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One of the most challenging gas pipeline transition industries is
preserving the pipeline due to the hazard of ground motions such as
fault movements. Wave connection can create a rotational deflection
by its deformation capacity to limit the failure area of the pipeline. In

this research, the application of wave connection in cross-gas
transmission pipes with faults was developed. Wave bonding with
high ductility capacity shows the behaviour of the plasticjoint with the
difference that without a significant increase in plastic strain, it will be
able to provide axial, shear and rotational displacements. One of the
influential parameters in the response of buried pipes is the length of
the modelled pipe and soil. This length depends on relative soil-pipe
stiffness. In the present research, the length of the optimized model
was considered to be more than 3 times the length of the model
recommended in previous studies. The results showed that this
change in length will change the tube response by approximately
20%. In addition, four-node shell elements and eight-node solid
elements were intended for pipes and soil, respectively. One of the
greatest damages to the pipe is local buckling. The results showed that
the use of wave connection will result in the complete elimination of
this damage and also an 80% reduction in strain values.
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EXTENDED ABSTRACT

Introduction

One of the greatest challenges in the gas pipeline transition industry is preserving
pipelines due to the hazard of ground motions such as fault movements. Wave connection
can create a rotational deflection by its deformation capacity to limit failure area of
pipeline. In the present research, the application of wave connection in cross-gas
transmission pipes with faults was developed. Wave bonding with high ductility capacity
shows the behaviour of the plastic joint with the difference that without a significant
increase in plastic strain, it will be able to provide axial, shear and rotational
displacements. One of the influential parameters in the response of buried pipes is the
length of the modelled pipe and soil. This length depends on relative soil-pipe stiffness. In
this study, the length of the optimized model was considered to be more than 3 times the
length of the model recommended in previous studies.

Methodology

The government equation on buckling of a part of the pipe was obtained through the
following equation in which the axial external force or temperature increase compressive
thermal strains was taken into account.

Ely"+Py " +W=0 )

According to equation (1), W, B, El and y equal weight in length, compression force, elastic
stiffness and deformation, respectively. The mechanical properties of the soil were
considered as elastic-perfect plastic behaviour with the Mohr-Columb model including
cohesionC = 50kpa, internal friction coefficientg = 0°, elastic modulus E=25Mpa and
Poisson's ratiovy, = 0.3. In addition, pipe diameter and thickness of D=0.914m and t=8mm
were chosen for a common buried gas transmission pipe.

Results and discussion

The optimal length of the numerical model is the length of the model so that the relative
displacement at the end of the model tends toward zero. At a distance of more than 100
meters from the centre of the fault, the relative displacement of the pipe and soil was almost
negligible. Therefore, the length of 200 meters can be considered as the optimal length of
pipe and soil modelling. To better compare the performance of straight pipe and pipe with
wave connections, the values of the plastic strain in two critical tensile and compressive
regions were compared. Figure (1) shows the values of plastic strain in the compressive and
tensile critical regions, which were compared in two straight pipes and pipes with wave
joints and in the fault displacement (d) with lengths of 40, 50, 60, 70, 80, 90, 100, 110 and
120 cm were extracted.
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Figure 1. Comparison of plastic strain results in the critical region.

According to the results of Figure (1), it can be concluded that in addition to removing
the buckling phenomenon, the wave connection could reduce the amount of plastic strain
significantly and bring a smaller area of the pipe into the plastic phase.

The steps to achieve the results of this article are shown in the flowchart of Figure (2).
First, it was necessary to obtain the optimal length of the tube to achieve the correct results.
Then, the behaviour of the straight pipe was investigated and its weak points (buckling
areas) were obtained. Finally, by placing corrugated connections in these areas, the

improvement of pipe performance were evaluated.
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Figure 2. Step-by-step flowchart of the process to achieve improved performance of cross-fault buried
gas pipelines with wave connection.

Conclusion

In the present study, the behaviour of buried pipelines in crossing a strike-slip fault with
an intersection angle of 90 degrees was investigated. The results showed the extraordinary
performance of the corrugated connection in removing the pipe buckling area, reducing the
strain values, limiting the critical area under the influence of faulting, and not interrupting
the service of the gas pipe after permanent deformation of the ground.

In addition, the wave joint was capable of absorbing energy and creating a plastic joint,
reducing the significant 5 m length of pipe that entered the plastic zone under the influence
of fault movement to about 80 cm. In this case, the cross section of the pipe remained
completely healthy and round.

The reduction of the maximum values of plastic strain in the corrugated tube without
buckling reached 80%, meaning that the wave joint can hold the pipe after the fault moves.
The maximum values of plastic strain in the pipe with wave joint occurred after 2 m of fault
displacement, while the straight pipe approached its final values due to buckling with a
small fault displacement (about 40 cm).
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