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Due to the expansion of the pipeline network in the transportation of petroleum and its derivatives, it has been essential 
to develop studies to evaluate and guarantee the safety condition, as well as the reliability of such facilities. Welded 
pipelines have been widely used, and they are susceptible to corrosion. Since the heating at the welded point may leads to 
structural and compositional modifications in the material, which may generate corrosion. The present paper presents a 
nonlinear computational model burst pressure assessment in API X70 girth welded pipes with multiple defects, created by 
corrosion, which may represent a great risk for gases and fuel leakage during transportation. In this study, the computational 
model has been developed by the finite element method considering the isotropic hardening model and contact conditions 
between different materials involved in the analysis, with corrosion simulated as a rectangular defect. The corroded pipe and 
the efficiency of the computational model have been analyzed by varying the width of the heat-affected zone (HAZ), and the 
depth of single and multiple defects. The results obtained by using the finite element analysis have been compared with the 
semi-empirical methods and literature results. The computational model developed by the present work has presented 
satisfactory results. 
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1 Introduction 
In the past decades, there is an increase in the 

production of oil and natural gas in Brazil, evidenced 
by the data presented by ANP1. Domestic oil 
production grew 3.2%, in its third consecutive year of 
increase and reached 2.5 million barrels per day. In 
the same sense, the national production of natural gas 
has increased by 7.9% to 103.8 million cubic meters 
per day. In this scenario, it is evident that the 
pipelines will be widely installed for the 
transportation of these energy sources. The pipelines 
are the safest and lowest cost means in transportation 
and is one of the resources that less damages the 
environment, besides it has high efficiency and 
productivity. Even with the benefits that the pipelines 
provide, the Brazilian pipeline extension is still small 
compared to other countries, such as the United 
States, Mexico, Argentina, and Australia. 

In order to transport fluids in a safe way by 
pipelines, it is necessary to identify the existence of 
defects and evaluate the possible impact that this 
irregularity can cause in the pipeline mechanical 
integrity. These defects often appear in the welded 
region and they are generally generated by 

corrosion. Therefore, when the loss of mechanical 
strength due to corrosion is found, a decision 
should be made in the pipeline operational 
condition, if it is necessary to reduce the operating 
pressure, or interrupt the transportation to carry out 
necessary repairs. The present work deals with the 
burst pressure assessment in welded and corroded 
pipes. Considering that the corrosion in buried 
pipes often occurs near the weld region. 

There are numerous studies developed during the 
recent decade in the corroded pipe analysis, and a 
brief literature review is presented in the following, 
concerning several aspects of research interests. The 
three-dimensional finite element approach of corroded 
pipe with defect is widely employed and different 
geometries are investigated, with the purpose to better 
model the corrosion2-4. These geometries include 
rectangular, semi-elliptic, spherical profile, among the 
others. Other efforts are addressed to develop a new 
profile to model complex corrosion profiles, such as 
pits5. These researches are conducted in the pipe 
subjected to combined loading and aim to investigate 
the stress concentration effect in the vicinity of the 
defect and plastic instability that occurs in the pipe6-7. 
Besides the finite element approach, experimental 
burst test and semi-empirical methods are also studied 
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and developed to assess the burst pressure using 
different mechanical strength of pipe8-12. The 
influence of length, width, and depth of the defect on 
the burst pressure are investigated, with the purpose to 
identify which one has more significant influence13-14. 
Moreover, not only the single defect is studied during 
these years, but also the multiple defects. Several 
researches are addressed in the study of interaction 
between defects of same profile or different profiles15-

17. Besides the three-dimensional finite element 
approach, many researches are also carried out in the 
development of a simplified methodology, that aims 
to reduce computer time processing and 
computational effort. This methodology is based on 
beam-pipe element that uses stress concentration 
factor to simulate the existence of corrosion18. Finally, 
several researches are developed with the focus in the 
girth and seam welded pipe, with corrosion that 
appears in the weld region. Numerical and 
experimental approaches are developed to assess the 
burst pressure19-20. From the briefly presented 
literature review, it is possible to observe that there 
are still few works addressing the issue handled in this 
paper, which is the numerical modeling of corroded 
and welded pipe, by using three-dimensional finite 
element approach, considering contact conditions 
between different parts of material. 

The present work aims to develop a computational 
model by using the finite element method to assess 
the burst pressure considering the elastoplastic 
behavior of welded pipe with corrosion. The burst 
pressure is determined in pipes by varying the width 
of the heat-affected zone (HAZ), with 35%, 75% and 
100% of the pipe wall thickness. The purpose is to 
verify if the variation of HAZ width affects the value 
of burst pressure. Furthermore, the burst pressure is 
also determined by varying the defect depth in pipe 
containing single defect. For the effect of numerical 
model validation, the results were compared with 
literature ones, in order to validate the performance of 
the proposed model. Subsequently, the burst pressure 
is determined in the pipe with multiple defects, 
present in the weld bead and positioned in 
circumferential direction. These analyzes occur with 
the variation of the depth of the defects. The results of 
this work are compared to the literature results and 
those obtained by semi-empirical methods, such as 
ASME B31G, ASME modified B31G, DNV RP-
F101(recommended practice by Det Norske Veritas), 
and PCORRC(pipe corrosion criterion) method. This 

work contributes to the development of finite element 
approach in the corroded and girth welded pipe and 
propose a modeling methodology which provides 
satisfactory results and presents competitiveness in 
comparison to literature and semi-empirical method. 

 
2 Semi-Empirical Methods 

This section presents briefly some semi-empirical 
methods widely used in the determination of burst 
pressure. The ASME B31G method21 is one of the 
pioneer methods in burst pressure evaluation and it is 
widely used due to its conservatism. However, this 
conservatism is known as excessive in the corroded 
pipe with long defects. Therefore, the B31G method 
was modified and other methods were proposed, such 
as modified method 085dL. Moreover, the DNV RP-
F10122 method was proposed to determine burst 
pressure in pipe of high strength, considering the 
plastic collapse mechanism where the ultimate stress 
is considered in its formulation. The PCORRC 
method is employed for pipe of high to moderate 
strength and this method considers that the plastic 
collapse failure pressure is controlled by the ultimate 
stress. These methods are employed in present work 
for effects of comparison with numerical results 
obtained by finite element model. In the following 
equations, a denotes the corrosion depth, ܦ is the 
external diameter and t is the pipeline wall thickness. 
 
2.1 B31G Method 

In the formulation of this method, it is considered 
the corrosion and pipe geometry, and mechanical 
properties. The corrosion defect is represented by the 
projection of the corrosion area in a rectangle shape in 
the longitudinal section of the pipe. According to the 
ASME B31G method, it is necessary to calculate the 
dimensionless factor ܣ to evaluate whether the defect 
can be considered as short or long. The defect is 
considered short if the referring factor is less than or 
equal to 4.If the factor is greater than 4, then the 
defect is considered long. 

ܣ  = 0.893 ቆ aඥܦݐቇ  .    ..(1)ܣ ≤ 4, for short defects, the B31G method 
suggests: 

ܲá௫ = ௬ߪ1.1	 ൬2ܦݐ൰ ൦ 1− ቀ23 aݐቁ1− 23 ൬ ଶܣ√ݐܽ + 1൰൪ 
...(2) 
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ܣ689 > 4, for long defects, the B31G method 
suggests: 
 

ܲá௫ = ௬ߪ1.1 ൬2ܦݐ൰ ቀ1− aݐቁ 
 

...(3)
 
2.2  085dL Method or B31G Modified 

This method uses an empirical factor of 0.85 to 
represent the corrosion projection area in the 
longitudinal section of the pipe with a combination of 
parabolic and rectangular format. 
 

ܲá௫ = ൫ߪ௬ + 69൯ ܦݐ2  1 − 0.85 ቀaݐቁ1− 0.85 ቀaݐቁିܯଵ  
 
...(4) 

 
In this method, it is also possible to separate the 

analyzes in short or long criteria according to the 
calculation of the dimensionless factorܣ. The defect is 
considered as short if the result referring to the factor 
is less than or equal to 6.3.If the factor is greater than 
6.3, then the defect is considered as long. 
ܣ  = 0.893 ቆ aඥܦݐቇ ...(5)

ܣ  ≤ 6.3, for short defects, the B31G modified 
method recommends: 
ܯ  = ඨ1 + 0.6275 ݈ଶܦݐ − 0.003375ቆ ݈ଶܦݐቇଶ 

 
 
...(6) 

ܣ  > 6.3, for long defects, the B31G modified 
method recommends: 
ܯ  = 3.3 + 0.032 ݈ଶܦ(7)... ݐ
 

2.3 DNV RP-F101Method 
This method uses an empirical factor to represent a 

rectangular corrosion format, which is considered as a 
severe situation. The burst pressure is determined by 
Eq. (8). 
 

ܲá௫ = ௨ߪ ܦሺݐ2 − ሻݐ  1− ቀaݐቁ1− ቀaݐቁܳିଵ  
 

...(8)
 

where, 
 ܳ = ඨ1 + 0.31 ݈ଶܦ(9)... ݐ
 
2.4 PCORRC Method 

This method presents the following formulation: 
 

ܲá௫ = ܦ௨ߪݐ2 ቂ1− aݐ   ቃܯ
...(10)

where, 
 

ܯ = 1 − ݔ݁ ێێۏ
0.157−ۍ ݈ටܦሺݐ − aሻ2 ۑۑے

ې
 

 
 
 

...(11)
 
3 Computational Model Description  

This section describes the computational model 
developed in this work. The pipe material adopted 
in this work is API 5L X70, as the base metal and 
the heat-affected zone. The weld is constituted 
byER70S-G consumable. The stress-strain curves 
of the base metal, HAZ and filler metal are 
obtained by Kim20 and adapted in this work, 
according to Fig. 1.The data collected by Fig. 1 are 
used for the von Mises isotropic hardening model, 
where they are used to simulate the behavior of 
three materials. Thus, by interpolating the points of 
the curve obtained in the experiment, it is possible 
to extract the numerical values of stress and strain, 
as shown in Table 1 

The finite element model23-26 is developed by 
using commercial software, ANSYS, and the 
physical nonlinearity is considered for small 
displacement and infinitesimal strain, characterized 
by mechanical behavior of corroded pipe. The 
geometry of the defect has a rectangular shape, 
because it presents stresses concentration in the 
corners. The geometric properties considered for 
the simulation are listed as follows: 
 

 Pipe length: 750 mm; 
 Pipe diameter: 762 mm; 
 Pipe thickness: 15.9 mm; 
 Defect Depth: a mm; 
 Defect length: 300 mm; 
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 Defect width: 50 mm; 
 Young’s modulus: 207 GPa (this value was 

adopted for base metal, HAZ and Consumable); 
 Tensile yield strength: ߪ௦, MPa, (according 

to the value of Table 1); 
 Tensile ultimate strength: ߪ௨ MPa, (according 

to the value of Table 1); 
 Poisson’s ratio: 0.3. 

A schematic representation of a corroded pipe, 
weld region, and HAZ is shown in Fig. 2, and the 
contact conditions are defined between these 
materials. The contact problems range from 
frictionless contact in small displacements, to contact 
with friction on a wide variety of inelastic problems. 
Although the formulation of the contact conditions is 
similar in all cases, however, the solution in nonlinear 

Table 1 — Stress-strain values obtained from the experimental test for BM, HAZ and filler metal. 

API-X70 HAZ Filler metal - ER70S G 

Stress 
[MPa] 

Strain 
[mm/mm] 

Stress 
[MPa] 

Strain 
[mm/mm] 

Stress 
[MPa] 

Strain 
[mm/mm] 

549.230 0.0037 569.218 0.0386 522.369 0.0025 
553.210 0.0051 575.815 0.0403 549.518 0.0215 
581.860 0.0065 585.690 0.0449 579.017 0.0316 
616.520 0.0191 595.190 0.0507 607.301 0.0435 
619.960 0.0202 609.184 0.0606 649.446 0.0693 
623.230 0.0219 624.118 0.0732 686.466 0.1057 
636.700 0.0296 632.844 0.0823 689.992 0.1108 
639.880 0.0319 640.522 0.0929 692.911 0.1165 
643.680 0.0349 642.479 0.0961 694.531 0.1194 
647.790 0.0372 643.401 0.1007 696.577 0.1219 
650.710 0.0389 643.753 0.1025 698.351 0.1247 
653.390 0.0412 644.388 0.1048 699.226 0.1282 
660.330 0.0487 645.664 0.1078 700.485 0.1369 
666.850 0.0568 646.908 0.1107 700.711 0.1458 
670.099 0.0645 647.683 0.1132 702.061 0.1468 
673.070 0.0724 648.094 0.1157 703.004 0.1485 
687.960 0.1465 657.336 0.1683 719.807 0.2207 
702.850 0.2207 666.578 0.2207 902.679 1.0212 
874.107 1.0788 827.679 1.1435 --- --- 

 
 

Fig. 1 — Stress-strain curves for the BM x HAZ x Filler metal,
adapted from Kim20. 

 
 

Fig. 2 — Schematic representation of the model. 
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problems is much more complicated in comparison to 
other cases of linear problems. The nonlinearity 
considered in present work is not only restricted to the 
material isotropic hardening, but also the contact 
conditions. 

When welding materials and base metal are 
connected to each other, that is, surfaces are 
rigidly fixed or glued, then the surfaces cannot be 
separated or slide one on the other. This means 
that the surfaces of the materials will be coupled 
without considering the mutual penetration of 
materials or the separation. Therefore, the contact 
condition considered in the present work is 
bonded. The finite element mesh is generated in 
each part independently, in such a manner that 
there could have mesh incompatibility between 
these parts. By consequence, creates 
discontinuity in the mathematical domain. To 
overcome this problem, the contact condition is 
adopted between these parts as bonded. Besides, 
there are also different methodologies the does 
not employ contact condition in the welded 
corroded pipe27-29. The finite element mesh is 
constituted by tetrahedral element of ten nodes 
with three degrees of freedom each, Fig. 3.As the 
corroded pipe contains a defect, therefore, this 
element is chosen to better discretize the irregular 
geometry domain. A ¼ model of the pipe is 
adopted by using symmetry conditions to reduce 
the computational effort and processing time. The 
boundary conditions are shown in Fig. 4. 
 

•CC1: By considering the planes of symmetry, 
the area for the filler metal is restricted in the  
z-direction; 

•CC2: By considering an infinite length pipe, 
the area of base metal is constrained in direction 
z; 

•CC3 and CC4: According to the planes of 
symmetry, the areas related to the base metal, the 
heat-affected zone and the filler metal are 
restricted in direction x; 

•CC5: The lines referring to the base metal, 
heat affected zone and filler metal are restricted 
in the y-direction, so that the pipe will be 
supported; 

•CC6: The inner surfaces of the pipe, including 
the base metal, heat affected zone and filler metal 
are subjected to internal pressure. 

The Newton - Raphson iterative method is 
employed in this work to solve the physical 
nonlinearity behavior of pipe, material hardening 
and applied contact conditions, and in this work, 
the energy norm is adopted as a control parameter 
for convergence. Due to paper length limitation, 
this method is not presented in detail here. 
Further information concerning this method can 
be found in the literature23,26. In this iterative 
method, the present work applies the pressure in 
the inner surface of the pipe and adopts 
incremental procedure. The value of pressure 
increment is equal to 0,1 MPa. In each iteration, 
the error is determined, and it is compared to the 
tolerance previously established, then the 
convergence criterion is verified considering 
energy norm. If the error is less than the tolerance 
value, which is 1x10-7, then the incremental 
process will proceed. When the finite element 
model cannot fulfill the convergence condition 

 

Fig. 3 — Finite element mesh in the corroded region. 
 

 

Fig. 4 — Boundary and loading conditions. 



INDIAN J ENG MATER SCI, JUNE 2020 
 
 

692

even after several iterations, then the incremental 
procedure is stopped. And the determined burst 
pressure is equal to 0,1 MPa times quantity of 
increments already done. 
 
4  Applications 

This section presents three analyzes carried out by 
the proposed computational model and aims to 
analyze the elastoplastic behavior of the welded pipe 
with corrosion. The burst pressure is calculated by 
computational model when it reaches the collapse 
state. In other words, when the energy norm 
determined by force and displacement is no longer 
converge to the limit value. The determined burst 
pressure is compared with literature results and those 
obtained by semi-empiric method. The computational 
model in each application has highly non-linear 
behavior30-31.Since it presents non-linearities of 
material and mainly non-linearities of the contact 
conditions. The first example shows the analysis that 
includes the variation of the HAZ width and shows its 
influence in the burst pressure assessment. The 
second example, without varying the HAZ width, 
investigates the influence of the variation of the defect 
depth in the burst pressure. Finally, the last example 
investigates the phenomenon of multiple defects, 
positioned in the circumferential direction. 
 
4.1  Single Defect in the Girth Weld, Varying the Width of the 
HAZ 

This analysis aims to investigate the influence of 
the width variation in the heat-affected zone (HAZ) 
that could affect the magnitude of burst pressure. The 
variation of HAZ width is performed according to 
Fig. 5(a). In this example, 0% means that there is no 
HAZ, that is, the pipe has only filler metal; 35% of 
the pipe wall thickness corresponds to a 5.5 mm HAZ 
width; 75% corresponds to a width of 11.9 mm and 
100% corresponds to a width of 15.9 mm. The 
mechanical properties of the base metal, HAZ and 
filler metal materials are summarized in Table 1. The 
geometric parameters of corrosion defect are 
summarized in Table 2, where “ΔL” is the HAZ 
width, “c” is the length of the defect and "a" is the 
depth of the defect, and the defect width is 50 mm. In 
this analysis, the length and depth of the defect are 
maintained as the same, while the width of HAZ 
varies from 0% to 100% of pipe wall thickness. 

In order to verify the reliability of the finite 
element mesh, a mesh convergence test is conducted 
with width of HAZ equal to pipe wall thickness. The 

results are depicted in Fig. 5(b). It is possible to 
observe the burst pressure determined by different 
degree of mesh refine is decreased with mesh refine. 
Further, this value converges to approximately 19,8 
MPa with a reasonable mesh refine. In this case, even 
with number of degrees of freedom equal 
approximately to 15x105, the result remains the same. 

In this example, the burst pressure is determined 
with the variation of the HAZ width, as shown in 
Table 3. This table presents the burst pressure 
determined in the situation with weld and without 
weld. In the situation with weld, a comparison is 
made between the burst pressures obtained from the 

 
 

Fig. 5 — (a)Defect with the variation of HAZ and (b) Burst 
pressure versus number of degrees of freedom, HAZ=100%*t. 
 

Table 2 — Defect parameters with HAZ width variation. 

HAZ width in [%] of wall 
thickness 

ΔL [mm] c [mm] a [mm] 

0 NA 300 7.95 (50% of t) 
35 5.5 300 7.95 (50% of t) 
75 11.9 300 7.95 (50% of t) 

100 15.9 300 7.95 (50% of t) 
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case with HAZ width variation and the literature 
results20. In the situation without weld, the burst 
pressure was determined by well-known semi-
empirical methods, such as ASME B31G, 
MODIFIED B31G, PCORRC, and DNV. It is well-
known that these methods do not include mechanical 
effects introduced by HAZ or weld in its 
mathematical formulation. According to the semi-
empirical methods, the burst pressure determined by 
ASME B31G and B31G MODIFIED methods is 
17,24 and 16,45 MPa, respectively. On the other 
hand, the DNV and PCORRC methods present the 
burst pressure with the value 19,25 and 19,47 MPa, 
respectively. One may possibly observe that the burst 
pressure determined by PCORRC has a similar value 
in comparison with that is obtained by present 
computational model. However, it is necessary to 
carry out more investigation and further analysis to 
make a conclusion concerning this aspect. 

According to the results presented in Fig. 6, it is 
possible to affirm that the HAZ does not have are 
markable influence on the burst pressure when its 
width varies between 0% and 100% of pipe wall 
thickness. Figure 7 shows a von Mises equivalent 
stress distribution for different width values of HAZ. 
It is possible to observe that the increase of the HAZ 
width reduces slightly the magnitude of the von Mises 
stress that leads to computational model collapse. 
According to the numerical results, the present 
computational model is efficient, since, regardless of 
the width of the HAZ, the burst pressures found in the 
analyzes are approximately equal to the values of the 
burst pressures obtained by Kim20. It is important to 
note that the value of von Mises stress in the collapse 
state is different from a case to the other. It is affected 
mainly by the value of increment pressure, assumed to 
be 0,1 MPa in present work, and the mesh refine. 

Furthermore, a convergence study concerning the 
mesh refine is conducted before the results  
are obtained.  
 
4.2 Single Defect in the Girth Weld, with the Variation of the 
Defect Depth 

This analysis aims to evaluate the burst pressure in 
the pipe with variation in the depth of the defect, 
while the HAZ width is assumed to be the same in all 
cases with 5.5 mm (35% of the pipe wall thickness), 
since it does not have an influence on the burst 
pressure, as it is already observed in the previous 
example. The rectangular defect is located in the 
external surface of the pipe, being defined with  
0° with respect to the y-axis, according to Fig.8. 

The mechanical characteristics of the base material, 
HAZ and filler metal materials are defined by Table 
1. In order to perform this analysis, the following 
geometrical parameters are presented in Table 4, 

Table 3 — Comparison between the methods used and the burst pressure for HAZ variation. 

Burst pressure [MPa] 

M
od

el
 

w
it

h 
w

el
d 

Present work HAZ - 0% 20,0 
HAZ = 35%*t 19,9 
HAZ = 75%*t 19,9 

HAZ = 100%*t 19,8 
Reference Results20 Computational Method 19,4 

Experimental Method 21,2 

M
od

el
 

w
it

ho
ut

 w
el

d Semi-empirical Methods ASME B31G 17,24 
B31G 

MODIFIED 
16,45 

PCORRC 19,47 
DNV 19,25 

 
 

Fig. 6 — Burst pressures versus HAZwidth in thepercentage of
pipe wall thickness. 
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where “a" corresponds to the depth of the defect 
calculated in percentage of the pipe wall thickness, 
"c" is the defect length, the defect width is 50 mm and 
HAZ corresponds to the heat-affected zone width. 
The values are set in Table 4. 

The results obtained by the present computational 
model are presented in Table 5. In this table, a 
comparison is made in situations that contain weld 
and without weld. In first place, the results of the 
present work are similar to the computational and 
experimental results obtained by Kim20 in the case 
that has defect depth equal to 50% of wall thickness, 
with slight difference in the value, due to 
experimental and computational model calibration. 
Afterward, the results of present work are compared 
with the ASME B31G, B31G MODIFIED, PCORRC, 
and DNV methods, which do not include in the 
mathematical model the effect of HAZ and weld. It is 
important to note that the ASME31G and B31G 
modified methods employ the yielding stress in its 
criteria, while other methods such as PCORRC and 
DNV use ultimate stress. In this situation, for shallow 
defect depth, a < 0.5t, the PCORRC, and DNV 
present similar results in comparison with present 

 
 

Fig. 7 — Distribution of Von Mises equivalent stress with different HAZ width (a) Without HAZ, (b) Width of HAZ = 35% * t = 5.5
mm, (c) Width of HAZ = 75% * t = 11.9 mm and (d) Width of HAZ = 100% * t = 15.9 mm. 

 
 

Fig. 8 — Schematic representation of rectangular defects. 

Table 4  —Depth variation of the defect. 

% a = % * t [mm] c [mm] HAZ [mm] 
25 3.97 300 5.5 
50 7.95 300 5.5 
75 11.92 300 5.5 
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work, while for deep defect, a>0.5t, the ASME B31G 
is more approximate to the results of present work. 
Due to this observation, it is interesting to note that 
the ultimate stress has more influence in the burst 
pressure for shallow defect. Furthermore, all the semi-
empirical methods considered in this work present 
conservative results in comparison with 
computational results.  

Figure 9 depicts the results of Table 5.As stated 
in previous paragraph, it is possible to verify that 
the results of the present work are similar to those 
presented by Kim20, while results obtained by semi-
empirical methods are conservative. Figure 10 
shows the von Mises stress distribution in the 
vicinity of rectangular defect for different degrees 
of defect depth, in the pipe computational collapse 
state. It has been noticed that the stress 
concentration occurs in the corner of defect for 
shallow defect and that leads to failure of 
computational model. While for deeper defect, 
a=0.75t, the failure occurs in the center of defect. 
 

4.3 Multiple Defects in Girth Weld Positioned at 0°/45°, 0°/90° 
and 0°/45°/90° 

In this example, three analyzes are conducted 
by considering the multiple circumferential defects 
located at 0°/45°, 0°/90° and 0°/45°/90°. A 
schematic representation is shown in Fig. 11. In 
this study, the influence of defects position in the 
burst pressure is investigated. The mechanical 
properties of base metal, HAZ and filler metal are 
summarized in Table 1, and the defect geometry 
parameters are defined in Table 4. 

The results are depicted in Fig. 12 for different 
values of defect depth and a different configuration 
of defect position. For effect of comparison, the 
single defect configuration is also considered in 
Fig. 12. It is important to note that the burst 
pressure of multiple defects is slightly smaller than 
that is presented by single defect. The only 
observation that should be made in Fig. 12 is the 
burst pressure obtained from the configuration 
00/900 with a=0.5t. This value is slightly higher 
than that is presented by single defect with same 
defect depth. From the observation made 
concerning the results presented by Fig. 12, the 
defects distanced with a degree higher or equal to 
45degrees have not noteworthy influence on the 
burst pressure, neither increasing it either reduce it. 
Therefore, it is possible to make an observation in 
this case, that the multiple defects configuration can 
be treated as single defect when the distance 
between one and the other is higher than 45 
degrees, even there are three defects. However, it is 
necessary to carry out further study to make this 
observation as a conclusion. 

Figure 13 shows the von Mises stress distribution 
between defects for different defect depth. It is 
important to note that the defect depth is the same 
for three defects and it is also apparent that the 
increase of the defect depth leads to a higher von 
Mises stress in the moment of computational  
model failure.  

Table 5 — Comparison between the methods used and the burst pressure, for adefect with depth variation. 

 Burst Pressure [MPa] 
   Model with weld Model without weld 

Defect depth [mm] Present work Reference Results20 ASME B31G B31G Modified PCORRC DNV 
Computational model Experimental 

a=25%*t 26,2 24 NA 20,1 20,28 23,9 24,28 
a=50%*t 19,9 19,4 21,2 17,24 16,45 19,47 19,25 
a=75%*t 16,4 16,8 NA 13,95 11,67 12,95 11,89 

 

 

Fig. 9 — Comparison between the methods used and the burst
pressure, for a defect with depth variation. 
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Fig. 10 — Distribution of Von Mises equivalent stressfor different values of defect depth (a)a = 25% * t = 3.97 mm, (b) a = 50% * t =
7.95 mm and (c) a = 75% * t = 11.92 mm. 

 

 
 

Fig. 11 — Defect positioned at 0° and 45°, 0° and 90°, 0°, 45°and 90° with a variation of defect depth. 
 

 
 

Fig. 12 — Comparison of burst pressure versus defect position at 0°, 0°& 45° and 0° & 90°. 
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5 Conclusions 
In the present work, a computational model is 

developed by the finite element method for the 
assessment of burst pressure in welded pipes with 
corrosion. The contact conditions between base metal, 
additional material, and heat-affected zone are 
considered in the model, as well as the elastoplastic 
behavior of the material, which is analyzed by von 
Mises isotropic hardening model. The physical 
nonlinearity present in this work is solved by Newton 
- Raphson method. The results obtained are compared 
to the experimental and computational results of 
Kim20and show the competitiveness of present 
computational model. The results are also compared 
to semi-empirical methods such as ASME B31G, 
MODIFIED B31G, PCORRC, and DNV. With the 
results obtained from the analysis varying the HAZ 
width, it can be stated that the heat-affected zone, 
with a width ranging between 0% and 100% of the 
pipe wall thickness, has no significant influences on 
the burst pressure value.  

In the analysis of the welded pipe with single 
defect, the burst pressure is determined for different 
values of defect depth. A comparison is made 
between the present work results and the semi-
empirical methods. The ASME B31G and B31G 
modified methods present conservative results. While 

the PCORRC and DNV methods, that employ 
ultimate stress in the criteria, have obtained a burst 
pressure approximately equal to the present 
computational model. Especially in the cases where 
the defect depth equal to 25% and 50% of pipe wall 
thickness. However, for the defect depth equal to 75% 
of pipe wall thickness, the PCORRC and DNV 
methods are also conservative. 

For the welded pipes with multiple defects, an 
analysis is carried out by varying the defect depth for 
different defects position in the circumferential 
direction. The assessed burst pressures lead to an 
observation that these multiple defects could be 
treated as single defect when the distance between the 
defects is higher or equal to 45 degrees. Because there 
is not a substantial variation in the burst pressure by 
using the mechanical and geometrical parameters 
adopted in this work.  
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