench module to check for any import warnings. The dimensions 

of the longitudinal crack are: The crack is 0.4 mm wide and 1 mm high, and its depth (a) is 6.56 mm. 

See Figure 8. 
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Figure 7. Geometry of 20-inch pipe with ellipsoidal crack. (A) Complete pipe under ASME B36.10. 

and cutting plane. (B) Half pipe with ellipsoidal base crack. (C) Import of "sat" file in ANSYS. 

 

Figure 8. Approach of the longitudinal crack and Depth of the crack (plan view). 

2.2 Mechanical Proprieties of Material 

For the study, an isotropic material (carbon steel) with a modulus of elasticity of E = 2 × 10¹¹ Pa 

and a Poisson's ratio of 0.3 was considered. The following table summarizes the most important 

mechanical properties of the carbon steel (ASTM A53 Gr B [18]) under test, as defined in the 

"Engineering Data" module of the ANSYS program. See Table 1. 

Table 1. Mechanical properties of ASTM A53 Gr B [19]. 

Mechanical Proprieties ASTM A53 Grade B 

Tensile strength, min, psi [Pa] 60.000 (4.15x10^8) 

Yield Strength, min, psi, [Pa] 35.000 (2.40x10^8) 

Density  7850 [Kg/m3*] 

Coefficient of thermal expansion 1.02x10-5 

Young ś modulus [e] 2x10^11 [Pa] 

Poisson ś radius [v] 0.3 

Curve type  Strain-Life  

                    *https://protoandgo.com/materiales/acero-al-carbono/ 

2.3 Mechanical Proprieties in ANSYS Workbench 

To guarantee an effective simulation, all the mechanical properties of the pipe material must be 

declared in Ansys. To do this, enter the data into the matrix space in Workbench Static Structural, 

ensuring that the units are in the same system. The strain-life method will be applied for fatigue in 
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this approach (Stress life methods are most useful at high cycle fatigue, where the applied stresses 

are elastic, and no plastic strain occurs anywhere other than at the tips of fatigue cracks. At low cycles, 

scatter in the fatigue data makes these methods increasingly less reliable [20]). Table 2 shows the 

input data for the material used in ANSYS. 

Table 2. Mechanical properties of ASTM A53 Gr B material in Ansys. [19, 20, 21, 22, 23]. 

ASTM A53 Type E Gr B 

Structural: Isotropic Elasticity 

 

Density 7850 [Kg/m3] 

Derive from Young´s Modulus and Poisson´s Ratio 

Young’s Modulus 2e+11 [Pa] 

Poisson’s Ratio 0.3 

Bulk Modulus 1.6667e+11 [Pa] 

Shear Modulus 7.6923e+10 [Pa] 

Isotropic Secant Coefficient of Thermal Expansion 1.2 e-0.5 1/°C 

Compressive Ultimate Strength 0 [Pa] 

Compressive Yield Strength 2.4e+14 [Pa] 

Strain-Life Parameters 

 

S-N Curve 

 

 

Tensile Ultimate Strength 4.15e+08 [Pa] 

Tensile Yield Strength 2.4 e+08 [Pa] 

 

2.4 Converge Study for Mesh 

To ensure the analysis is accurate, it is necessary to estimate how small the element should be 

for the mesh solution to be trustworthy [16]. The convergence of the meshing should not produce 

significant numerical differences; this variable is of the utmost importance when capturing stress 

peaks or deformations [24].   

The version of ANSYS Academic used has limits on the number of nodes and elements. In this 

case, the existing capacity was tested by iterating and estimating the equivalent stress (von Mises)  

[25], as shown in Table 3 below. 
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Table 3. Iterations for converge mesh example. 

Iteration "Mesh 

Resolution" 

Number of 

elements at HAZ 

Equivalent Stress (Max) 

(Von Mises) [Pa] 

Variation Between 

Iteration 

1 1 349 1,09E+09  

2 2 231 1,09E+09 0% 

3 3 451 1,11E+09 1.47% 

4 4 910 1,15E+09 3.66% 

5 5 1474 1,11E+10 960.39% 

6 6 2912 4,46E+09 40.33% 

The results of the iterations indicated that there is no variation between #1 and #2, as shown in 

the following chart (Figure 9). 

 

Figure 9. Converge results for Equivalent Stress Von Misses. 

According to the convergence results, 231 elements in the HAZ will be used to create the mesh. 

A level-3 mesh refinement was performed in the area where the weld (HAZ) is located, which is the 

maximum allowed. See Table 3 and Figure 9. 

It should be noted that the refined mesh physically encompasses a significantly larger portion 

of the domain in the finite-element representation and provides a more accurate representation of the 

edges of the figure [26]. See Figures 10, 11 and 12. 

 

Figure 10. Meshing Model. 
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Figure 11. Refinement of Mesh. 

 

Figure 12. Zoom Refinement of Mesh level 3. 

Table 4 below shows the statistics and elements used to build the mesh, taking into account mesh 

refinement level 3. 

Table 4. Statistics and element of meshing.  

Statistics of Meshing Element Order 

Nodes                         1019 Quadratic (Retains midsize nodes on elements created in 

the part or body. All elements have midsize nodes.) Elements                       422 

2.5 Boundary Conditions 

The following boundary conditions are applied to this model: displacement along the Z-axis and 

Y-axis, loading, contact with the support, and a fixed support. [27]. 

The displacements along the Y and Z axes are restricted, i.e. they are considered to be zero. 

Loading: An internal pressure of 1.3 MPa is applied perpendicular to the pipe at specific points. 

This applied pressure is a constant value. 



Sci. Insights 2025, 1, 7;  12 of 22 

Contact with support: This condition represents the pipe's contact with the supports. 

Fixed support: In order to simulate a logical case in the Ansys program, it is necessary to 

establish a fixed support. This immobilizes a face and avoids movement or deformation in this area. 

In practice, the pipe is joined to a 6 m long pipe section; this condition therefore represents the joint. 

Figure 13 summarizes all the boundary conditions considered for the model. 

 

Figure 13. Boundary conditions summary. 

2.6. Thermal Condition 

Another important condition to consider is the design temperature 60°C (Design temperature of 

equipment and piping systems is generally defined as the temperature corresponding to the most 

severe condition of coincident temperature and pressure to which the system will be subjected [28].), 

this variable is applied to all the geometry, as a representation of the contact between the water flow 

and the internal part of the pipe, since the ansys program gives only one option to incorporate this 

variable, which includes all the geometry both externally and internally. Please see Figure 14.  

 

 

             Figure 14. Temperature condition in the middle of the pipe.  

The following Table 5 shows a summary of the boundary conditions used in this approach. 
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 Table 5. Summary of the boundary conditions used. 

Summary of Boundary Conditions 

Displacement axis Y and Z Value = 0 

Loading  Value = 1.3 [Mpa] 

Contact with Support  Value = D (See figure 13) 

Fixed Support  Value = E (See figure 13) 

Thermal condition Value = 60 [°C] 

This analysis uses the Deformable life method, which is typically employed in low-cycle fatigue 

scenarios involving a combination of elastic and plastic loading at the macro scale [29].      

On the other hand, the constant amplitude-proportional load is of constant amplitude because 

only one set of stresses results throughout, with a load radius. This is required to calculate the mean 

and alternative values [30]. For this exercise, the values are considered to have a reversion index of R 

= -1.5, which indicates a tensile-compressive stress of σ = 1.3, as shown in Figure 15 [31]. 

 

Figure 15. Diagram for constant amplitude loading. 

2.7. Governing Equations 

This approach uses a strain-life fatigue analysis, which is based on the strain-life relation 

equation. This equation uses strain-life parameters, which are values for a particular material that 

best fit the equation to the measured results. 

In order to carry out this method, it is essential to define the properties of the ASTM A53 Gr B 

material. The strain-life relation equation requires a total of six parameters to define the strain-life 

material properties: Strength Coefficient (1), Strength Exponent (2), Ductility Coefficient (3), Ductility 

Exponent (4), Cyclic Strength Coefficient (5) and Cyclic Strain Hardening Exponent (6) [32]. See table 

6. 

The main equation used in the strain-life simulation is presented below. 

                          
∆Ɛ

2
=

𝜎𝑓

𝐸
(2𝑁𝑓)

b
+ Ɛ𝑓(2𝑁𝑓)

c
 (Strain Life)                        (2) 

where: 

∆Ɛ

2
= 𝑇𝑜𝑡𝑎𝑙 𝑆𝑡𝑟𝑎𝑖𝑛 𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑 

                 𝜎𝑓 =   𝐹𝑎𝑡𝑖𝑔𝑢𝑒 𝑆𝑡𝑟𝑒𝑛𝑔ℎ𝑡 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

𝐸 = 𝑀𝑜𝑑𝑢𝑙𝑢𝑠 𝑜𝑓 𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 

               2𝑁𝑓 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑒𝑣𝑒𝑟𝑠𝑎𝑙𝑠 𝑡𝑜 𝐹𝑎𝑖𝑙𝑢𝑟𝑒  

                              𝑁𝑓 =  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑦𝑐𝑙𝑒 𝑡𝑜 𝐹𝑎𝑖𝑙𝑢𝑟𝑒  
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Table 6. Parameters to define the strain-life material properties. 

Properties of Outline Row 4: ASTM53 Type E Gr B 

A B C 

Strain-Life Parameters Value Unit 

Display Curve Type  Strain-Life   

Strength Coefficient  9.64E+08 [Pa] 

Strength Exponent  -0.145  

Ductility Coefficient  0.36  

Ductility Exponent  -0.55  

Cyclic Strength Coefficient  1E+09 [Pa] 

Cyclic Strain Hardening Exponent  0.26  

3. Results and Discussion 

The following results were obtained using the static structural module of Ansys in the 

mechanical fatigue option, once the simulations had been carried out with the premises established 

in the boundary conditions and the engineering data. The contour drawings showing the estimated 

fatigue life, fatigue damage, factor of safety, equivalent elastic strain and equivalent plastic strain are 

presented below. 

3.1 Life 

Once the parameters for the fatigue analysis have been defined and the corresponding iteration 

performed using the above values, the following results are obtained. The resulting contours show 

the fatigue life. If the load is of constant amplitude, as in this case, the resulting model represents the 

number of cycles until the element fails due to fatigue. 

The red contour plane in Figure 16a indicates the maximum number of cycles in 1 x 105 (infinite 

life), which was predetermined for the analysis. However, by zooming in on Figure 16b, it can be 

seen that the minimum number of cycles occurs in the FWZ (Forged Weld Zone: A weld that results 

from processes that combine the use of heat and high pressure, or forging forces applied to the weld 

zone [33]) area, with a value of 56,167 cycles. This value is between 1 and 100 cycles, which Joseph 

Edward Shigley [34] refers to as 'low cycle fatigue' or 'low cycling'. In other words, once this number 

of cycles has been reached, this would be the first area to fail (shown in red). The above figures show 

that the surface towards the base of the crack, extending through the area of the ellipsoidal base weld 

forging in the pipe belonging to the fire-fighting system, has the lowest fatigue life. 

In the area of the weld seam where the crack is present, the following cycles are identified with 

the colours orange, yellow and light green: 359, 2294.6 and 14666, respectively. See figures 16 a and 

16b. In summary, the locations of the cracks and their associated cycles are shown in Table 7. 

Table 7. Summary of Cycles at Ellipsoidal crack in piping of firefighting.  

Crack Location Low-Cycle fatigue N < 10^3 

[cycles] 

High-Cycle fatigue N >10^3 

[cycles] 

Base Ellipsoidal  56,167* /359 14666/2294,6/93742 

Longitudinal Surface of 

Forged Weld Zone  

56,167* /359 *Minimum cycles  
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(a) 

 
(b) 

Figure 16. (a) Contour plane life in fatigue of the affected part in the welding seam. (b) Zoom at the 

first area of fail. 

3.2 Damage 

This analysis is a contour plane of fatigue damage (In ANSYS, fatigue damage is a measure of 

how close a material is to failure under cyclic loading. It represents the accumulated degradation of 

a material subjected to repeated stress or strain. Source: https://ansyshelp.ansys.com/), as defined by 

the strain life method. Values greater than 1 indicate failure before the design life is reached. 

Figures 17a and 17b show the damage in the red area towards the FWZ. Zooming in on this area 

reveals the damage around the induced crack, which has a value of 1. The maximum damage is 

located at the ellipsoidal base of the induced crack in the FWZ weld zone and has a value of 1,7804 x 

107 cycles. 



Sci. Insights 2025, 1, 7;  16 of 22 

 
(a) 

 
(b) 

Figure 17. (a) Contour of damage in half piping. (b) Contour drawing for damage in the ERW area. 

 

In summary, Table 8 shows the locations of Max Damage and the associated Cycles. 

Table 8. Summary of Cycles at Ellipsoidal crack in piping of firefighting. (Damage). 

Crack Location Low-Cycle fatigue N < 10^3 

[cycles] 

High-Cycle fatigue N > 10^3 

[cycles] 

Base Ellipsoidal  None *14666/2294,6/2,7855e6 

Longitudinal Surface of 

Forged Weld Zone  

None *1,7804e7/2,7855e6  

Base Metal 6,39/40,853/261,12 *Max Cycles 

3.3 Safety Factor (SF) 

This factor of safety is shown on a contour plane with respect to fatigue failure for a design life 

of 1x109 cycles. The theory is based on the idea that values less than 1 indicate failure before the design 

life is reached. The maximum safe value is 15. 

The area with a value below 1 is the area of the crack base in its ellipsoidal part. This is estimated 

to be 0.028526. See Figures 18a and 18b. 



Sci. Insights 2025, 1, 7;  17 of 22 

 
(a) 

 
(b) 

Figure 18. (a) Fatigue safety factor for life design at half piping. (b) Zoom at the ellipsoidal base. 

3.4 Equivalent Elastic Strain   

In ANSYS, equivalent elastic deformation is the scalar measure of deformation experienced by 

the material. Figure 19 below shows the maximum deformation towards the ellipsoidal base of the 

crack, identified in red, with a value of 0.007625 mm/mm. 

 
(a) 

A

B
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(b) 

Figure 19. (a) Equivalent Elastic Strain at ERW. (b) Maximum deformation at the ellipsoidal base.. 

3.5 Equivalent Plastic Strain  

The equivalent plastic strain, as defined in ANSYS, is a measure of the total plastic strain 

experienced by the material, expressed as a single value. In this case, our approximation shows that 

there is no plastic strain [35]; in other words, the crack has not yet reached the point of rupture. See 

Figure 20 below. 

 

Figure 20. Equivalent Plastic Strain at ERW. 

This value indicates that the tensile strength of ASTM A53 Grade B material (4.15 x 10 ⁸ PA) is 

not met, as shown in Table 2. The mechanical properties of ASTM A53 Gr B are presented in this 

research. 

This fatigue analysis of the longitudinal ellipsoidal base crack in the ERW of the ASTM A53 Type 

E Gr. carbon steel pipe belonging to a lithium processing plant was performed using FEM, followed 

by mesh refinement at the crack tip. 

The results can be found in the following Table 9 [16, 36]. 

A

B
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Table 9. Summary of results.  

Summary of results 

Life 

[Cycles] 

Damage 

[Cycles] 

Safety 

Factor 

Equivalent Elastic Strain 

[mm/mm] 

Equivalent Plastic Strain 

[mm/mm] 

Elements 422 422 0.007625 0 

4. Discussion of Limitations 

The final mesh model was created for a cracked carbon steel weld. A more refined mesh could 

improve the model, but this would require the most time-consuming step in the pre-processing 

workflow. The simulations were performed using an academic ANSYS licence, which restricts the 

number of nodal partitions. 

The lowest fatigue life occurs in the FWZ (Forged Weld Zone) area of the ERW, towards the 

section where the ellipsoidal base of the crack is. The Longitudinal Surface of the Forged Weld Zone 

is considered to be low cycle fatigue, with values between approximately 1 and 100 cycles. According 

to the contour plane, there is an area of the FWZ where the fatigue life would be reached by at least 

56,167 cycles. 

The maximum initial damage is located at the ellipsoidal base of the crack in length, but 

according to Figure 18a and 18b, it varies between 1.7804e7 and 2.7855e6 cycles. 

Similarly, the estimated minimum safety factor of 0.028526, identified in red in Figures 19a and 

19b, is shown by the FEM analysis using the design life. This value is found in the entire ERW weld 

towards the ellipsoidal base. 

A comparison of the number of cycles at the metal base (MB) and the heat-affected zone (HAZ) 

shows a higher number of cycles for the HAZ. In the case of fatigue life, our results are compared 

with an experimental analysis called 'Fatigue tests on circumferential welds of X60 steel used for gas 

pipes'. After the specimens have been pre-cracked and fatigued, the crack will grow in both the base 

metal and the weld fusion zone due to the higher number of accumulated cycles. However, the steel 

under test has a higher yield strength.  For example, specimen S5 reached 37,086 cycles in the 

experiment, whereas our numerical results were 56,167. See Table 10 below [37]. 

Table 10. Shows the number of pre-cracking cycles for each specimen tested. 

Number of pre-cracking cycles on base metal specimens [B1-B2] and welded joint specimens 

[S1-S5] 

B1 B2 B3 B4 B5 

15140 28494 20831 27948 26566 

S1 

30293 

S2 

32046 

S3 

34434 

S4 

36229 

S5 

37086 

As quoted by Mgonja, this fire water pipeline of the lithium plant is prone to failure as long as 

it is subjected to stress. "Cracks have a tendency to propagate and can contribute to weld failure if 

subjected to stress in service", but it must be checked in situ.[38]. 

From the literature reviewed, there was no evidence of a fracture case with the exact 

characteristics presented in this test. However, surface quality, toughness and stress concentration 

are considered factors that can affect the fatigue behaviour of a longitudinal weld, as detailed by P. 

Simon et al. in their experimental study of the fatigue behaviour of longitudinal welded pipes.[39].  
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5. Conclusions and Recommendations 

In this approach, the fatigue analysis of a longitudinally oriented ellipsoidal crack at the ERW of 

an ASTM A53 Type E Gr B pipe belonging to a lithium process plant was investigated numerically. 

The FEM model was constructed according to the methodology of a real case study from the lithium 

process plant. The main conclusions can be summarised as follows: 

• The lowest fatigue life occurs in the FWZ (Forged Weld Zone) area of the ERW weld, towards 

the section where the ellipsoidal base of the crack is located. This is considered to be low 

cycle fatigue (N <10³ cycles), with values ranging from approximately 1 to 359 cycles. The 

initial damage is also located at the ellipsoidal base of the crack. 

• The fatigue damage is concentrated along the entire length of the weld, particularly towards 

the ellipsoidal base metal (N <10³ cycles). 

• According to the results obtained for the safety factor, the lowest value is found in the area 

of the crack and part of the base metal. This is why it is suggested that the operation of the 

line be kept to a minimum or that the section of pipe where the crack is being replaced, as 

well as some type of analysis being suggested, such as: Stress corrosion cracking, hydrogen-

induced cracking and welding procedure. 

• This study is unique in terms of the specific load conditions, the crack modelling approach, 

and the implications for lithium plant operations. A future study comparing alternative 

welding techniques (e.g. GTAW and SMAW) or materials (e.g. API X65 and X70) would be 

interesting and could provide new insights. 

• In view of the results of the fatigue analysis for this specific case, the following is 

recommended: 

a) Maintain the lowest possible flow through that line, compensating with the other existing 

fire system lines, and take monthly load measurements, updating the fatigue damage 

contours. 

b) Perform a hot repair of the weld bead. 

c) Implement a replacement plan for the 6-inch pipe and associated welds that complies with 

minimum quality requirements to guarantee better performance. 

• As with any numerical method, this research provides an approximate solution, so it is 

recommended that it is verified experimentally. It is intended as a base reference for future 

research on mechanical fatigue crack growth in different ERW pipelines in process plant 

stations, combined cycle plants, oil and gas upgrading plants, and energy plants.  

Data availability: Data will be made available on request. 
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