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Abstract- Due to the three-dimensionalities of the flow and sediment movement, the scour
process around bridge elements such as piers, abutments, and spur dikes is complicated.
In the present study, a laboratory investigation was carried out to determine the scouring
around the bridge abutment without and with countermeasures. A wooden model of
bridge abutment was embedded in a sand bed under two different values of discharge.
Each experimental case was run for the time duration of two hours. The result showed
that scouring around bridge abutment increases by increasing the flow discharge. The
maximum scouring around the bridge was observed to be 17.92cm which was 9% greater
than scouring at a flow discharge of 0.016m?%/s. By providing an industrial by-product as
a countermeasure, it was observed that scouring around the bridge abutment decreases
compared to without placing any countermeasures but scouring increases by increasing
the flow discharge. The maximum reduction in scouring around the bridge abutment was
observed to be 33% for two different values of flow discharge compared to the without
placing countermeasures cases. It was concluded that industrial by-products reduced
scouring around the bridge abutment up to the maximum level and provided protection to
the bridge abutment from failure.
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1. Introduction

The process of soil or silt being eroded or removed from around the base or foundation of a bridge is referred to as "scouring
around a bridge abutment.” The moving water of a river or stream, particularly during times of high-water velocity or
floods, has the potential to bring about this effect. If it is not addressed, scouring has the potential to put the bridge's
stability and safety at risk. Sand, gravel, and silt are examples of sediments that are typically carried by rivers. These
sediments have the potential to build up around the abutments of the bridge over time. It is possible for scouring in the
river as a result of the sediments being mobilized and eroded if there is an excessive sediment load or if there are changes
in the sediment transport patterns of the river as shown in Figure 1.

Local scouring is an important and critical process that may occur around the piers and abutments leading to the
catastrophic collapse of the bridge [1]. The process of local scour occurs in the surroundings of piers and abutments and
has many similarities [2-4]. Therefore, it is necessary to assess the local scour around piers and abutments carefully and
precisely. Otherwise, local scour may result in the collapse of the whole bridge structure, with the potential of a serious
death toll and injuries in its aftermath [5, 6]. As the flow encounters the pier or abutment, it separates and converges
downstream, forming a vortex. The downstream flow and vortices shed by the abutment may result in local scour at its
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upstream face [7]. The horseshoe vortex at the base of the abutment causes the scour hole to become wider and deeper as
briefly presented in Figure 1 [8, 9]. It's important to note that scours can be influenced by various factors, including flow
velocity, sediment characteristics, channel geometry, and structural design. Understanding the scour mechanism is crucial
for designing effective countermeasures to mitigate scours and ensure the stability of bridge structures [10].

Many hydraulic researchers have investigated the challenge of local scouring experimentally under various flow
conditions. Numerous methods have been proposed and implemented based on research aiming to minimize local scours
around the piers and abutments [11]. There are two categories of countermeasure techniques around the abutments for
local scour: bed surface armoring and flow modification [12-14]. Bed surface armoring techniques use hard materials like
riprap stones, gabions, cable-tied blocks, concrete mats, or bags to protect the bed surface materials from flow-induced
destabilization and scour. The flow modification techniques either prevent the scour-inducing mechanism or shift the scour
hole away from the abutment's vicinity [15]. They are spur dike, parallel-wall, or collar and hooked-collar applications on
abutments used as countermeasures against abutment scour in open-channel flow scenarios [16].

Previous literature shows that different researchers proposed countermeasures for scour reduction around bridge
abutments, but their proposed solution is not economical and cost-effective. Therefore, in the present study, the objective
was to investigate the scour reduction under different flow discharges and to investigate the maximum scour around the
bridge abutment. The present study mainly focuses on scour reduction around bridge abutments by using industrial by-
products such as bricks, and ceramic material to provide economical and better countermeasures.

@ (b)
Figure 1. (a) bridge abutment failure caused by scouring (b) schematic figure of scouring pattern around bridge
abutment

2. Experimental Procedures

Experiments were performed in an open channel placed in the water resources engineering laboratory of the Civil
Engineering Department of the University of Engineering and Technology Taxila. The channel has a length of 20 meters,
width of 0.96 meters, and height of 1 meter respectively as shown in Figure 2a. Flow was supplied to the channel from
the underground tank through the pump. The channel flow was measured by using a compound rectangular trapezoidal
sharp-crested weir provided at the end of the channel. Such discharge was permitted so that bed shear stress does not
exceed the threshold. The whole study was carried out using a bed of uniform sand that has an average diameter of ‘d50’
= 0.51 mm. The geometric standard deviation of the particle size distribution og = (dsa/d15)*° was 1.74, here dgs and dis
represent that the sediment sizes were finer at 84% and 16% respectively. The mean grain size of sand is ds=0.51 mm.
The tests were performed at two different discharges (i.e., 0.016 m%s, 0.022 m%/s). To fulfill the short-abutment criteria
i.e., La/Yc <1, the flow depth of 12cm was used in all these experiments against 14 cm abutment length as shown in Figure
2b and Figure 2c shows the scour depth and scour pattern around the bridge abutment. Flow conditions for each
experimental case are summarized in Table 1.
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Table 1. Hydraulics condition experiment

Discharge (m?/s)

Flow depth (cm)

Median Grain Size

Q Ym (dso) (cm)
0.016 12 0.051
0.022 12 0.051

A
“ojoyv®

3. Research Methodology

All the experiments were carried out in clear water conditions. To confirm fully established velocity profiles, a vertical -
wall abutment was positioned in the last one-third of the sediment bed region of the experiment portion [17]. To measure

the value of discharges at " 26 5 3 g Wi the end of the channel a
trapezoidal sharp-crested @ =3 Crazy/Z8 (b'h ?) +3 Crary/ZE (2b)h' 2 + {1Cay 28 (tan3) he weir was positioned with

the help of the equation obtained by [18].
Where 6 = notch angle, b = length of the weir
Cr= discharge coefficient of the rectangular sharp-crested weir,
Cu= discharge coefficient for triangular sharp-crested weir
Inlet tank 20m
o 2.3500m ——
Abutment Tallgate
% N PSR
G B R el Sand trap
= Weir |
— Reservoir |
Pump (a)

Figure 2. experimental setup of laboratory investigation (a) séﬁématic diagram of experimental work with abutments
setup (b) photograph of abutments model in a flume (c) scouring depth and pattern around abutments

Paper ID. 23-405



i, 5% Conference on Sustainability in Civil Engineering (CSCE’23)

N 2\ Department of Civil Engineering
\5‘53’/ Capital University of Science and Technology, Islamabad Pakistan
4. Results

4.1. Scour Depth without Countermeasures

The scour depth around the bridge abutment has been determined under two different flow discharges. It was observed
that scouring depth at the outer side of the bridge abutment increases by increasing the flow discharge as by increasing the
discharge the flow velocity at the outer edge of the abutments increased that resulting sediment flow on the outer edge of
the abutment. Figure 3a shows the scour around bridge abutments for flow discharge of 0.016m?%/s. The maximum scour
depth underflow discharge of 0.016m?/s was observed to be 16.29cm as shown in Figure 3a.

Similarly, scouring depth around the bridge abutment underflow discharge of 0.022m®s was also determined. The
maximum scour around the bridge abutment underflow discharge of 0.022m?3/s was observed to be 17.92cm which was
9% more than scour depth under the discharge of 0.016m?%/s as shown in Figure 3b. The results showed that by increasing
the flow discharge, scour depth around bridge abutments increased by a multiple of 9%.
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Figure 4. Scour reduction using countermeasures (a) Scour reduction under flow discharge of 0.016m%/s (b) scour
reduction under flow discharge of 0.022m%s.
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Figure 3. Scour depth around abutments without countermeasures. (a) scour depth at discharge of 0.016m?/s (b)
scour depth at discharge of 0.022m?%/s.
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4.2. Scour Depth with Countermeasures

The present study investigates the scour reduction around bridge abutments using industrial by-products as a
countermeasure. It was observed that scour depth with countermeasures decreases for two different values of flow
discharge but increases by increasing flow discharge as shown in Figure 4a-b. Industrial by-products protect the bridge
abutments that reduced the flow velocity around the bridge abutment resulting in a scour reduction around the bridge. The
scour depth is reduced by up to 33% for two different values of flow discharge and scour reduction increases by decreasing
the intensity of flow. Hence it was found that industrial by-products are efficient for scour reduction around bridge
abutments.

4.3. Implementation of Study

In Pakistan, it is common practice to come across scouring or sediment erosion, both of which have the potential to cause
damage to bridge abutments. Researchers from a variety of institutions have come up with a variety of potential solutions
to the problem of scouring bridge abutments in the hopes of reducing the frequency with which it occurs [12,19,20].
However, despite the fact that these preventative measures have been shown to be beneficial in lowering scour, the
country's economic conditions have not been fulfilled by them. This study investigates the use of industrial by-products as
a potential method for reducing the amount of scouring that occurs near bridge abutments in a way that is both cost-
effective and efficient. The project will also look into ways to improve existing systems to prevent the collapse of bridge
abutments.

5. Conclusions

Based on an experiment performed in the hydraulic laboratory for scour reduction around bridge abutments using
industrial by-products as a countermeasure, the following conclusion has been concluded.

1. The scour depth around bridge abutments increases by increasing the flow discharge and the maximum scour
depth was observed to be 17.92cm.

2. The maximum scour around the bridge abutment underflow discharge of 0.016m?%s was observed to be
16.29cm.

3. Scour depth underflow discharge of 0.022m%/s was observed to be 9 percent more than scour depth
underflow discharge of 0.016m?%s.

4. The scour depth was reduced up to 33% when the industrial product is provided as a countermeasure around
the bridge abutment which reduced the flow velocity around the abutment.

5. The results concluded that using industrial by-products as countermeasures would be economical and should
be implemented in developing countries.
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