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Abstract. The progressiveness of the idea of prestressing consists, on the one hand, in the possibility 
to regulate the stress state in accordance with the peculiarity of the structure operation, and on the 
other hand, in the expansion of the economically advantageous range of application of high- and high-
strength steels. Such strengthening is also relevant for cylindrical shells, the throughput or storage 
volumes of which are directly proportional to the operating pressure. The most effective type of 
prestressing in this case is considered to be winding on the shell body at an angle to the longitudinal 
axis or in the annular direction without tilting the high-strength profile. In this regard, in this work, a 
theoretical study of the influence of temperature loads on the stress state of the combined shell was 
carried out. As a result of the study, an analytical evaluation method was developed that takes into 
account the mechanical, geometric values of the wall and wrapping material, as well as the parameters 
of the prestress, taking into account temperature effects. The developed method also found that the 
established ring stresses in the shell wall increase with an increase in the temperature gradient, and the 
stresses in the wrapping decrease. At a temperature gradient of 70°C, the ring stresses increased by 1.8 
times, and the stresses in the wrapping decreased by 1.3 times. At the same time, the change in 
operating temperature has a noticeable effect on the distribution of stresses in the wall of the shell and 
wrapping. Thus, calculations of a main pipeline pre-stressed with steel wire showed that at a 
temperature gradient of ΔΤ=30°C, the achieved level of prestressing can decrease by 10-12% 
compared to the initial one, and at ΔΤ=50°C, the pre-stressed wrapping does not affect the stress state 
of the shell wall. The obtained results of the study indicate that, taking into account the temperature 
loads on the structure, it is possible to adopt the necessary design parameters for further design of steel 
shells even more accurately. 
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1. INTRODUCTION 

Since the 1960s, the concept of prestressing metal structures has gained growing global acceptance 
due to its technological advantages and innovative potential [1-3]. The merit of prestressing lies, 
firstly, in the ability to control the internal stress distribution in accordance with the structural 
performance requirements, and secondly, in the broader economic feasibility of utilizing high-strength 
and ultra-high-strength steels. This method of structural enhancement is especially relevant for 
cylindrical shells, whose storage capacity or throughput is directly proportional to the operating 
pressure. Among various prestressing techniques, the most efficient approach is considered to be the 
application of high-strength profiles wound around the shell either at an angle to its longitudinal axis 
or circumferentially without inclination [4]. The principal concept of such a composite shell system is 
to induce pre-stresses that are opposite in direction to those arising from service loads. During 
structural operation under such loads [5], the pre-induced stresses are initially neutralized, and 
subsequently, the operational stresses build up until the design strength of the shell material is reached. 
Prestressing not only enhances the structural load capacity but also improves stiffness and reduces 
residual deformations. The effectiveness of prestressed shells is further increased when this process 
enables a balance between longitudinal and circumferential stresses within the shell wall [6-8]. 

By virtue of the relevance of this area, the global scientific and technical community has been 
solving various problems for a long time to achieve safety and durability of steel shells. Thus, the 
work [9] presents the generalized experience of the European research group specializing in the study 
of strength characteristics of main gas pipelines. The study covers a wide range of existing engineering 
and scientific approaches to assessing the resistance of pipeline structures to plastic failure. Particular 
attention is paid to the analysis of the behavior of the pipe metal under extreme mechanical loads, 
accompanied by the formation and development of cracks. The authors propose an improved plastic 
model of failure based on numerical modeling of the material’s stressed-deformed state near the 
initiated crack. This model takes into account complex mechanisms of plastic deformation, including 
stress localization, the crack tip effect and the dynamics of the redistribution of internal forces, which 
allows for a more accurate prediction of the critical conditions under which failure occurs. The paper 
[10] presents a detailed review of existing analytical methods for calculating gas pipeline failure 
processes caused by the impact of internal gas pressure circulating in the pipeline system. Particular 
attention is paid to the analysis of the stressed-deformed state of the pipe wall under conditions of 
exceeding critical pressure values, which can lead to the initiation and subsequent propagation of 
longitudinal cracks. Theoretical approaches and engineering solutions aimed at preventing avalanche-
like failure of pipelines are also considered, including methods based on stress management, defect 
localization and structural reinforcement of potentially weakened areas. The paper [11] presents the 
results of numerical modeling of the process of crack development in a pipeline using the finite 
element method, which are compared with the data of experimental studies performed on shell models. 
During the comparative analysis, special attention is paid to the behavior of structures during rapid 
crack propagation and the nature of their destruction. The paper [12] examines in detail the features of 
viscous failure of pipeline steels of API 5L and X52 grades, widely used in the oil and gas industry. 
The finite element method in the ABAQUS software environment was used for the analysis, which 
allows for high-precision modeling of the material’s stressed-deformed state in the potential failure 
zone. Particular attention is paid to the influence of the mechanical characteristics of steels and 
geometric parameters on the resistance of pipelines to crack propagation. The paper [13] presents a 
comprehensive review of the most common failure modes of pipeline components subject to corrosive 
wear. Cases of failure under internal pressure and axial compressive stresses typical of real operating 
conditions are considered. The causes of premature pipe failure are analyzed, including defects that 
occur during the manufacturing process, mechanical aging, and aggressive environmental influences. 
The authors identify critical stress zones and provide recommendations for improving the reliability of 
such pipeline systems. In [14], the authors conducted a comprehensive study of damage and defects 
occurring in prestressed pipes, with an emphasis on their impact on the dynamic characteristics of the 
structure. The authors found that defects such as breaks and cracks in the wire used to create 
prestressing significantly reduce the rigidity of the pipe, which in turn leads to a decrease in its natural 
frequencies. This can adversely affect the stability and vibration reliability of the pipeline system, 
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especially under dynamic and seismic loads. The work emphasizes the need to monitor the condition 
of prestressed elements and develop methods for early detection of such damage to ensure operational 
safety. The study [15] examines the behavior of prestressed circular cylindrical shells under free 
vibration conditions. The authors performed a nonlinear analysis that takes into account geometric and 
material nonlinearities to more accurately model real operating conditions. The results showed that 
prestressing has a significant effect on the frequency characteristics of the shells, with amplitude-
dependent nonlinearity causing shifts in natural frequencies and changes in vibration modes. These 
data are important in the design of pipelines, tanks, and other cylindrical structures subject to dynamic 
impact. At the same time, temperature changes affect the physical and mechanical properties of the 
material – strength, elasticity, and plasticity [18], which directly affects the ability of the shell to 
withstand external loads and deformations [19-21]. 

A review of the literature highlights the wide range of properties, structural behavior, and service 
conditions characteristic of shell structures. In most cases, analyses focus primarily on material 
properties and prestress parameters, while the influence of operational factors – such as temperature – 
is not fully accounted for. Moreover, existing methods for modeling and analysis are often complex 
and time-consuming, making it challenging to efficiently evaluate the key parameters required for 
accurate structural assessment. At the same time, the review showed that the achieved initial 
prestressing profile wrapping, which goes into the work reserve of structures, is very important from 
the point of view of the efficiency of the work of prestressed structures. Consequently, from the point 
of view of controlling the initial stress state of the prestressed shell, it is very important to select the 
design parameters: pitch, angle and tension force of the wrapping thread, prestressed structures taking 
into account the actual operating conditions. 

In accordance with the problem statement and the objectives of the study, the influence of thermal 
effects on the initial stressed-deformed state of a pre-stressed cylindrical shell is investigated. 

At this stage, a theoretical analysis was undertaken to examine the impact of temperature loads on 
the overall stressed-deformed state of the shell, with the aim of developing a simplified analytical 
method for its evaluation. In line with this objective, the following tasks were formulated for the 
theoretical part of the study: 

- to derive analytical expressions for evaluating the stressed-deformed state of the pre-stressed shell 
at the stage of winding the wrapping wire; 

- to assess the stressed-deformed state of the pre-stressed shell under temperature effects and 
various design parameters of winding the wrapping. 

2. METHODS AND MATERIALS 

2.1 Evaluation of the stressed-deformed state of the shell wall depending on temperature loads 
The stressed-deformed state of a thin-walled cylindrical shell of medium length with radius R  

closed at the ends and under internal pressure p  is considered in line with Fig. 1 [4]. 
 

 
 

Fig. 1. Computational model of the cylindrical shell. 
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Additionally, the vessel is subject to an external longitudinal tensile force xP . Considering that the 
temperature at the calculated points of the shell wall, and wrapping, owing to the thin-walled nature of 
the structure is equal to: . 

For convenience and to avoid misinterpretations in the calculation formulas, let’s introduce the 
following notations: , , ,  ,  , ,  – temperature elongation in the 
wrapping. 

For the general case, let’s assume that high-strength wire is wound on the shell at an angle α  to its 
longitudinal axis. The wrapping turns at the outer ends of the shell are fixed [4-6]. 

The wire wrapping threads work only in tension, and there are no tangential stresses. Let’s express 
the relative elongation of the wrapping through 

 
.                                                                         1 

 
The shell element with the resulting forces at the ends is presented in accordance with Fig. 2 [4]. 
 

 
Fig. 2. Shell element with the wrapping thread wound at an angle α . 

 
Correlation between the acting forces  and  in the shell and the stress lengthwise the thread 

axis  taking into account the stress formula along the oblique area, is presented in the form: 
 

,                                                                    2 
 .                                                                   3 

 
Taking into account (1), expressions (2) and (3) are written as 
 

,                                                                 4 
 ,                                                                5 

 
from which 

 .                                                                             6 
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Considering the dependence of the deformation of the wrapping element lengthwise the axes x  
and θ  on the deformation lengthwise the axis of the wrapping thread 2ε , as well as the potential 
variation in temperature, the following expression can be derived: 

 
.                                                   7 

 
Substituting (7) into (4) and (5) yields equations describing the relationship between the forces 

lengthwise the boundaries of the wrapping element and the elongations lengthwise the corresponding 
axes: 

 
,                                   8 

.                                    9 
 
Given the symmetry of the wrapping, the tangential forces lengthwise the boundaries of the 

wrapping element are assumed to be zero. Let’s accept the condition  , 
i.e. the deformations along the corresponding axes in the shell wall and wrapping are equal. 

The following equations define the correlation between forces, stresses, and deformations in the 
shell structure: 

 
,                                                              10 

,                                                              11 

,                                           12 

.                                          13 

 
By means of calculation, the stressed-deformed state of the pre-stressed shell must be determined 

taking into account temperature effects, the ratio of thicknesses, elastic moduli of the shell and 
wrapping materials, as well as the level of the wire’s pretension, and the wrapping thread α  winding 

angle must be determined so that under the action of operating pressure р , longitudinal force ΧР , 

and temperature gradient Т∆ , the strength of the shell is ensured with a simultaneous reduction in 
the weight of the structures. 

As a result of the calculation, the stressed-deformed state of the shell wall will also be assessed 
depending on the temperature elongations and design parameters of the shell. 

 
2.2 Evaluation of initial (assembly) stresses from the wrapping pretension 
Let’s assume that when the wire wrapping thread is tensioned, preset stresses arise in it, which, 

as a result of elastic deformation of the shell after winding, decrease to . In this case, the forces in 
the wrapping and in the shell wall are in mutual equilibrium and satisfy the following equalities [4]: 

 
                                                                      14 

        
Then the following condition will be true 
 

.                                                                           15 
 
In expression (15) the work of the wrapping deformations can be represented as: 
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,                           
16 

 
Substituting the values хN2  and θ2N  from (8) and (9) into (16) taking into account (1) and 

assuming 02 =Τα , yields: 
 

.                                                              17 

 
The work perceived by the shell wall will be equal to: 
 

.                                                      18 
 
Substituting expressions (12) and (13) into (18) yields: 
 

.                                            19 

 
According to condition (15), the right-hand sides of expressions (17) and (19) are equated, resulting 

in an equation that relates the stresses in the wrapping thread before and after winding to the stresses 
in the shell wall after winding: 

 
.                                       20 

 
Substituting into (14) the values хнN  and нNθ  for the shell and wrapping yields the following 

equations: 
 

,                                                              21 
.                                                              22 

 
Equations (20), (21), and (22) form a system of equations for determining the initial stresses. From 

equations (21) and (22), the following can be obtained: 
 

,                                                                23 

.                                                                  24 

 
Substituting (23) and (24) into (20), and assuming that  is known in advance, the formula for 

determining the stresses in the wrapping can be written in the following general form: 
 

,                                                                          25 
 
where k is the stress relaxation coefficient in the wrapping thread, 
 

.                                                26 

 
The pressure arising in the shell wall under the tensioned wrapping thread is calculated by the 

formula: 
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                                                   27 
 
and the compressive axial force at the ends of the shell is given by: 
 

.                                      28 
 
After determining the initial stresses, it is necessary to check the stability of the shell wall from 

compression by the wrapping wire with axial force   according to (28). 
Then the critical stresses for loss of stability will consist of: 
 

.                                                                 29 
 
The first term of the right-hand side of equation (29) is determined by the formula of W. Euler or 

by the formula of E. Ramazanov [4]. 
Critical stresses хнP

crσ  can be determined from the following dependence [4-8]: 
 

.                                                                     30 
 
If is known, then  is determined from (25), and the initial stresses in the shell wall from the 

prestressing are determined from (23) and (24). 
With known values of stresses and  from (10) and (11) it is possible to determine the 

deformations in the shell wall and wrapping. 
2.3 Stress-deformed state of the cylindrical shell with the wrapping thread at an angle α  to its 

longitudinal axis 
When considering the stressed-deformed state of pre-stressed shells, two states are usually 

distinguished. The first state is characterized by initial stresses arising in the wrapping and in the shell 
wall due to winding the wrapping with some prestressing . The second state, which arises after the 

action of the operating pressure p  and longitudinal force xР  on the pre-stressed shell with initial 
stresses from the tension of the wrapping thread. 

Let’s consider the stress state in the pre-stressed cylindrical shell under the action of internal 
pressure p  and longitudinal axial tensile force xР  [4-6]. 

At the initial stage, it is assumed that the wrapping process was performed at equal initial 
temperatures of both the shell and the wrapping wire, after which their temperatures changed by Т∆ . 

The equilibrium conditions for the shell with the wire wrapping can be formulated as follows: 
 

 ,                                                      31 
 .                                                         32 

 
Substituting into equations (31) and (32) the expressions for force factors (8), (9), (12) and (13), the 

following system of equations will be obtained for determining the relative deformations xε  and θε  
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                        33 

 
Solving the system of equations (33) with respect to xε  and θε  the following expressions will be 

obtained: 
 

;                                         34 

 

;                                        35 

 
Where 
 

,                                            36 

 
.                                                 37 

 
Let’s determine the stresses from the expressions 
 

;                                                        38 

;                                                         39 

.                                                 40 
 
Substituting the values (34) and (35) into (38), (39) and (40), expanded formulas will be obtained 

for determining the stresses in the shell wall and wrapping: 
longitudinal stresses: 
 

      

                                                     41 

 
ring stresses: 
 

     

                                                  42 

 
stresses in the wrapping: 
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 .                             43 

 
The final formulas for determining the relative deformations in the shell wall will look like this: 
 

    

                         44 

 

    

                 45 

 
In this case, the shell wall’s total stresses be equal to the prestresses’ sum from the wrapping, 

determined from formulas (21) and (22), stresses from internal pressure p , longitudinal force xР  and 
temperature effects, determined from formulas (41) and (42). 

2.4 Cylindrical shell with the wrapping thread perpendicular to its longitudinal axis ( 090=α ) 
It is known that in cases where there is a need to reduce ring stresses, it is precisely perpendicular 

winding to the longitudinal axis of the shell that is used, Fig. 3 [4]. 

 
Fig. 3. Diagram of the cylindrical shell with the wrapping thread applied at an angle 090=α . 

 
Reasoning from the analysis of the calculation formulas obtained in the previous paragraph, let’s 

try to obtain formulas for calculating the stress state of the shell wall and wrapping when winding the 
wrapping thread perpendicular to the shell’s longitudinal axis, i.e. equating in the calculation formulas 

090=α . 
Thus, based on (23) and (24), the initial stresses due to the pretension of the wrapping thread are 

given by: 
 

                                                           46 



Строительные материалы и изделия/Construction Materials and Products. 2025. 8 (4) 
  

 

10 

,  ,                                                         47 

 
where k is the stress relaxation coefficient in the wrapping thread. 

The shell wall’s stresses occurring from the action of the internal excess pressure р and 
longitudinal force xР , taking into account the temperature effects in accordance with (41) and (42), 
will be determined from the following expressions: 

 
,                                                                48 

.                                                     49 

 
From (48) it can be concluded that longitudinal loads are perceived only by the shell wall, the 

wrapping in the longitudinal direction does not work. 
The stresses induced in the wrapping 2σ  in accordance with (43) will be determined from the 

expression: 
 

                                                        50 

 
When winding at an angle , by changing the wrapping layer thickness and prestressing 

level, it is possible to relieve the shell from ring stresses , in order to equalize them with 
longitudinal stresses  and achieve equal strength of the structures. To ensure equal strength and the 
lowest weight of the shell, the thickness, initial tension and elastic modulus of the wrapping layer 
material should be selected so that the tensile ring stresses in the shell  are approximately equal 

, and the safety margin in the wrapping is sufficient. To satisfy this condition, the wrapping layer 
thickness  should be selected slightly less than the shell thickness, otherwise the shell will be 
underloaded in terms of ring stresses . 

2.5 Analysis of the pre-stressed cylindrical shells with consideration of temperature effects on the 
wrapping thread tension 

Based on the calculation method for the pre-stressed cylindrical shells in the elastic stage of 
operation, described in detail in [4-6], let’s study the stressed-deformed state of the wall of the 
cylindrical shell with the stressed wrapping, taking into account the influence of temperature effects 
on the tension of the wrapping thread. 

Let’s consider an infinitely long cylindrical shell with a wrapping wire with tightly adjacent turns. 
The wrapping is wound with a certain tension. 

The formulas derived in [4-8] for calculating the ring 1σ  and longitudinal 2σ  stresses in the 
cylindrical shell from prestressing – applicable within the elastic deformation range and accounting for 
thermal stresses – are expressed as follows: 

 
,                                                  51 

.                                                            52 

 
The values of the moment М0, force Т0 and wrapping pressure  on the wall of the cylindrical 

shell will be determined from the expression: 
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;                                                   53 

;                                                                   54 

.                                                                     55 

 
In formulas (53)…(55) the coefficients A, B, C are calculated using formulas [4]: 
 

;                                                            56 
;                                                            57 
,                                                            58 

 
where 

.                                                                       59 

 
In the context of temperature influence, the magnitude of the tension Δ generated during the wire 

winding process is of particular significance. 
The force necessary to stretch the wrapping wire to attain the desired tension is given by the 

following relation: 
 

.                                                       60 
It should be noted that as the temperature increases, the elongation of the wrapping wire leads to a 

change in the tension Δ initially generated during the winding process. 
 
The tension value, accounting for the thermal effect, can be expressed in general form as: 
 

 .                                                                  61 
 
Here,  can be determined from equation 60, while t∆  is given by the following expression: 
 

.                                                                    62 
 
Thus, the total tension in the wrapping thread is significantly reduced as a result of temperature 

increase. This effect is associated with the adverse influence of temperature on the prestress level in 
the cylindrical shell and must be taken into account in engineering design and analysis. 

Taking into account (53), (54), (55), (61), (62), equations (51) and (52) can be written as: 
 

,                     63 

.                                     64 

 
In this case, the stress in the wrapping can be determined using the formula: 
 

.                                                  65 

 
Let’s assume that there is no pressure in the cylindrical shell, i.e. p=0. Then in expressions 

(63)…(65) only the stresses caused by the pretension and temperature effect will remain: 
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,                                     66 

,                                                67 

 .                                                          68 

 
Let’s consider the case when the tension ∆ is caused not by prestress, but by heating the wrapping 

to a certain temperature 1T . 
Then it is sufficient to put Δ  in formulas (63) and (65). The length of the wire in the heated 

state should be equal to , and in the cold state . 
 

.                                               69 

 
From (69) it is easy to determine the heating temperature 1T  to obtain the set tension ∆: 
 

                                                                70 

 
3. RESULTS AND DISCUSSION 

Analysis of calculation formulas (41)…(45) indicates that the stress distribution and overall 
strength of the pre-stressed cylindrical shell are significantly influenced by several factors. These 
include the winding angle of the wrapping thread α, the ratio of wall thicknesses of the shell and the 
wrapping layer / , the ratio of the elastic moduli of the shell and wrapping materials , on the 
pretension value of the wrapping thread , and the operating temperature . 

The dependences of the stresses in the shell wall on the ratio of the wall thicknesses of the shell and 
wrapping  and the ratio of the elastic moduli of the shell and wrapping materials  are 
presented in line with Fig. 4 and 5. 

 

 
Fig. 4. Dependences of stresses in the shell wall and wrapping on the ratios of elastic moduli of their 
materials:1. Stresses in the wrapping; 2. Stresses in the shell wall. 

 
In establishing the above dependences, the influence of temperature was not considered, and the 

winding angle of the wrapping thread was taken as . Calculations were carried out using the 
following initial data: shell radius  0.3 m, Poisson’s ratio , pressure in the shell  
MPa, shell wall thickness  m, reduced wrapping thickness m, 
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elastic moduli of the shell material MPa, wrapping  MPa. When 
determining the dependence of stresses in the shell wall and wrapping on the ratio of their thicknesses, 
the ratio of the elastic moduli of the shell and wrapping materials was assumed to be unity. 

Analysis of the shell wall ring stresses’ dependence on the ratio of the elastic moduli of the shell 
and wraping materials shows that the efficiency of the pre-stressed shell is increased when the 
elasticity modulus of the wrapping is much higher than the elasticity modulus of the shell material. 

 

 
Fig. 5. Dependences of stresses in the shell wall and wrapping on the ratio of their thicknesses: 1. 
Stresses in the wrapping; 2. Stresses in the shell wall. 

 
As the ratio of the shell wall and wrapping thicknesses increases, in accordance with Figure 5, the 

efficiency of prestressing decreases. 
Efficient stress distribution in the shell wall can be obtained when the wall thickness is taken to be 

minimal from the condition of loss of its stability during compression of the wrapping wire, and the 
wrapping thickness is taken from the condition of ensuring the strength of the prestressed shell. 

As noted above, the main design parameter of the wrapping, the selection of which can control the 
stress state of the shell wall, can be the winding angle of the wrapping thread. 

According to Fig. 6, when the winding angle changes from perpendicular to the shell axis to 
technically possible angles of inclination of the wrapping thread, the ring stresses in the shell wall 
decrease, and the longitudinal stresses increase. Changing the winding angle of the wrapping thread 
leads to a redistribution of stresses in the shell wall and has a favorable effect on the stress state of the 
shell operating under internal pressure, bringing the structure closer to equal strength. From Figure 6, 
it is possible to establish the limits of the winding angle of the wrapping thread, at which the optimal 
distribution of stresses in the shell wall is achieved, which is equal to 40-45°. 
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Fig. 6. Dependences of stresses in the shell wall and wrapping on the winding angle of the wrapping 
thread: 1. Stresses in the wrapping; 2. Longitudinal stresses in the shell wall; 3. Ring stresses in the 
shell wall. 

 
In connection with the above, effective design of prestressed shells is carried out by selecting 

design parameters of prestressing and performing verification calculations. 
In accordance with the purpose and objectives of the work, an assessment of the effect of 

temperature on the stress state of the prestressed shell was made. 
The calculations were made for the cylindrical aluminum shell with a radius 0.3 m, a wall 

thickness  m, wrapped with a steel wire of 3 mm in diameter m, 
operating under an internal pressure MPa, with the following initial data: MPa,  

 MPa,  , , ,  . 
The calculation results in the form of dependences of stresses in the shell wall and wrapping on the 

temperature gradient are presented in accordance with Fig. 7. 
The nature of the obtained dependences, in accordance with Fig. 7, shows a significant influence of 

the operating temperature on the stress state of the shell with the pre-stressed wire wrapping. 
Thus, at a temperature gradient ΔT=30°C, the ring stresses increase by approximately 1.34 times, at 

50°C – 1.57 times, at 70°C – 1.8 times compared to the initial ones. A linear relationship is observed 
between the ring stresses in the shell wall and temperature gradient. 

 

 
 
Fig. 7. Dependences of stresses in the shell wall and wrapping on the temperature gradient Т: 1. 
Stresses in the wrapping; 2. Longitudinal stresses in the shell wall; 3. Ring stresses in the shell wall. 
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Note that longitudinal loads are perceived only by the shell wall, the wrapping does not work in the 
longitudinal direction. 

According to Fig. 7, the stress in the wrapping decreases with an increase in the temperature 
gradient: at ΔT = 30°C by 1.1 times, ΔT = 50°C – 1.18 times, ΔT = 70°C – 1.3 times. 

To assess the effect of temperature on the achieved level of prestress using the formulas obtained 
above, calculations were performed for a main gas pipeline with a diameter of 1220 mm, made of 
17G1C steel with MPa, prestressed with the wire winding of steel wire with a diameter of 5 
mm, loaded with an internal excess pressure of p = 7.5 MPa. To simplify the calculation procedure, it 
was assumed that . 

The calculation results are given in Table 1. 

Table 1. Values of prestressing in the shell wall depending on temperature. 

Calculation parameters 
Values ΔТ, (°С) 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 
The value of the total 
tension Δ, (10-2 cm) 3.83 3.07 2.35 1.62 0.89 0.16 -0.058 

Ring stresses in the 
shell wall,  -84 -68 -51 -35 -21 -4.0 0.0 

Stresses in the 
wrapping,  

81 66 50 34 18 4.0 0.0 

 
Analysis of the calculation results shows that with an increase in the temperature gradient, the 

achieved level of prestress decreases. Consequently, the operating temperature of the pipeline 
significantly affects the stress state of the shell wall and wrapping. The calculation results confirm the 
need to take into account temperature effects in engineering calculations and design of prestressed 
shells. 

4. CONCLUSIONS 

As a result of the conducted theoretical studies of the influence of temperature loads on the 
stressed-deformed state of steel shells, it was established: 

– Based on the results of the analysis of the operation of the thin-walled cylindrical shell of 
medium length, compressed by the stressed wire wrapping and loaded with internal pressure, on the 
basis of conditions (8) and (9) of the equilibrium of the shell wall element, dependences were obtained 
between the forces along the boundaries of the shell element and the elongations along the 
corresponding axes. 

– The initial stress from the pretension of the wrapping thread was estimated and formulas were 
obtained for determining the stresses in the wrapping (25), (26) and the pressure arising in the shell 
wall under the wrapping thread (27). 

– Expressions (41), (42) and (43) were obtained for determining the ring  and longitudinal  
stresses in the shell wall and stresses in the wrapping , taking into account the design parameters of 
the prestressing and temperature effects, as well as formulas (44) and (45) for determining the relative 
deformations  in the shell wall. 

– Analysis of the obtained calculation formulas showed that the stress distribution and the strength 
of the prestressed shell largely depend on the winding angle of the wrapping thread , on the ratio of 
the wall thicknesses of the shell and wrapping / , the ratio of the elastic moduli of the shell and 
wrapping materials , on the value of the pretension of the wrapping thread  and the ratio of 
the coefficients of thermal expansion of the shell and wraping materials. 

– A calculation experiment was carried out to assess the effect of temperature on the stress state of 
the prestressed shell. It was found that the ring stresses in the shell wall increase with increasing 
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temperature gradient, while the stresses in the wrapping decrease. At a temperature gradient of 70°C, 
the ring stresses increased by 1.8 times, while the stresses in the wrapping decreased by 1.3 times. 

– The calculation of prestressed shells was carried out taking into account the effect of temperature 
on the tension of the wrapping thread. It was shown that with an increase in the temperature gradient, 
the level of the achieved prestressing significantly decreases. At the same time, a change in the 
operating temperature has a noticeable effect on the distribution of stresses in the shell wall and 
wrapping. Thus, calculations of the main pipeline prestressed with the steel wire showed that at a 
temperature gradient of С, the achieved level of prestressing can decrease by 10-12% 
compared to the initial one, and at С, the prestressed wrapping does not affect the stress 
state of the shell wall. 
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APPENDIX 

а winding pitch of the wrapping thread, m 
d wrapping wire diameter, m 
R shell radius, m 
Е1 shell material elasticity modulus, MPa 
Е2 wrapping material elasticity modulus, MPa 
k  stress relaxation coefficient in the wrapping thread 

 pressure on the shell body under the wrapping thread, MPa 
Рх line longitudinal force in the shell, N/m 
р internal pressure in the shell, MPa 

 maximum internal pressure in the shell, MPa 
R1, R2 calculated strength limits of the shell and wrapping material, MPa 

 critical tension force of the wrapping thread, N 

 tension force of the wrapping thread, N 

,  calculated heating temperatures of the shell layers, °C 

 range of fluctuations (gradient) of the calculated temperature, °C 

α winding angle of the wrapping thread, in degrees 
,  temperature coefficients of linear expansion of the shell wall and wrapping materials, °C-1 

 tension, m 

,  thickness of the shell wall and wrapping, m 

 ring and longitudinal relative deformations in the shell wall 

 Poisson’s ratio 

 stresses in the shell sections arising as a result of winding the wrapping, MPa 

 stresses in the wrapping arising as a result of winding the wrapping, MPa; 

 ring stress in the shell, MPa 

 longitudinal stress in the shell, MPa 

 stress in the wrapping, MPa 

 critical stress of loss of stability of the shell wall, MPa; 

 tension from mechanical tension of the wrapping thread, MPa 

 change in the wrapping thread tension due to temperature effects, permissible prestresses, MPa 

 heating temperature, °C 

 coefficient of linear expansion of wire 
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