
1. Introduction
Oil and gas projects are at risk due to the large capital 

investment, the involvement of many parties, the use of 
complex technology, and high environmental and social 
impacts. Oil and gas projects need to have a great and 
secure distribution system due to the risk. A pipeline system is 
an effective and efficient method for distributing gas and oil, 
where various distribution routes can be crossed by the 
pipeline system. Due to the fact that oil refineries are typically 
located quite far from residential areas or consumer locations, 
oil and gas distribution is lengthy. This requires that gas 
pipelines must have a high level of safety. Many accidents 

that occur in the oil and gas sector are caused by failures 
that occur in gas pipelines resulting in leaks and explosions. 
Therefore pipeline integrity is an important thing to consider, 
pipeline integrity includes the concept of failure prevention, 
inspection and repair. The pipeline integrity threats can be 
categorized as follows:

- Material and construction defect, e.g. defective longitudinal 
pipe seam, pipe body or joint welds;

- Mechanical damage from construction, maintenance or 
third party excavation;

- Incorrect operation;
- Corrosion, creep and cracking mechanisms;
- Device failures and malfunctions;
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Oil and gas contribute significantly to achieving the growing demand for energy, which is rising in parallel with population growth.

The pipeline system is the main transport system used in the distribution of oil and gas because the pipeline system is considered

the most effective and efficient system. The distribution system for gas and oil must guarantee security and safety. Analyzing the

pipeline is necessary to ensure distribution security and safety. In this study, a finite element analysis of the gas pipeline 

specimen was conducted. This analysis is carried out in two stages, first structural analysis and continued with damage analysis,

where the damage used is a dent. In the dent analysis, environmental conditions are applied, namely non-pressure, pressure,

and full pressure. Then assessed all the results of the analysis of each stage, the assessment was carried out by verifying the

results of the analysis with the applicable standard rules. So that the characteristics of the pipeline can be recognized and work 

accidents caused by operating pipeline failure can be avoided.
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- Earth forces such as earthquakes, land slips or telluric 
currents and weather related threats such as high winds, 
rough seas or cold/hot temperatures.
(Kishawy and Gabbar, 2010)

Preventive measures are required for asset optimization and 
security due to the variety of threats. Pipeline reliability starts 
with the quality of the pipeline being used to keep up with 
evolving regulatory, economic and applicational demands. As 
a preventive measure against potential threats to the gas 
pipeline, a structural analysis was carried out in this study to 
evaluate the integrity of the pipeline. Following the analysis, 
the process is continued by analyzing the results of the 
analysis that was completed and meets the necessary 
standards. There are several standards such as the American 
Lifelines Alliance (2005), CEN (the Comité Européen de 
Normalization) (2006), Canadian Standards Association 
(2007), and Indian Institute of Technology Kanpur and Gujarat 
State Disaster Management Authority (2007). 

Pipelines are susceptible to a multitude of potential threats 
that can compromise their integrity and safety. These include 
corrosion, cracks, mechanical damage, material and 
manufacturing anomalies, geological hazards, and external 
interference (Revie, 2015). Based on reports indicating that 
50% of operating pipelines contain more than 10 dents after 
excavation and inspection (Dawson et al., 2002). In addition 
to analyzing the pipeline under normal conditions, an analysis 
is also carried out with damage conditions in the form of dent 
damage. This analysis employs a plain dent analysis, a 
technique that has been previously utilized in several other 
studies (Dawson et al, 2018). 

Several studies have employed a spherical indenter in their 
dent analysis. Full-scale test pipes with hemispherical caps, 
with the objective of investigating the outside cracking of 
dented pipelines (Arumugam et al., 2018). The full-scale pipe 
with hemispherical cap is fixed at the bottom by applying an 
experimental burst test and is then compared with the results 
of a finite element analysis. (Shuai et al., 2018) also 
examined a small-diameter API 5L L245 steel pipe without 
caps with the bottom of the pipe welded with channel steel. 
This investigation aimed to assess the deformation behavior 
and strain response of the pipeline during indentation 
formation, with the results compared to those of a finite 
element analysis (Shuai et al., 2012). In accordance with the 
research as mentioned above studies, the present study was 
performed using a spherical indenter to conduct plain dent 
analysis. 

On dent analysis of pipelines, the area where dents occur 
can be divided into two parts: the first area being the top of 
line (TOL) and the bottom of line (BOL). A dent in the upper 

two-thirds of the pipe’s circumference above the 8 and 4 
o’clock is referred to as a top of line dent. And bottom of line 
dent is defined as being located in the lower third of the 
pipeline circumference i.e., between the 4 and 8 o’clock 
orientations. In this study, the type of dent evaluated is top of 
line dent (Dawson et al., 2018). 

Dent analysis was conducted on two categories: 
constrained and unconstrained. Two different indenter types 
and two different dent depth variations are used in dent 
analysis, which is carried out with predetermined boundary 
conditions. An assessment of pipeline integrity against dent 
damage is conducted in accordance with several standards, 
including the American Society of Mechanical Engineers 
(ASME) B31.8, ASME B31G, American Petroleum Institute 
(API) 579, API 1160, Canadian Standards Association (CSA) 
Z662, and UK Onshore Pipeline Association (UKOPA) (Tee 
and Wordu, 2020; Bernard et al., 2013; Gao and 
Krishnamurthy, 2015; Dawson et al., 2018).

The study conducted a comprehensive examination of 
pipeline structural analysis and pipeline damage, specifically 
dent analysis. The results of each analysis were systematically 
analyzed. The study is limited to the analysis of constrained 
and unconstrained plain dents, and does not include other 
types of damage such as cracks, gouges, welding, or 
corrosion. 

2. Methodology
2.1 Flowchart

Fig. 1 Flowchart of the analysis
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The present study evaluates the pipeline with aim of 
knowing the characteristic of the pipeline for safety and 
security. Performed by structural analysis which is then 
continued with damage analysis, the damage analysis used in 
this analysis is dent analysis.

As illustrated in Fig. 1, a finite element analysis was 
conducted using ANSYS Mechanical APDL software, and the 
analysis results were validated against applicable standards. 
Following the completion of the structural analysis, the next 
step is to conduct a damage analysis. A plain dent analysis 
will be employed, which will be divided into two categories: 
constraint and unconstraint dent. The results were then 
verified against applicable standards.

2.2 Pipeline Information
In the present study uses API 5L X70 as a material for the 

pipeline specimen. Table 1 shows the material properties of 
API 5L X70. 

The principal dimensions shown in Table 2 are used on the 
gas pipeline specimen in the analysis.

The sectional geometry of the specimen is shown in Fig. 2. 
ANSYS Mechanical APDL software was used to create a 
three-dimensional model of the specimen. 

Table 1 Material properties of specimen
Items Value

Young’s modulus (GPa) 210.0 
Poisson’s ratio   0.3

Yield strength (MPa) 485.0
Tensile strength (MPa) 570.0

Table 2 Main dimension of specimen
Item Main dimension

Axial length L 12,000.0mm 
Outer diameter D 762.0mm

Thickness t 15.9mm

Fig. 2 Sectional geometry

Fig. 3 Finite element model of pipeline
The following is an explanation of each part in Fig. 2.

Part 1: Outer diameter of the pipeline specimen (D)
Part 2: Jig that adjusts the position of the specimen during 

the test.
Part 3: Roller (cylindrical shape), a) which serves as a place 

to apply the load, and b) serves as a fixed support 
for the specimen.

Part 4: Thickness of the pipeline specimen (t)
In structural FEA, mesh size is crucial for accurate strain 

analysis, with smaller meshes on complex geometries and a 
trade-off between accuracy and computational cost (100mm 
mesh chosen for this analysis due to moderate complexity), 
the mesh sizing shows in Fig. 3.

2.3 Non-linear Analysis
Non-linear analysis is a type of analysis that is widely used 

in the field of engineering. In addition to the advantages of 
non-linear analysis in real-world conditions, this analysis also 
has many advantages compared to linear analysis. Non-linear 
analysis can be categorized based on several factors, namely 
material, geometry, and contact. In this study, non-linear 
analysis is used to obtain more accurate analysis results. For 
the first analysis, a four-point buckling analysis was conducted. 
Table 3 presents a series of case variations based on the 
applied load and different span. The span length, in turn,

Table 3 Case variation for gas pipeline analysis
Case Force (MN) Span length (mm)

Case 1
0.75

3,000
Case 2 3,500
Case 3 4,000
Case 4

1.25 
3,000

Case 5 3,500
Case 6 4,000
Case 7

1.875
3,000

Case 8 3,500
Case 9 4,000
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Fig. 4 Force acting on the pipeline

Fig. 5 Dent illustration
represents the horizontal distance between two structural 
support points, or the distance between two jigs to which the 
load is applied. The boundary conditions for load application, 
as illustrated in Fig. 4, utilized indenter jigs 2 and 3.

After analyzing the structure, proceed to evaluate the gas 
pipeline for damage, an example of damage used is a dent, 
in this study a simple dent is used, where a simple dent is a 
smooth dent that does not contain wall thickness reductions 
(such as a gouge or crack) or other defects or imperfections 
(such as a girth or seam weld). The size of the dent is 
typically expressed as a percentage of the pipeline's outer 
diameter (%D). Fig. 5 illustrates the type of dent that can 
occur in the pipeline.

In Fig. 5, H represents the dent depth of the gas pipeline. 
In the dent analysis carried out, the top of line dent type was 
taken. And also applied the two types of depths, 3%D and 
6%D. Dent analysis was carried out with two types of 
indenters of different diameters, a description of the indenter 
size is shown in Table 4.

In addition, the damage condition is divided into two 
categories: constrained dent condition and unconstrained dent 
condition. A constrained dent is a dent that not free to

Table 4 Indenter information
Indenter Diameter (mm)

Indenter 1 25.0
Indenter 2 50.0

(a) Constrained dent

(b) Unconstrained dent
Fig. 6 Indenter location when the gas pipeline is dented
Table 5 Boundary conditions for the dent analysis

Boundary Condition Force (MN) Span Length (mm) Description
BC 1

0.75

3,000
Non-pressure 

BC 2 50% of max. pressure
BC 3 Max. pressure
BC 4

3,500
Non-pressure

BC 5 50% of max. pressure
BC 6 Max. pressure
BC 7

4,000
Non-pressure

BC 8 50% of max. pressure
BC 9 Max. pressure
BC 10

1.25 

3,000
Non-pressure

BC 11 50% of max. pressure
BC 12 Max. pressure
BC 13

3,500
Non-pressure

BC 14 50% of max. pressure
BC 15 Max. pressure
BC 16

4,000
Non-pressure

BC 17 50% of max. pressure
BC 18 Max. pressure
BC 19

1.875

3,000
Non-pressure

BC 20 50% of max. pressure
BC 21 Max. pressure
BC 22

3,500
Non-pressure

BC 23 50% of max pressure
BC 24 Max. pressure
BC 25

4,000
Non-pressure

BC 26 50% of max. pressure
BC 27 Max. pressure
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Table 6 Case variation for dent analysis
Case Indenter Dent depth

Case 10 Indenter 1 3%D
Case 11 6%D
Case 12 Indenter 2 3%D
Case 13 6%D

rebound or re-round, because the indenter is not removed (a 
rock dent is example of a constrained dent). An unconstrained 
dent is a dent that is free to rebound elastically (spring back) 
when the indenter is removed, and free to re-round as the 
internal pressure changes. Fig. 6(a) and Fig. 6(b) represents 
the indenter location in both constrained and the unconstrained 
dent conditions.

In the dent analysis, three categories of conditions are 
applied, non-pressure, 50% of maximum pressure, and 
maximum pressure. Based on an ASME safety factor of 0.72, 
this condition has been made. The formula in equation 1 can 
be used to determine the pipeline’s maximum pressure.

max   
  (1)

where   is yield strength.
The boundary conditions applied to the dent analysis are as 
shown in Table 5.

The various cases used in the dent analysis are based on 
the size of the indenter and the depth of the applied dent, as 
shown in Table 6. In each case, all predefined boundary 
conditions are applied.

2.4 Standards Assessment
The results of the structural analysis and dent damage 

analysis of the gas pipeline are validated with the appropriate 

Table 7 Assessment standards for dent analysis
Item Plain dents

Top of line dents Bottom of line dents
ASME 31.8* 

(2016)
Up to 6%D or unlimited 

if strain <6% 

As for top of line 
dents

ASME B31.8S* 
(2016)

Up to 6%D or unlimited 
if strain <6%

ASME B31.4** 
(2016) Up to 6%D
UKOPA Up to 7%D or unlimited 

if strain <6%
PDAM (The 

Pipeline Defect 
Assessment 

Manual)

Up to 7%D 
(unconstrained) 
Up to 10%D 
(constrained) 

Or up to 6% strain
note: *, ** indicates the print edition of the standard rules.

standard rules. For the validation of the structural analysis of 
gas pipelines, the strain analysis results are validated with the 
aforementioned standard rules, including the American 
Lifelines Alliance (2005), CEN (2006), Canadian Standards 
Association (2007), and Indian Institute of Technology Kanpur 
and Gujarat State Disaster Management Authority (2007). The 
present study employs the strain analysis rule, as issued by 
the Indian Institute of Technology Kanpur and the Gujarat 
State Disaster Management Authority, for the structural 
validation analysis. In accordance with the standard rule, 
strains are classified into two categories: tensile and 
compressive. The tensile strain   limits are as follows;
   (2)

and the theoretical value of local wrinkling of a pipe begins at 
a compressive strain  as given in the following equation. 
(ASCE, 1984)

   
 (3)

where  is the radius of the pipeline. 
In addition to the standard assessment used in pipeline 

structural analysis, there are also several standard assessments 
that used as benchmarks for dent analysis, including those 
shown in Table 7. 

3. Result and Discussion
The present research comprises two analyses; a structural 

analysis and a dent analysis conducted using the finite 
element method. The following sections present the results of 
each analysis. 

3.1 Structural Analysis
The structural analysis provides several results, including 

bending stress, deformation, and strain, as illustrated in Figs. 
7-9. 

In the finite element analysis, the bending stress is 
represented by the normal stress. Fig. 7 illustrates the effect 
of varying loads on the stress distribution. As the applied load 
increases, the stresses also increase. The concentrated load 
in the jig 2 and 3 areas results in high stresses in these areas.

The stress results displayed indicate that the material has 
exceeded its yield strength limit, which indicates that plastic 
deformation has occurred. To ascertain the deformation that 
has occurred, please refer to Fig. 8.
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(a) Case 3 – span 4,000 mm, force 0.75 MN

(b) Case 6 – span 4,000 mm, force 1.25 MN

(c) Case 9 – span 4,000 mm, force 1.875 MN
Fig. 7 Results of stress analysis

(a) Case 3 – span 4,000 mm, force 0.75 MN

(b) Case 6 – span 4,000 mm, force 1.25 MN

(c) Case 9 – span 4,000 mm, force 1.875 MN
Fig. 8 Results of deformation analysis

The resulting deformation is linear with respect to the stress 
that occurs. The area producing high deformation is located 
within the load application span. The results of the deformation 
indicate that structural safety cannot be validated. Therefore, 
further analysis is necessary, specifically the use of the results 
of strain analysis, which can be validated using applicable 
standard rules.

(a) Case 3 – span 4,000 mm, force 0.75 MN

(b) Case 6 – span 4,000 mm, force 1.25 MN

(c) Case 9 – span 4,000 mm, force 1.875 MN
Fig. 9 Results of strain analysis
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Table 8 Summary of structural analysis results
Case Bending 

stress (MPa)
Deformation 

(mm)
Strain 

(mm/mm)
 

Case 1 631.14 74.54 6.35 x 10-5 0.007
Case 2 639.26 74.83 6.77 x 10-5 0.008
Case 3 645.47 75.31 6.91 x 10-5 0.010
Case 4 712.30 124.55 1.05 x 10-4 0.031
Case 5 717.02 124.90 5.44 x 10-5 0.034
Case 6 714.82 126.36 1.92 x 10-5 0.049
Case 7 765.70 190.41 1.27 x 10-4 0.102
Case 8 751.55 191.44 1.31 x 10-4 0.113
Case 9 770.38 193.22 1.34 x 10-4 0.120

Table 9 Strain analysis assessment
Case

Strain 
(mm/mm)

Safety standard
(IITK-GSDMA)

Tensile Compressive Tensile Compressive
Case 1 6.35 x 10-5 0.007 OK OK
Case 2 6.77 x 10-5 0.008 OK OK
Case 3 6.91 x 10-5 0.010 OK OK
Case 4 1.05 x 10-4 0.031 OK NO
Case 5 5.44 x 10-5 0.034 OK NO
Case 6 1.92 x 10-5 0.049 OK NO
Case 7 1.27 x 10-4 0.102 OK NO
Case 8 1.31 x 10-4 0.113 OK NO
Case 9 1.34 x 10-4 0.120 OK NO

Fig. 9 of the strain results indicates that the strain occurs 
in the area around the jig to which the load is applied. The 
strain is linear with the stress that occurs to the structure. In 
this analysis, strain is divided into two types: compressive 
strain and tensile strain. A summary of the results of the 
analysis can be found in Table 8.

As previously stated, a strain assessment will be conducted 
in order to validate the structural safety of the proposed 
design. This assessment will be carried out in accordance 
with the established standards. Table 9 presents a summary 
of the results of the strain analysis validation.

From the assessment results in Table 9, it can be seen that 
the results of the tensile strain all comply with the standard 
used as a reference. As for the compressive strain result, only 
a few cases met, namely cases 1-3.

3.2 Dent Analysis
Dent analysis is an advanced analytical technique employed 

to assess the integrity of a gas pipeline when subjected to 
damage, particularly in the context of dents. As previously 
stated in Chapter 2, there are two distinct types of indenter, 

each with varying pressure conditions. These include non- 
pressure, 50% of maximum pressure, and maximum pressure. 
The results of the dent analysis are validated by assessing the 
strain analysis results against the appropriate standards and 
guidelines. The results of the strain analysis are presented in 
Figs. 10-12.

The Figs. 10-12 presents the results of the strain analysis 
conducted under varying pressure conditions. It can be observed 
that the internal pressure exerts a significant influence on the 
analysis of dent, particularly in the case of constrained dent.

As illustrated in Figs. 10-12, the pressure applied to the 
specimen has a significant impact on the results of the dent 
analysis, particularly in the case of constrained dent. In this 
instance, the presence of pressure results in a smaller strain 
compared to the situation without pressure. This is due to the 
fact that the pressure provides a resistance force against the 
applied indenter. 

After showing examples of the dent results that occur with 
three environmental conditions, Figs. 13-16 show the 
summary results of the dent in each case, where two types of 
dent analysis were performed, constrained dent and 
unconstrained dent. 

(a) Constrained dent

(b) Unconstrained dent
Fig. 10 Strain analysis results of case 13 using BC7 under 

non-pressure conditions



무티아라･심천식･김강호･이덕연･정다슬･김영표･장윤찬･김병화･위성국

JSNAK, Vol. 61, No. 5, October 2024 385

(a) Constrained dent 

(b) Unconstrained dent
Fig. 11 Strain analysis results of case 13 using BC8 under 

50% of maximum pressure conditions

Fig. 13 Summary result of case 10
As illustrated in Fig. 13, the graph depicts two types of 

dent: constrained dent (blue) and unconstrained dent (orange). 
In accordance with the assessment standards applied, the 
condition of the pipe is deemed safe if it remains below the 
maximum strain limit of 6% strain(Table 7), which is equivalent 
to 0.06. Upon examination of the results of the analysis of 
case 10, it can be seen that several boundary conditions do 
not meet the established standards or can be considered 
unsafe.  

(a) Constrained dent 

(b) Unconstrained dent
Fig. 12 Strain analysis results of case 13 using BC9 under 

maximum pressure conditions

Fig. 14 Summary result of case 11
The dent analysis for case 11 is summarized and shown in 

Fig. 14.
The results of the dent analysis in case 11 demonstrate, 

the unconstrained dent analysis indicates that more boundary 
conditions exceed the safe limits. The results obtained for 
cases 10 and 11, in which a small indenter was employed, 
were less stable when compared to those obtained for cases 
12 and 13.

The dent analysis for case 12 is summarized and shown in 
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Fig. 15 Summary result of case 12

Fig. 16 Summary result of case 13

Fig. 15. that a greater number of boundary conditions satisfy 
the safe limits in the constrained dent analysis, while the 
results of unconstrained dent analysis show that there are 
several boundary conditions that exceed the safety limits.

The dent analysis for case 13 is summarized and shown in 
Fig. 16.

Case 12 and case 13 are almost the same, the only 
difference is the depth of the dent applied, where in case 12 
the dent depth is 3%D and case 13 is 6%D. 

Figs. 13-16 illustrate the results of each case with 
variations in indenter size and dent depth. From the Figs. 
13-16, it can be identified that significant differences exist in 
each case. Cases with larger indenter sizes demonstrate safer 
analysis results compared to small indenter sizes, as 
illustrated in Fig. 15 and 16, which shows relatively small 
results. This indicates that the indenter area affects the 
pressure exerted by the indenter on the specimen.

4. Conclusions
In the oil and gas industry, the use of pipelines as a 

means of distribution is an effective and efficient step. The 
use of pipelines as the main distributors has many possibilities 
of damage that can cause many losses in terms of social, 
economic and environmental aspects, to prevent failure, 
structural analysis and damage analysis are carried out, an 

example of damage that is analyzed is dent analysis. 
The structural analysis that has been carried out shows that 

the critical area on the pipeline is in the area around the jig, 
this is because the area around the jig has excessive 
interaction when the pipeline is subjected to loads. So that it 
gives an effect to the pipeline when structural analysis is 
carried out. In addition to this, determining the length of the 
span for the jig attached to the pipeline also has an effect on 
the results of structural analysis, where when the span length 
is greater it has greater analysis results, this shows that the 
span length for the pipeline jig takes an important role in the 
results of the analysis that occurs. 

For the damage analysis performed, namely dent analysis, 
this analysis is carried out with predetermined boundary 
conditions and also takes into account environmental 
conditions, The environmental conditions used are non-pressure, 
50% of maximum pressure, and maximum pressure. In 
addition, case variations were applied to the dent analysis 
based on indenter size and dent depth.

As demonstrated in Chapter 3, the application of pressure 
to a specimen exerts a resistance force against the dent, 
influencing the results of the analysis. This phenomenon is 
particularly beneficial in constrained dents, where the strain 
produced when pressure is applied is lower than in cases 
where pressure is not applied. 

Furthermore, the findings of this study indicate that when 
the use of a small indenter results in a greater strain, this is 
evident from the assessment results for cases involving small 
indenters. In these instances, several boundary conditions do 
not meet the safe limit. Conversely, for large indenters, the 
analysis results on all boundaries are below the safe limit. 
This indicates that the area of the indenter influences the 
pressure exerted by the indenter on the pipe. When the 
indenter with a small area produces a large pressure, a 
correspondingly large dent is created. 

In this study, research on damage to the pipeline is only 
limited to dent and for future research, it is hoped that 
research on other pipeline damage will be held and can be 
used as a reference in gas pipeline installation and 
operational issues related to pipeline damage.
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