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Abstract

Introduction: Sand mining, especially from unsuitable places with lower potential, impacts
on the flow hydraulic characteristics and sedimentary properties around the bridge piers.
The creation of the turbulence causes to the negative effects on the scouring depth and width
around the piers. In the present study, the consequences of the mining material, the flow
hydraulic conditions, and sedimentary parameters on the scouring patterns of the piers
group were studied.

Methodology: In order to analysis the scouring of a bridge pier group, 22 experiments were
carried out in a rectangular channel with a dimensions of 13 m length, 1.2 m width and 0.8 m
depth. The experimental facility is housed at the Hydraulic Lab of Maragheh University.
Two false glass floors were installed upstream and downstream at a distance of 4.25 m
relative to each other and with a height of 22 cm in the middle of the channel. Sandy
movable bed with a height of 22 cm was placed between the aprons. Two pier groups were
located upstream and downstream of the bed with a specified distance from the aprons. The
pier groups with the same arrangement (three consecutive piers in the direction of flow and
at the center of the channel's width) were located with center-to-center distances of 21 cm. To
eliminate the effect of the channel wall on local scour, the ratio of the pier center- channel
wall distance to the pier diameter was greater than 6.25. Consequently, piers of diameter of 9
cm were used. To prevent the formation of a ripple, the average diameter of the bed particles
should be greater than 0.7 mm and the ratio of the pier diameter to the average particle
should exceed 20-25. Therefore, the experiments were tested in two different beds, grading A
(average sediment diameter = 0.78 mm) and grading B (average sediment diameter=1.7 mm).
In order to study the effects of the mining pit hole on scouring rate, the mining was done
between the upstream and downstream pier groups.

Results and discussion: The results showed that granulation with coarse particles (B) had
lower scour depth than substrate with fine grain size (A). So that the maximum scour depth
for B aggregate and Froude number equal to 0.5 and 0.25 respectively was 14.14 and 47.58
percent less than A. By mining of the bed from the downstream and upstream of the group
piers, the scouring depth has been increased and reduces, respectively. In the Froude
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number of 0.5 with the mining of materials from the upstream of the groups in the grain size
A, the scour depth was 12 to 10.9 cm. However, taking off the bottom of the bases in the
same Froude and grading number increased the maximum scour depth from 15 to 15.6 cm.
The maximum scour depth in a discharge of 15 liters per second was less for B, compared
with A. The ratio values in the Froude number of 0.25 for grain size A in the downstream
bed is approximately 4 times the grain size of B. The lowest ratio in the Froude number of
0.25 is for the B model with the non-pit hole mining material, while the grain size A with the
downstream bed is one of the most scouring models in this Froude number. The
phenomenon of the scouring in addition to depth dimension, could be studied along the
transverse and longitudinal direction. Scouring area is another dimension of the scouring
phenomenon that can be affected by parameters. Therefore, the extent of scour area changes
in two parts of the scour pattern and bed topography were considered. Nonlinear regression
method was used to predict scour depth around bridges. The relationship between
experimental data and empirical of other researchers has been verified using experimental
data of this study.

Conclusion: In the present study, the scour area around the pier group, along the flow
direction for two bed and pit hole was studied. The effect of this impression on the pattern
and depth of scouring showed that the mining of materials from the upstream of the pier
groups led to a decrease and this withdrawal from the downstream, increased the depth and
extent of scouring. Therefore, it was observed that the pier groups were more sensitive to the
mining of materials from their downstream, and it would be better to take this impression
upstream of the pier group. Increasing the number of Froude from 0.25 to 0.5 increased the
depth of scouring around the pier group. This increase was more in bigger discharges.
Increasing flow Froude number in the bed with the pit hole compared with the non-pit hole
bed increases the scour maximum, 33% and 73.5% respectively for A for B.

Keywords: Scouring Pattern, Pier Group, Bed Grading, Mining of Material.
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1 0.78 0.03 0.13226 19.73 16 1.45
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Table 2 Depth of scouring of pier groups in upstream and downstream

Model Run Q Fr d50 dO Vc te dsl dsZ ds3 ds4 dss dsG

md/s cm cm m/s h cm cm cm cm cm cm

1 0.015 0.1 0.078 10 0.17 7 2 04 -04 14 0.6 0.2

2 0.03 0.1 0.078 18 0.2 4 2 0.8 1.2 2.1 1.7 1.7

3 0.045 0.1 0.078 24 0.2 7 15 1.1 1.7 3.7 3 3

4 0.015 0.25 0.078 6 0.17 85 3.8 0.2 3 4.1 1.8 2.6

5 0.03 0.25 0.078 10 0.17 9 6.9 7 3.9 10 6.9 4

A 6 0.045 0.25 0.078 13 0.19 9 10 9.8 6.9 124 89 6

7 0.015 0.5 0.078 4 0.16 8 118 84 4.4 7 5 2.9

8 0.03 0.5 0.078 6 017 75 156 123 11 12 11 8.5

9 0.045 0.5 0.078 8 0.17

10 0.015 0.1 0.17 10 0.17 0 0 0 0 0 0 0

11 0.03 0.1 0.17 18 0.21 0 0 0 0 0 0 0

12 0.045 0.1 0.17 24 0.21 0 0 0 0 0 0 0

B 13 0.015 0.25 0.17 6 0.15 2 0.7 0.7 08 226 2 1.7

14 0.03 0.25 0.17 10 0.17 55 1.8 1.6 25 4.9 2.3 2.3

15 0.045 0.25 0.17 13 0.19 6 4 3 2.2 6.5 4.7 35

16 0.015 0.5 0.17 4 0.16 45 9 2.4 2.9 3.6 2 3.6

17 0.03 0.5 0.17 6 017 75 134 95 75 105 75 5.6

18 0.045 0.5 0.17 8 0.17 6 166 126 111 111 9.8 7.3

Without A5 0.03 0.25 0.078 10 0.17 8 6 6.5 11 7 5.5
pit hole A8 0.03 0.5 0.078 6 0.17 6.5 15 9.5 6.9 109 93 7

B5 0.03 0.25 0.17 10 0.17 1 2.1 1.3 15 5.3 25 14

B8 0.03 0.5 0.17 6 0.17 715 121 84 6.1 108 84 6.1
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Table 3 Scaling area in the longitudinal and transverse direction of the cannel and schematic scouring pattern
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Fig. 9 Curve comparison of the experimental relationships of different researchers with the relationship provided in the
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