
echT PressScience

Doi:10.32604/sdhm.2025.064980

ARTICLE

A Method for Preventing Crack Propagation in a Steel Gas Conduit Reinforced
with Composite Overlays

Nurlan Zhangabay1,*, Ulanbator Suleimenov1, Marco Bonopera2,*, Ulzhan Ibraimova1 and
Shairbek Yeshimbetov3

1Department of Architecture and Urban Planning, Mukhtar Auezov South Kazakhstan University, Tauke Khan av., 5, Shymkent,
160012, Kazakhstan
2Department of Architecture and Industrial Design, University of Campania “Luigi Vanvitelli”, Via San Lorenzo ad Septimum,
Aversa, 81031, Italy
3Department of Scientific and Innovative Work, Peoples’ Friendship University named after Academician A. Kuatbekov, Tole bi str.,
32B1, Shymkent, 160011, Kazakhstan
*Corresponding Authors: Nurlan Zhangabay. Email: nurlan.zhanabay777@mail.ru;
Marco Bonopera. Email: marco.bonopera@unicampania.it
Received: 28 February 2025; Accepted: 26 May 2025; Published: 30 June 2025

ABSTRACT: This research presents a numerical simulation methodology for optimizing circular composite overlays’
dimensions and pressure characteristics with orthotropic mechanical properties, specifically, for metal conduits with
temperature-dependent elastoplastic behavior. The primary objective of the proposed method is to prevent crack
propagation during pressure surges from operational to critical levels. This study examines the “Beineu-Bozoy-
Shymkent” steel gas conduit, examining its performance across a temperature range of −40 to +50○C. This work builds
on prior research on extended avalanche destruction in steel gas conduits and crack propagation prevention techniques.
The analysis was conducted using a dynamic finite-element approach with the ANSYS-19.2/Explicit Dynamics software.
Simulations of unprotected conduits revealed that increasing gas-dynamic pressure can convert a partial-depth crack
into a through-crack, extending longitudinally to approximately seven times its initial length. Notably, at T = +50○C,
the developed crack length was 1.2% longer than that at T = −40○C, highlighting the temperature sensitivity of
crack progression. The modeling results indicate that crack propagation can be effectively controlled using a circular
composite overlay with a thickness between 37.5% and 50% of the crack depth and a length approximately five times that
of the initial crack, centered symmetrically over the crack. In addition, preliminary stress analysis indicated that limiting
the overlay-induced pressure to 5% of the operational pressure effectively arrested crack growth without generating
significant stress concentrations near the overlay boundaries, thereby preventing conduit integrity.

KEYWORDS: Avalanche destruction; composite overlay; dynamic strength; finite-element; intrinsic gas-dynamic
pressure; preliminary stress

1 Introduction
The continuous operation of steel gas conduits requires enhanced reliability measures because defects,

particularly cracks, can lead to substantial economic losses and environmental hazards. An analysis of
literature and previous investigations indicates that factors such as corrosion extending to half the conduit
thickness, stress concentration near fasteners, and part-through crack defects can cause steel gas conduit
failure when internal pressure escalates from operational to critical levels [1–3]. Steel main gas conduits
in the Republic of Kazakhstan are exposed to temperature fluctuations ranging from +50○C to−40○C,
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which adversely affect structural integrity and promote crack formation and propagation [4–6]. To mitigate
the risks associated with partially damaged steel main gas conduits, bandaging of affected areas is widely
implemented [7–9]. Recent trends show an increasing preference for composite materials in such repairs,
reflecting their superior mechanical properties and corrosion resistance. Given the significance of composites
in reinforcing damaged conduit sections, extensive research has been conducted on this topic. Recent
investigations have been reviewed in several publications. For example, Tafsirojjaman et al. [10] demonstrated
the effectiveness of Fiber-Reinforced Polymers (FRP) for repairing steel structures, including the systematic
modeling of the strength of fiberglass-reinforced steel structures under mechanical loads and environmental
conditions. Hocine et al. [11] investigated the influence of parameters such as material pattern, winding angle,
laying sequence, overlay thickness, length, and recovery angle on the strength of repaired steel conduits under
quasi-static loading, presenting both experimental and numerical research methodologies. Furthermore,
Wielhorski et al. [12] highlighted the extensive use of the Finite-Element (FE) method in three-dimensional
computer simulations for assessing the mechanical behavior of woven composite materials. These studies
collectively established primary approaches for numerically evaluating the strength of composite-reinforced
steel gas conduits, although their analyses were largely confined to static or quasi-static models.

Fiberglass and carbic epoxy are among the most widely used composite materials for bandages in
gas conduit reinforcement [13–15]. Fiberglass is known for its cost-effectiveness and exhibits viscoelastic
properties under high loads. Conversely, carbic epoxy exhibits orthotropic elastic properties, exhibiting
high durability even at minimal thickness [16,17]. However, limited research has specifically addressed
crack development under internal gas-dynamic pressure [18,19], despite several studies focusing on the
processes and conditions required for crack growth cessation. Di Biagio et al. [20], Ben amara et al. [21],
and Zhang et al. [22] have explored the influence of steel conduit material properties on crack propagation.
Oikonomidis et al. [23,24] conducted a detailed analysis of the relationship between deformation rates
and crack opening angles, highlighting the significance of steel’s plastic properties. In addition, Altenbach
et al. [25] also described methods for implementing dynamic models of metal plastic flow, providing insights
into the structural deformation and failure processes. Kaputkin and Arabey [26] and Kaputkin et al. [27]
examined the effects of temperature on crack behavior, highlighting the critical role of thermal conditions
in material performance. Despite the widespread use of composite materials in reinforcing damaged steel
gas conduits [28,29], modeling their influence on crack propagation prevention, particularly under varying
temperature conditions, remains inadequately addressed in existing studies [30–32] and is largely absent in
regulatory documentation [33–35].

This research builds on prior investigations into the extensive avalanche-type destruction of steel
gas conduits and methods for preventing crack propagation [2,3,6,9,36]. This study presents a numerical
simulation methodology for optimizing the geometric dimensions (length and width) and preliminary stress
forces of circular composite overlays. The proposed approach is designed to ensure crack non-propagation
in steel conduits subjected to pressure surges from operational to critical levels, across a temperature range
of −40○C to +50○C.

2 Materials and Methods

2.1 Model of an Area of a Steel Gas Conduit with a Lengthwise Crack Reinforced Using a Composite
Overlay and When Subjected to Intrinsic Gas-Dynamic Pressure
This study examines a straight section of a large-diameter steel gas conduit with a rectilinear crack

located between the supports. Initial research has indicated that such cracks are the primary contributors
to extensive avalanche destruction in steel gas conduits [36]. The crack is located on the outer surface of
the conduit, with a depth a equal to half the conduit wall thickness H, which is defined as a = 0.5 H.
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Previous investigations have established that this crack depth allows steel gas conduits to operate safely under
normal pressure conditions but can lead to through-crack formation when internal pressure approaches
critical values [3,6,9,35]. The “Beineu-Bozoy-Shymkent” steel gas conduit was used as the case study in this
investigation. The supports are spaced 36.0 m apart, and their influence on crack propagation is considered
negligible. The study length L was determined based on a preliminary analysis of the development of cracks
in an unmodified steel conduit. The conduit specifications included an internal radius R of 523.5 mm, a wall
thickness H of 15.9 mm, and a crack depth a of 8 mm. The longitudinal crack runs perpendicular to the axial
section, with initial dimensions comprising a length l of 200 mm, a width w of 1 mm, and an apex angle of
20○. A circular composite overlay covers the cracked section of the steel conduit, as shown in Fig. 1.

Figure 1: Schematic of a steel conduit section with a composite overlay covering a longitudinal crack: 1. large-diameter
conduit section; 2. longitudinal crack; 3. circular composite overlay

The interior surface of the steel conduit was subjected to a non-stationary internal pressure, as shown
in Fig. 2 [6,37,38]. The internal pressure history was derived from the experimental data presented by
Nordhagen et al. [37], ensuring consistency with the conditions documented in these reference studies.
Note that under actual operating conditions, the depressurization rate may be closely correlated with the
crack propagation velocity. However, incorporating crack-dependent depressurization necessitates a more
sophisticated modeling approach, which is beyond the scope of this study. While such an approach could
provide a more comprehensive representation of the physical processes involved, the use of a predefined
internal pressure history allows for a more direct analysis, which closely aligns with experimental obser-
vations. Future research could explore alternative modeling methodologies that account for the interaction
between crack propagation and internal pressure variations, potentially enhancing the predictive accuracy
of fracture behavior in pressurized steel pipelines.

This research aimed to develop a numerical simulation methodology for determining the optimal
geometric dimensions and preliminary pressure forces of circular composite overlays on steel conduits. The
proposed method is designed to prevent crack propagation along the conduit during pressure surges from
operational levels to critical breakdown conditions. The analysis specifically considered temperature ranges
from –40○C to +50○C, reflecting typical operational extremes for steel gas conduits.
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Figure 2: The internal pressure distribution on the inner surface of the steel gas conduit

2.2 Modeling of Material Properties of a Steel Gas Conduit Reinforced with Carbic Epoxy Overlay
The conduit material consists of X70 grade steel, which exhibits plastic properties. The material has a

density of ρ = 7810 kg/m3 and a Poisson’s ratio of μ = 0.3. Table 1 presents the chemical composition of the
X70 grade steel, while Table 2 provides its mechanical properties for temperatures ranging from –40○C to
+50○C. These values were obtained through linear interpolation of the experimental data. X70 grade steel,
which is classified as a high-strength, low-carbon, microalloyed conduit steel, is known for its exceptional
impact toughness at low temperatures. Consequently, exposure to temperatures as low as –40○C does not
induce structural changes that would lead to material embrittlement [37].

Table 1: The chemical composition of X70 grade steel

Elements C Mn P S Fe
Percentage content <0.28 <1.65 <0.03 <0.03 Remains

Table 2: Mechanical properties of X70 grade steel across the temperature range from –40○C to +50○C

Temperature, T, ○C −40 −10 +20 +50
Strength point, σU , MPa 574 572 570 568

Yield point, σy , MPa 525 515 505 495
Elastic modulus, E, GPa 211 209 206 203.5

The state equation for the elastic deformation of a material considering temperature effects is expressed
as [37]:

σeq = E(T) ⋅ εeq , (1)

where E (T) is the temperature-dependent Young’s modulus, σeq represents the equivalent stress, and
εeq denotes the equivalent deformation. For plastic deformation at strain rates not exceeding 10−2 s−1,
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the material behavior is typically described using a bilinear isotropic hardening model, incorporating
temperature dependence as follows [14]:

σeq = σy(T) +H (εeq − σy(T)/E(T)) , (2)

where σy(T) is the yield strength at a given temperature, and H = dσeq/dεeq is the hardening modulus. When
the strain rate exceeds 10−2 s−1, the plastic flow behavior of the material is more accurately described by the
Cooper-Symonds model [38,39]. This model accounts for the deformation rate sensitivity of the material’s
plastic flow process. The state equation is expressed as [14]:

σeq = [A(T) + B(T) ⋅ (εpl
eq)

n
] ⋅ [1 + (D−1 ⋅ ∂εpl

eq/∂t)
1/q
] , (3)

where A(T) is the yield strength at zero plastic strain at a given temperature, B (T) represents the hardening
coefficient, εpl

eq denotes the plastic deformation rate, n is the hardening exponent, and ∂εpl
eq/∂t is the plastic

strain rate. The coefficients D and q represent the strain rate sensitivity factors, reflecting the material
response at varying deformation rates. The carbic epoxy overlay material is known for its orthotropic
mechanical properties. The mechanical characteristics are as follows: Young’s modulus: Ex x = 2.25 GPa,
Eφφ = 2.96 GPa, Ezz = 2.41 GPa, shear moduli Gx φ = 0.667 GPa, Gφz = 0.889 GPa, Gxz = 0.829 GPa, Poisson’s
ratios νx φ = 0.31, νφz = 0.26, νxz = 0.33, density ρ = 1267 kg/m3 [36]. The ultimate stress values of this material
are as follows: σx x = 56.5 MPa, σφφ = 47.0 MPa, and σx φ = 30.0 MPa. The relationship between the stress and
deformations of the overlay material follows Hooke’s law, expressed as [14]:

σαβ = Cαβγδ εγδ , (4)

where Cαβγδ represents the tensor coefficients of the Young’s modulus. The relation (4) for an orthotropic
material is well established. Based on this relationship, the incremental changes in the direct stress for a
dynamic problem can be determined as follows:

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Δσ11
Δσ22
Δσ33
Δσ23
Δσ31
Δσ12
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=

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

C11 C12 C13 0 0 0
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0 0 0 0 0 C66
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⋅
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, (5)

where Δεi j is the increment of the deformation Δεv ≈ ε11 + ε22 + ε33 denotes the increment of the volumetric
deformation, and Δεd

i j represents the increment of the deviatoric deformation.
The dynamic failure analysis uses the stress and strain data obtained from the explicitly dynamic

simulations. The numerical simulations were conducted using ANSYS Workbench with the Explicit Dynam-
ics (Autodyn) module. The fracture criterion implemented in this study is based on plastic strain failure,
where material failure occurs when the plastic strain εpl reaches a critical value εfail. The failure strain
was experimentally determined for each material in the structure was experimentally determined. In the
numerical implementation, the stress tensor is calculated at various points within the structure over time by
solving a system of ordinary differential equations. The Courant–Friedrichs–Lewy (CFL) criterion [40,41]
controls the integration time step and ensures numerical stability. The equivalent strains and strain rates were
evaluated at each time step. When the plastic strain in an element reaches the failure threshold εfail, that
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element is considered fractured, and the corresponding time step is recorded as the moment of failure. The
structure’s overall failure time is determined by the first occurrence of element failure in the critical regions.
The approach adopted here aligns with established fracture modeling techniques, such as those described by
Bao and Wierzbicki [42], where ductile fracture is characterized by a plastic strain threshold influenced by
stress triaxiality. Although this study does not explicitly incorporate a triaxiality-dependent fracture locus,
the methodology follows common engineering practices for impact and dynamic failure analysis.

2.3 Methodology for Selecting the Geometric Dimensions of Composite Overlay
The internal radius r of the composite overlay is the external radius of the steel conduit, r = R + H. The

composite overlay is assumed to be in full contact with the conduit, ensuring a perfect fit without gaps. The
initial thickness of the composite overlay is specified by the following formula [38–41]:

tcw = tn
Ry p

Rmcc

fd (1 − RSF)
f ⋅ ft

, (6)

where Ry p is the yield point of the steel conduit, Rmcc represents the short-term tensile strength of the
composite material in the circumferential direction, fd denotes the structural coefficient of the conduit, f is
the exploitation coefficient used in the composite design, ft represents the temperature derating coefficient,
and RSF signifies the Residual Strength Factor for the steel conduit with defects. The calculation method for
the RSF coefficient is calculated as follows [8]:

RSF =
⎧⎪⎪⎪⎨⎪⎪⎪⎩

1, 1 1 − 2/3 ⋅ drd

1 − 2/3 ⋅ drd/M
, s2

rd ≤ 20,

1, 1 (1 − drd) s2
rd > 20,

M =
√

1 + 0, 8s2
rd , (7)

where drd = dmax/tn denotes the relative depth of the metal loss defect; dmax represents the maximum depth
of the metal loss defect; tn denotes the nominal thickness of the steel conduit; and srd is the relative length
of the metal loss defect. The numerical simulation provides the required thickness of the composite overlay,
ensuring that it deforms without forming stress concentration areas when exposed to non-stationary internal
pressure (Fig. 2). The length of the composite overlay, lcw , is calculated using the following formula [38]:

lcw = sp + 2 (st l + sol) , (8)

where sp represents the defect length along the steel conduit, sol denotes the overlap length, which represents
the distance by which the composite overlay covers the defect, and st l represents the projection length of the
bevel at the overlay’s edge onto the conduit axis. The numerical simulation specifically aimed to determine
the minimum magnitude of the sum (st l + sol) required to prevent a formed through crack from propagating
in the lengthwise direction as the internal pressure increased (Fig. 2).

2.4 FE Model in ANSYS/Explicit Dynamics
The problem was addressed using a dynamic formulation. The numerical solution is implemented with

the “ANSYS-19.2/Explicit Dynamics” software package. Spatial discretization is based on the FE method
and follows the equation of motion [3,6]. Fig. 3 shows the FE model of the problem. Grid uniformity was
achieved through the Body Sizing decomposition method, which was applied separately to the steel conduit
and composite overlay. The linear size of the FE was determined relative to the thickness of the body, which
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was divided into elements. The convergence of the FE model was verified using the standard method for FE
size reduction. The test calculations indicate that a grid with four elements across the conduit thickness and
two elements across the composite overlay thickness ensures solution convergence. This approach effectively
models crack growth along the lengthwise direction, addressing challenges that are not typically encountered
in static analyses. Conventional methods, including grid refinement at the crack tip, which are commonly
used in static problems, are impractical for this investigation.

Figure 3: FE model

3 Results and Discussion

3.1 Modeling of Crack Propagation in a Steel Gas Conduit without a Composite Overlay
Numerical simulation of the destruction dynamics in a steel conduit with a crack, subjected to gas-

dynamic internal pressure, across a temperature range from −40○C to +50○C, facilitates the evaluation
of crack growth and the influence of temperature on its progression. The analysis revealed that the most
critical temperature for crack propagation in the lengthwise direction is T = +50○C. At this temperature, the
crack length exceeded that at T = −40○C by 1.2%. The crack development dynamics are illustrated in Fig. 4,
which presents the data obtained at T = +50○C. The destruction pattern remained qualitatively consistent
throughout the specified temperature range, as reflected by the results in Fig. 4.

Analysis of the findings reveals the progression pattern of a non-through crack and the initiation
of avalanche destruction in the steel conduit. As the pressure increases from the production level to the
breakdown point, the part-through crack deepens within the steel conduit. By the second millisecond of the
deformation process, the crack is transformed into a through crack (Fig. 4a). Subsequently, the edges of the
through crack separate and begin expanding along the lengthwise direction (Fig. 4b). The crack continued
to extend lengthwise until 5.0 ms (Fig. 4c). Notably, the final length of the developed through crack was
1.384 mm, representing a 6.92-fold increase from the initial part-through crack length.
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Figure 4: Displacements in a steel gas conduit with a crack and without a composite overlay: a—at a time of 2.0 ms;
b—at a time of 3.0 ms; c—at a time of 5.0 ms
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3.2 Modeling of the Length and Thickness of the Composite Overlay
The initial thickness of the composite overlay was determined according to Eq. (6) and in consideration

of the manufacturing technology for thin-walled carbic epoxy shells [41]. The modeling of crack propagation
prevention through steel gas conduit reinforcement with composite overlays was modeled using overlay
thicknesses of 2.0, 3.0, and 4.0 mm, respectively. Studies were conducted across a temperature range of−40○C
to+50○C. Results indicated that a 2.0 mm-thick composite overlay fails to maintain structural integrity when
a through crack forms. However, composite overlays with thicknesses of 3.0 and 4.0 mm were found to be
suitable, with both options maintaining similar stress levels in the reinforced steel conduit. Further analysis
demonstrated that increasing the composite overlay thickness beyond 5.0 mm generates undesirable stress
concentrations in the steel conduit and near its overlay edges. Similar to the non-overlay case,+50○C remains
the most critical condition for crack development in the lengthwise direction.

The composite overlay length was modeled according to Eq. (8) with a thickness of 3.0 mm. Given that
the crack extends almost sevenfold without the composite overlay, the sum (st l + sol) = 3l represents the
maximum allowable value for the composite overlay length. The study examined a steel conduit reinforced
with composite overlays, where the (st l + sol) = 2l and (st l + sol) = l were also investigated. Fig. 5 illustrates
the stress distribution along the steel gas conduit at 5.0 ms and +50○C for composite overlays of 3.0 mm
thickness with lengths of 1000 mm (Fig. 5a) and 600 mm (Fig. 5b). The analysis assumes that the composite
overlay is attached to the steel conduit without exerting pressure on its side face.

Analysis of the results indicates that a 600 mm composite overlay is insufficient to prevent failure of
the steel gas conduit. In contrast, the 1000 mm composite overlay effectively halted crack propagation in
the longitudinal direction. The stress levels in the steel gas conduit outside the composite overlay remained
below the yield point, whereas stresses within the overlay were substantially lower than their allowable limits.
Stresses exceeding the yield point but remaining below the tensile strength are observed only at the crack
tips beneath the composite overlay.

Figure 5: (Continued)



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

Figure 5: Stresses along the steel gas conduit with a crack at a time of 5.0 ms, with a 3.0 mm in thickness overlay and
lengths of: (a) 1000 mm and (b) 600 mm (temperature as great as +50 degrees)

3.3 Modeling of Prestressed State of the Composite Overlay
Implementing composite overlays for reinforcing steel gas conduits operating across a wide temperature

range requires careful consideration of temperature deformations [40]. The junction between materials with
differing thermal expansion coefficients demands attention because the full contact assumed in steel/carbic
epoxy joints at room temperature may deteriorate at −40○C. To prevent this deterioration, the circular
composite overlay was secured under tension. This approach creates a prestressed state in the steel conduit
contact area, as modeled here by applying a stationary, uniformly distributed pressure on the contact surface.
This investigation examines how prestresses influence the dynamic deformation and failure of a bandaged
steel conduit containing a non-through longitudinal crack. The critical temperature condition occurs at
+50○C during deformation.

The analysis of crack development in a prestressed steel conduit can be performed in various pressure
ranges. Fig. 6 illustrates the stress distributions along the conduit for pressures of 5% (Fig. 6a) and 10%
(Fig. 6b) of the producing pressure along the conduit. Research demonstrates that overlay pressure not
exceeding 5% of the produced pressure. The results demonstrate that overlay pressures not exceeding 5%
of the produced pressure effectively arrest longitudinal crack propagation. Under these conditions, the
steel conduit deformation remained predominantly elastic, except for localized zones near the crack tips,
with no significant stress concentration along the conduit (Fig. 6a). However, when the overlay pressure
exceeds 5%, pronounced stress concentration zones develop near the overlay edges (Fig. 6b), with the stress
magnitudes surpassing the elastic limit, rendering such conditions unsuitable. Similar stress patterns were
observed for composite overlays thicker than 5.0 mm. This study maintains a constant fracture toughness,
KIC, focusing primarily on the influence of external reinforcement on crack propagation within specific
pressure ranges. Although KIC typically varies with temperature and significantly affects crack behavior, a
detailed analysis of temperature-dependent fracture toughness requires additional experimental data and
material characterization beyond the scope of this study. Future research should address the effects of
temperature on KIC for a comprehensive assessment of crack propagation in prestressed steel pipelines
reinforced with composite overlays. In addition, this investigation excluded the effects of the hydrogen
environment and other environmental factors, such as pH, on crack growth. Although hydrogen notably
influences crack growth rate, particularly at varying temperatures, analyzing this effect necessitates further
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research involving specialized experiments and FE model modifications. Moreover, the J-integral method
was not employed to determine the crack propagation direction because the study focused on the role of
external reinforcement in preventing crack opening under specified pressure conditions. Investigation into
the effects of hydrogen on the environment, pH influence, and the application of the J-integral represents
important avenues for future research, contributing to a more comprehensive understanding of fracture
processes under service conditions.

Figure 6: Stresses along the steel gas conduit with a crack at a time of 5.0 ms, considering the pressure of the overlay
on the conduit: (a) 375 and (b) 750 kPa

The analysis revealed that the crack length along the steel conduit reinforced with a composite overlay
applying pressure to the conduit’s outer face (Fig. 6a) was shorter than that in a conduit reinforced with a
composite overlay that did not exert such pressure (Fig. 5a). Notably, across all numerical simulations, the
stress within the carbon fiber overlay ranged from 30 to 60 MPa, which is significantly below the ultimate
tensile strength of carbon fiber composites. Consequently, the presence of an overlay in the through-crack
region effectively counteracts the influence of internal pressure and inhibits further crack opening.



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

This study investigated methods to prevent crack propagation in the full-scale main steel gas conduit
“Beineu-Bozoy-Shymkent” under operational conditions, with particular focus on the effects of temperature
and carbic epoxy composite overlays. The research included a parametric analysis of crack propagation and
localization with composite patches, examining temperature loads ranging from−40○C to+50○C on the steel
conduit material under operating conditions, with pressure increases from production to breakdown levels.
In Section 3, the most effective geometric parameters for the composite overlays were identified, and their
performance in preventing crack propagation. This theoretical research on crack propagation prevention
modeling forms part of a broader study aimed at improving the mechanical properties of steel gas conduits
under operational conditions [2,3,5,6,37]. Earlier phases of the research investigated alternative prevention
methods for crack propagation using steel rings and steel wrapping, which showed high effectiveness. These
methods were validated through theoretical modeling [2,3,6,37] and experimental studies conducted on
scaled-down steel conduit models [5], demonstrating strong agreement between theory and experiments.
The next research phase will involve experimental testing on scaled-down main steel gas conduit models
to assess crack propagation prevention using composite overlays, following the methodology of Zhangabay
et al. [5]. The experimental results are then compared with the theoretical findings. Although this study did
not consider frictional forces between the composite patch and the steel conduit, this limitation does not
diminish the significance of the findings and will be addressed in future research.

4 Conclusions
Bandaging damaged areas of steel gas conduits with composite overlays is widely used to mitigate

the risks associated with cracks. This research presents a numerical simulation approach to determine the
optimal geometric dimensions (length and thickness) and the pressure force of circular carbic epoxy overlays
applied to steel conduits, ensuring that crack non-propagation is prevented during pressure increases from
production to breakdown levels. The study considers a temperature range from −40○C to +50○C. Building
on previous investigations of avalanche-type destruction in steel gas conduits and crack non-propagation
strategies, the present analysis employs a dynamic formulation using the FE method implemented in the
ANSYS-19.2/Explicit Dynamics software. Modeling crack propagation without composite overlays showed
that rising intrinsic gas-dynamic pressure transforms a partial-depth crack into a through crack, which then
extends longitudinally to approximately seven times its initial length. At +50○C, the crack length was 1.2%
longer than that at−40○C. Modeling the composite overlay dimensions revealed that a circular overlay with a
thickness between 37.5% and 50% of the crack depth and a length five times the initial crack length effectively
prevents longitudinal crack propagation. Furthermore, the preliminary stress analysis indicated that applying
an overlay pressure below 5% of the production pressure successfully halted crack growth without causing
significant stress concentrations near the overlay edges. This numerical simulation method, which accounts
for temperature-dependent material properties, offers an effective means to optimize the repair parameters
of gas conduits. While this study focuses specifically on the “Beineu-Bozoy-Shymkent” steel gas conduit, the
methodology is adaptable to various damaged scenarios and conduit types in the oil and gas industry.
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