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Introduction

Estimation of scour at bridge piers has always been a challenging problem to the hydraulic engineers
and has attracted the interest of many researchers. Bridges are always degradation due to various
factors, but many researchers have identified the main cause of bridge failure as local scour around
bridge piers (Lagasse and Richardson, 2001; Dey and Barbhuiya, 2004; Khaple et al., 2017b).
Although there are numerous studies of local scour, however, the coherent structures in turbulent flow
around the bridge pier still remain unknown. Most studies on scour have focused on techniques to
control and reduce the local scouring (e.g. Izadinia and Heidarpour, 2012). Since the sediment transport
process is very complicated due to the interaction of many parameters, therefore, studies have been
carried out to determine the turbulent flow structure, but not enough. Lu and Willmarth (1973)
introduced the quadrant analysis for studying the structure of the bursting phenomenon. In fact, the
bursting phenomenon consists of four different events outward interaction, ejection, inward
interaction, and sweep. Izadinia et al. (2013) and Izadinia and Heidarpour (2019) by measured velocity
profiles around the circular pier and using quadrant analysis, they investigated the flow structure
around the pier. Given the importance of the flow structure and in particular the bursting events around
the bridge piers, it can be stated that still their characteristics have not been investigated in detail.
Therefore, since the quadrant analysis is a powerful tool to recognize the structure of the bursting
phenomenon and consequently to find the susceptible regions for sediment entrainment and deposition,
this technique is considered in present study to investigate the coherent structure of turbulent flow in
scouring process around the bridge pier. In addition, since previous studies have focused more on
investigating the flow structure at the circular bridge pier, therefore, the main objective of this study is
to investigate the flow structure around round-nosed rectangular with bed sill.

Methodology
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The experiments were carried out in a rectangular flume with 15 m length, 0.9 m width and 0.6 m
height. A round-nosed rectangular pier with the ratio of L/b=2 and the width of 30 mm was installed
at the center of the test section 1 m long. The test section was filled with uniform sand particles of 0.72
mm medium diameter and geometric standard deviation of 1.2. The coordinates of the pier location are
x=0 and y=0. A 1-cm-thick PVC plate as wide as the channel width and flush with the bed was used
as the bed sill at downstream of the pier. The bed sill was attached to back of the pier. The local scour
test was carried out under conditions that the ratio of flow velocity to the critical flow velocity was
0.92. The longitudinal, transversal, and vertical velocities in the centerline of the channel were
measured using by Acoustic Doppler Velocimeter (ADV). The velocity fluctuations at each point were
measured with a frequency of 200 Hz and a sampling duration of 120 s, such that 24000 data samples
were captured for each velocity component. Velocity profiles were measured in 9 different positions
at upstream and downstream of the bridge pier. After measuring the velocity fluctuation data, WinADV
was used to filter and process the velocity and turbulence data. The velocity data was processed based
on two key parameters, signal to noise ratio (SNR) and correlation coefficient (COR). Velocity data
with SNR of less than 15 dB and COR of less than 70% was filtered out.

Results and Discussion

Bursting events were analyzed using quadrant analysis. For this purpose, a computer program was
written in MATLAB. The occurrence probabilities profiles of each events at upstream and downstream
of the pier for H=0 are shown in Fig. (1). The results indicate that at upstream of the pier and near the
bed (z/h<0.03), occurrence probabilities outward interaction and inward interaction are dominant. By
increasing the distance from the bed due to the velocity reversal phenomenon near the bed, the
occurrence probabilities of ejection and sweep become dominant. By averaging of occurrence
probabilities at depth in upstream of the pier, it was found that the sweep event has highest occurrence
probability than other events, which followed, by ejection, outward interaction and inward interaction
events have highest occurrence probabilities. In downstream of the pier, near the bed (Fig. 1b), outward
interaction and inward interaction events than ejection and sweep events are highest occurrence
probabilities. The occurrence probabilities of outward interaction and inward interaction events
become nearly the same in outer region. The other two events, ejection and sweep, have nearly the
same occurrence probabilities.
The variations |S; | as a function of the hole size H for each quadrant at z/h=0.1 at upstream and
downstream of the pier are shown in Fig. (2). The results indicate that ejection (1) and sweep (V)
events are dominant and outward interaction (1) and inward interaction (I11) events appear to contribute
weakly to the Reynolds shear stress production. In general, the contribution of each events to the
Reynolds shear stress production in downstream of the pier due to the presence of bed sill are weaker.
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Fig 1- Occurrence probability of bursting event for each quadrant (I, 11, 111, 1V); (a) upstream of the
pier, (b) downstream of the pier
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Fig 2- Variation of |S; 4| with H for z/h=0.1 at upstream and downstream of the pier for each quadrant
(LI L)

Conclusions

At upstream of the pier, it was found that sweep event than ejection, outward interaction and inward
interaction events has highest occurrence probabilities. In downstream of the pier, near the bed,
outward interaction and inward interaction events are highest occurrence probability. In addition,
investigation the variations [S; 1| as a function of the hole size H at z/h=0.1 it shown that the ejection
and sweep events are dominant and as well as the contribution of each events to the Reynolds shear
stress production in downstream of the pier due to the presence of bed sill are weaker.
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Fig 6- (a) Contour lines of the equilibrium scour hole around the pier and downstream of the bed sill,
(b) Temporal development of local scour
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Fig 7- Location of velocity measurement points on the channel centerline on the bed profile
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Fig 8- Velocity profiles at upstream of the pier in directions: (a) streamwise, (b) vertical, and (c)
transverse
25 (C 983908 (D (omiinnd (A SO G> 30 4l CawdWl 30 Ly SO LS9 5 —A b
05 X6 7 08 AY
0.8 L 08
0.6 4ecceelercrcccncainnnea @ 0.6 4 .A 0.6
04 Freve-fBevrrernsnsnsnns 0.4 4= BVecccsnrrrsrnensnssnnns 0.4
o=
No02 4 0.2 0.2 4
(1 T I rrr e —— 0 FeersPeevrescsasssnsnsnsssnns {
02 + + + + 0.2 + + + + 0.2 + + + +
05 0 05 1 15 2 05 0 05 1 15 2 A5 0 05 1 15 2
w/U v/U u/U
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Fig 10- Numbers 1 to 4, respectively, velocity profile, logarithmic law of velocity distribution,
absolute velocity and Coles' law for: (a) upstream of the pier, (b) downstream of the pier
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Fig 13- Occurrence probability of bursting event for each quadrant (1, I, 111, 1V); (a) upstream of
the pier, (b) downstream of the pier
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