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Abstract

With the advancement of science, human societies use transmission pipes
to transport water and other fluids from the bed of seas, rivers, streams
and natural drains. If pipelines pass through rivers and seabeds on their
way, great care must be taken in their design. The main purpose of this
study is to investigate the effect of the insertion depth of the shield on the
pipeline scour at different distances of the pipe from the bed. This study
was carried out in a flume with the length of 10 m and the width of 30 cm.
Experiments were conducted under clear water condition (u/uc.=0.95).
Uniform sediment with a median diameter of one millimeter (Ds;=1 mm)
was considered. In this research, a PVC pipe with an external diameter of
2.5 cm was used. The distance of the pipe from the bed (G) was considered
based on a coefficient of the pipe diameter (0, 0.25, 0.5, 0.75, 1). Also, the
insertion depth of the shield (Dw) was selected according to a coefficient
of the pipe diameter (0, 0.25,0.5,0.75, 1, 1.25, 1.5, 1.75 and 2). The results
of the experiments showed that in the case that the shield was not used,
with the increase in the distance between the pipe and the bed, the
maximum scour depth under the pipeline decreases. Also, when the way
of working of the pipe and the shield is such that the shield is placed
exactly on the surface of the sediment, the maximum scour depth is
observed under the pipeline. For example, in the case of G/D=0.5 (D is
the pipe diameter and G is the distance between the pipe and the bed), at
different insertion depths of the shield, the maximum scour depth was
observed when D,/D=0.5 (Dy is the insertion depth of the shield). The
maximum scour depth in this case was measured to be 60% more than the
other cases. Also, with the increase in the insertion depth of the shield
compared to the surface of the sediment, a further decrease in the scour
depth under the pipeline was observed.

1. Introduction

The passage of the pipeline across the rivers to transport water, gas and oil causes local erosion in the
area where the pipeline is located. The presence of the pipe changes the flow pattern around the pipe.
These local changes in the flow lead to an increase in bed shear stress. As a result, the sediment transport
capacity increases locally around the pipe and causes the sediments under the pipe to be washed away.
As a result, the pipe is subject to failure, which can lead to financial and environmental losses. If
pipelines pass through rivers and seabeds on their way, great care must be taken in their design. The
main purpose of this study is to investigate the effect of the insertion depth of the shield on the pipeline
scour at different distances of the pipe from the bed.
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2. Materials and Methods

This study was carried out in a flume with the length of 10 m and the width of 30 cm. Experiments were
conducted under clear water condition (u/uc=0.95). Uniform sediment with a median diameter of one
millimeter (D50=1 mm) was considered. In this research, a PVC pipe with an external diameter of 2.5
cm was used. The distance of the pipe from the bed (G) was considered based on a coefficient of the
pipe diameter (0, 0.25, 0.5, 0.75, 1). Also, the insertion depth of the shield (Dw) was selected according
to a coefficient of the pipe diameter (0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75 and 2). The duration of the
experiments was until the formed scour hole reached almost the equilibrium state. In this research,
according to the observations, the duration of the experiments was considered to be 5 hours. A laser
meter with an accuracy of 1 mm was used to take the topography in the sedimentary bed.

3. Results

The results of the experiments showed that in the case that the shield was not used, with the increase in
the distance between the pipe and the bed, the maximum scour depth under the pipeline decreases. Also,
when the way of working of the pipe and the shield is such that the shield is placed exactly on the
surface of the sediment, the maximum scour depth is observed under the pipeline. For example, in the
case of G/D=0.5 (D is the pipe diameter and G is the distance between the pipe and the bed), at different
insertion depths of the shield, the maximum scour depth was observed when Dw/D=0.5 (Dw is the
insertion depth of the shield). The maximum scour depth in this case was measured to be 60% more
than the other cases. Also, with the increase in the insertion depth of the shield compared to the surface
of the sediment, a further decrease in the scour depth under the pipeline was observed.

4.  Discussion and Conclusion

By increasing the insertion depth of the shield compared to the surface of the sedimentary bed, the
length of the separation zones in the upstream and downstream of the pipelines decreases. Also, the
maximum positive velocities at the top of the pipeline and also the maximum negative velocities at the
place of formation of vortices are reduced. As a result, it can be predicted that the shear stress will also
decrease. By increasing the insertion depth of the shield compared to the surface of the sedimentary
bed, the shear stress decreases, which reduces the scour around the pipeline.
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