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Introduction

Bridges constructed across rivers are among the most important structures, especially during and
after flood events. Bridge piers are exposed to some hazardous factors such as local and
contraction scour hydrodynamics. The lower prediction of maximum scour depth can cause
bridge failure, while over-prediction leads to a very costly project. The appropriate estimation of
maximum scour depth around bridge piers is, thus, necessary. In some bridges, more than a
single pier is considered during the design phase, and the interaction between the adjacent piers
makes the situation very different. The flow structure and scour process around a group of bridge
piers are, indeed, very different from a single bridge pier. Many researchers have studied the
scour around single and/or multiple-column bridge piers. For instance, studying the scour depth
for a group of piers, Mahjub et al. (2014) reported that the maximum scour depth around the
second bridge pier was less than that of the upstream pier, while the scour depth around the third
pier was lower than that of the first and second piers. Moreover, Daneshfaraz et al. (2014)
investigated the effect of pier slots on the maximum scour depth around the two-column bridge
piers. The results that the slot reduced the maximum scour depth compared to the piers without a
slot. In this paper, the flow and bed topography around a group of piers was studied
experimentally.

Methodology

A laboratory flume of 15 m length, 0.7 mm width and 0.6 m height was used in the
experiments. The bridge piers were built of steel pipes and were installed at the bed of a flume in
three patterns. In the first model, the pier was installed individually and the flow structure was
investigated accordingly. In the second and third models, two piers were installed in the flow
direction with a distance of 0.20 m and 0.30 m, respectively. The bed of the flume was covered
with the sand particle of 0.63 mm medium diameter. In turn, the bed scouring around the piers
was investigated in a different flow condition. The experiments were, then, carried out with
different longitudinal distance between the piers to investigate the effect of pier distance on the
flow field and local scour depth. The streamwise, lateral and vertical components of the mean
flow velocity within the scour hole around the piers were, in turn, measured at four different
distance of 10, 15, 20 and 25 mm to the bed using a micro-ADV. The Micro-ADV enabled us to
capture the flow velocity with a rate of 50 samples per second. Therefore, in a 120-second
duration, 6000 velocity samples were totally captured and saved for one point of flow. From the
captured velocity data, the time averaged velocity and the Reynolds Shear Stress of the flow were
computed.
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Results and Discussion

As shown in Figure (1), the results showed that the interaction between the two-column piers
increased the maximum scour depth around the pier for the two-column piers with a smaller
distance (model M2). Besides, the lateral extension of the scour hole for the model M2 was
greater than the single pier and two-column pier with a larger distance. The results also showed
that in the three physical models, the variation of longitudinal component of the flow velocity,
VX, was similar to the pattern of bed scouring, and the maximum downward flow direction was
found to be at the upstream of the piers. From the profile of the bed scouring, it was observed that
the bed scouring occurred at a distance equal to the one-pier diameter from the upstream to the
three-pier diameter in the downstream of the pier. Moreover, the maximum bed scouring
occurred in the upstream of the piers at a distance equal to the one-time-pier diameter.
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Fig. 1- Longitudinal profile of the scour hole in different models, a)section A, b) section B,
and c) section C, (eModel M1, « Model M2, ¥ Model M3)

Table 1- Percentage error of different models for the prediction of maximum scour depth
around the single and two-column bridge piers

Model Equation for prediction of scour depth PE (%)
M1 Laursen (clear water) -98
Laursen (live bed) 19
Csu 113
Froehlich -41
M2 Laursen (clear water) -98
Laursen (live bed) 12
Csu 67
Froehlich -20
M3 Laursen (clear water) -98
Laursen (live bed) 14
Csu 99

Froehlich -7
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Conclusions

The distance between the two-column piers was found to affect the mean flow field and scour
hole dimensions significantly, which should be considered in the design phase. Further, a
comparison was made among some common empirical models for the prediction of the
maximum scour depth around the single and two-column bridge piers (Table 1).
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Table 1- Percentage error of different models for prediction of maximum scour depth around
single and two column bridge piers
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