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An experimental study of the effect of simple spur dyke on the local scour
around the bridge abutment
Amin Nazeri!, Samad Emamgholizadeh?, Khalil Azhdary3
Abstract

The occurrence of scouring is one of the most important threats to the stability of the bridges which built
on the rivers. In order to prevent possible destruction and irreparable damages, it is necessary to control
scour by carefully examining the scouring process and applying appropriate methods. In this research,
by constructing a laboratory model, the effect of using a simple spur dyke on the reducing of the scour
around the bridge abutment which located on the erodible river bed was investigated. For this purpose,
a spur dyke structure with certain dimensions and specified distance from the bridge abutment
(according to the flow characteristics of river geometry) was used and the effect of each parameter on
the scouring of the abutment was examined. Also, based on statistical analysis using the SPSS software
a regression relationship achieved for estimating the scour depth around the abutment. The results of
this study indicate that the protective spur dike reduced the scour depth around the bridge abutment
nearly 94%. Also, the efficiency of the spur dike was directly related to its length and inversely related
to its distance from the abutment.

Keywords: Single spur dyke, River, Scour, Bridge abutment
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An experimental study of the effect of simple spur dyke on the local scour
around the bridge abutment

Amin Nazeri!, Samad Emamgholizadeh 2, Khalil Azhdary?

Introduction

The occurrence of scouring is one of the most important threats to the stability of the bridges which built
on the rivers. In many cases, scouring can lead to the complete destruction of the bridge and cause
economic and human losses. The results of studies show that scouring the bridge abutments will be
much more problematic than scouring the bridge piers. Studies on the failure of 383 bridges in the United
States show that in 25% of them the piers were destroyed and in 72% the abutments were destroyed. To
prevent possible and irreparable damages it is necessary to control the scour by carefully examining the
scouring process and using appropriate methods. Given the importance of the subject, over the years
researchers have examined the use of various methods to reduce scouring. Using the geobags, vertical
walls, rip-rap and collars are methods proposed by researchers to reduce scouring around the abutment
One of the methods that reduces scour around the abutment by changing the flow pattern is the
construction of a spur dyke. Spur dykes are in the form of walls that are constructed in series (several
spur dykes) or individually across the river and with suitable length and in most cases, perpendicular to
the general direction of the flow. Spur dykes are made of stone, soil and river materials or a combination
of different materials.

Methodology

The experiments were performed in a flume with a length of 12, a width of 1 and a height of 0.6 m. The
length of the compound section was 6 m, which was installed at a distance of 3 to 9 m from the beginning
of the channel. The main channel was made of glass and had a width of 20 and a depth of 8 cm. Both
sides of the main channel were filled with a thickness of 30 cm of uniform non-cohesive natural
sediments with an average diameter of dso= 1 mm. The abutments used were made of galvanized sheet
with a length of 15 cm and a semicircular nose with a diameter of 10 cm. The spur dykes used were
impermeable and made of glass with a thickness of 10 mm to a height of 35 cm and variable length. The
experiments were performed in clear water conditions by adjusting the flow rate and depth of the
sediment to the threshold of sediment movement U/Uc= 0.95. Where U is the average approach velocity
and Uc is the velocity threshold of sediment particles 4 flow rates of 18, 20, 22 and 24 liters per second
were selected and experiments to determine the limit of movement threshold were performed on the
floodplain. Thus, 4 depths of 5, 5.5, 5.93 and 6.28 cm were obtained for the selected discharges. The
length of the spur dykes was equal to 0.4, 0.5, 0.6, and 0.8, which were tested at intervals of 0.6, 0.2,
1.6, 2 and 2 from the abutment. According to the variable parameters in the experiments, 25 experiments
were performed in each discharge, which together with 4 control experiments, a total of 104 experiments
were performed for 4 discharges. After dimensioning the effective parameters of scour around the
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abutment using Buckingham method, Equations 1 and 2 were obtained for the maximum scour depth
occurred around the bridge abutment and around the spur dyke, respectively:

dg L X
3o (FT, T f) 1)

dp _ (. L X
7_ (Fra L’ L) (2)

Where y is the flow depth, Fr is the Froude number, L is the spur dyke length, L is the abutment length,
and X is the spur dyke distance from the abutment. Table 1 shows the values of these dimensionless

parameters:
Table 1: Dimensionless parameter and Test values

Test values Dimensionless parameter
046 048 049 052 Fr
2 16 12 0.8 0.6 X/L
08 07 06 05 04 L'/L

Discussion and Conclusion

In the present study, the effect of the presence of a simple spur dyke on the scour of the bridge abutment
located in the main section of the erodible river was studied using a physical model. In all dimensions
and distances tested, the presence of the spur dyke reduced scour around the abutment by at least 50%.

The maximum scour reduction rate was more than 90% in all Froude numbers tested. The results of this
study showed that by increasing the dimensionless length of the spur dyke (ratio of spur dyke length to
abutment length), spur dyke efficiency increases in reducing scour of bridge abutment. By increasing
the L '/ L parameter from 0.4 to 0.8, the spur dyke efficiency has increased by an average of 17%. So
that by increasing the L'/L parameter from 0.4 to 0.8, the spur dyke efficiency has increased by an
average of 17%. By increasing the dimensionless distance of the spur dyke (ratio of the distance of the
spur dyke from the support to the length of the support), the effect of the breaker on the support scour
is reduced and the efficiency of the spur dyke decreases. So that by increasing the X/L parameter from
0.6 to 2, the spur dyke efficiency has decreased by an average of 13%. The results of this study showed
that with increasing the dimensionless length of the spur dyke, although the scour of the abutment
decreases, but the scour around the spur dyke increases so that by increasing the value of L'/L from 0.4
to 0.8, the value of the dsp/y parameter has increased by an average of 0.48%. The distance of the spur
dyke from the abutment has no significant effect on the scour around the spur dyke. Also, based on
statistical analysis using SPSS software, regression equations 3 and 4 were presented to estimate the
scour around the bridge abutment and the protective spur dyke, respectively.

L=0.0188 (%g_y).ms (%)_1'269 (%)O'6 (3)
20,553 (%g_y)_lm (%)1'44 (%)O'089 (4)
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