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Introduction

Bridges are one of the important structures in the field of land communication. With the
construction of these structures in the river, a flow pattern with a three-dimensional structure
is formed in the vicinity of its piers, and as a result of increasing the flow speed and the
formation of horseshoe vortex and wake vortices, part of the sediments around the piers and
foundation will be washed away, and if the sufficient depth of foundation is not taken into
account, the destruction of the bridge will result especially during floods. Road or railway
crossing over the rivers is limited to the particular reach of the rivers which is determined by
the general direction of the road or railway. Moreover, the general direction of the road or
railway determines the position of the bridge over the river. Selection of the bridge path angle
relative to the river flow direction is very important. Sometimes, due to the geographical
conditions of the region and the general direction of the road or railway, the bridge crossing
directly perpendicular to the flow direction is impossible. In this case, the bridge deck
diagonally crosses over the river and the bridge group piers are angled relative to the flow
direction. In such case, the distance between the piers, the flow direction relative to the piers
and the piers submergence are very important parameters which affect the scour depth.

Methodology

The experiments of this research are carried out in a laboratory channel six meters long,
0.73 meters wide and 0.6 meters high with a longitudinal slope close to zero located in the
Laboratory of Physical and Hydraulic Models of the Faculty of Water & Environmental
Engineering, Shahid Chamran University of Ahvaz. The walls of the channel were made of
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glass with a thickness of 10 mm and the bottom was made of iron. The channel has a tank at
the beginning and also at the end. A flowmeter installed at the beginning of the channel was
used to measure the flow rate. The required water was transferred from the main tank to the
channel by a pump with a maximum flow rate of 26 liters per second, and in order to remove
the disturbance of the flow, a mesh net was used immediately after the inlet of flume. A sliding
valve has been designed to control and regulate the water level at the downstream end of this
channel, through which it is possible to return water to the tank and drain or circulate in the
system. The geometric standard deviation of the sand particles used in the experiments is equal
to 1.3. According to the mentioned conditions, an area of the flume with a length of
approximately two meters and a thickness of 0.1 meter was covered with fine sand sediments
with uniform grain size and an average diameter of 0.0005 meters. The diameter of the bridge
piers (Dp) used in the experiments was 25 mm, which are made of PVC. The arrangement of
the piers were three groups of triplets, and the center-to-center distance of these piers was 10
cm (equal to four times the diameter of the piers). Also, the distance between the groups of
piers was 18.5 cm (equivalent to 7.4 times the diameter of the piers).

Results and discussion

In this study, the effect of the angle of the bridge group piers on the maximum scour depth
at different angles relative to the flow direction (0, @/18, n/9 and m/6) at the clear water
condition and for the three Froude Numbers (0.13, 0.15 and 0.17) were experimentally
investigated. The results of the experiments indicated that with the increase in the relative
speed of the flow, deeper and wider holes of scour are formed due to the activity of vortex
around the piers groups. In general, with the increase in the Froude Numbers of the flow, the
depth of scour holes increases as well as the longitudinal and transverse development of scour
holes. Also, the results showed that with increasing of the angle of the group piers (0 to 7/6)
the maximum scour depth increases so that the maximum percent increases scour depth is
equal to 36% that with changing of the angle of the group piers (0 to n/6) was observed in the
Froude Number equal to 0.13.
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Table 1- Hydraulic conditions governing the experiments

VIV Fr Re  V(m/s)

B(M)  y(m) Qm/s) Row

C
0/92  0/17 35200  0/22
0/82  0/15 31360 0/19
0/72 0/13 27360  0/17

0/73  0/16  0/026 1
0/73  0/16  0/0/23 2
0/73  0/16 0/02 3
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Fig. 3- The time development curve of scour holes around the middle base group by different bases in
Froude number 0.17
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Table 2- Dimensionless changes of the maximum scour depth to the diameter of the bridge pier (ds/Dp) in
constant hydraulic conditions
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Fig. 4- The influence of the flow descent number on the dimensionless changes of the maximum scour
depth to the base diameter
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Fig. 9- Two-dimensional and three-dimensional pattern of scour development around the foundation
group in centimeters (Fr =0.13)
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Fig. 11- Two-dimensional and three-dimensional pattern of scour development around the foundation
group in centimeters (Fr = 0.13)

(Fr =0.13) j0 g8ls o= 3 Boasl 09 5 g0y (it T (St gh Sk 4 § (S92 S9SN 1) I

Flume width(cm)

Flume length (cm)

Fig. 12- The two-dimensional and three-dimensional pattern of scour development around the

foundation group in centimeters ( Fr = 0.13)
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