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Abstract:

Introduction/purpose: There is a growing interest in pipeline integrity and its
effects on economic and safety aspects. This study examines the process
of corrosion evaluation in order to identify the remaining structural integrity
of thin-walled pipelines with corrosion problems.

Methods: This work aims to create a corrosion evaluation model that can
analyse the deterioration of steel pipes caused by internal pressure. A study
utilised the finite element approach to build models for predicting the burst
pressure of defect-free straight pipes. The study involved analytical and
numerical analysis and used the mathematical extrapolation method.

Results: This paper discusses the impact of several factors on the integrity
of a pipe, including the depth of defects, the thickness of the pipe, the shape,
the size, and the position of faults, as well as the interaction between
internal and external defects. Additionally, the influence of external defects
on the overall integrity is discussed.

Conclusion: It is concluded that the pipeline corrosion failure criterion
(PCORRC) model and the presented model align with the analytical
solution documented in the literature. This holds immense importance in the
field of structural design and safety evaluation.

Keywords: corrosion defect, steel pipe, internal pressure, failure, stress,
modelling.
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Introduction

Pipelines are pivotal components of the energy infrastructure,
facilitating the cost-effective transportation of gas, oil, and various
hydrocarbons across extensive distances to fulfil the requirements of the
petrochemical sector (Mechab et al, 2011, 2014).

Pipeline integrity management adopts a performance-oriented
strategy aimed at guaranteeing the operational reliability of pipelines and
averting potential failures, with careful consideration given to the
hazardous properties of the transported substances (Mechab et al, 2018,
2020; Fezazi et al, 2021; Salem et al, 2019). This comprehensive process
comprises pipeline inspection, integrity evaluation, and maintenance
tasks, with inspections to detect anomalies like corrosion defects and
cracks (Guidara et al, 2018; Amaya-Goémez et al, 2019; Muthanna et al,
2021). Corrosion emerges as a leading cause of deterioration in pipelines,
marked by the gradual erosion of metal over time, often detected through
in-line Inspections (Deng et al, 2021; Jiang & Zhao, 2022). The corrosion
observed on pipelines displays a range of shapes. Categorised by these
shapes, corroded pipelines can be grouped into three main types: single-
point corrosion defects, multi-point corrosion defects, and complex
corrosion defects (Zhao et al, 2022; Teohet al, 2022; Yeomet al, 2015;
Yi et al, 2022; Zelmati et al, 2020).

Over time, predictive models targeting the estimation of burst
pressure in cylindrical vessels and pipes have evolved. They seek to
quantify the maximum failure pressure by considering material properties,
diameter, and wall thickness (Wang et al, 2020; Zhuwu et al, 2020).
Numerous prediction models have been developed for determining burst
pressure in pipes with isolated surface defects, mainly focusing on
materials exhibiting elastic/ideally plastic behaviour (Abyani et al, 2022;
Zhou et al, 2021).

Present models used to forecast the burst pressure of pipes with
surface corrosion defects, utilising finite element analysis (FEA), generally
presuppose defects to be axially oriented and either elliptical or
rectangular (Kiefner et al, 1973) as per (DNV, 2021); elliptical shapes are
assumed for shorter defects, whereas longer ones are deemed
rectangular. Conversely, an alternative reference (ASME, 2012) posts an
arbitrary defect profile aligned with the axis. Rectangular defect geometry




is uniformly employed in all other current FEA-based models for predicting
burst pressure in such pipes.

This study aims to develop a corrosion assessment model to analyse
damage in pipes under internal pressure. The finite element method is
used to diagnose a corrosion defect in a steel pipe. The effect of the depth
of the defect, the thickness of the pipe, the shape, the size, the position,
the interaction between internal and external defects, and the external
defect associated with a higher risk is discussed in this work. The new
model presented in this paper predicts the burst pressure of a defect-free
straight pipe, which is of great significance to structural design and safety
assessment.

Numerical modeling and FE

In this case, the primary structure analysed is a three-dimensional
structure. The ABAQUS calculation software (Hibbitt, Karlsson &
Sorensen, 2014) was used in the present work to obtain the equivalent
circumferential, radial, and longitudinal stress fields generated in a pipeline
bearing a centred square external defect.

Geometrical and materials models

In this study, the defect is located in the central square outer wall of
the pipe, and the dimensions of the defect length, width, and depth are
a=40mm, b=40mm, and c=4 mm, respectively. Figure 1 shows the
geometrical characteristics of the corroded pipe and different paths of
study. It is worth noting that the external diameter is Rext, Rint is the inner
diameter, L is the longitudinal length, and “t” is the thickness of the pipe,
as shown in Table 1. The tube material is APl 5L X65 steel. This pipe was
subjected to internal pressure.

Table 1 — Geometrical structure dimensions

t(mm) L(mm) Rext (mm) Rint (mm) P (MPa)
5mm 500mm 50 45 10-15-20
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Cubic defect

a) b)

Figure 1 — a) Geometrical characteristics of the corrosion defect, b) Path of study

Table 2 presents the mechanical properties of the material used in
this study (Olusegun & Akid, 2014).

Table 2 — API 5L X65 steel mechanical properties

Material 5L X65
Young’s modulus E (GPa) 211
Poisson ratio v 0.3

n (work hardening coefficient) 0.127
ouits [MPa] 500

ce [MPa] 380

Initial conditions and limitation

Boundary conditions are necessary for any finite element calculation.
A section of steel pipe was cut in the circumferential direction, so we fixed
it at both ends of the pipe (U1=U2=U3=0, UR1=UR2=UR3=0: displacement
and rotation are blocked).

A load applied to the structure studied is represented by a pressure
defined on the pipe's inner surface. The boundary conditions are
presented in Figure 2.




Figure 2 — Boundary conditions of the corroded pipe

Mesh model

The overall structure is based on a regular mesh for all calculations in
this study. The mesh remains unchanged throughout the calculation to
prevent any impact on the results, as shown in Figure 3. For the type of
mesh elements, one was satisfied with the C3D8R elements, widely used
in the modelling of these structures. The total number of nodes is 7660.
The total number of the pipe elements is about 5010.

Figure 3 — Detailed mesh used for a numerical model of the corroded pipe

Convergence of the results

In finite element simulations, it is generally observed that using a more
detailed mesh leads to more accurate results. Conducting mesh
convergence research of this kind can provide a precise answer.
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Furthermore, this paper aims to enhance the mesh density through a
convergence study of the structure's density to strike a balance between
computation time and desired accuracy.

Figure 4 illustrates the impact of changing the density of the mesh on
the highest value of the von Mises constraint in the assembly. Based on
Figure 4, a refined mesh leads to a higher value of the von Mises
constraint. However, the von Mises value remains relatively constant if the
mesh is adjusted to have a higher density across the structure.

The pipe dimensions were set as shown in Table 1 and the type of
hexagonal linear meshing chosen. The number of finite elements was
increased in order to refine the structure mesh from 1601 (less refined) to
33886 elements (very refined mesh) by using this technique in the Abaqus
software, thanks to the options such as seed part instance, where the
number of elements can be modified until achieving stability in the value
of the von Mises stress.

480 T T T T T T T T T T T T T T T

460 -

440 -

420 -

von Mises stress (MPa)
S
o
o

380 — T T T T T T T T T T T 1
0 5000 10000 15000 20000 25000 30000 35000

Number of element of pipe

Figure 4 — Variation of von Mises stress as a function of the mesh density in the pipe for
P=20MPa




Results and discussion
Model of burst pressure without defect

Burst pressure for intact pipelines

Some available approaches estimate burst pressure for free-defect
pipes or with grooves with an infinite longitude. The approach of the von
Mises is expressed as follows: (Amaya-Gomez et al, 2019)

n+1
p _Mous| X (1)
b D 2
and
2
NS
where

Py is the burst pressure,
Outs is the ultimate stress,

t is the pipe thickness, and
D is the Internal diameter.

Based on our finite element model, we have developed an analytical
model for calculating burst pressure for an undamaged pipe; that is to say,

the present model (equation 2) is obtained by the interpolation of the
numerical results (FEM results), see Table 3, written as follows:

R _ _
p, - Juts[ Rext (3,74325.10 5, 0,00297 t - 1,03764.10 4t2) (2)
N { Rint

n: The hardening coefficient is equal to 0.127 for the used steel,
where

Rext is the external radius of the pipe, and
Rint is the internal radius of the pipe.
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Figure 5 — von Mises results compared with the present model

Figure 5 presents the von Mises results compared with the present
model. The maximum and minimum variations are 0.6789% and
0.00043%, respectively (See Table 3). The analytical solution gives a good
agreement of the burst pressure for intact pipelines compared with the von
Mises results.

|Pgon Mises _ Pbpresent model
e(%)= - x100

| pyon Mises (3)
Table 3 — von Mises results are compared to the current model
Po (von Mises) Pb (Present model) e (%)
5.91698926 5.95716214 0.6789413
11.7053483 11.685805 0.16696062
17.3692265 17.3264919 0.24603626
22.9125967 22.8724143 0.17537247
28.3392643 28.3167635 0.07939824
33.6528764 33.6527307 0.00043289
38.8569294 38.8735074 0.04266414
43.9547773 43.9722849 0.0398309
48.9496384 48.9422545 0.0150846
53.8446022 53.7766076 0.12627935




Effect of internal pressure

This part of the work numerically analysed the effect of internal
pressure applied to a pipeline bearing an external square defect centred
on the level and distribution of stresses induced in this structure using the
finite element method. The results obtained are illustrated in Figure 6. It
shows the distribution and variation of equivalent von Mises stresses as a
function of internal pressure. The stresses were computed along path one,
as shown schematically in Figure 1b.

Evaluation of stresses along path 1

This study evaluated the equivalent and the internal stresses along
path 1; the obtained results are shown in Figure 6. The stresses were
computed along path 1.

The effect of internal pressure on the intensity of equivalent and
normal stresses is illustrated in Figure 6. Increasing internal pressure
increases the amplitude of this stress, which reaches its maximum at the
centre of the defect. The von Mises stress reaches its maximum level
(0~280MPa) at the defect located at the centre of the pipe with a pressure
of 20MPa (Figure 6a).

The damage rate is equal to 60%. Even for internal normal stresses,
radial stresses (Figure 6b) are almost half as high as von Mises stresses
(o~50MPa) for an applied internal pressure of 20 MPa.

The distribution of circumferential stress (Figure 6¢) is identical to that
of von Mises stresses and at the same level, which is the highest.
Longitudinal stresses increase with each applied pressure and reach the
lowest level at the ends relative to the centre of the defect, as shown in
Figure 6d.

Comparative analysis

This part of the work, a comparative study between a flawless pipe
and a pipe with an external-centred cubic defect (a =40mm, b=40mm, and
c=4mm), presents the von Mises stress induced in the two pipes studied,
subjected to internal stresses (10-15-20MPa), to see the effect of the
defect and internal pressure on the increase in stress intensities
demanded in this no-defect pipe, see Figure 7.

Metehri, A. et al, A new investigation used to predict the burst pressure in straight corroded pipes under internal pressure, pp.1747-1771



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 4

The first point to note from this Figure is that these equivalent stress
levels lead us to conclude that the pipeline with a defect, subjected to very
high internal pressures, particularly at the defect centre (over 452 MPa
20MPa internal pressures), can lead to ruin and put these pipes out of
service. On the other hand, the equivalent von Mises stresses of a defect-
free pipeline are much lower (over 188 MPa at 20 MPa internal pressures).
These observations conclude that the pipe bearing the external defect
should be repaired with a composite casing to reduce and absorb these
high stresses. The damage rate is equal to 46%.
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Figure 6 — von Mises and normal stress variation as a function of internal pressure along
path 1
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Figure 7 — von Mises equivalent stress level as a function of internal pressure: a) Pipe
without defect, b) Pipe with defect

Depth and spacing effect

This part of the work will present the effect of the interaction of two centred
cubic corrosion defects located outside the pipe on the level and
distribution of equivalent stress generated in the pipeline as a function of
defect depth and imposed internal pressure. Metehri et al. (2018)
conducted almost the same study which determined the effect of two
interactions on the stress intensity factors in S;C particles reinforced Al
composite.

It can be seen in Figure 8 that high stress occurs at the centre of the
corrosion defect. The von Mises stress was calculated over a range of
defect distances d=5-10-20-40-60 and 80mm and with varying defect
depths c=1-2-3 and 4mm. The analysis by the finite element method of this
Figure illustrates that the equivalent stress induced in the pipe, specifically
in the defects, increases progressively as the distance between the two
corrosion defects decreases (d=5mm). In other words, a decrease in the
distance between square defects leads to an increase in the equivalent
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stress, and this value is accentuated if the defect depth (c= 4mm) is too
great about the thickness of the steel pipe itself. This behaviour constitutes
a risk of the pipe bursting since it has exceeded the ultimate stress
(ous=500MPa) at internal pressure P=20MPa. The damage rate is equal
to 50%. On the contrary, these stresses generally decrease if the distance
between defects increases.
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Figure 8 — Maximum von Mises stress variation in the pipe in correlation to the spacing
and depth defect

Size effect

In the present study, the finite element method has been inserted to
analyse the equivalent von stresses in three models of different sizes, but
the same defect shape and the same depth defect (c=4mm). The first
defect has the dimensions a=40mm, b=40mm; the second defect has the
dimensions: a=50mm, b=50mm; the third defect has the dimensions:
a=60mm, b=60mm, and, depending on the application, the internal
pressure is from 15 to 20 MPa. The results were obtained by plotting the
curves along path 1 (Figure 1b).

From these curves (Figure 9), the defect size considerably determines
the level of equivalent stresses. As the defect size increases, the stress
level automatically increases; always remember the effect of internal
pressure. Equivalent stress values at internal pressure P=20MPa, whether
path one and with large defect sizes, reach very high values, leading to

catastrophic failure.
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Figure 9 — von Mises stress variation in the pipe related to the size defect

Thickness and depth effect

Gas pipelines are constantly exposed to high internal pressure due to
the transport of hydrocarbons. For this reason, it is strictly essential that
special attention must be paid to a three-dimensional numerical study to
analyse the geometric parameters of the cylindrical structure, including the
effect of the pipeline radius and, therefore, its thickness, plus the
fundamental parameter (defect depth) when the pipe carries defect to the
outside. Two curves are plotted for this study for two values of internal
pressure. The results are shown in Figure 10. This later shows the
variation of the maximum von Mises stress related to the pipe thickness
and defect depth, respectively. The analysis of this Figure shows that even
if the pipe thickness is optimised (t=8mm), the equivalent stress value
increases with increasing the defect depth value, exceeding the elastic
limit, even the ultimate strength, especially at high pressure.

On the contrary, if the defect depth is minimal (c=1mm) and the pipe
thickness is maximised (t=24mm), the equivalent stress values present no
risk of damage. High internal pressures (P=20MPa) inducing high von
Mises stress values should be avoided. As mentioned above, thick gas
pipelines have good strength and resistance, firstly to high pressures and
secondly to bursting, and guarantee good performance for this type of
transport. However, it must be stressed that this geometric parameter
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(thickness pipe) determines the rigidity of cylindrical structures. It is,
therefore, advisable to use thick-walled pipelines with a minimum depth
defect.
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Figure 10 — Maximum von Mises stress variation in the pipe as a function of the thickness
defect

Location effect

Cubic defect

This part of the work deals with the shape of a square corrosion defect
of the dimensions a=40mm, b=40mm, and c=4mm. In the first case, this
defect is located inside the centre of the cylindrical pipe, and in the second
case, it is outside at the edges. This study aims to show the effect of the
defect location on the variation and level of von Mises stress along path 1.

The analysis of Figure 11 by the finite element method shows that the
equivalent stresses generated in a pipe by a square defect are generally
of a higher level, mainly when the defect is located outside the edge, where
these stresses reach ~440MPa if 20MPa of internal pressure is applied
and a value that exceeds the elastic limit of steel. These stresses may
present a high probability of pipe bursting. As a result, the equivalent stress
values of a pipe with a square corrosion defect in the centre of the interior
are correspondingly higher. Based on the results presented below, it is
clear that pipelines with square defects, whether on the inside, inside
edge, or in the centre, are at risk of ductile damage to the corroded pipe.
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Rectangular parallelepiped defect

In this study, it is also important to note that the rectangular
parallelepiped corrosion defect of the dimensions a=40mm, b=60mm, and
c=4mm generally located outside at the edges of the structure and inside
at the centre, was chosen. This study by FEM analysis aims to determine
the effect of the defect position on the variation and level of von Mises
stresses along path 1.

The analysis of Figure 12 illustrates that the von Mises stresses
generated by the rectangular parallelepiped defect are intensive and very
high when positioned outside the pipe edge. They reach ~430MPa in case
of the application of 15MPa of internal pressure, they reach more than 480
MPa, and in case of the application of 20MPa, this value exceeds the
elastic limit of steel material and is close to the ultimate strength; the
damage rate is equal to 50%. The higher these stresses, the greater the
risk of pipe bursting. On the other hand, the equivalent stress values for a
pipe with a rectangular parallelepiped corrosion defect in the centre of the
interior present no risk of bursting. Based on the results presented below,
it is clear that pipelines with rectangular defects in the centre and interior
of the pipe are most often at risk of damage and reliability.
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Shape effect

In this study, we wanted to numerically demonstrate the effect of the
defect shape on the distribution and level of von Mises stresses. For this
reason, we took samples of different defect shapes, provided the defect is
located in the centre of the pipeline, with a maximum depth of 4mm. The
dimensions for the cube-shaped defect were chosen to be a=40mm and
b=40mm, for circular-shaped defects 2a= 8mm and 2b= 8mm, and for the
elliptical-shaped defect 2a=40mm and 2b=8mm. The parallelepiped
rectangle-shaped defects for the last sample were of the dimensions a=40
and b=70mm.

The results are shown in Figure 13. The latter shows the von Mises
stress distribution according to path one at an internal pressure of 10 MPa,
with different defect shapes and sizes. In the case of the circular defect,
the maximum value of the equivalent stress, which is evenly distributed,
remains at a low level of 200 MPa. When the defect becomes elliptical,
there is a concentration of stress in the corners of the defect. In this case,
the maximum equivalent stress exists at the pointed corner. It can reach
450 MPa, a value almost equal to the ultimate stress of steel (see Table
2), which is a higher level corresponding to just 10 MPa internal pressures
and which can lead to damage to gas transport; the damage rate is equal
to ~ 45%. As a comparison between circular and elliptical defects, we can




see a difference of more than half in the very high level of the circular
defect, which presents no risk of pipe bursting. The level of the cubic defect
is 370 MPa, while the level of the rectangular parallelepiped defect is 384
MPa, which exceeds the material's elastic limit. The distribution and value
of the equivalent stress in the flaw vary depending on the flaw shape and
internal pressure. If the pressure is increased, the level of equivalent stress
increases. The maximum equivalent plastic strain in steel bearing an
elliptical-shaped defect is much higher than that in a pipe bearing a circular
defect, where the strain is distributed uniformly around the defect.
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Figure 13 — von Mises stress variation in the pipe depending on the shape effect for P =
10MPa

Analytical model with the elliptical defect

From the above results (Figure 13), where the elliptical defect was
found to have a very high level of von Mises stresses compared to other
defects, we opted to perform an analytical validation in the case of a pipe
with an elliptical defect. Therefore, an analytical model was developed to
determine the bursting pressure for a pipe with an elliptical corrosion
defect. The results of this model will be compared with those of the
recalibrated PCORRC model. (Teoh et al, 2022).
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Recalibrated PCORRC Model

Yeom et al. (2015) recalibrated the PCORRC model for X65 corroded
pipes using full-scale test data and 3D FEA computations.

_ 20.90 ) d L
Pb_T 1—T 1-exp -0.224 —

JD(t-dy2

L
£ <12,01<d<0875

where
D/t is the ratio of the defect, and
L is the length of the defect.
Lacking a defect, equation (4) reduces to Pb = 0.90us * (2t/D) for
defect-free pipes. This model may also be conservative.

Present model
From the finite element results, the following model was extracted

. :zw(lg)w{%%@xp[/\z(&)] } ®

L

for 0.1 <—=<12, 0.1 <d <0875
2
_ -16(d\" _(d
Ao=-8,8817.10 (tj (t)u
16(d)? . (d 16 (6)
A=8,88178.10~ (?) +[Tj+1.66533.10_
42 d
A2:—1,17376(T) +O,41926(Tj—0,36419
where

t is the pipe thickness (mm),
d is the depth defect (mm), and
Ao, A1, and A are the Integration functions.

This model determines the variation of the burst pressure as a
function of the geometrical parameters of the defect and the pipe. In the
comparison between our model and the PCORRC model one (Figure 14),
we can see an excellent agreement; the results of the two models are
practically equal. This allows us to validate our model. The results




presented in Table 4 consolidate this validation, as the maximum error
between the two models does not exceed 0.3%.

Table 4 — Burst pressure results of the PCORRC model compared with the present model

for the defect ratios defect (d/t=, and 0.8)

0<L/(D1)"0.5<12

dit=0.1 dit=0.5 dit=0.8
L/(by)"0.5 Pb/Pbi Pb/Pbi e (%) Pb/Pbi Pb/Pbi e (%) Pb/Pbi Pb/Pbi e (%)
(Present) (PCORRC) (Present) (PCORRC) (Present) (PCORRC)
0 1 1 2,21.10% 1 1 2,22.10% 1 1 2,22.10
0,0365 0,9987 0,9987 -2,037.104 0,9918 0,9918 -1,73.10¢ 0,9718 0,9718 -6,59E
0,3651 0,9885 0,9885 -1,702.10* 0,9245 0,9245 -4,08.10* 0,7558 0,7558 1,556+
0,5477 0,9832 0,9832 8,272,104 0,8912 0,8912 4,653.10+ 0,6606 0,6606 4,736+
0,9128 0,9737 0,9737 -0,00106 0,8321 0,8321 -1,81.104 0,5111 0,5111 -6,75E+
1,0954 0,9693 0,9693 -1,588.10* 0,8060 0,8060 2,76.10* 0,4529 0,4529 -3,81E*
1,8257 0,9543 0,9543 -4,243.10+ 0,7206 0,7206 2,512.10% 0,2954 0,2954 -0,00103
2,1908 0,9481 0,9481 -4,091.10* 0,6873 0,6873 1,119.10¢ 0,2478 0,2478 -8,10E*
3,2863 0,9333 0,9333 -4,644.10+ 0,6147 0,6147 1,4469E+ 0,1711 0,1711 -0,0015
4,5643 0,9217 0,9217 -7,610.10* 0,5647 0,5647 2,0734E4 0,1396 0,1396 0,0014
54772 0,9160 0,9160 -9,904.10+ 0,5429 0,5429 5,8709E+ 0,1314 0,1314 -0,0026
7,3029 0,9087 0,9087 -7,671.10% 0,5189 0,5189 6,8554E 0,1262 0,1262 -3,200E+
9,1287 0,9047 0,9047 6,774.10% 0,5083 0,5083 4,8104E4 0,1252 0,1252 -0,0037
10,9541 0,9025 0,9025 -4,064.10+ 0,5037 0,503 -9,677E+ 0,1250 0,1250 -0,0018
0,90182 0,90181 7,6899.10% 0,50231 0,5023 0,0026 0,12502 0,12502 -0,00102
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Figure 14 — Comparison of the burst pressure of the present model with the PCORRC

model
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Conclusions

This study examines the process of corrosion evaluation in order to
identify the remaining structural integrity of thin-walled pipelines with
corrosion problems. The objective is to develop a corrosion assessment
model specifically tailored to analyse the effects of damage on pipes under
internal pressure. This study employed the finite element approach to
conduct an analytical and numerical investigation of a pipe. The objective
was to construct models that can accurately estimate the burst pressure
of defect-free straight pipes using mathematical extrapolation. This paper
discusses the impact of several factors on the integrity of pipes, including
the depth of flaws, the pipe thickness, the form, the size, the position, the
distance between corrosion defects, the interaction between internal and
exterior defects, and the influence of external defects on the overall
integrity. This study enables assessing the damage rates of all flaws more
accurately, considering other parameters such as internal pressure. The
research introduces a novel model that accurately forecasts the burst
pressure of a flawed straight pipe. This prediction holds immense
importance for structural design and safety evaluation. The obtained
results are compared with those of the PCORRC model, and the presented
model aligns with the analytical solution found in the literature. Future
research will focus on analysing the fluctuation of burst pressure in
corroded pipes that have been repaired using bonded composite wrap.
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Resumen:

Introduccion/objetivo: Existe un interés creciente en la integridad de las
tuberias y sus efectos en los aspectos econémicos y de seguridad. Este
estudio examina el proceso de evaluacioén de la corrosion para identificar
la integridad estructural restante de tuberias de paredes delgadas con
problemas de corrosion.

Métodos: Este trabajo tiene como objetivo crear un modelo de evaluacion
de la corrosidon que pueda analizar el deterioro de tuberias de acero
causado por la presion interna. Un estudio utilizé el enfoque de elementos
finitos para construir modelos para predecir la presion de rotura de tuberias
rectas sin defectos. El estudio involucrd analisis analitico y numérico y
utilizé el método de extrapolacion matematica.

Resultados: Este articulo discute el impacto de varios factores en la
integridad de una tuberia, incluida la profundidad de los defectos, el
espesor de la tuberia, la forma, el tamafio y la posicion de las fallas, asi
como la interaccion entre los defectos internos y externos. Adicionalmente,
se discute la influencia de los defectos externos en la integridad general.

Conclusioén: Se concluye que el modelo del criterio de falla por corrosion de
tuberias (PCORRC) y el modelo presentado se alinean con la solucién
analitica documentada en la bibliografia. Esto tiene una inmensa
importancia en el campo del disefio estructural y la evaluacion de la
seguridad.

Palabras claves: defecto de corrosion, tuberia de acero, presion
interna, falla, tensién, modelado.
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Hogefiwwue ncnbiTaHus, ucnosibyemble 4nsi NPOrHO3MpoBaHNs
[aBneHusl pa3pbiBa B NPSMbIX KOPPOAMPOBaHHBIX TpyGax nop
BHYTPEHHUM 4aBMEeHNEM

Aliwa MeTexpy, KOPpPeCNOHAEHT,

Benaud Mexab, ben A6bac bawwup Bysixpa

YHuepcutet Cugn benb-Abbec, TexHonormyecknin akynbTer,
Kadpegpa mawmHocTpoeHus,

JTabopatopus pranyeckon MexaHukm maTepuarnos,

r. Cuaun benb-A66ec, HapogHas Oemokpatudeckps Pecnybnuka Amxup

PYBEPUKA TPHTW: 55.09.43 KomMno3nuMoHHble MaTepuarnsl
BWO CTATbW: opurinHanbHasa Hay4Hast ctatbs

Pesrome:

BeedeHue/uenb: C KaxObiM OHemM 8o3pacmaem UHMepec K
uenocmHocmu mpy6ornpogodo8 U ee 6/USHUK Ha 3KOHOMUYECKUe
acriekmbpl U 6e3onacHocmeb. B  QaHHOM  uccrniedosaHuu
paccmampugaemcsi PoUecc OUEHKU KOPPO3UU C UEerbi 8bISi8NeHuUs
ocmamoy4Hol  CmMPyKmypHoOU  UeloCmHOCMU  MOHKOCMEHHbIX
Koppodupyrowux mpy6orpoeodos.

Memoobi: Llenbto OaHHOU cmambu sienisiemcsi co3daHue Mooesnu
OUEHKU KOppo3uu, aHanuaupyrwel U3HOC cmarsbHbiX mpyo,
8bI38aHHbIU 8HympeHHUM OaereHueM. B daHHom uccriedosaHuu
ucrionb308arsicsi MemoO KOHEYHbIX 31IEMEHMO8 8 pa3pabomke modenel
01 NpPo2HO3upoBaHUs dasneHus paspbiea Herno8PEX0EHHbIX MPSIMbIX
mpy6. B uccriedogaHuU makxXe MPUMEHSIIUCL aHanumuyeckul u
YucreHHbIl aHanu3bl U Memod MamemamudecKol 3Kkecmpanonsyuu.

Pesynbmambi: B cmambe paccMampueaemcsi 8usiHUe HECKOSTbKUX
gakmopoe Ha yesiocmHocmb mpy6bl, 8Kkio4as enybuHy nogpexoeHud,
monwuHy mpybsl, popmy, pasmep u pacrionioxeHue Oeghekmos, a
makxe e3aumolelicmeue Mex0y 6HYMPEHHUMU U BHEWHUMU
rnospexdeHusimu. Kpome moeo, obcyxdaemcs 6nusiHuUe 6HEeWHUX
rnospexdeHuli Ha obwyro yerocmHocms mpybornposoda.

Bbigo0: B 3sakrnroveHuu cdesiaH 8b1800 O MOM, 4mMO MOOeslb Kpumepusi
paspyweHusi mpybornposoda ecnedcmeue Kopposuu (PCORRC) u
npedcmaeneHHass  MoOenb ~ COOMBEMCMBYIom  aHaIumu4yeckoMmy
pelueHuro, orucaHHOMY 8 cywecmsyrouell numepamype. Pe3yrnbmamsi
uccrniedosaHusi npedcmassisitom O02POMHYK 3Ha4YuMocms & obnacmu
rPOeKMUPOB8aHUS KOHCMPYKUUU U OUeHKU be3ornacHocmu.

Knoyesble crioga: KOPpO3UOHHbIU Oeghekm, cmarnbHas mpyba,
8HympeHHee 0asrneHue, pa3pylweHue, HanpspkeHue, MooeuposaHue.




HoBo ncnutneame KopuwheHo 3a npeasuhare NnpuTUcKa npckama
npase KopoaupaHe LeBv NoA YHYTpaLlHUM NPUTUCKOM

Ajwa MeTtepu, ayTop 3a Npenucky,

Benaud Mexab, ben Abac bawwup Byjaxpa

YHusepautet Cnam ben Abec, TexHonowku dakynTert,

Opcek mawmvHCTBa, JlabopaTopuja 3a huandky MexaHuky MaTtepujana,
Cwuan ben Abec, HapogHa OemokpaTtcka Penybnuka Amxmp

OBJIACT: mexaHuka
KATETOPWJA (TWUIM) YITAHKA: opurnHantm Hay4yHu pag,

Caxxemak:

Yeod/yurb: Cee je sehie uHmMepecosare 3a UHMezpumem uegosoda Kao
U 3a me208 eghekam Ha E€KOHOMCKe U CueypHOcHe acrekme. Y 080j
cmyduju ucriumyje ce npouec npoueHe Kopo3suje padu udeHmucbukauuje
rpeocmarioa CMpyKmypHoe uHmespumema KopooupaHUX maHKO3UOHUX
uesoesoda.

Memode: KpeupaH je moOen eeanyauyuje Kopo3uje Koju Moxe Oa
aHanusupa Oemepuopauujy YeruyHux ueeu ycried YHympauwHea
npumucka. KopuwheH je rnpucmyn KoHa4YHUX ereMeHama padu uspade
modena 3a npedsufarbe rnpumucka rpckara rpasux uesu b6e3
Oegbekama. lMpumerbeHa je aHanmumuy4ka U Hymepudka aHanusa, Kao u
Mamemamuyku memod ekcmparosnauuje.

Pesynmamu: Pad npuka3yje ymuuaj HEKO/IUKO hakmopa Ha
UHmMespumem uesu Kao wmo cy OybuHa Oegbekma, OebrbuHa uesu,
0bnuK, eenu4uHa u no3uyuja Oeghekma, kao u MeRycobHu ymuyaj
yHympawrux U crorpawrux Oegekama. [lpukazaH je u ymuuaj
crorpawkbux 0eghekama Ha C8EYKyrnHU UHmeapumem.

Bakrbydak: 3akrbydyje ce da ce Moden Kpumepujyma jfioMa yesu ycried
koposuje (PCORRC) u moden npedcmasrbeH y 08oj cmyduju nodydapajy
ca aHannumMu4KuM pewer-em U3 numepamype. To uma oepomMaH 3Haqaj y
obniacmu ripojekmosarba KOHCMpYKUUja U rpoueHe cuaypHocmu.

KmbydHe peyu: deghekam Koposuje, yenuyHa ues, YHympawitbu
fpumucax, J1oM, HaroH, Modesiosatbe.
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