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Abstract. The effect of seismic loads of varying intensity on the stress-strain state of a finite-length pipeline supported 

on two supports in a ravine zone is studied under gravitational and operational loads. The seismic load is specified as 

three-component seismograms of real earthquakes differing in frequency spectrum, amplitude, and duration. The problem 

is solved using finite element method, finite difference method and successive approximation method. The results are 

presented as graphs of displacements (axial, transverse and vertical) and maximum stresses of the pipeline allowing an 

analysis of the effect of earthquakes of varying intensity on the stress-strain state of the pipeline laid in the ravine zone. It 

was found that earthquakes with an intensity of 6 on the MSK-64 seismic scale are not dangerous for pipelines resting on 

supports in the ravine zone. However, earthquakes with an intensity of 9* on the MSK-64 seismic scale are extremely 

dangerous for the pipelines in question. 

INTRODUCTION 

Pipeline systems are characterized by significant lengths crossing a variety of geologically unstable areas such as 

ravines mountainous areas and landslides. Main gas pipelines are subject to significant operational loads, which 

cause significant mechanical changes in the pipeline structure, manifested in axial tension/compression and profile 

curvature. Therefore, studying the dynamics of pipelines located in geologically unstable areas taking into account 

various natural factors (e.g., earthquakes) and operational loads is relevant. 

Seismic waves are complex: they are non-stationary and characterized by a various frequency spectrum, reaching 

different maximum amplitudes, and varying durations of action (from a few seconds to several minutes). The 

composition of seismograms in terms of frequency and amplitude varies significantly depending on a many factors, 

including the depth of the hypocenter, the amount of energy released, the geological structure between the source 

and the Earth's surface, and other aspects. 

In [1], various types of pipeline damage and failure were analyzed using data from past earthquakes 

demonstrating the seismic response of pipelines in India. A detailed illustration was created to assess the 

vulnerability of existing and planned pipelines in India to future seismic impacts. 

In [2], the main characteristics of the soil-pipeline system were assessed, including the length of the seismic soil 

displacement zone, the magnitude of this displacement, the shear stress at the soil-pipeline interface, the yield 

strength of the pipe steel and Young's modulus. New fragility functions were developed for analyzing the behavior 

of the pipeline under longitudinal tensile or compressive strain. 

In [3], the influence of slenderness factors and pipe wall thickness on the behavior of long underground pipelines 

was considered in a seismic analysis. Seismic action was modeled as a random process. The results showed that the 

seismic response of pipelines with fixed and free ends demonstrates good agreement with a sufficiently high 

slenderness factor. For short pipes or pipes with a large outside diameter, boundary conditions must be taken into 

account. Axial stresses in the middle of the pipes decrease with increasing its wall thickness. 
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The reference [4] was devoted to the design of above-ground pipeline support structures—racks, channels and 

suspension elements. A methodology for assessing both vertical and horizontal loads acting on supporting structure 

elements was developed, and practical advice was provided on installing supports along pipeline routes and 

calculating loads on movable and fixed supports. 

In [5], the dynamic response of a pipeline system under seismic loads was studied. It was found that the addition 

of support structures significantly increases the seismic resistance of the system. Seismic loads in regions with high 

seismic activity significantly affect the structural integrity of pipelines. 

This work is devoted to the study of the stress-strain state of linear pipelines passing through a ravine zone and 

experiencing the impact of real earthquakes of varying intensity specified in the form of three-component 

seismograms. 

MATERIALS AND METHODS 

A finite-length pipeline is considered, the middle section of which is supported by two supports in a ravine zone, 

while the two end parts are buried in the soil. The pipeline is subject to gravitational, operational and seismic forces. 

The pipeline is considered as a rod with its ends fixed in the soil which subject to tension or compression, torsion, 

and bending. 

Seismic forces propagating in the soil environment are transmitted to the straight pipeline using three-component 

seismograms of real earthquakes. A linear model is used to simulate the interaction of the pipeline with the 

surrounding soil [6, 7]. The unit weight of the pipeline and the weight of the gas are represented as a distributed 

external load [8, 9], the gas pressure and temperature difference are represented as a distributed longitudinal axial 

force [8].  

To study the stress-strain state of a gas pipeline, FEM and implicit finite difference method [10–13] were used, 

and the method of successive approximations [14] was used to refine the longitudinal axial force in each pipeline 

element. The pipeline is divided into finite elements, for each element matrices of mass, stiffness and interaction are 

formed [15]. After this, the matrices of all elements are summed to obtain a general pipeline model [11]. Figure 1 

shows the calculation model. 

 

FIGURE 1. Calculation model 

 

The boundary conditions: the pipeline ends rigidly connected to the soil and moves synchronously with the soil's 

movement. In the areas where the supports contact the pipeline, the horizontal and vertical displacements of these 

nodes are determined by the soil movements. 

The initial conditions are the results of a static problem when only gravity and the operating load acted on the pipeline. 

The maximum normal stress of the pipeline cross-section is reached at the pipeline's outer diameter at different 

points along its cross-section at different times. 

RESULTS AND DISCUSSION 

The following geometric and physical-mechanical parameters are used in the calculations: L=300 m; DН=1.42 m; 

E=2·105 МPа; μ=0.3; ρ=7.8·103 kg/m3; р=7.5 МPа; ΔТ=30°С; Kξ=1.67·107 N/m; Kη=Kζ=4.33·107 N/m; the distance 

between the supports is 40 m, the width of the ravine is 80 m. 

The results are presented in Figs. 2-3 for the Arnissa and Gazli earthquakes, and Table 1 shows the vertical 

displacements and maximum absolute stresses for six earthquakes of varying intensities. Figs. 2-3 show the 

displacements and stresses of the pipeline, obtained in calculations for real earthquakes (Arnissa, 6 on the MSK-64 



seismic scale, and Gazli, 9* on the MSK-64 seismic scale). The distance between the supports (40 m) affects the 

amplitude of oscillations in the direction of OY axis. The maximum earthquake amplitude along OY axis is  

0.0026 m, but inertial forces lead to an increase of the amplitude of oscillations in the middle of the pipeline to the 

value 0.0065 m, i.e., almost threefold. And the maximum value of vertical displacement is 0.029 m. Fig. 2b and 2c 

show (also for Gazli in Fig. 3b and 3c), if the viscous attenuation of the pipeline material and soil is not taken into 

account, then after the passage of the seismic wave, the pipeline continues to carry out its own harmonic oscillations. 
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FIGURE 2. Changes in displacements and stresses of the pipeline under wave action based on the real recording of the Arnissa 

earthquake 
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(c) (d) 

FIGURE 3. Changes in displacements and stresses of the pipeline under wave action based on the real recording of the Gazli 

earthquake 



Table 1 presents the displacements and stresses at the ends, supports, and middle part of the pipeline under 

earthquakes of varying intensities. A comparison of the effects of earthquakes (Gazli, Alcyon, South Iceland, Tabas, 

Bucharest, Manjil, Lazio, and Arnissa) on the pipeline shows that earthquakes of 6-7 on the MSK-64 seismic scale 

produce moderate displacements and stresses in the pipelines. However, strong earthquakes of 9 and 9* on the 

MSK-64 seismic scale produce stresses exceeding the elastic limit of 185 MPa for steel grade Cт.3. This may cause 

damage to the pipeline due to the rapidly increasing axial force, which is consistent with the results of an analysis 

performed in reference [16], dedicated to the study of the stability of rod structures. 

TABLE 1. Maximum absolute displacements and stresses in the pipeline under earthquakes of varying intensities. 

The territory and 

intensity of the 

earthquake on the  

MSK-64 seismic scale 

Maximum 

value of soil 

acceleration 

W (m/s2) 

uz, m σmax, МPа 

х
=

0
 m

 

х
=

1
3

0
 m

 

х
=

1
5

0
 m

 

х
=

1
7

0
 m

 

х
=

3
0

0
 m

 

х
=

0
 m

 

х
=

1
3

0
 m

 

х
=

1
5

0
 m

 

х
=

1
7

0
 m

 

х
=

3
0

0
 m

 

Gazli (Uzbekistan) 9* 6.7 
0

.2
2
 

0
.2

2
 

0
.2

0
 

0
.2

2
 

0
.2

2
 

2
2

8
 

2
7

8
 

2
8

8
 

2
8

4
 

2
3

2
 

Alkion (Greece) 7 2.83 0
0

2
 

0
.0

2
 

0
.0

5
 

0
.0

2
 

0
.0

2
 

1
2

1
 

1
2

0
 

1
1

9
 

1
2

0
 

1
2

1
 

South Iceland 

(Iceland) 7 
7.75 

0
.0

1
 

0
.0

2
 

0
.1

1
 

0
.0

1
 

0
.0

1
 

1
4

4
 

1
7

4
 

1
8

9
 

1
7

6
 

1
3

7
 

Tabas (Iran) 9*  8.9 

0
.0

9
 

0
.1

 

0
.1

4
 

0
.0

9
 

0
.0

9
 

2
9

2
 

3
2

0
 

3
3

6
 

3
2

7
 

3
0

8
 

Bucharest (Romania) 9 1.94 

0
.0

3
 

0
.0

2
 

0
.0

6
 

0
.0

3
 

0
.0

3
 

2
1

8
 

2
0

0
 

2
0

1
 

2
0

0
 

2
2

0
 

Manjil (Iran) 6  1.26 

0
.0

1
 

0
.0

2
 

0
.0

4
 

0
.0

1
 

0
.0

1
 

8
0
 

9
5
 

9
8
 

9
5
 

8
1
 

Lazio (Italy) 6-7  0.97 

0
.0

0
3
6
 

0
.0

0
4
9
 

0
.0

3
4
 

0
.0

2
9
 

0
.0

0
3
5
 

5
2
 

6
4
 

6
3
 

6
4
 

5
2
 

Arnissa (Greece) 6  0.42 

0
.0

0
0
5

8
 

0
.0

0
1
6
 

0
.0

2
9
 

0
.0

0
1
4
 

0
.0

0
0
6
 

5
2
 

5
9
 

5
8
 

5
9
 

5
2
 

 

Earthquakes significantly affect the stress-strain state of pipelines. This depends on the earthquake intensity, 

seismic wave direction, frequency spectrum, earthquake amplitude, and duration, as well as the physical and 

mechanical properties of the pipeline material, soil conditions, and soil wave propagation velocity. Comparison of 

calculation results for various earthquakes demonstrates the importance of taking these characteristics into account. 

CONCLUSION 

The stress-strain state of a gas pipeline, the middle part of which is supported by two supports in a ravine, was 

studied under earthquakes of varying intensity, determined using three-component seismograms. The seismic impact 

modeling took into account soil properties, seismic wave propagation velocity in the soil, frequency spectrum, 

earthquake amplitude and duration. In addition to the seismic load, the pipeline is subject to gravitational and 

operational forces. Numerical methods were used to solve the problem. 



The results are presented in a table containing the maximum absolute displacements and stresses in the pipeline 

during earthquakes of varying intensities, ranging from 6 to 9 on the MSK-64 seismic scale. The results are also 

presented as graphs of displacements (longitudinal, transverse, and vertical) and maximum stresses in the pipeline. It 

was found that earthquakes with an intensity 6 on the MSK-64 seismic scale are not dangerous for pipelines supported 

on supports in the ravine zone. The maximum displacement is approximately 0.029 m, and the maximum absolute 

stress is approximately 59 MPa. In contrast, the earthquakes with an intensity 9 on the MSK-64 seismic scale are 

extremely dangerous for the pipelines. In this case, significantly greater vertical displacements and stresses were 

observed: 0.22 m and 288 MPa, respectively. 
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