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Table 1. Characteristics of used weir models.
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- 9 5 =2
Number of keys (N)
_ 55 10 (em) 55 5 2555 LS o2
Input and output keys width (cm)
; s,
20 20 20 (em) e 5
Weir height (cm)
50 50 50 em) e 22
Weir width (cm)
1 1 1 (mm) 3, Culbied

Weir Thickness (mm)
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Figure 1. Experimental flume scheme.
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Figure 2. Scheme of scour hole and related parameter.

0



VYA (1) )l dF) s S g f clis gla yidgss s puls

Calle o3 4 Bedls Ll 6555 et dew e |
3 Obeedl I ey i (@3B 5 I Y L YO )
S Sl € 1) sl il s (o3 S
LU Ges 3 5 anl ujAngTC]a.‘)'\JSUo:}Q
Ll Gee 5 (23 S Sl e 25d S i s e
ol s osie o bl edd Al d- s
ol (Dol 0bey) cole & Sdowy 2alesl Loyl 2
Sl Sl Glesl aeils o358 e wily
ol sl sl oy Sl baanls JUis
Fo SAoe Ol e Sl O Js s
L sl b AT Glatass 53 5 das e
sl Ssls &S S Ot ale 0l Ol e
5l gde Jbj (’K‘“- Cd Sl 5 0 i

0 JS8) sl

s 5 A ol Sl ey e plsl S
s ARnbsl el 2 s s Jil Je
U3 ol ST e Al O oS s
Logliles 5 el YV b o b (s
LosS sl o L Gre sle WY) au s
5 Olo s oliSpdan abisay 5
S I 35 o i3 S VS\J:‘“ s JLs Loy 8l
b 3303 o S o g 4t SelS el a5
ok 3)ly alle SOk b esgas 5L oS e
o o SV s psls 4 o3, Ol
Ll 5638 e o Gas 3 Eodia 5 el
Sls b es ol S e 1y men baels (5
G s SalS AuiS 5 Laawle b S o 1y sl
5 Lgdd CSLAA Scpl ey Joe o0l 255
o e s ool L IS o] gllas

o—0—0—0—0—0—0—0

6

5_

4 L @
—~ %)
g 3t
Q
% 2 F @
<

l_

0 &

0 100 200 300 400 500 600 700 800 900

T(min)

el VY 530 jh Slo) arw g Hls gei T IS
Figure 3. Scour development chart in 12 hours.
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Table 2. Parameter Ranges of equation 4.
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Figure 4. Scouring pattern (A) Profile formed in the laboratory (B) Drawing the three-dimensional profile in

Surfer software.
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Figure 5. Longitudinal profiles in three weir models.
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Figure 6. Scour profiles in channel cross at different discharges in 5 key weir.
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Figure 7. Scour profiles in channel cross at different discharges in 9 key weir.
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Figure 8. Scour profiles in channel cross at different discharges in sharp crested (linear) weir.
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Figure 9. Dimensionless profiles at non-cohesive sediments.
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Figure 11. Maximum scour depth variation versus particle Froude number in three weir models.
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Table 2. Summary of regression results and equations for three types of weirs.
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Figure 14. Comparison of Scouring value in the present study with Jastrich et al. (2016).
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Abstract

Background and Objectives: Spillways are a simple and practical hydraulic structure in water
conveyance systems and irrigation drainage channels which used to measure the flow, transfer
excess water and control the water surface of the reservoir. The Piano Key Weir (PKW) is a
rectangular-labyrinth-type weir that used to maximize the allowable weir length that can fit in a
given weir channel width, while reducing the required structural footprint. Piano key weirs is a
new form of long crest weirs that have a relatively simple structure and high economic
efficiency structures. Due to the advantages of this weirs, we need to study and investigate the
downstream scouring of this structures. In this research, the downstream scour of piano key
weir has been studied.

Materials and Methods: To study the downstream scouring, two different physical models of
piano key weirs in different hydraulic conditions have been used. The experiments were carried
out in a flume with a 10 meters length and 50 cm width and height. Two type of piano key weir
with 5 and 9 keys were used in this experiments. In order to compare the scour hole area a linear
weir with a height of 20cm and a width of 50 cm were used in comparison with linear weirs, the
corresponding hydraulic conditions was also studied. The scour hole dimensions were measured
with a point gauge with £1 millimeter reading accuracy which has located on top of the channel
that can moving along to the channel. The effect of the particle number on the maximum scour
depth and location of maximum scour hole was investigated.

Results: The results show that in piano key weirs, with increasing effective crest length,
water depth decreases over weir crest and so on decreases the amount of scour depth by
decreasing the flow velocity at downstream of weir. Bed profile shape at eroded area is
completely three dimensional. Increasing rate of Scour hole depth is related to number the of
piano keys. By increasing the number of keys the maximum depth, length and location of the
scour hole as well increased. The results show that even at the low level downstream water
depth, scouring of this weir is less than the sharp crested linear weirs. The profile of the scour
hole in the piano key weir is almost similar to the linear weir but the only difference is in
the height of the dune at the downstream of scour hole. The height of the dune generated at
higher downstream water depth of piano key weir is even lower than sharp crested linear weir
and also, with increasing the particle Froude number, the maximum scour depth parameter
and length of occurrence was increased. The maximum scour depth at the 9 key spillway and
in 10, 15 and 25 1/s were 30.7% more than the 5-key spillway and 7% less than the sharp
linear spillway.

* Corresponding Author; Email: s.gohari@basu.ac.ir
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Conclusion: In piano key weirs reducing downstream water depth increases scour depth and far
it away from downstream apron. Also, by increasing the particle Froude number, the maximum
scour depth, the location of the maximum scour depth and the maximum length of the scour
hole was increased. The rate of increase in the scour depth is also dependent on the number of
overflow keys, and in a fixed Froude number and downstream water depth, increasing the
number of keys, the maximum depth and location of maximum scour depth also increase.

Keywords: Experimental Study, Froude Number, Piano Key Weir, Scour Hole, Water Depth
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