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Obijective: The objectives of this research were: Investigating the effect of the presence
of floating objects on scour around the bridge piers. 2- Laboratory investigation of the
effect of a gap below the bed surface in a square bridge pier on reducing scour depth in
the presence of floating objects. 3- Presenting an equation to consider the effect of a gap
below the bed surface on reducing scour depth in the presence of floating objects.

Method: In this study, the effect of creating a subsurface gap in a square pier with a
sharp tip on reducing the scour around the bridge pier, where a rectangular floating
object is trapped behind the pier, was experimentally investigated. The study was
conducted on 2 piers, one with a gap and one without, 3 floating objects (in positions
above the water surface, at the water level, and below the water surface), and 4 flow
rates (10, 20, 30, and 40) liters per second. A gap of (18+7 cm) was created in the pier,
with 7 centimeters of the gap length placed within the bed.

Results: For the base without a gap without the presence of an object, the depth of the
washout pit increased with the increase in flow rate, and after placing the object behind
the base, it was observed that the increase in the flow rate increases the depth of the
washout. The closer the object is to the water surface, the scour around the base
decreases and vice versa. The closer the object is to the surface of the bed, the deeper
the scour increases. The scour depth increased with the increase in flow rate, and in
examining the effect of the size of the floating object, the scour depth increased as the
size of the floating object increased. Increasing the flow rate enhances both the depth
and volume of the sinkhole. Accumulation of floating objects around the bridge base
increases the depth and volume of the sinkhole compared to the absence of floating
objects. Creating a gap is an efficient method to control erosion around the bridge
pier.The pier, with a gap of 7 cm below the surface of the bed up to 40.8% compared to
the control sample, controls erosion around the base.

Conclusions: The results from 80 experiments indicate a reduction in scour by up to
40.8 percent compared to the control sample; therefore, the use of the gap helps control
scour around the pier.
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Introduction

Bridges are known as important structures all over the world, and the importance of these
structures becomes more apparent during floods. Unfortunately, due to various reasons,
including the problems caused by the destructive effects of erosion around the bridge
foundations, incidents such as bridge failure occur. These incidents cause irreparable damage
and it is in this situation that the importance of knowing the important factors of the bridge
failure threat becomes more important. Erosion is the movement of bed sediments in the
direction of water flowing from one place to another. Washing in the river bed is either due to
natural factors such as collisions with foliage and tree trunks, etc., which are in the path of the
flow, or due to human factors such as the creation of structures. It is like a bridge in the path
of a stream. Used to control the local erosion around the bridge foundations, the direct method
is to strengthen the bed through protection stones, etc., and the indirect method is to change
the pattern. The current formed around the base of the bridge is like creating a collar and gap,
etc.

Method

In this research, by creating a gap in the base of the square bridge with a sharp nose and by
placing a floating object behind the base, the depth of local water-wash around the base has
been investigated. The experiments were carried out in the hydraulic laboratory of Shahrekord
university, in a laboratory flume with a length of 20 meters, width and height of 60 cm and in
clear water conditions. The bed materials were used from uniform sediments passed through
sieve No. 16 and remaining on sieve 25. By drawing the grading curve, the average diameter
of the bed sediments was 0.85 mm. The length of the test bed was 4 meters and the width of
the bed was the same as the width of the flume (60 cm), and the bed height was 16 cm. A
square base with a sharp nose without a gap was used for the witness and a square base with a
sharp nose with a gap, with dimensions of 25 cm in length (18 cm above the bed surface + 7
cm below the bed surface) and 2.55 cm in width were used. Floating objects were designed in
3 different sizes (10x15x20 cm) for object M1, 25x10x10 cm for object M2, and 10x20x30
cm (10x20x30 cm) for object M3. The height of all 3 objects is 10 cm, but the width of the
objects from small to large was 20, 25 and 30 cm, which are proportionally larger than each
other, but the most important factor is the length of the floating object, which in this
examination was selected from small to large object, 15, 12 and 20 cm respectively, and the
length of object M2 is smaller than M1. The floating objects were placed behind the
foundations in 3 positions: the object is above the water level, the object is at the same level
as the water, and the object is below the water level. For each foundation, the washing was
first checked without the presence of the floating object and then with the presence of the
floating object. Experiments were performed for 4 flow rates (10, 20, 30 and 40 L/s) and the
height of water on the bed surface was 20 cm and considered constant. For each footing, the
effect of flow rate, the effect of the size of the floating object, and the effect of the position of
the object behind the bridge footing were investigated.

Results

By examining the results of 80 tests, for the base without a gap without the presence of an
object, the depth of the washout pit increased with the increase in flow rate, and after placing
the object behind the base, it was observed that the increase in the flow rate increases the
depth of the washout. In the investigation of the size of the floating object behind the base, as
the length and width of the floating object increased, the scour pit became wider, and in the
investigation of the effect of the position of the floating object, it was observed that the closer
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the object is to the water surface, the scour around the base decreases and vice versa.

The closer the object is to the surface of the bed, the deeper the scour increases. For the
cracked base, a gap was observed 7 cm below the surface of the bed without a floating object.
The scour around this base was not observed without the presence of a floating object for the
flow rate of 10, 20 and 30 liters per second, but for the flow rate of 40 liters per second. The
scour depth was reported to be 1.3 cm, which reduced the scour around the base by 72.3
percent compared to the control base without a gap, which was 4.7 cm. After placing the
floating object behind the base, by examining the effect of flow rate, it was observed that the
scour depth increased with the increase in flow rate, and in examining the effect of the size of
the floating object, the scour depth increased as the size of the floating object increased. And
in the investigation of the position of the floating object at the flow rate of 10 and 20 liters per
second, no scour was observed around the base of the bridge in any of the investigation
modes. At a flow rate of 30 liters per second with object M1 present, scouring around the base
of the bridge has intensified as the object descends relative to the water level. However, for
objects M2 and M3, when positioned at the same water level, the scouring depth is greater
than when the object is submerged. At a flow rate of 40 liters per second, for all three floating
objects, scouring is more pronounced when the object is at the water level compared to when
it is below the surface. Increasing the flow rate enhances both the depth and volume of the
sinkhole. Accumulation of floating objects around the bridge base increases the depth and
volume of the sinkhole compared to the absence of floating objects.

Conclusions
Increasing the length of the floating object reduces the scour around the bridge base. Placing

floating objects above the water surface causes less washing than placing them below the
surface. In the base without the presence of the floating object, the maximum scour depth was
formed next to the square rib of the base, and after the presence of the object behind the base,
the maximum scour depth was formed near the tip of the nose. Creating a gap in the base of
the bridge at low flow rates, 10 and 20 liters per second, controlled the erosion around the
base. Creating a gap is an efficient method to control erosion around the bridge pier. The pier,
with a gap of 7 cm below the surface of the bed up to 40.8% compared to the control sample,
controls erosion around the base.
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