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Abstract

Introduction: Investigation of the scour in rivers and related structures are very important.
Scour around bridge piers and bridge abutments are the main cause of bridge failure. The
scour around the bridge piers causes instability of them, and without applying an appropriate
solution, it eventually leads to the demolition of the structure. Therefore, a study on the
mechanism of the scour and the effective parameters on the amount of scour are important.
So, until now, various studies have been done on the mechanism of scour around hydraulic
structures especially bridges piers. In this field, researches are more focused on the scour of
piers, but no effective results were obtained on the scour phenomenon around the piers. Bed
erosion and transport of sand material from its initial location by a flow called scour. Local
scour is a special type of scouring that may occur around the bridge piers or bridge abutments.
This type of scouring is the main reason for many bridge failures in the word. Because of this,
using a method to control and reduce scour is important. One of the methods to reduce the
scour depth around the bridge pier or abutment is installation a thin flat rigid plate (collar) on
the pier or abutment. There is no comprehensive study to use perforated collar for protecting
the piers against scour so far. Therefore, this topic was considered for this research.

Methodology: This study was performed in the flume with a length of 6 m, a width of 0.72 m,
a height of 0.6 m, and a constant bed slope equal to nearly zero in the Hydraulic Laboratory of
Shahid Chamran University of Ahvaz. The bed materials were noncohesive sediment with an
average diameter equal to 0.73 mm and a geometric standard deviation of 1.22. As well as
Plexiglas plates with a thickness of 3 mm were used to build the collar. In this study, 27 tests
were performed to measured, sediment scours and determine the two-dimensional velocity
components. A series of tests were performed as a control experiment. The tests of scouring
were performed in three flow rates equal to 25, 30, and 35 liters per second. In this condition,
Froude Number was equal to 0.26, 0.32, and 0.37 respectively. Three unsymmetrical collars
with different dimensions were tested. Then series of experimental tests were conducted in a
physical model using three different Zc (0, 0.25, and 0.5 high). For analyzing the measured
data at first a general nondimensional relationship was developed.

Results and discussion: Dimensionless plots were drawn regarding the effects of the
dimension of collars on scour reduction around bridge pier. Different positions of installation
of the collar were tested. Dimensionless plots were drawn for finding the effects of collar
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performance in various heights. After many testing, one of the collars that showed the best
performance is selected as an optimum collar. Then, the perforated unsymmetrical collars
were tested. Also, two tests were performed to determine three-dimensional components of
velocity around the collars in different depths. The results show that the performance of the
perforated collar in unsymmetrical shapes improves by increasing its dimensions. The
performance of the collars located on the bed is better than the others located above the bed.

Conclusion: The results show that the collars have an important role in the reduction of scour
development. In the section of determination of three-dimensional components of velocity, the
results show that the collar act as a shield against the downflow. Therefore, it can control the
horseshoe scour around the pier. Literature review shows that the maximum scour depth
occurs in the case of the cylindrical pier. Therefore, in this study, the cylindrical shape of the
pier was selected and the effects of Froude Numbers were analyzed on scouring development.
Result shows, that increasing in Froude Numbers of flow will cause an increase in scour depth.
Also, as the height of mounting the collar increased, so the scour depth and the width of the
scour hole increase. At the final step of the study, three-dimensional components of velocities
were measured by ADV. The speedometer - ADV -was fixed at 0, 1, 3, and 5 cm above the bed
channel. When the 15% collar fixed on the bed, then scour decreased to 72%. In addition, the
30% and 40% collars had the same results. Velocimeter and flow pattern was drawn around
the collars. Also, the results confirm that near the piers because of the downflow usually,
maximum velocity occurs near the bed. Generally, downflow and generated wake vortex
behind the piers are effective parameters on bridge piers scour.

Keywords: Perforated collar, Flow pattern, Laboratory model, Pier scour.
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