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Abstract

Pipelines passing across the river to convey water, gas, and petroleum may develop local scour at
the pipeline location. Scour development may cause damage due to pipe failure and disorder in
utilization. The eddy currents around the pipe lead to the scouring phenomenon causing the non-
uniformity of the pipeline and its fracture which will ultimately have environmental and destructive
consequences. In this study, the effect of pipe diameter has been investigated. The experiments
were conducted with five diameters (20, 30, 40, 50, and 60 mm) in three Froude numbers (0.2,
0.235, and 0.26) under identical bed conditions. In the following part, scouring profiles were taken
and the scouring progresses over time and maximum scour depth were investigated. The results
show that scouring under pipe for a diameter of 60 mm has the highest and is the most progressing
towards time compared to other diameters.

Introduction

Local scour below pipelines, laid on and across the river beds to convey water, oil, gas, or any
kind of fluid commonly occurs by the erosive action of flowing stream. Scour may leave a pipeline
unsupported over a considerable distance resulting in fatigue failure due to flow-induced oscillation
by wake-vortex shedding. Therefore, one of the significant aspects of pipeline design is the
prediction of the extent of scour below pipelines. Chiew (1991) gives a comprehensive review of
the research on scour below pipelines. Mao (1986) described the role of vortices that were formed
on the front and back of the pipe. He examined the leakage flux from the underlying pipe associated
with the start of scouring. Beek and Wind (1988) used a numerical method to solve Navier-Stokes
equations. They were able to predict the flow equations and the amount of sediment transport
around the pipe and the maximum depth of the scour under the pipe. Li and Cheng (1999) used the
finite difference method to calculate the scouring profiles. None of the aforementioned studies
systematically examined the influences of various parameters on ds. The present study aims at an
experimental investigation of clear water scour below pipelines in uniform sediments under steady
flow.

Methodology
In this study, 15 experiments were conducted to investigate the effect of pipe diameter and
approach depth on bed scour under the pipeline river crossing (Tablel). Moreover, the effect of
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five circular cross sections of pipe (20, 30, 40, 50, and 60 mm) was investigated for three Froude
numbers of (0.2, 0.235, and 0.26).

The experiments were carried out at the hydraulic laboratory, in a 10 m long glass walled
rectangular flume having 0.74 m width. The pipes extended the entire width of the sediment bed
in the middle of a sediment recess which was 1.5 m in length and 0.74 m in width; then, the flume
was filled with water from downstream.

Table 1- General pattern of experiments
Average flow

velocit Average flow Flow
Diameter ity g€ Depth of discharge
Row of pipe Froude ratio velocity flow cubic )
PIp number sediment meters per )
(mm) (cm) meters per
movement (second (second
threshold velocity
1 20 0.2 0.7 0.23 11.8 0.02
2 30 0.2 0.7 0.23 11.8 0.02
3 40 0.2 0.7 0.23 11.8 0.02
4 50 0.2 0.7 0.23 11.8 0.02
5 60 0.2 0.7 0.23 11.8 0.02
6 20 0.235 0.82 0.27 13.3 0.0265
7 30 0.235 0.82 0.27 13.3 0.0265
8 40 0.235 0.82 0.27 13.3 0.0265
9 50 0.235 0.82 0.27 13.3 0.0265
10 60 0.235 0.82 0.27 133 0.0265
11 20 0.26 0.95 0.32 14 0.033
12 30 0.26 0.95 0.32 14 0.033
13 40 0.26 0.95 0.32 14 0.033
14 50 0.26 0.95 0.32 14 0.033
15 60 0.26 0.95 0.32 14 0.033

Results and discussion

Regarding the longitudinal scour profiles, it can be seen that scouring under a pipe with a
diameter of 60 (mm) has the highest advance relative to time compared to other diameters. When
used with a high diameter pipe, the water level rising upstream and the flow rate decreases, and the
pipeline acts as an overflow in the upper diameters and increases the amount of scour. The
nondimensional diagram of maximum depth of scour for different Froude numbers is shown in
Fig.1. The results show that for a constant Froude number, the scour depth under the pipeline
increased by increasing the pipe diameter for different diameters. With an increase in Froude
number, the maximum depth of scour and its distance from the axis of the pipeline increase.
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Fig. 1- Normalized diagram of maximum scour depth for various tests

Conclusion

-With an increase in Froude number, the maximum depth of scour increases.

- With an increase in the pipeline diameter, the maximum scour depth and its distance from the
axis of the pipeline increase.

-1t is recommended that the pipeline crossing the straight reach of a river be constructed at a reach
with subcritical flow. Using a pipeline with the minimum possible diameter would be the other
recommendation.
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2 30 0.2 0.7 0.23 11.8 0.02

3 40 0.2 0.7 0.23 11.8 0.02

4 50 0.2 0.7 0.23 11.8 0.02
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