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Abstract 

The objective of this study is to develop a new model predicting the burst pressure of an elliptical defect in 
a corroded pipe under internal pressure. The effects of geometric parameters on the pipeline performance 
were analyzed. The results of our analytical model were compared with those of the well-known LPC model 
for unrepaired corroded pipes, and there is a good agreement between the two models. For the corroded 
steel pipe, the comparison between the newly developed model and finite element (FE) calculations also 
showed a good agreement. 

Index Terms: Modeling, Burst pressure, Pipeline, Corrosion, Steel, FE. 

 
1. INTRODUCTION   

Pipelines are of paramount significance within the energy infrastructure, enabling the 
efficient conveyance of gas, oil, and diverse hydrocarbons across extensive distances to 
meet the needs of the petrochemical sector [1]. These pipeline systems typically comprise 
multiple sections composed of wide-diameter, thin-walled carbon steel pipes, often 
operating under substantial internal pressure [2-4]. The burst pressure of these pipelines 
plays a pivotal role in determining the material selection, structural design, safe 
operational practices, and integrity assessment [5].  

For over five decades, predictive models for the burst pressure of cylindrical vessels and 
pipes have been under development. The aim is to quantify the maximum pressure at 
which failure may occur based on material characteristics, as well as the dimensions of 
the vessel or pipe [6, 7]. Corrosion imperfections can be found in pipelines of various 
sizes, configurations, and orientations. Corrosion poses the risk of potentially catastrophic 
failures in pipelines and is acknowledged as a major concern for the safety and structural 
integrity of both onshore and offshore pipeline systems [8, 9]. 

Corrosion represents a defect that has a significant impact on the performance of 
pipelines and contributes to a decrease in their lifespan and efficiency in delivering 
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essential natural resources to consumers [10]. The behavior of pipelines affected by 
corrosion remains the subject of ongoing research [11]. [12, 13] models provided the best 
prediction in their original form without being calibrated. 

In the literature, models predicting burst pressure in pipelines are very rare; this prompted 
us to carry out this research to develop an analytical model enabling this prediction to 
facilitate the design of corroded pipe. This study also presents a finite element analysis 
describing the effects of the various parameters influencing the performances of pipes. 
All these parameters were introduced into the developed analytical model. 
 
2. GEOMETRICAL MODEL  

In this study, we suppose the existence of a corrosion defect of elliptical shape in the 
central outer wall of a pipeline. The dimensions of the defect are: radius R= 20mm, and 
the depth is d=8.5mm. The outside diameter of the pipe De is 600 mm, ‘’Di’’ represents 
the inside diameter (Di = 580 mm), and "t" designates the pipe thickness (t = 10 mm). The 
pipeline is subjected to an internal pressure of P = 8.42 MPa. Figure 1 illustrates the 
corrosion pipe's geometric characteristics. 

 

Figure 1: The corrosion pipe's geometric characteristics 

We used a material commonly used in the fuel transportation industry that is robust to 
mechanical, thermal, and various environmental and application requirements. The table 
below shows the characteristics of the API 5L X65 steel we used. The elastic properties 
of the pipe are shown in Table 1. The pipe steel is supposed to have an elastic-plastic 
behavior.  
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Table 1: Mechanical properties of steel material used in this study 

Properties Steel X65 
[14] 

E (GPa) 211 

 0.3 

uts    (MPa) 500 

e (MPa) 380 

n 0.127 

 
3. INITIAL CONDITIONS AND LIMITATIONS 

The ends of the pipe were constrained (All displacements and rotation were blocked) for 
the calculation to run smoothly, and the length of the pipe section was chosen so that this 
recessing would not influence the stress calculations in the corroded and repaired area 
of the pipe. The pipe is subjected to an internal pressure of 8.42 MPa. (The boundary 
conditions are presented in Figure 2). 

 

Figure 2: Boundary condition of the elliptical corroded pipe 
 

4. FEM MODEL  

The ABAQUS calculation code [15] was used to calculate the equivalent and the normal 
stresses in the elliptical corroded pipeline. In terms of mesh type, we opted for elements 
(C3D10), which have been frequently used in the modeling of such structures. It is also 
important to refine the mesh at a defect level to better determine the value of the normal 
stresses. The general configuration is based on a regular mesh, which is kept constant 
for all the analyses carried out in this study to avoid any influence of the mesh on the 
results. The total number of elements is about 20131. The total number of nodes is 39485. 
Figure 3 illustrates the structure of the mesh employed for this calculation.  
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Figure 3: Full mesh employed for numerical model of the defective pipe 

 
5. RESULTS AND DISCUSSION 

5.1 Equivalent and Normal Stresses Results 

This study obtained figures representing the equivalent and normal stresses in the case 
of an unrepaired pipe with elliptical defect. The results are presented in Figure 4. 

 

Figure 4: Equivalent and Normal stresses for elliptical corrosion 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 67 Issue 11 | 2024 
DOI: 10.5281/zenodo.14195656 

Nov 2024 | 90 

The von -Mises and normal stress levels for one example of our model are shown in the 
results above, and we can see that: 

-  Concentration of the equivalent and normal stresses situated at the defect’s corners. 

-  It can reach  500 MPa for the equivalent and a hoop stresses, a value almost 
superior to the ultimate stress of steel used in this study (see table 1). 

-  This value of Hoop stress (S22) leads to damage to pipeline gas transportation. The 
radial (S11) and the longitudinal (S33) stresses present no risk of bursting the pipe. 

-  The elliptical corrosion presents a very high level, corresponding to just 8.42 MPa 
internal pressure.r2 

 
6. ANALYTICAL MODEL FOR ELLIPTICAL CORROSION PIPE 

6.1 LPC Model 

Based on a large number of elastic-plastic Finite Element Analysis (FEA) results and burst 
test data X65 a corroded pipeline, a line pipe corrosion (LPC) model was developed at 
British Gasin [10, 16] to determine the burst pressure of corroded thin-walled pipes. The 
burst pressure in this model was expressed as follows:  
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Table 2: Comparison of the present model (1) with LPC model, for different d/t ratios d/t=0.2; 0.5 and 
d/t=0.8 

 
0≤L/(Dt)^0.5≤12 

d/t=0.2 d/t=0.5 d/t=0.8 

L/(Dt)^0.
5 

Pb/Pbi 
(Present) 

Pb/Pbi 
(LPC) 

e (%) 
Pb/Pbi 

(Present) 
Pb/Pbi 
(LPC) 

e (%) 
Pb/Pbi 

(Present) 
Pb/Pbi 
(LPC) 

e (%) 

0,44721 
1 
1,41421 
2 
3,16228 
4 
5 
6 
6,9282 
8 
9,48683 
10 
10,48809 
10,95445 
11,40175 
12 

1,00676 
0,957 
0,93633 
0,91611 
0,89005 
0,87697 
0,86472 
0,85485 
0,84714 
0,8395 
0,83053 
0,82778 
0,8253 
0,82304 
0,82097 
0,81833 

0,99265 
0,96939 
0,94914 
0,92339 
0,88768 
0,87139 
0,85801 
0,84867 
0,84227 
0,83665 
0,83091 
0,82932 
0,82795 
0,82675 
0,8257 
0,82441 

1,42145 
-1,2781 
-1,3496 
-0,7884 
0,26699 
0,64036 
0,78204 
0,7282 
0,5782 
0,34064 
-0,0457 
-0,1856 
-0,3200 
-0,4487 
-0,5728 
-0,7375 

1,02 
0,88 
0,80948 
0,74462 
0,66678 
0,63007 
0,59708 
0,57141 
0,55194 
0,53314 
0,51168 
0,50523 
0,49946 
0,49425 
0,4895 
0,48351 

0,97122 
0,88787 
0,8235 
0,75084 
0,66395 
0,62878 
0,60171 
0,58369 
0,57174 
0,5615 
0,55127 
0,54848 
0,54609 
0,54401 
0,54218 
0,53996 

5,0225 
-0,8863 
-1,7024 
-0,8284 
0,42624 
0,20516 
-0,7694 
-2,1038 
-3,4631 
-5,0507 
-7,181 
-7,8854 
-8,5388 
-9,1468 
-9,7163 
-10,455 

0,84994 
0,60229 
0,51927 
0,44768 
0,36797 
0,33276 
0,30245 
0,27975 
0,26304 
0,24734 
0,22994 
0,22481 
0,22027 
0,21621 
0,21254 
0,20793 

0,89404 
0,66437 
0,53842 
0,42967 
0,33063 
0,29748 
0,27414 
0,25954 
0,25024 
0,2425 
0,23497 
0,23294 
0,23122 
0,22974 
0,22844 
0,22686 

-4,93267 
-9,34419 
-3,5567 
4,19159 
11,29359 
11,85962 
10,32684 
7,78685 
5,11509 
1,99588 
-2,1407 
-3,49017 
-4,73575 
-5,88927 
-6,96025 
-8,34435 

Figure 5 presents a comparison between our first model and the LPC one for unrepaired corroded pipe. It can be 
noted that the two curves of the burst pressure of the present first model with the LPC model have points that are 
almost close and the difference is almost negligible for all ratios of defect d/t=0.2, 0.5 and 0.8 (see table 2). This 
result confirms the validation of our model. On the other hand, the burst pressure decreases with the increase of 
the geometrical ratio (d/t) of the corroded pipe. We can also see that the ratio Pb/Pbi exhibits an asymptotic 
behavior as the ratio L/ (DT) 0.5 increases. The asymptotic values depend; the asymptotic value of this ratio 
depends on the geometrical ratio d/t.  
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Figure 5: Comparison of the present model (1) of unrepaired pipe with LPC model 
for d/t=0.2, 0.5 and 0.8 respectively 

6.2. Second Model (2) 

In the second model, the burst pressure was modeled as the exponential function as a 
function of the ratio L/ (Dt) 0.5 for corroded thin-walled pipes. Three values of the ratio d/t 
were taken and this model was also compared with the LPC one. In this model, the burst 
pressure is expressed as follows: 
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Table 3: Comparison of the present model (2) with LPC model for different d/t ratios d/t=0.2; 0.5 and 0.8 

 0≤L/(Dt)^0.5≤12 

 d/t=0.1 d/t=0.5 d/t=0.8 

L/(Dt)^0.5 
Pb/Pbi 

(Present) 
Pb/Pbi 
(LPC) 

e(%) 
Pb/Pbi 

(Present) 
Pb/Pbi 
(LPC) 

e(%) 
Pb/Pbi 

(Present) 
Pb/Pbi 
(LPC) 

e(%) 

0 
1 
1,41421 
2 
3,16228 
4 
5 
6 
6,9282 
8 
9,48683 
10 
10,48809 
10,95445 
11,40175 
12 

1,00426 
0,98121 
0,97341 
0,9638 
0,94884 
0,94071 
0,9332 
0,92753 
0,92351 
0,92001 
0,91659 
0,91571 
0,91498 
0,91437 
0,91386 
0,91326 

1 
0,98616 
0,97674 
0,96444 
0,94676 
0,93844 
0,93149 
0,92657 
0,92317 
0,92016 
0,91706 
0,9162 
0,91545 
0,9148 
0,91423 
0,91352 

-0,4262 
0,5015 
0,34136 
0,06616 
-0,2196 
-0,2417 
-0,1836 
-0,1034 
-0,0370 
0,01683 
0,05071 
0,05333 
0,05122 
0,04692 
0,04093 
-0,0028 

1,01453 
0,86138 
0,81334 
0,75727 
0,67737 
0,63839 
0,60568 
0,58345 
0,56924 
0,55806 
0,54854 
0,54633 
0,5446 
0,54323 
0,54212 
0,54091 

1 
0,88787 
0,8235 
0,75084 
0,66395 
0,62878 
0,60171 
0,58369 
0,57174 
0,5615 
0,55127 
0,54848 
0,54609 
0,54401 
0,54218 
0,53996 

-1,4525 
2,98391 
1,23383 
-0,8561 
-2,0218 
-1,5277 
-0,6600 
0,04119 
0,43761 
0,61215 
0,4954 
0,39176 
0,27273 
0,14422 
0,01111 
0,00704 

1,00418 
0,64082 
0,54625 
0,44873 
0,33599 
0,2935 
0,26513 
0,25012 
0,24261 
0,238 
0,23512 
0,23461 
0,23426 
0,23401 
0,23384 
0,23367 

1 
0,66437 
0,53842 
0,42967 
0,33063 
0,29748 
0,27414 
0,25954 
0,25024 
0,2425 
0,23497 
0,23294 
0,23122 
0,22974 
0,22844 
0,22686 

-0,41841 
3,5446 
-1,4549 
-4,43633 
-1,62208 
1,33671 
3,2884 
3,62827 
3,04946 
1,85567 
-0,06406 
-0,7178 
-1,31506 
-1,85998 
-2,36198 
0,1635 

Figures 6 (b and c) present the comparison of the present second model (2) with the LPC model for different d/t 
ratios (a) d/t=0.2; (b) d/t=0.5 and (c) d/t=0.8. We note that the burst decreases in the burst pressure result in an 
increase when the ratio L/ (Dt) 0.5 is lower than 4. After this value, the burst pressure exhibits an asymptotic 
behavior. The results show a good agreement between our second model (2) and the LPC one for different defect 
ratios of defect d/t, the difference does not exceed 3.62% (see table 3).  
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Figure 6: Comparison of the present second model (2) of unrepaired pipe with 
LPC model for d/t=0.2, 0.5 and 0.8 respectively 

 
7. CONCLUSION  

This study aimed to use the finite element method to develop an analytical model 
predicting the burst pressure in a corroded pipe. The finite element calculation showed 
that this pressure depends on the elastic properties and geometrical parameters of the 
pipe. The various parameters influencing the burst pressure of the pipe were introduced 
into the model for estimating this pressure. So, while choosing a model, you must be 
careful about the pipe's geometry and material characteristics.  The comparison between 
the results of our model analytic and those obtained using finite elements showed very 
good agreement. 
 
NOMENCLATURE 

FEM:   Finite element method 

eq:   von-Mises equivalent stress 

S22:   Hoop stress 
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uts:   The ultimate stress. 

e:   Yield stress 

A0, A1 and A2:  Integration functions. 

d:   Depth defect (mm) 

L:   Defect length (mm) 

De:   Pipe external diameter (mm) 

Di:   Pipe internal diameter (mm) 

E:   Young's modulus of steel. 

n:   Work hardening coefficient 

LPC:   Line pipe corrosion model. 

P:   Internal pressure. 

Pb:   The burst pressure. 

r=d/t:   Geometrical ratio of defect. 

t:   Pipe thickness (mm) 

η:   Function depend Ratio of defect. 

 :   Poisson's Ratio. 
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