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1. Introduction 

The operation of sections of trunk pipelines that are on 
the verge of exhausting their design life cycle is associated 
with a number of problems in ensuring industrial safety. One 

of the most pressing issues is the occurrence of local defects. 
The basic material for the manufacture of trunk pipelines is 
steel. During pipeline operation, local defects occur due to 
metal corrosion or mechanical damage to the pipe. They are 
small compared to the main dimensions of the structure, but 
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This paper considers the deformation 
process of a typical section of a steel trunk 
pipeline with a defective zone, strengthened 
with a carbon fiber composite lining, under 
the influence of stationary internal pres-
sure. Defects in the form of thinning of the 
pipe thickness and cracks were investigat-
ed. The stressed-strained state of the struc-
ture at critical pressure was analyzed. The 
thickness of the composite lining was deter-
mined, at which the bandage compensates 
for the effect of internal pressure on the 
damaged section of the pipeline. Research 
was carried out numerically based on finite 
element modeling in the ANSYS software 
package.

When studying the stressed-strained 
state of a pipe with a defect of an arbitrary 
complex shape under the influence of crit-
ical pressure, a compensating value was 
obtained. The result showed that a carbon 
fiber lining with a thickness of 17 % of the 
rated thickness of the pipe could completely 
compensate for the effects of internal pres-
sure in the defect area. In this case, the 
stresses in the carbon fiber lining were close 
to minimal. When studying the stressed-
strained state of a pipe with a large crack of 
arbitrary shape at critical pressure, a com-
pensating value was also obtained.

It has been established that to compen-
sate for the concentration of internal pres-
sure in the crack zone, the thickness of the 
composite lining should be at the level of 
34 % of the rated thickness of the pipe. In 
this case, the deformation of the steel pipe 
in the area of the crack occurs in the elas-
tic region. The exception is the crack tips, 
where plastic deformations are observed, 
and stresses arise up to 93 % of the ultimate 
strength of the pipe steel. At the same time, 
the stresses in the carbon fiber lining remain 
close to minimal. Thus, it is recommended 
to use carbon fiber linings with a thickness 
of 17 % or more of the rated pipe thickness 
to bandage damage constituting up to 75 % 
of the thickness of a steel pipe. To ban-
dage cracks, it is recommended to use car-
bon fiber linings with a thickness of at least 
34 % of the rated pipe thickness
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the resulting cracks and dents are stress concentrators [1, 2]. 
Such concentrators with high internal pressure in the pipe-
line can lead to destruction of the entire structure. In this 
case, the situation of destruction is especially critical since it 
can cause a man-made disaster.

To prolong the service life of damaged sections of trunk 
pipelines in places where defects are located, banding with 
composite linings, bandages, is used [3]. It should be not-
ed that in recent years, strengthening of thin-walled steel 
structures with composite materials has found wide practi-
cal application [3, 4]. Fiberglass or carbon fiber reinforced 
plastic is most often used as a composite material for the 
bandage [5]. Fiberglass is a cheaper material but under 
heavy loads it exhibits viscoelastic properties. And carbon 
fiber is an orthotropic material with elastic properties. The 
front surfaces made of carbon fiber have great strength even 
with small thickness [6].

When repairing each section of a pipeline with defects, 
questions arise about the advisability of banding for vari-
ous sizes and configurations of defects, as well as about the 
parameters of the band. A preliminary numerical analysis 
of the stressed-strained state of the section repaired in this 
way makes it possible to answer these questions. Numeri-
cal modeling allows one to determine the thickness of the 
linings to compensate for the effect of internal pressure on 
the damaged section of the pipeline. The proper choice of 
bandage makes it possible to save financial resources when 
performing repair work.

Thus, studies aiming at analyzing the stressed-strained 
state of a typical section of a trunk pipeline with composite 
linings at stationary internal pressure are relevant. The 
results of such studies could be of interest to a number of 
specialized research and design institutes.

2. Literature review and problem statement

Research into methods for assessing simple dents, fatigue 
dents, and dents with a single notch in pipe structures is 
widely reported in the literature. Paper [7] reviews these 
experimental and theoretical studies. It is shown that the 
depth criterion and the deformation criterion are successful-
ly used for simple dents in pipelines. However, for dents in 
combination with other defects, assessment methods are not 
sufficiently developed. Work [8] shows that flat dents cause 
significant plastic deformation but do not reduce the failure 
pressure of pipelines. Articles [9, 10] report the results of 
studies of pipelines with dents during long-term operation. 
It has been shown that other types of defects, in particular 
cracks, can form in the area of dents. In works [11, 12], de-
fects associated with corrosion cracking are studied. Various 
types of cracks and their effect on the bearing capacity of 
the pipeline are considered. Analysis of the above studies 
revealed that the presence of dents on the pipeline wall does 
not significantly affect the load-bearing capacity of the pipe-
line. Moreover, the presence of cracks in the defective area 
significantly increases the possibility of structural failure.

The development of finite element analysis methods 
in combination with ANSYS software makes it possible 
to study even thin-walled structures based on accurate 
three-dimensional geometric models. Article [13] provides 
reasons for the need to use three-dimensional geometric 
models to assess the destruction of a pipeline with defects. 
In [4, 14], a thin cylindrical shell of variable thickness is 

studied as a three-dimensional structure. It is shown that the 
use of shell models is unacceptable. And in studies [15, 16], 
using three-dimensional geometric models, the stressed-
strained state of cylindrical [15] and conical shells [16] is 
determined, where linear structures were not considered. In 
study [17], only the smooth composite round thread winding 
was taken into account. Articles [18, 19] study the influence 
of frames on the dynamics of conical and parabolic shells. 
It is shown that the presence of even three frames changes 
the longitudinal modes of vibration. Thus, it is advisable to 
analyze the stressed-strained state of a typical section of a 
trunk pipeline using three-dimensional geometric models 
that include elements of fastening supports.

A large number of publications reports the experimental 
and theoretical studies of the repair of steel pipelines with 
composite materials. A review article [20] showed that the 
use of fiber reinforced polymer liners improves the stiffness, 
strength, pressure resistance, and durability of pipes. Com-
posites do not exert a negative impact on the environment 
when combined with other materials. Work [21] reports the 
results of the successful use of composites for the repair of 
existing pipelines. At the same time, the bandage is light-
weight, corrosion resistant, and able to withstand high pres-
sure. Many researchers have studied the behavior of repaired 
glass/carbon composite steel pipes under bending loads and 
combinations of axial and bending loads. Thus, work [22] 
presents an assessment of the bending response of composite 
pipes reinforced with hybrid carbon and glass fibers. For 
repair work on damaged areas, epoxy resin with carbon fi-
bers is often used, as shown in [20]. Paper [23] investigated 
a damaged steel pipe repaired using carbon fiber and epoxy 
resin. Tensile pressure tests showed that the load transfer 
from the pipe material to the wrapped CFRP depends on the 
length of the defect. It was experimentally found that the use 
of carbon fiber in pipelines increases the ratio of strength and 
weight to rupture resistance. Finite element modeling of the 
burst test of defective pipes with a CFRP shell was carried 
out using three-dimensional nonlinear models.

Study [24] examined the design solution of a main 
overhead pipeline with a prestressed winding under static 
and dynamic loads. It was revealed that an increase in the 
tension force of the winding wire reduces the hoop stresses 
in the pipeline wall by 1.3...1.6 times and increases the me-
ridional stresses by 1.2...1.4 times. Analysis of changes in 
the dynamic characteristics of the models depending on the 
prestress force showed that the frequencies of free vibrations 
increase by 1.5÷1.6 times, and the decrement of vibrations 
decreases by 1.2÷1.25 times. The numerical research tech-
nique taking into account the prestress parameters was con-
sidered in [25], and experimental studies of the parameters 
were carried out in [26], however, the study considered only 
a winding made of steel wire. At the same time, the existing 
national standards for steel [27] and shell structures [28]. 
Also, the international standards for dynamic effects on 
shells [29] provide for traditional, as well as [30] cost-inef-
fective methods of strengthening steel structures. For steel 
pipelines [31] of large diameter [32], reinforcements are 
associated with the choice of only the parameters of the pipe 
material. In gas pipelines [33] and main gas pipelines [34], 
reinforcement methods are associated only with various 
technological solutions, such as the choice of burial depth, 
the specifics of backfilling, changes in operating mode, etc.

Our review showed [7–34] that, despite a significant 
number of publications on the issue under study, the 
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stressed-strained state of typical sec-
tions of steel trunk pipelines with car-
bon fiber composite linings at internal 
pressure has been poorly studied. Ad-
ditional studies should include a vari-
able analysis of the stressed-strained 
state of the damaged pipeline section 
with composite linings of different 
thicknesses in order to determine the 
parameters of the linings that make it 
possible to compensate for the effect 
of internal pressure on the damaged 
section of the pipeline. In the future, 
such studies could be positively used in banding to extend 
the service life of sections with defects in trunk pipelines.

3. The aim and objectives of the study

The purpose of this study is to determine the charac-
teristics of the deformation process of a typical section of a 
steel trunk pipeline with damage and cracks, strengthened 
with carbon fiber composite linings, under the influence of 
uniformly distributed stationary pressure based on finite 
element modeling. The devised calculation procedure for 
determining the stressed-strained state of a damaged section 
of a pipeline with a composite lining could make it possible 
in the future to determine the thickness of the bandage to 
prolong the service life of the pipeline.

To achieve the goal, the following tasks were set:
– to build a computational finite element model of static 

deformation of a typical section of a trunk pipeline under the 
influence of internal pressure;

– to investigate the accuracy and reliability of the results 
of numerical studies obtained using the devised calculation 
model;

– to assess stress in the damaged section of the pipeline 
without a lining and with a composite lining at critical pressure.

4. The study materials and methods

The object of our study is the deformation process of a 
typical section of a steel trunk pipeline with a defective zone, 
reinforced with a carbon fiber composite lining, under the 
influence of stationary internal pressure. The possibility of 
compensating for the effect of internal pressure on a dam-
aged section of a pipeline by bandaging it with a composite 
lining of a given thickness is analyzed.

The stressed-strained state of a section of a trunk pipe-
line 110 m long between four supports under the influence of 
internal uniformly distributed stationary pressure is being 
investigated (Fig. 1). A working pressure of 7.5 MPa and a 
critical pressure of 9.8 MPa are considered. The diameter of 
the pipe is 1.067 m, and the wall thickness is assumed to be 
minimal and equal to 11.9 mm. The pipe material is X 70 steel, 
which has elastic-plastic properties. Support 1 implements the 
conditions for rigid pipe sealing, supports 2 and 3 are freely 
movable supports, and support 4 is a longitudinally movable 
support. It is assumed that the defect zone is located between 
supports 3 and 4 (Fig. 1). This area is reinforced with a carbon 
fiber composite overlay. In this study, it is assumed that the 
composite lining is applied along the length of the pipe for 1 m. 
And its thickness is determined during calculation studies.

We use carbon fiber plastic, which is an orthotropic 
material with the following engineering mechanical char-
acteristics: Young’s moduli Exx=35 GPa, Eφφ=35 GPa, 
Ezz=8 GPa; shear moduli Gxφ=6 GPa, Gφz=30 GPa, 
Gxz=30 GPa; Poisson’s ratios vxφ=0.01, vφz=0.09,  vxz=0.09; 
density ρ=1477 kg/m3. These values were obtained exper-
imentally in [35]. The composite overlay satisfies Hooke’s 
law in the following form:

11 12

12 22

,xx xxC C

C Cϕϕ ϕϕ

σ ε    
=     σ ε    

662 ,x xCϕ ϕσ = ε  552 ,xz xzCσ = ε  ( )
442 �,j

z zCϕ ϕσ = ε 	 (1)

where σxx, σφφ, σxφ, σxz, σφz, εxx, εφφ, εxφ, εxz, εφz are the ele-
ments of the stress and strain tensors.

The conditions for applying a repair bandage to a pipe-
line can be as follows:

– the lining is mounted without tension on a pipeline 
that is not loaded with internal pressure;

– the lining is mounted without tension on the pipeline, 
which is loaded with internal pressure, i.e., there is an initial 
stressed-strained state;

– the lining is mounted with a tension on the pipeline, 
which is not loaded with internal pressure;

– the lining is mounted with a tension on the pipeline, 
which is loaded with internal pressure.

It is obvious that only in the first case of applying a repair 
bandage in the absence of internal pressure in the pipe, the 
stressed-strained state of the structure will be zero. There-
fore, this particular technique of applying a repair bandage 
to the defect zone was modeled.

The problem is solved by the finite element method, 
which is implemented in the ANSYS software package. The 
finite element statement of the problem is as follows [36].

The equilibrium equations for the case of dynamic be-
havior of an absolutely elastic medium with internal friction 
take the form:

, 0 ,u pu Qαβ β α α ασ −µ − + = °   	  	 (2)

where σαβ are the components of the stress tensor (tensor of 
the second rank), depending on spatial coordinates;

uα – components of the displacement vector depending 
on spatial coordinates;

μ – coefficient of internal friction, independent of time;
ρ – material density;
Qα – components of the vector of distributed loads.
Here, summation is performed using silent indices, sort-

ing of equations is performed using free ones, differentiation 
along the corresponding coordinate is indicated by an index 

Fig. 1. Diagram of a section of the trunk pipeline strengthened with a composite lining
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after the decimal point, and differentiation with respect 
to time is indicated by a dot.

Strain compatibility equation:

( ), ,

1
,

2
u uαβ α β β αε = + 	 (3)

where εαβ are the components of the strain tensor (tensor of 
the second rank).

Physical relationships determined by Hooke’s law:

,Cαβ αβγδ γδσ = ε 	 (4)

where Cαβγδ are the coefficients of the material stiffness ten-
sor (fourth-rank tensor).

Using the finite element method, the complete system of 
elasticity theory equations (2) to (4) is represented in the 
form of a matrix equation for nodal displacements:

[ ]{ } [ ]{ } [ ]{ } { },M D w Kw w F+ + =  	 (5)

where [M] is the mass matrix of the structure;
[D] – structure damping matrix;
[K] – structure stiffness matrix;
{w} – vector of nodal displacements of the structure;
{F} is the vector of nodal loads.
For the case of static and quasi-static problems, equa-

tion (5) is simplified and takes the form:

[ ]{ } { }.K w F= 	 (6)

The elastic-plastic deformation of X 70 steel is modeled 
on the basis of a bilinear relationship within the framework 
of the “Bilinear Isotropic Hardening” material model. This 
model is used to solve equation (6).

5. Results of investigating the 
stressed-strained state of trunk 

pipelines with composite linings under 
static loads

5. 1. Construction of a finite ele-
ment model of static deformation of a 
typical section of a trunk pipeline

The developed computational model 
of static deformation of a typical section of 
the trunk pipeline under the influence of 
internal pressure is shown in Fig. 2.

The calculation model includes a pipe 
with a diameter of 1.067 m and a thick-
ness of 11.9 mm. A uniformly distributed 
stationary pressure of 9.8 MPa acts on 
the inner surface of the pipe. Since the 
ratio of the pipe length to its thickness 
in the original design exceeds nine thousand, for the model 
problem the pipe length was reduced by a factor of thirty. At 
the same time, a part of the structure of real length between 
two supports was additionally modeled. The pipe is attached 
to four supports with four frames. The lower ends of the sup-
ports are rigidly fixed. The fastening of the upper ends of the 
supports to the frames is modeled with permanent “Bonded” 
connections. The frame at the support, which implements the 
conditions for rigid sealing of the pipe, is rigidly fixed. Its 

contact with the pipe is modeled as “Bonded”. The contact 
between the pipe and the two central free-moving supports 
is modeled as “Frictionless”. The frame at the longitudinally 
movable support is fixed so that movements in the direction 
normal to the pipe surface are impossible. The model takes 
into account the weight of the structure.

5. 2. Investigating the accuracy and reliability of re-
sults of numerical studies obtained using the developed 
calculation model

The convergence of the numerical solution to the prob-
lem was studied. The research was carried out using the 
standard method of condensing a finite element mesh. The 
value of the “element size” parameter was determined, which 
is equal to the maximum size of the final element. This pa-
rameter is not the same for pipes and frames. For a pipe, it 
is 12 mm, and for frames – 3 mm. Based on the results of this 
study, a finite element model of the problem was constructed, 
a fragment of which is shown in Fig. 3.

5. 3. Assessing stresses in a damaged section of a 
pipeline without a lining and with a composite lining at 
critical pressure

Displacements in a typical section of a trunk pipeline 
at critical pressure were obtained (Fig. 4). They do not 
exceed 2 mm in two areas between the frames at the rig-
idly fixed edge and 3 mm at the longitudinally movable 
support. The movements are not symmetrical relative to 
the pipe axis.

Fig. 2. Computational model of static deformation of a 
typical section of the trunk pipeline

Fig. 3. Fragment of the finite element model
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The research results at a working pressure of 7.5 MPa 
are of a similar qualitative nature. In this case, the maximum 
movements of the longitudinally movable support do not 
exceed 2 mm.

The von Mises equivalent stresses in a typical section 
of a trunk pipeline at critical pressure were obtained. For 
the calculation model with a reduced pipe length, they are 

shown in Fig. 5, and for the area between the frames at the 
rigidly fixed edge – in Fig. 6.

Note that the equivalent stresses in the pipe between 
the supports, obtained from two different geometric models, 
coincide and are equal to 430 MPa. Stress concentration in 
the structure is observed only in the areas where the support 
posts are attached to the pipe.

Fig. 4. Distribution of displacements in a typical section of the trunk pipeline at critical pressure

Fig. 5. Distribution of equivalent stresses in a typical section of the trunk pipeline at critical pressure

Fig. 6. Distribution of equivalent stresses in the pipeline between two supports at critical pressure
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Since the stressed state of an undamaged pipe between 
the supports does not change, to study the stressed-
strained state of trunk pipelines with composite linings 
under static loads, it is sufficient to consider a limited part 
of the pipe with a defect zone. This study considers a 1.5 m 
long section of pipe. Defects are modeled in the central 
zone at a distance of 0.35 m from the edges. The compos-
ite overlay is modeled as a cylindrical shell 1 m long with 
thicknesses of 2 mm, 3 m, and 4 mm. The inner surface of 
the composite lining is inextricably connected to the outer 
surface of the steel pipe.

The appearance of defects and cracks in a pipeline can 
occur for a number of reasons and randomly. In this case, the 
shape of the defect (Fig. 7) and crack (Fig. 8) can be of the 
most arbitrary configuration.

A defect in a part of the outer surface of a pipe of ar-
bitrary configuration, shown in Fig. 7, was investigated. 
Zones 1, 2, and 3 have different thicknesses – 3 mm, 6 m, 
and 9 mm, respectively. The crack was also modeled with an 
arbitrary configuration, as shown in Fig. 8, a. In both cases, 
the overlay was placed so as to completely cover the defect 
area (Fig. 8, b).

The results of modeling equivalent stresses in a pipe 
with a defect covered with a 2 mm thick composite cover are 
shown in Fig. 9.

The results of the simulation of equivalent stresses in a 
pipe with a crack closed by a composite lining with a thick-
ness of 4 mm are shown in Fig. 10. 

The reported results are obtained for critical pressure. 
For working pressure, the nature of the deformation process 
is similar.

Fig. 7. A model of a pipe with a defect of arbitrary configuration

Fig. 8. Model of a pipe with a crack: a – without lining; b – with lining

a b

Fig. 9. Distribution of equivalent stresses in a pipe with a 
defect covered with a 2 mm thick composite lining at critical 

pressure: a – view without the lining; b – view with the lining

a b

Fig. 10. Distribution of equivalent stresses 
in a pipe with a crack, closed with a 4 mm 
thick composite lining, at critical pressure: 
a – view inside the pipe; b – view from the 

outside of the pipe

a

b
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6. Discussion of results of the  analysis of the stressed-
strained state of trunk pipelines with composite linings

This study examined a typical section of a trunk pipe-
line between four supports under the influence of internal 
uniformly distributed stationary pressure. The results of 
these studies are shown in Fig. 4–6. An analysis of the 
distribution of displacements in the pipe between the 
supports revealed that their greatest value is achieved 
between the freely movable and longitudinally movable 
supports. The smallest movements were observed at the 
support with rigid embedding. In this case, the difference 
in values did not exceed 1.5 mm for the case of critical 
pressure. It should be noted that the resulting movements 
are not symmetrical relative to the pipe axis, which is 
explained by the influence of the supports on the defor-
mation process of the pipe. Analysis of the distribution of 
equivalent stresses in the pipe showed that they are even-
ly distributed along the pipe between the supports. The 
presence of freely movable supports does not significantly 
affect the stressed state of the pipe. Stress concentration 
is observed in local zones near the support posts. In this 
case, the maximum stress value does not exceed 75 % of 
the steel yield strength.

The stressed-strained state of a pipe with a defect 
closed by a composite lining made of carbon fiber was 
studied at critical pressure. An arbitrary complex defect 
shape with a piecewise linear contour and variable thick-
ness was considered (Fig. 7). The minimum thickness of 
the pipe in the defect zone was 25 % of the rated thick-
ness. A variable calculation was carried out for composite 
linings with a thickness of 2 mm and 3 mm. It showed 
that in both cases, the carbon fiber lining can completely 
compensate for the effect of internal pressure in the de-
fect zone (Fig. 9). In this case, the maximum stresses in 
the pipe in the thinnest defect zone are 51 % of the yield 
strength of the steel. The stresses in the carbon fiber lin-
ing are close to minimal.

The stressed-strained state of a pipe with a large crack 
of arbitrary shape, closed with a composite lining made of 
carbon fiber, was studied at critical pressure (Fig. 8). A 
variable calculation was carried out for composite linings 
with thicknesses of 2 mm, 3 mm and 4 mm. It was found 
that to compensate for the effects of internal pressure in 
the crack zone, the thickness of the composite lining should 
be 4 mm (Fig. 10). In this case, the deformation of the steel 
pipe in the area of the crack occurs in the elastic region. 
The exception is the crack tips, where plastic deformations 
are observed and stresses up to 93 % of the steel’s ultimate 
strength occur. And the stresses in the carbon fiber lining 
remain close to minimal.

Our results of the analysis of the stressed-strained state 
of trunk pipelines with composite linings showed that to 
bandage pipeline damage amounting to up to 75 % of the 
pipe thickness, it is advisable to use carbon fiber linings 
with a thickness of 17 % of the rated pipe thickness. And 
for bandaging cracks, it is advisable to use carbon fiber lin-
ings with a thickness of 34 % of the rated pipe thickness. It 
should be noted that the results obtained can be used both 
for new pipelines being designed and for strengthening 
existing pipelines.

As a drawback of the study, it can be noted that the cal-
culations did not take into account the friction between the 
pipeline body and the bandage. However, this assumption 

does not significantly affect the result, and friction can be 
taken into account in additional calculations.

The main qualitative features of the deformation process 
were studied on a straight section of the pipeline, which is 
a limitation of the study. However, this made it possible to 
test a scientific idea, substantiate some assumptions, and 
select structural solutions. Given the above, it is necessary 
to expand the field of study of banded pipelines towards 
studying curved sections of the pipeline, as well as towards 
using prestress as a vibration damper for the pipeline during 
operation.

7. Conclusions 

1. A calculation model of static deformation of a typical 
section of a trunk pipeline under the influence of internal 
pressure has been built. The developed calculation model 
includes a pipe with a diameter of 1.067 m and a thickness 
of 11.9 mm. A uniformly distributed stationary pressure of 
9.8 MPa acts on the inner surface of the pipe.

2. A study was carried out into the accuracy and reli-
ability of the results of numerical studies obtained using 
our calculation model. The study was carried out using the 
standard method of condensing a finite element mesh. The 
value of the “element size” parameter was determined, which 
is equal to the maximum size of the final element. For a pipe, 
this parameter is 12 mm, and for frames – 3 mm. Based on 
the results of this study, a finite element model of the prob-
lem was constructed.

3. The process of deformation of a typical section of 
a steel trunk pipeline with a defective zone, strength-
ened with a composite lining made of carbon fiber, under 
the influence of uniformly distributed stationary internal 
pressure was considered. Variable studies on the stressed-
strained state of a damaged pipe with banded linings of 
2 mm, 3 mm, and 4 mm thickness were carried out. The 
studies were carried out numerically using the ANSYS 
software package.

When studying the stressed-strained state of a pipe with 
a defect of an arbitrary complex shape under the influence of 
critical pressure, it was found that a 17 % thick carbon fiber 
lining can completely compensate for the effect of internal 
pressure in the defect zone. In this case, the maximum stress-
es in the pipe in the defect zone are 51 % of the yield strength 
of the steel. The stresses in the carbon fiber lining are close 
to minimal.

The stressed-strained state of a pipe with a large crack 
of arbitrary shape at critical pressure was studied. It was 
found that to compensate for the effects of internal pressure 
in the crack zone, the thickness of the composite lining 
should be 34 % of the rated thickness of the pipe. In this 
case, the deformation of the steel pipe in the area of the 
crack occurs in the elastic region. The exception is the 
crack tips, where plastic deformations are observed and 
stresses up to 93 % of the steel’s ultimate strength occur. 
The stresses in the carbon fiber lining remain close to 
minimal.

Our research results could be used to select the thick-
ness of the carbon fiber lining for banding a pipeline with 
a pipe of the appropriate size. It is recommended to use 
linings with a thickness of 17 % of the rated pipe thick-
ness for banding damage constituting up to 75 % of the 
pipe thickness. To bandage cracks, it is recommended 
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to use linings with a thickness of 34 % of the rated pipe 
thickness.
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