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Article Info ABSTRACT
Article type: Background and Objectives: Human encroachment in rivers, such as the
Research Full Paper construction of a structure (bridge) or deformation of the bed, has affected

its natural flow, which leads to the phenomenon of scouring and the
Article history: creatio_n of ho_les in the natyral bed river. After deforma_tion of the t_)ed _due
Received: 08.16.2021 to seopmentatlon e_md erosion, these holes can move in the longitudinal
Revised: 11.30.2021 direction of the river and cause various damages to the structures and
Accepted: 12.17.2021 facilities in the riverbed as well as the bridge pier. Bridges are one of the
most important access structures whose failure has irreparable social
effects, so the effect of mining material holes on the bridge piers can be

Keywords: very important. The extension of mining material holes along the riverbed
Cylindrical Bridge Pier, and its movement towards the bridge piers and accompanied by the
Longitudinal Profile of the  scouring phenomenon and turbulent flows formed around the piers causes
Hole, the destructive effect of erosion and overturning of the pier. Therefore, in
Mining Material, this study, the effect of mining material downstream of the cylindrical
Scour Depth, bridge pier on the surrounding scour profiles is investigated with changes
Turbulent Flow in the depth and distance of the mining material hole from the pier.

Materials and Methods: For this purpose, on an experimental model and
in clear water conditions and constant flow, changes in the profile of the
hole and the effect of the depth of the hole and its distance from the pier to
the scour profile around the bridge pier were evaluated, by mining holes
with H/D= 0.8, 1.6 (ratio of hole depth to pier diameter) and with 1/D= 10,
20, 30 (ratio of hole distance from pier to pier diameter) downstream in
sediment bed with depth 0.1 meters.

Results: The results of experimental observations showed that in the case
without mining hole, the lowest maximum scour depth related to the
experiment was obtained with a Froude number of 0.26 at 9 mm; While the
highest maximum scour depth was related to the experiment with a Froude
number of 0.46 of 60 mm. Compared to the case without a mining hole at the
Froude number of 0.43, the lowest maximum increase in scour depth in the
hole harvesting experiment was with H/D=0.8 and at 1/D=20 by 8%. While
the highest increase in maximum scour depth in the experiment with hole
removal was 26% with H/D=1.6 and I/D=10. In order to find the optimal
distance for mining materials downstream, experiments with 1/D=30 show
the maximum values of scour depth equal to the case without mining
material holes. Therefore, by increasing the distance from the pier 1/D=10,
20, and then 30, the maximum increase in scour depth compared to the case
without a mining hole decreased from 26% to 15% and then to zero%.
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Conclusion: According to the results, it is possible to comprehend that mining
material from the channel bed downstream, affects the amount of scour depth
and increases it, and by increasing the mining hole depth and reducing its
distance to the pier, the scour depth around the pier increased. Also, in order to
predict the maximum scour depth, relationships in the case without mining
hole and also for the case with it have been proposed using the obtained data
based on regression analysis. The accuracy and also the scope of application of
these relationships are mentioned with statistical indicators.
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Table 1. Variation range of parameters.

Sl i il A sl bl 3,
Variation range Dimensional parameter Number

0 So 1
80 X/D 2
12 Y/ID 3
0.8-1.6 H/D 4
10-30 1/D 5
0.4-0.7 y/D 6
0.26 — 0.46 Fr 7

1- Reynolds Number
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Figure 1. (a) Laboratory flume (b) Laboratory model.
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Figure 3. Granulation curve of sedimentary bed materials.
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Figure 4. Schematic sketch of experimental setup (a) Up view (b) Side view.

60
50
40 <

30

D, (mm)

20

10

0 1 2 3
7 (hr)

—a—\\/ithout Hole <o— With Hole

s Lo ‘_'JT G sowa -0 IS
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Table 3. Maximum scour depth values at upstream and downstream of the bridge pier for each
experimental test.

Gos Ay Gos Ay ol cod o8 s
5 Saeiol s Fesld walleis kb, 25,8 248 . Ges s
< e
R Y TR O ok S i
Maximum ~ Maximum  Ratioofhole  Ratioof ~ Densitimetric RS Discharge
scour depth scour depth distance to hole depth Froude Er depth QM) Test
downstream upstream of the pier to the pier number y (M) number
of the pier the pier diameter diameter Fraso
Dg (mm) D, (mm) 1ID H/D
9 -2 - - 16.31 0.26 0.02 0.0014 1
32 -2 - - 20.66 0.38 0.025 0.0028 2
46 20 - - 20.84 0.43 0.03 0.0042 3
60 39 - - 20.2 0.46 0.035 0.0056 4
7 0 20 0.8 16.31 0.26 0.02 0.0014 5
34 20 20 0.8 20.66 0.38 0.025 0.0028 6
50 25 20 0.8 20.84 0.43 0.03 0.0042 7
63 40 20 0.8 20.2 0.46 0.035 0.0056 8
55 28 20 16 20.84 0.43 0.03 0.0042 9
67 43 20 16 20.2 0.46 0.035 0.0056 10
53 20 10 0.8 20.84 0.43 0.03 0.0042 11
69 -2 10 0.8 20.2 0.46 0.035 0.0056 12
58 -2 10 16 20.84 0.43 0.03 0.0042 13
74 20 10 16 20.2 0.46 0.035 0.0056 14
46 39 30 0.8 20.84 0.43 0.03 0.0042 15
46 0 30 16 20.84 0.43 0.035 0.0042 16
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Figure 7. Location of maximum scour depth upstream and downstream of the bridge pier.

OXE St bog 353 sde uull b oS Olg e
boal Skl ps S 55 Ol 0L Ce e
S GS A M Db Eel &S eld S A
Lo @l oimps 2350 4l Sl Sl
3 S alb sVl s Keesol o sl ol
355 Jdsa S ol il syl 53 0T Ol
PR RURTICHC P RIS A P s
St T Gos Ui 5 A3l e bialy Consol
035 0Ly Lo, b b 55 s 20 Fros 0

Sl

Vo

St 58 2de B sz Sl

slaoilesl Sl o Oy aly SLB
53 dpdge a0 4 Jisu cnl 53 & A el
om0 s Sk el VO SSS
35 5o, sl = s bl Gl bl Seacd
e3ls QLAS v/ET 5 /8T /YA /YT glasg b sus
o sl I8 eled 5o g cpl 53l sl
bl skasilis B e (Soiol Ges
s 5 (D) wly ks« (dy) Sl Gos
JUs () oo b X)) dsb dns bl 28
A S wer sl il el ld a4 AR LT



YEve ¥ D)Lo.u.:} A 0,92 4«5‘59&,&1 cblis dug}‘*&’?r’

0 05 1 15 2 25 3 35 4 45 5

Y/D

—8— Fr=026 —&— Fr=0.38 —o— Fr=043 —— Fr=0.46

(N

Q
Em 0 l:ﬁ
05 1/

0 05 1 15 2 25 3 35 4 45 5
X/D

—8— Fr=0.26 —&— Fr=038 —e— Fr=0.43 —— Fr=0.46
(&)

ik glasg B sde gl pdlan Cudls o i Dak Sl 55 by 4l Sl bl de g (SOl Gos A JSS
o s (D) Jsb s ()

Figure 8. Dimensionless scour depth around the bridge pier in cases without mining holes for different Froude
numbers (a) Longtidutal profile (b) Transverse profile.
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Figure 11. Dimensional scour depth around the bridge pier in cases with mining hole at H/D=0.8 in 1/D=10, 20
for Fr=0.43 (a) Longtidutal profile (b) Transverse profile.
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Figure 12. Dimensional scour depth around the bridge pier in cases with mining hole at H/D=1.6 in 1/D=10, 20
for Fr=0.43 (a) Longtidutal profile (b) Transverse profile.
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