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Introduction

Providing safe conditions for water pipelines or other fluids on erodible beds is an important
issue in the field of hydraulic engineering. Studies show that the installation of a plate called
Spoiler on top of the pipeline increases the amount of the erosion around the pipe and its self
burial stimulation. Most studies about spoiler have been done on a fixed pipe, but in reality, when
the scouring hole underneath the pipe is deep enough, the pipe begins to lower as a result of the
weight, at when the pipe reaches the bottom of the scour hole, the erosion process stops and then
the pipe is covered with sand and buried. The self burial phenomenon has not been studied with
the use of a spoiler in the case of actual displacement of the pipe, and due to the fact that the
studied pipes have been fixed, the transitional and sedimentary phases have not been observed.
Considering the role of pipe displacement in changing the scouring profile, the study of the
spatial phenomenon of the pipe during displacement and observing the actual effect of the
spoiler on the self burial performance and its effective parameters are necessary. In this study,
this phenomenon has been studied experimentally.

Methodology

The experiments of this research have been carried out in Hydraulic Models Laboratory of
Ferdowsi University of Mashhad. In these experiments, two fine and coarse sand with uniform
distribution were used. The first sediment sample was used with mean diameter of d., =0.25mm

and standard deviation of 1.49, and second sediment sample, coarser sand with average diameter

of d,, =1.2 mm and standard deviation of 1.5. In this study, % >3 was used as water depth,
+

in which D, S and Y, are pipe diameter, height of the spoiler and normal depth of water in the

channel, respectively. The study was conducted in clear water conditions. In experiments, pipes
with diameters of 2, 2.5, 3, 3.5, 4, and 4.5 cm were used. For the possibility of pipe displacement
and the simulating of the self burial process, a solid steel pipe with a specific gravity of 7.86
szas used. As shown in Fig. 1 the pipe is fitted inside the flume so that it can move freely in
cm

the vertical direction under the influence of its weight. In the moving pipe mode, two spoiler

height spans of S :% and S =0 (without spoiler) were used. In order to compare and check the
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flow field and to examine the scouring bed, in the fixed pipe mode, experiments were
performed as preliminary and control test.

Results and Discussion

With the onset of the test, after the occurrence of the phenomenon, a relatively intense erosion
occurred under the pipe. The pipe falled into the hole due to its weight and afterwards it was
covered with sediment. In previous studies, scouring profile for fixed pipe was not much
different, but the scouring profile is completely different in the case of movable pipe , and the
fixed pipe shows a greater scour depth than normal displacement (Fig. 2). In the moving pipe
mode, the scour depth and burial rate were reduced by 50% compared to the fixed pipe. The
installation of the spoiler choked the flow path and increased the velocity and scouring depth
comparing to the pipe without the spoiler, which in average 40% in fine grains and 90% in
coarse grain increased the burial depth and up to ten times increases the burial speed.

mer vamma]: - SRR

Figure 2- Observational Self-burial

By decreasing of the sediment particle diameter resulting in less weight of the particles, the
seepage forcecauses an increment in the burial depth compared to the coarse grain(Fig. 3). There
is a linear relationship between theburial depth and the pipe diameter in the displacement
state(Fig. 4).
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Figure 3- Comparison of the burial depth in different pipe status

The increase in the pipe diameter , like the spoiler, causes the flow path choke and increases
the scour depth. The slope of the line with the spoiler is greater than the non-spoiler mode,
especially in coarse grain. By comparing the fitted line in two pipe modes, it can be concluded
that the effect of the spoiler on scouring is greater than the effect of increasing of the pipe
diameter.

Conclusions
In this research, the effect of the actual displacement of the pipe on self burial deformation was
investigated. The effect of using Spoiler on this process also led in the following results:
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Figure 4- Rising of the burial depth by increasing of the pipe diameter

With the displacement of the pipe during the self burial process, the scour depth decreased by
50% compared to the fixed pipe; therefore, the bed profile in the fixed pipe state could not
indicate the actual self burial condition. Adding the spoiler to the pipe in displacement mode
increases the scour velocity up to 10 times and increases the depth of burial. As an average of up
to 40% in the binder, and in a coarse-grained bed, it is an average of 90%. Therefore, in natural
conditions, fine-grained shores, the time and depth of scouring are less than the coarse-grained
bedding or coarse-grained area. The addition of the spoiler around the pipe generally changed the
flow pattern around the pipe, increasing of the pressure gradient, and the seepage force is more
effective when occurred in the coarse-grained bed than the fine grained bed. The increase of the
burial depth led to the pipe diameter increments and is directly related to the pipe diameter.
Presence of a spoiler creates a level of recession against the flow, which, if the pipe diameter
creates the same level, due to the geometry of the pipe, the spoiler addition impact will be
greater than the diameter increment on the burial depth rising.
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