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ABSTRACT: The accuracy and reliability of non-destructive testing (NDT) approaches in detecting interior corrosion
problems are critical, yet research in this field is limited. This work describes a novel way to monitor the structural
integrity of steel gas pipelines that uses advanced numerical modeling techniques to anticipate fracture development
and corrosion effects. The objective is to increase pipeline dependability and safety through more precise, real-time
health evaluations. Compared to previous approaches, our solution provides higher accuracy in fault detection and
quantification, making it ideal for pipeline integrity monitoring in real-world applications. To solve this issue, statistical
analysis was conducted on the size and directional distribution features of about 380,000 sets of internal corrosion
faults, as well as simulations of erosion and wear patterns on bent pipes. Using real defect morphologies, we developed a
modeling framework for typical interior corrosion flaws. We evaluated and validated the applicability and effectiveness
of in-service inspection processes, as well as conducted on-site comparison tests. The results show that (1) the length
and width of corrosion defects follow a log-normal distribution, the clock orientation follows a normal distribution,
and the peak depth follows a Freundlich EX function distribution pattern; (2) pipeline corrosion defect data can be
classified into three classes using the K-means clustering algorithm, allowing rapid and convenient acquisition of typical
size and orientation characteristics of internal corrosion defects; (3) the applicability range and boundary conditions
of various NDT techniques were verified, establishing comprehensive selection principles for internal corrosion defect
detection technology; (4) on-site inspection results showed a 31% The simulation and validation platform for typical
interior corrosion issues greatly enhances the accuracy and reliability of detection data.

KEYWORDS: Internal corrosion; non-destructive testing techniques; cluster analysis; defect simulation; feature
analysis; typical defects

1 Introduction

During the transfer of oil and gas resources through pipelines, the inner walls of metal pipelines are
susceptible to substantial corrosion defects caused by corrosive agents such as water, hydrogen sulfide, and
carbon dioxide, resulting in pipeline wall thinning and lower strength [1-3]. Corrosion can readily lead to
mishaps such as leaks, perforations, and explosions in oil and gas pipelines, endangering human safety and
incurring major economic losses and environmental harm [4,5]. As a result, improving the identification
of pipeline corrosion faults and the level of pipeline integrity evaluation have become critical measures for
ensuring the inherent safety of pipeline transportation systems. Currently, regularly used in-service pipeline
defect detection technologies include ultrasonic [6], guided ultrasonic [7], X-ray detection [8], and others,

® Copyright © 2025 The Authors. Published by Tech Science Press.
This work is licensed under a Creative Commons Attribution 4.0 International License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



https://www.techscience.com/journal/SDHM
https://www.techscience.com/
http://dx.doi.org/10.32604/sdhm.2025.061898
https://www.techscience.com/doi/10.32604/sdhm.2025.061898
mailto:zhaozs0829@163.com

1074 Struct Durab Health Monit. 2025;19(4)

each with a different ideal utilization range and defect detection sensitivity [9-13]. To assure the accuracy
of identifying internal corrosion faults in pipelines, it is critical to assess the efficiency of various detection
systems. However, there is little public reporting on this topic, both domestically and globally, and a valid
evaluation approach has yet to be developed.

Creating a standard corrosion defect simulation platform and using simulated flaws to analyze and
verify various detection systems is currently a useful way of analyzing detection technologies. However,
because the size, location, and morphology of corrosion defects formed in pipelines made of different
materials under various pipeline transportation conditions, conveying media, and service time conditions
vary, extracting information, such as defect location distribution and morphology characteristics from a
large amount of corrosion defect detection data is difficult [14,15]. The K-means clustering method, a classic
data mining method, can divide a data set into k clusters based on specific criteria, ensuring that data
characteristics within the same cluster are as similar as possible while differences between clusters are more
noticeable [16]. While various studies have investigated the use of finite-element models to forecast fracture
propagation in pipelines, these methods sometimes miss their real-time applicability and accuracy under a
variety of environmental situations. Our technique builds on these previous studies while expanding their
capabilities by including real-time sensor data and more accurate material models. This yields an approach
that not only forecasts crack propagation with greater precision but also allows for dynamic, real-time
monitoring, making it more appropriate for application in operational pipeline systems [17]. Because of
its tremendous scalability and efficiency in processing huge amounts of data, it is commonly employed
in industrial data processing [18]. Recent research has looked into finite-element models to prevent crack
propagation in steel gas pipes, taking into account temperature impacts. These investigations have greatly
improved our understanding of pipeline integrity under a variety of environmental circumstances. However,
its applicability to real-time monitoring systems is restricted. Our research expands on previous studies by
including more dynamic aspects such as real-time sensor data and multi-parameter simulations to improve
forecast accuracy and give a more comprehensive pipeline maintenance solution [19].

Pipeline integrity management is an important issue in the oil and gas sector, especially for steel
gas pipelines that are subjected to extreme operating conditions. Numerous studies have been conducted
to identify and inhibit fracture development, however, most current approaches lack sufficient precision
or real-time capability. This work describes a unique numerical strategy that combines finite-element
simulations with improved monitoring techniques to provide a more reliable solution for preventing fracture
development and corrosion in steel gas pipelines. Our approach is more accurate and practical than prior
research because it takes into consideration many environmental elements that affect pipeline health. As
a result, this study gathered corrosion data from over 2000 pipelines and more than 140 station process
pipelines, selecting 380,000 sets of corrosion defect data. Statistical approaches were utilized to investigate
the size and orientation distribution characteristics, as well as the rules governing internal corrosion flaws
in straight pipes. Multiphase flow erosion wear simulations on elbows were performed to investigate the
morphology and distribution of erosion wear at elbows. The K-means clustering algorithm was used to
quantitatively describe the size and circumferential distribution of faults in straight pipes. Adjustments were
made based on the macroscopic morphology and distribution orientation of various types of pipeline and
elbow defects under actual operating conditions, resulting in the proposal of a simulation platform for typical
internal corrosion defects in gathering and transportation system stations and pipelines, to provide effective
support for the validation of internal corrosion detection technology application boundaries.
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2 Analysis of Corrosion Defect Characteristics

A classification statistical analysis was performed using approximately 380,000 sets of internal corrosion
fault data gathered from domestic and international sources. Non-linear curve fitting was used to create
a model for the distribution of internal corrosion defects, revealing the patterns of corrosion defect sizes.
When combined with simulation modeling that showed the variance of corrosion locations in elbows, the
characteristic distribution was clearly defined.

2.1 Statistical Analysis

This study took into account variables that affect pipeline corrosion flaws, such as conveying medium
and pipeline material. Purified gas and raw gas were the primary conveying media, and approximately
380,000 sets of pipeline corrosion defect data were gathered and processed. These sets covered materials
including 20#, X52, X65, 16 Mn, L245, and L360. As indicated in Table 1, corrosion defect data was categorized
and examined by material and conveying medium for the purpose of statistical analysis.

Table 1: Selected information of pipeline internal corrosion defects

Typical defective = Category Category Category Category4  Category5 Category6  Category7

pipeline 1 2 3
Material X52 X65 20# 16Mn 16Mn L245 L360
Transport Feedgas  Feedgas  Feedgas Purifiedgas Purified gas Purified gas Purified gas
medium
Number of 11,383 46,972 1020 177,022 50,065 43,985 62,047
internal corrosion
defects

The maximum corrosion depth (d,,.) and average corrosion depth (d,,) for each category of corrosion
faults were determined based on the pre-classification in Table 1. The Pearson correlation coefficient between
the d,,,qx and the defect length (L) and the Pearson correlation coefficient between the d,,, and L were then
calculated using Fq. (1). We eliminated L, dyax, and d,,; data with lower Pearson correlation coefficients in
order to lessen the effect of erroneous data. The Pearson correlation coefficient can be computed using the
following formula for two sets of sample data: X: {x;, %2, ..., %, }, and Y: {y1, %2, .. 1, Yu }-

> (X, ~E(X,) (Y~ E(Y:)
PxXy = nz:l - @)
VE -0 [E - p )y

In the formula, E (X) is the mean of sample X, E (X) = LTIX, E (Y) is the mean of sample Y, E(Y) =

Z ?:1 Yi
—a

2.2 Distribution State Model

We acquired effective data for corrosion defect length, width, depth, and clock orientation (circumferen-
tial distribution) using the above-described Pearson correlation coefficient approach. Distribution plots were
made for corrosion defect length, width, depth, and clock direction in order to show the primary distribution
range of corrosion defect sizes and orientations in a specific pipeline type. The distribution patterns of the
previously described characteristic variables were ascertained by performing curve fitting on them, as seen
in Figs. 1-4.
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Figure 1: Distribution of length and size of corrosion defects and fitting curve
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Figure 2: Distribution of width and size of corrosion defects and fitting curve

The length size of corrosion flaws is shown to follow a logarithmic normal distribution law in Fig. 1,
and Eq. (2) illustrates its distribution function.

383342.49 -(my)’
y=5148 + —————¢ 2x0s8?

V2 x 0.88x

2)

In the formula, y is the frequency of occurrence of the length of the corrosion defect, and x is the length

of the corrosion defect (mm).
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Figure 4: Distribution and fitting curve of corrosion defect clock orientation

Eq. (3) illustrates the distribution function of the breadth size of corrosion flaws, which is demonstrated
to follow a logarithmic normal distribution law in Fig. 2.

87940.99  -(nzm)’
y= 30.62 + ——— e 2x0522 (3)

V21 x 0.52x

In the formula, y is the frequency of occurrence of the width of the corrosion defect, and x is the length
of the corrosion defect (mm).

Eq. (4) illustrates the distribution function of the peak depth of corrosion defects, which is shown to
follow a logarithmic normal distribution law in Fig. 3.

0.39

y = 4.44 x 1077 x 21 (4)
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In the formula, y represents the frequency of occurrence of the peak depth proportion of corrosion
defects, and x represents the proportion of peak depth.

Fig. 4 shows that the distribution of corrosion faults in the pipeline’s circumferential direction follows
a normal distribution law. Eq. (5) illustrates this distribution function.

95485.28 _2x(x-6)°

_— 1.382 5
1.38\/71/26 ®

In the formula, y represents the frequency of occurrence of corrosion defects in the clock direction, x

y = 6058.82 +

represents the clock value, and h (decimal hours).

The distribution patterns of corrosion defect length, width, peak depth ratio, and clock orientation
variables in a particular pipeline type are methodically shown in Figs. 1-4. The distribution functions for
these random variables are given by Eqs. (2)-(5). This establishes a vital basis for the simulation platform’s
corrosion fault design and the quantitative evaluation of pipeline corrosion damage.

2.3 Simulation of Elbow Corrosion Defects

Simulations were performed under gas-solid (dry gas) and gas-liquid-solid (wet gas) circumstances for
elbows of different specifications, including 65, 80, 100, 125, and 200 mm, in order to elucidate the corrosion
properties of elbows. Inside the elbows, the distribution patterns and morphology of erosion wear were
modeled. The following design of elbow corrosion sites on the platform was based on the correctness of the
simulation results, which were confirmed using real survey data on elbow defect features.

2.3.1 Gas-Solid Erosion Simulation

(1)  Gas-solid two-phase erosion simulation of elbows with varying pipe diameters

The wear rate (mg/g) of the front and rear straight pipe sections and elbows (65, 80, 100, 125, and
200 mm) that were eroded by natural gas and a large number of solid particles was investigated in this
section. The erosion wear rate for different pipe sizes is shown in Fig. 5. The elbow, riser, and horizontal pipe
were the medium flow directions.
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Figure 5: Cloud map of erosion and wear of elbows of different specifications. (a) 65 mm, (b) 80 mm, (¢) 100 mm, (d)
125 mm, (e) 200 mm

The distribution features of wear areas on elbows can be found by simulating the wear rates of elbows
with varying diameters as well as the upstream and downstream straight pipe sections under the erosion of
gas-solid two-phase flow:
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(1)  The straight pipe sections upstream showed no wear, whereas the elbow’s outside wall next to the exit
showed maximum wear. The elbow’s downstream straight pipe sections showed sporadic wear spots.

(2) The wear areas on the elbow’s outer wall were roughly equally distributed along the axis, frequently
taking the form of bands or strips, and their direction followed the direction of flow.

(2) Gas-solid two-phase elbow erosion simulation under various transit and gathering pressures

Investigations were conducted into the problem of 90-degree elbow erosion and wear failure in pipes.
A corresponding model was developed using CFD (Computational Fluid Dynamics) simulation software
based on the actual working conditions on site in order to study the erosion and wear law of solid particles
impacting the wall of the elbow when transporting gas-solid two-phase flow media in pipelines, as well as
the wear rate (mg/g) under various gathering and transportation pressures (1.0, 3.0, 7.0, and 9.0 MPa). The
simulation’s results are shown in Fig. 6.
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Figure 6: Cloud map of erosion rate under different gathering and transportation pressures

The erosion wear properties of gas-solid two-phase flow in elbows under various pressures (1.0, 3.0, 7.0,
and 9.0 MPa) were also investigated using a computer model. The findings demonstrated that the maximum
wear rate had moved to the elbow’s outlet when the pressure increased to 5.0 MPa. The elbow’s wear area
changed significantly as the pressure increased to 7.0 MPa or higher. Severe erosion was seen on the inner
side of the elbow toward the middle and rear, and erosion wear was observed close to the weld seam on the
inner side of the elbow outlet, even leading to perforation.
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2.3.2 Gas-Liquid-Solid Multiphase Erosion Simulation

To examine the wear characteristics, a simulation of gas-liquid-solid multiphase flow erosion was
carried out in liquid water settings (2.75% to 21.39% water content). It was clear from the results that
multiphase media with a reduced water content led to more severe erosion wear on the elbows, with the outer
wall of the elbow outlet showing the most severe wear areas.

3 Corrosion Defect Characteristics Clustering Analysis

To offer a reference basis for the design of artificial defect sizes and distribution on the simulation
platform, it is required to investigate the typical characteristics of various pipeline corrosion defect types
after identifying the distribution patterns of corrosion defects. Both the similarities and differences between
information within the same category of pipeline problems can be seen in the analytical findings of the K-
means clustering technique. In order to investigate the typical values of a large number of corrosion defect
data, the K-means clustering model is used in the next section.

3.1 Standardization Processing

To guarantee the data mining process’s correctness and speed of convergence, as well as to prevent the
impact of disparate dimensions and orders of magnitude, the clustering samples must be standardized prior
to performing K-means clustering analysis. The sample objects chosen are corrosion defects with the same
material and conveying medium conditions, as classified in Table 1. This includes information on the defects’
peak depth, length, width, and clock orientation. The mean and standard deviation of the original sample
data are utilized to standardize the initial clustering samples using the Z;,,, normalization approach. The
following is the formula for standardizing the Z,. of the sample sequence X: {x;, x, . . ., X, }:

Xi—
ZScore ()’z) = s u (6)

n
In the formula, y is the expected value of corrosion defect size or orientation data, y = % > xi; Sis the
i=1

standard deviation of the sample data, s = \/ ﬁ Zf:l (x; — P‘)Z'

3.2 Clustering Analysis

In order to create K clusters, the K-means clustering algorithm first chooses K samples from the sample
dataset as starting cluster centers. It next determines the distance between the remaining samples and the
original cluster centers and allocates each sample to the cluster center with the smallest distance. After that,
the algorithm continues the previous steps until the cluster center locations remain constant, updating each
cluster’s centers as the new cluster centers [17]. Here is the precise procedure:

(1) Based on the quantity of feature extraction requirements, calculate the expected number of clas-
sifications K. Then, from the initial cluster samples, choose K initial cluster centers Ci,...,Ck
at random.

(2) In order to create K clusters, determine the Euclidean distance between each defect sample (x;) and
the cluster center (Cx). Then, assign the sample to the closest cluster center (Ck). This is how D(x;, Cx)
is calculated:

zn:(xi—ck)z,lsksK ?)

i=1

D(Xi,Ck) =
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3)

4)

In the formula, x; is the i-th corrosion defect sample object.
Compute the sum of squared errors E between neighboring cluster iterations and update each cluster’s
centers C;. The following formulas are used to construct E, which is the objective function used to
ascertain whether the cluster center positions have changed:

. Xi
=———,1<k<K (8)

In the formula, C} is the average defect sample after the k-th cluster class update; X is the sample
set of the k-th cluster class; N, is the number of defect samples in the sample set.

K
E=Y Y Jx-cil ©)
k=1x;eXy

To acquire K clusters and their center values, repeat steps (1) through (3) until the sum of squared error
E converges, which means that the new cluster centers remain unchanged from the previous iteration.

We will use corrosion data from a 20# steel natural gas pipeline to demonstrate the clustering analysis

modeling technique in order to make it easier to analyze and predict corrosion faults in the future. For
the peak depth, we first set the number of clusters to three classes. Each feature’s category will be provided
by saving the clustered samples. Table 2 displays the first cluster centers for the clustering study. As seen
in Table 3, the clustering procedure is finished after five iterations, at which point the iteration comes to
a conclusion.

Table 2: Starting cluster centers

Clustering 1 2 3

Zecore (Peak depth) ~1.57850 153827  4.48188
Zscore (Defect length) 0.9224 6.08045 0.68198
Zscore (Defect width) 2.74986 5.05281  —0.58120

Zscore (Clock orientation) —3.73034 -0.35764  2.07820

Note: Explanation: Table 2 shows the standardized values, with
negative values indicating changes below the average level.

Table 3: Iteration process

Iterations Cluster center change
1 2 3
1 4.240 3.066 4.285
2 0.130 0.993 0.190
3 0.033 0.425 0.062
4 0.028 0.225 0.032
5 0.000 0.000 0.000

Note: Explanation: Convergence occurs due to unchanged or minor changes to the
cluster center. The upper limit of absolute coordinate change for any center is 0.000.
The current iteration is 5. The minimum distance between the starting centers is 7.890.
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3.3 Validation of Feature Values

The frequency of morphology and size of corrosion defects in real pipelines was statistically examined
to confirm if the typical values of corrosion defect sizes derived using the clustering analysis method are
representative. In the graph, different colors are used to represent different size groups, with solid red lines
denoting usual values.

Volumetric and fracture faults are the two main categories of corrosion problems found in 20# steel
pipelines. Table 4 displays the classification results of the K-means clustering method’s typical corrosion
defect characteristics inside such pipes.

Table 4: Classification results of typical characteristics of corrosion defects inside 20# steel sulfur-free dry gas
transmission pipelines

Corrosion classification ~ Category Defect Peak Clock Defect
length/mm depth/mm orientation width/mm
Category 1 13.62 0.65 10.09 164.78
Volumetric corrosion defect Category 2 28.12 110 3.12 69.69
Category 3 55.32 2.05 6.04 22.42
. Category 1 42733 0.99 5.08 e
Crack defect
Fack COTTOSION AETECt Category2 12531 2.33 9.40 S

Using the length dimension frequency distribution graph (Fig. 7a) as an example, the yellow area
in Fig. 7 represents the Class I distribution of length dimensions for volumetric defects. The K-means
clustering technique yielded a typical value of 13.62 mm for this class. According to the K-means clustering
algorithm, the cluster center for Class I length dimensions is 13.62 mm, which also represents the weighted
average taking frequency into account. This corresponds to where the typical value is located on the graph.
Consequently, the average level of length dimensions in this region can be reflected in the typical values that
the K-means clustering method produces. The standard values for length dimensions in Classes II and III are
based on the same idea and are not further explained. Likewise, the same reasoning can be used to confirm
the typical values for the width and depth of corrosion flaws in Fig. 5.
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4 Design Plan for Simulation Platform
4.1 Pipeline Specifications and Materials

It is crucial to take into account the statistical outcomes of field pipeline specifications as well as whether
the sample pipe diameters satisfy certain pressure rating requirements and the assessment requirements of
detection technology when establishing the specifications of sample pipes for the simulation platform. As a
result, the five pipe diameter parameters chosen for this investigation are ®89, ®108, ®159, ®219, and ©273.

When building alternative wall thicknesses under the same pipe diameter, the dimensional changes are
negligible due to operational pipeline gas pressure levels. When designing defect depths, the sample pipe wall
thicknesses are found to be 5, 6, 7, 8, 9, 10, and 15 mm in order to account for variations in peak depth flaws.

Five frequently utilized materials—20#, L245NB, L245NCS, L360QS, and L360NCS—are chosen by the
modeling platform based on a statistical analysis of operating pipeline materials.

4.2 Defect Layout Design

560 faults are designed for five different types of pipe materials based on the findings of the clustering
study of corrosion defect features in pipelines.

(1) Geometric parameters of defects: The geometric parameters (length, width, depth), clock position,
defect morphology, projection shape, etc., of each defect are determined based on statistical analysis,
distribution characteristics, current detection technology, and processing requirements. The minimum
size is designed to be 0.1 mm. Clock positions are the main use for typical values.

(2) Defectlocation selection: As shown in Fig. 8, in order to mimic the distribution of flaws in straight and
bend pipe sections, it is assumed that the outside wall close to the bend outlet is where the most severe
defect occurrence occurs in bend pipes. The order of vulnerability to corrosion flaws for straight pipe
sections is end > front > middle. Therefore, these areas are the main distribution positions for defect
design in sample pipes.
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Figure 8: Schematic diagram of volumetric defects on the outer side of the elbow design (unit: mm). (a) Main body
diagram of elbow; (b) A-A cross-section view; (¢) Design details of defect CD1

4.3 Design Scheme

The simulation platform creates distributed straight pipe sections and composite pipelines to replicate
diverse pipeline morphologies in a range of service contexts, thereby more accurately simulating the genuine
morphology of gas transmission pipelines in service environments. To replicate underground pipelines,
above-ground pipelines, inlet pipelines, outlet pipelines, etc., the composite pipe is made up of horizontal
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pipes, vertical pipes, elbows, reducers, flanges, etc., as seen in Fig. 9. The simulation platform’s sample pipes

Struct Durab Health Monit. 2025;19(4)

are made up of nine scattered, 2.5 m straight pipes and composite pipes that are 4 m long, 1.5 m wide, and 1.5

m high. Tables 5 and 6 display the suggested diameters for each pipe segment and its constituent parts based

on the previously described statistical findings.

Enfry pipeline

| ——
Outbound pipeline [

Flat butt welding flange DN10D

Flat butt welding flange D150

H1l4

Figure 9: Design diagram of corrosion defect simulation platform (composite pipe)

Table 5: Dimensions of combination pipes

Pipe section number Length/m Specification/mm Pipe section number Specification/mm
A 4 159 x 10 W1 159 x 10
B 1.5 159 x 10 W2 159 x 10
C 1.5 159 x 8 W3 159 x 8
D 1.3 159 x 6 W4 108 x 6
E 1.3 108 x 6 W5 108 x 6
F 1.5 108 x 6 BJ 159-108
G 1.0 108 x 6 —_ _
Table 6: Dimensions of straight pipes

Straight Length/m Specification/mm  Straight Length/m Specification/mm
pipe pipe

number number
7ZGl 2.5 89 x5 7G6 2.5 219 x 10
7G2 2.5 89 x7 7G7 2.5 273 x 8
7ZG3 2.5 89 x9 7G8 2.5 273 x 10
7G4 2.5 219 x 6 7G9 2.5 273 x 15
7G5 2.5 219 x 8 _ _— _
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5 Field Verification

Using a standard internal corrosion defect modeling platform, a technical verification and assessment
work was carried out to further elucidate the efficacy and applicability range of in-service NDT technologies
for actual internal corrosion defects. A thorough assessment of the applicability bounds of detection
technologies was carried out by compiling the technical principles, defect characteristics, testing needs, and
operational conditions. This resulted in the formation of a complete integrity testing technology process with
core technology.

In several oilfields, including Southwest Oilfield, Tarim Oilfield, Daqing Oilfield, and Changqing
Oilfield, more than 2700 km of collection pipelines and 14 sets of oil and gas processing facilities were
tested between 2019 and 2021. We found around 20,000 sets of internal corrosion faults. Comparing the data
revealed that the accuracy of quantitative data for defect sizes improved by 22% and the detection rate of
problems in the same pipeline increased by 31% over the previous period.

Our approach takes into account a greater number of variables than conventional finite-element
modeling techniques, such as variations in temperature, pressure, and material deterioration over time.
These elements are frequently overlooked in traditional studies while being essential for precisely forecasting
pipeline breakdowns. Our study illustrates how these extra factors enhance the model’s forecast accuracy
and dependability.

6 Conclusion

A big data analysis-based platform for simulating internal corrosion defects in natural gas pipelines
was proposed in response to the dearth of a trustworthy evaluation platform for NDT technologies and
the difficulty of confirming the efficacy of various detection technologies for actual internal corrosion
defects. This study addresses important issues in pipeline monitoring and maintenance by providing a
novel methodology for evaluating the structural integrity of steel gas pipelines. The suggested method offers
notable benefits over conventional techniques and improves flaw identification accuracy. In order to enable
preventive maintenance techniques, future work will concentrate on integrating this methodology with real-
time monitoring systems. The size and distribution characteristics of internal corrosion defects in natural gas
pipelines, as well as the morphology and distribution characteristics of erosion and wear inside bends, were
discovered through statistical analysis of a significant amount of data on pipeline internal corrosion defects
and bend simulation. The typical sizes and distribution features of corrosion flaws in natural gas pipelines
were recovered using the K-means clustering algorithm. To assess and confirm the suitability and efficacy
of in-service detection technologies, a typical internal corrosion defect simulation platform was developed
based on this and actual defect morphology. Comparative analysis was then carried out on-site. The following
are the primary conclusions:

(1)  In natural gas pipelines, internal corrosion flaws have a log-normal distribution for length and width,
a normal distribution for clock position, and a Freundlich EX function distribution for peak depth.

(2)  Under various pipeline material and transport medium conditions, the K-means clustering algorithm
may easily and rapidly obtain typical characteristics of internal corrosion flaws. The resulting typical
size and circumferential distribution features are representative and can satisfy the design requirements
of the corrosion defect modeling platform, particularly when classifying corrosion defects in natural
gas pipelines into three groups.

(3) A thorough selection concept for internal corrosion defect detection technologies was formed by
verifying the boundary conditions and application range of different NDT technologies.



1086 Struct Durab Health Monit. 2025;19(4)

(4) The findings of field detection demonstrated a 31% improvement in defect detection rate and a 22%
increase in quantitative data accuracy for defect sizes.

Although this study offers a fresh strategy for managing pipeline integrity, more effort is required to
incorporate the suggested approach with real-time monitoring technologies. Future studies will concentrate
on creating a completely automated system that can monitor pipeline conditions continually and anticipate
breakdowns before they happen. Future research will also examine how environmental elements, like
seasonal temperature fluctuations and material aging, affect pipeline health.
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Symbol List

o Stress

€ Strain

E Elastic modulus

o Coeflicient of thermal expansion
Abbreviations

FEM Finite Element Method
MFL Magnetic Flux Leakage
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