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Introduction

Bridges are one of the most important structures which are under attention from many years.
Bridge is a structure to cross over obstacles such as rivers or valleys. In recent decades, despite
using modern materials and technology, and spending lot of costs for designing and building
bridges, failure of them are commonly reported due to flood and local scouring. Local scouring
occurs by placing obstacles such as abutments in flow direction. Different methods of reducing
scour hole have been investigated by researchers. (Johnson et al. (2001) and Kayaturk et al.
(2012)).
The methods of scour reduction are divided to two main groups, known as direct and indirect
methods. In direct methods or bed resistant methods, the resistant of bed against scouring is
increased by adding different materials to the bed and near groin. In these methods, flow patterns
remain constant but resistant of bed materials increases. Morales et al. 2008 investigated these
kinds of methods by using of gravels and rocks. Korkut et al. 2006 used sacks of sands (geo bag).
In indirect methods which are known for changing flow pattern, changes are made to flow pattern
to reduce the power of destructive vortexes or remove them from head of abutment. Examples of
investigating these methods are using parallel walls in abutments by Li et al. 2006, using
submerged plates by Johanson et al 2001 who investigated a short vertical abutment in flood
plain of a river. They investigated effects of different cases of placement submerged plates in
main channel on water scouring. They reported that these plates eliminate vortexes from
abutment and scour hole will transfer to the middle of the river; however scour depth will
increase in this method.
One way of controlling and reducing local scouring, is to create roughness on abutments which
are prominent spherical and angled rings concrete. In this study, by creating roughness on semi-
circular abutment, their effects on reducing scour depth were investigated.

Methodology

Experiments were carried out in a flume which is 7 m long, 0.32 m wide and 0.36 m deep
with horizontal bed slope. A pump with a maximum discharge capacity of 10.5 lit/s circulated
water from sump. A movable weir located at downstream of flume controlled water level.
To minimize sidewall effects on local scouring, Raudkivi and Ettema 1983 determined the ratio
of the distance between abutment axis and the wall to the length of the abutment greater than
6.25. According to this number, the length of the abutment in this study was chosen as 30 mm
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and from Perspex. In all experiments a short semicircular abutment L/y<1 (in which L is the
radius of the abutment and y is flow depth) was used. According to Raudkivi and Ettema
(1983) to avoid ripples, the median size of bed materials should be greater than 0.7 mm.
Therefore, according to mentioned studies, the experiments were carried out using non cohesive
sediments with median diameter of 0.7 mm, specified gravity of 2.65 and geometric standard
deviation of 1.2.

To investigate the effects of the depth of roughness and determine the appropriate distance
between roughness to control and reduce scour hole, 10 runs were carried out according to table
1. The thickness of roughness is constant in all runs.

Table 1- the dimensions of sharp edge roughness

Test No. a (roughness b (distance ¢ (roughness
height) between roughnesses) depth)

1 0 0 0

2 0.05L 0.15L 01L
3 0.05L 045L 0.1L
4 0.05L 0.75L 01L
5 0.05L 0.15L 0.075L
6 0.05L 045L 0.075L
7 0.05L 0.75L 0.075L
8 0.05L 0.15L 0.05L
9 0.05L 045L 0.05L
10 0.05L 0.75L 0.05L

Findings

Existence of roughness will reduce the final scouring depth and intensity of scouring. It seems
that the existence of roughness will reduce the power of downward flow. As the creation of initial
vortexes (horseshoe vortexes) is due to existence of downward flows, reducing the intensity of
them will reduce initial vortexes and this will effect on scouring. Figure 1 illustrates the effect of
roughness intervals on scour depth in different roughness depth.
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Fig. 1- Effect of roughness interval and the size of roughness in scour reduction

Totally, there is a special relation between the interval and the depth of roughness. In field
operations it is crucial to pay attention to the point that increasing the roughness depth has a lot of
limitations. So according to figure 1, The abutment with roughness depth, interval and constant
thickness of (c=0.1L), (b=0.45L) and (a=0.05L) respectively has the most efficiency on reduction
of final depth and trend intensity of scouring.
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Conclusion

In this study, the local roughness method is used for abutments to control and reduce scouring.
Results revealed that the existence of roughness is effective for scour hole reduction. By
increasing the depth of roughness and also by choosing an appropriate distance between them,
the efficiency of roughness will increases, in which roughness with depth of c=0.1L, intervals of
b=0.45L and constant thickness of a=0.05L will reduce scouring by 46%. Therefore, local
roughness can be used as an operable method while concreting, economical and reliable way of
controlling and reducing scouring.
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