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Abstract: In this research, a set of experiments were conducted to determine the downstream scouring
rate of a labyrinth weir.installed in a channel of 12 m long and 80 cm wide In these experiments,
discharges of 5, 10, and 15 liters overflowed triangular and arched labyrinth weirs governed, single-
cycle and double-cycle, with a length of 1.26 m. The results showed that the maximum scour depth
occurs at the junction of the weir with the channel wall. In single-cycle weirs, the second scour
maximum point is close to the weir apex, while in double-cycle weirs, it occurs at the intersection of
the two cycles and then at the weir apex. The single-cycle and two-cycle arch weirs experience a
scouring of 101% and 27%, while the single-cycle and two-cycle triangular weirs experience a scouring
of 53% and 39%.

Keywords: Arched labyrinth weir, Scour, Froude number, Triangular labyrinth weir

Introduction: Scouring downstream of weirs, due to high velocity and turbulence of the flow, has always been
one of the major challenges in the design and operation of these hydraulic structures. Previous studies have shown
that various factors, including jet velocity )Saeidi nejad, 2005), water drop height (Akhtari & Sanei, 2006), flow
rate (Moosavi et al., 2006), and weir plan (Kazempoor laksari et al., 2019), affect the amount and pattern of
scouring. Labyrinth weirs are used in places that have width limitations and are used to increase the crest length.
If a proper foundation is not built, there is a possibility of destruction of these weirs due to downstream scouring.
On the other hand, excessive increase in the depth of the weir foundation will entail high costs. Therefore, the aim
of this study is to carefully investigate the amount, pattern, and trend of scour changes downstream of triangular
and arched labyrinth weirs in two single-cycle and two-cycle modes in uniform sediments.

Materials and Methods: The experiments were conducted in a laboratory flume 12 m long and 80 cm wide (Fig.
1). The discharge was measured using an ultrasonic flowmeter with an accuracy of £0.01 lit/s, and the water level
was measured with a point gauge. Four types of labyrinth weirs, including single-cycle triangular, double-cycle
triangular, single-cycle arched and double-cycle arched with a crest length of 1.26 m and a magnification ratio of
1.58, were installed at a distance of 6 m from the beginning of the channel. The weirs were made of iron with a
thickness of 4 mm and a height of 35 cm. Coarse-grained sediments were used up to a height of 20 cm upstream
of the weirs, and uniform sediments with a median diameter of 3 mm were used downstream with a length of 70
cm and a height of 20 cm. 15 cm of the weir height was placed above the sediments and 20 cm of it was placed as
a foundation under the sediments. The depth of the tailwater was set to 10 cm in all experiments. Experiments
were conducted at three discharges of 5, 10, and 15 lit/s. The topography was measured with a 3x3 cm grid and
the data were analyzed in Sigma Plot software to draw a three-dimensional scour shape.

Results and Discussion: The results of the experiments showed that the greatest scour depth always occurs at the
junction of the weir with the channel wall. The presence of severe transverse curvature of flow and nappe
interference lead to increased turbulence and, as a result, more scour on the sides. In single-cycle weirs, the second
maximum scour point was observed near the weir apex (Figs. 3-5 and_11-13). In double-cycle weirs, the second
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maximum scour point occurs at the intersection of the two cycles and then at the weir apex (Figs. 6-8 and_14-16).
This is due to the nappe interference and the transverse curvature of the flow at the intersection of the cycles,
which, similar to near the channel wall, creates more turbulence. A comparison of single-cycle and double-cycle
weirs showed that with an increase in discharge and water head ratio, the discharge coefficient in single-cycle
weirs decreases faster. This faster decrease in the efficiency of single-cycle weirs leads to a faster increase in the
scour rate in them compared to double-cycle weirs. So that in the curved single-cycle weir, the increase in scour
from a discharge of 5 to 15 lit/s was 101%, while in the curved double-cycle weir this increase was 27%. For
triangular weirs, these values were 53% for single-cycle and 39% for double-cycle, respectively. This difference
in the scour increase trend shows that despite the better initial hydraulic performance of single-cycle weirs at low
discharges, with increasing discharge, two-cycle weirs are more stable in terms of scour. Therefore, despite the
lower discharge coefficient, two-cycle weirs are structurally more resistant to scour.

Conclusion: The studies showed that the maximum scour always occurs at the junction of the weir with the
channel wall. In single-cycle weirs, the second maximum scour is near the weir apex; but in two-cycle weirs, it
ocures at the intersection of the two cycles and then near the weir apex, due to the increased turbulence caused by
the transverse curvature of the flow and the nappe interference. The studies showed that increasing discharge leads
to an increase in scour depth. This increase is more significant in single-cycle weirs than in double-cycle weirs
due to the faster decrease in discharge coefficient. Furthermore, although a higher Froude number usually means
more scour, the nappe interference and discharge coefficient play a major role in the scour rate. Finally, it was
found that double-cycle weirs, are structurally more suitable due to the lower scour depth.

© 2024 University of Zabol, Zabol, Iran.
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Fig. 1 Schematic of scour downstream of labyrinth weir
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Fig. 5 Sediment scouring profile for discharge of 5 lit/s
and single-cycle arch labyrinth weir
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5- List of symbols

U (m/s) Threshold velocity of sediment particles
U, (m/s) upstream flow velocity

dge(m) maximum scour depth

Y, (m) upstream flow depth

Va(m) tailwater depth

Pw(kg/m?) water specific gravity

ps(kg/m?) specific gravity of sediment particles
G(m/s?) gravity acceleration

v(m?/s) kinematic viscosity of water

dso(m) median diameter of sediment particles
W(m) weir width

L(m) weir crest length

P(m) weir height

Re(-) Reynolds number

0.(-) Shields threshold

TL1 One-cycle triangular labyrinth weirs
TL2 Two-cycle triangular labyrinth weirs
CL1 One-cycle arced labyrinth weirs

CL2 Two-cycle arced labyrinth weirs
Acknowledgments

We would like to thank the Department of Water
Science and Engineering, Arak University, for
providing laboratory facilities for the research.

Credit Authorship Contribution Statement

Conceptualization, (J. M.); Methodology, (G. J. and
J. M.); data collection and analysis, (G. J. and J. M.);
Writing-Original Draft Preparation, (G. J. and J. M.);
Writing-Review and Editing, (J. M.); Supervision,

71

& S azxais =¥

Cewdiml (Sial G wyp Baa b Jragh ol
S WS e e il ab sl gl SiS slags ) e
L Ry JLAﬂ alags S ygle o sf" "'.‘] Bos Apden
Sy, 0 sz, JUE (Gl slaelg
FSiS e oy 4l o diion (regd (S SS
9 w090 (JSKmwgd Sl 0 a5 Jb jo wgh e
lo) S 90 ablay oo ;o o Py diiin (oges
b=l Ghls >lg o ol ol (;,_a..ﬂ olew!
g o ,lS o el Lhhy slearg J3las g oo e
Sl doars pl JBIas g 0,95 0 o S abolds Jore
Sl 4 mie a5 WS e ol (655 jeie iz

gdgo il (a4 Cud Jaxg LB

b Ll 5050 ypol)ly 99,8 sue ax ST (pumen
J.M).

All authors have read and agreed to the published
version of the manuscript.

Funding

No funding has been made.

Data Availability Statement
All data is provided in the article.

Conflicts of Interest

The authors declare no conflict of interest.

References

Abdi Chooplou, C., Ghodsian, M., Vaghefi, M. V.,
Kazerooni, S. and Bodaghi, E. (2022).
Experimental Study of Effect of Flow Drop
Height on Downstream Bed Topography of
Type-A Trapezoidal Piano Key Weir. Journal of
New Approaches in Water Engineering and
Environment, 1(1), pp.113-124, https://doi.org/
10.22034/nawee.2023.345240.1009. (in Persian)

Akhtari, R., and Sanei, M. (2006). Estimating the
rate of scour downstream of waterfall weirs,
National Conference on Irrigation and Drainage
Network Management, Faculty of Water
Sciences. Shahid Chamran University of Ahvaz.
(in Persian)

Babakhani, A. and Morsali, M. (2020). Investigation
on the effect of different parameters on



https://doi.org/10.22034/nawee.2023.345240.1009
https://doi.org/10.22034/nawee.2023.345240.1009

o g gour

10508 6l 32 5 oo Canwd by 0 (Sl (oI (yuni

maximum scour depth at triangular labyrinth
weir without apron. MCEJ, 20 (1), pp.25-34.
https://doi.org/20.1001.1.24766763.1399.20.1.1
4.0 (in Persian)

Bodaghi, E, Abdi Chooplou, C. and Ghodsian, M.
(2024). Experimental investigation of scour
downstream of a type A trapezoidal piano key
weir under free and submerged flow conditions.
Journal of Hydrology and Hydromechanics,
72(1), pp.34-48, https://doi.org/10.2478/johh-
2023-0041.

Bodaghi, E., Ghodsian, M. and abdi, C. (2023). The
experimental study of downstream scouring of
trapezoidal Piano key weir type A under free and
submerged flow. Journal of Hydraulics, 18(1),
pp. 1-18, https://doi.org/10.30482/jhyd.2022.
330389.1590 (in Persian)

Emaeeli Varaki, M. Rajayee, A. and Shafiei sabet,
B. )2017(. Laboratory Study on Local Scour at
the Downstream of Grade Control Structures
with  Labyrinth  Planform. Irrigation  and
Drainage Structures Engineering
Research, 18(68), pp.129-142, https://doi.org/
10.22092/aridse.2017.106469.1091. (In
Persian).

Homayooni, M. and Mozaffari, J. (2024).
Investigating the impact of clay percentage on
scouring downstream of labyrinth weirs. Journal
of Hydroinformatics, 26 (9), pp.2187-2196,
https://doi.org/10.2166/hydro.2024.049

72

kazempour larsari, Z., Esmaeili Varaki, M. and
Malekpour, A. (2019). Laboratory Study of
Scour Downstream of Stepped-labyrinth
Weirs. Iranian Journal of Soil and Water
Research, 49(6),1227-1241, https://doi.org/
10.22059/ijswr.2018.246313.667796. (in
Persian)

Kumar, B., & Ahmad, Z. (2020). Experimental study
on scour downstream of a piano key weir with
nose. 8th IAHR ISHS. Santiago, Chile.

Mousavi, S.M., Shafaei-Bajestan M. and Bina M.,
(2006). Investigation and determination of the
maximum scour depth downstream of a stepped
weir under drop flow conditions, 7th
International Seminar on River Engineering.
Shahid Chamran University, Ahvaz. (in Persian)

Saeidi Nejad, M.R. (2005). Scouring Analysis
Downstream of Rectangular Drop Jets, Master's
Thesis, Tarbiat Modares University. (in Persian)

Tullis B.P, Amanian N. and Waldron D. (1995).
Design of labyrinth weir spillways. American
Society of Civil Engineering. Journal of
Hydraulic Engineering. 121(3), pp 247-255,
https://doi.org/10.1061/(ASCE)0733-9429
(1995)121:3(247).

Yazdi, A. M., Hoseini, S. A., Nazari, S., and
Amanian, N. (2021). Effects of weir geometry on
scour development in the downstream of Piano
Key Weirs. Water Supply, 21(1), pp. 289-298,
https://doi.org/10.2166/ws.2020.272.



https://dor.isc.ac/dor/20.1001.1.24766763.1399.20.1.14.0
https://dor.isc.ac/dor/20.1001.1.24766763.1399.20.1.14.0
https://sciendo.com/search/filterData?commonSearchText=Ghodsian%2C+Masoud
https://doi.org/10.2478/johh-2023-0041
https://doi.org/10.2478/johh-2023-0041
https://doi.org/10.30482/jhyd.2022.330389.1590
https://doi.org/10.30482/jhyd.2022.330389.1590
https://doi.org/10.22092/aridse.2017.106469.1091
https://doi.org/10.22092/aridse.2017.106469.1091
https://doi.org/
https://doi.org/10.22059/ijswr.2018.246313.667796
https://doi.org/10.1061/(ASCE)0733-9429%20(1995)121:3(247)
https://doi.org/10.1061/(ASCE)0733-9429%20(1995)121:3(247)
https://doi.org/10.2166/ws.2020.272

	1- مقدمه
	2- مواد و روش‌ها
	2-‏‏1-‏‏ آنالیز ابعادی
	(1) 𝐹1,,,𝑢-𝑐𝑟.-,𝑢-𝑢.., ,,𝑑-𝑠𝑒.-𝑃., 𝐹𝑟,,,𝑦-𝑑.-,𝑑-50..,,,𝑦-𝑢.-,𝑦-𝑑..,,,𝜌-𝑠.-,𝜌-𝑤.., 𝑅𝑒, ,𝐿-𝑊., ,𝑃-𝑊.,,,𝑦-𝑢.-P., 𝛼, 𝑁.=0
	Fig. 1 Schematic of scour downstream of labyrinth weir
	شکل 1 شماتیک آبشستگی پایین‌دست سرریز کنگره‌ای
	(2) ,,𝑑-𝑠𝑒.-𝑃.=𝐹2,,,𝑢-𝑐𝑟.-,𝑢-𝑖𝑛..,𝐹𝑟,,Θ-𝑐.,,,𝑦-𝑢.-,𝑦-𝑑..,∆ , ,𝐿-𝑊., ,𝑃-𝑊.,,𝐻-P., 𝛼, 𝑁 .
	(3)   𝑄=,2-3.,𝐶-𝑑.𝐿,2𝑔.,𝐻-𝑇-,3-2..


	2-‏‏2-‏‏ کانال، رسوبات و سرریزهای کنگره‌ای آزمایشگاهی
	Fig. 2 Hydraulic laboratory flume
	شکل 2 فلوم آزمایشگاه هیدرولیک
	Fig. 3 Grain size distribution curve of the sediments
	شکل 3 منحنی دانه‌بندی رسوبات
	Fig. 4 Two-cycle arched labyrinth weir in experiments
	شکل 4 سرریز کنگره‌ای قوسی دو سیکل در آزمایشات


	3- نتایج و بحث
	Fig. 5 Sediment scouring profile for discharge of 5 lit/s and single-cycle arch labyrinth weir
	شکل 5 پروفیل آبشستگی در دبی 5 لیتر بر ثانیه و سرریز کنگره‌ای قوسی تک سیکل
	Fig. 6 Sediment scouring profile for discharge of 10 lit/s and single-cycle arch labyrinth weir
	شکل 6 پروفیل آبشستگی در دبی 5 لیتر بر ثانیه و سرریز کنگره‌ای قوسی تک سیکل
	Fig. 7 Sediment scouring profile for discharge of 10 lit/s and single-cycle arch labyrinth weir
	شکل 7 پروفیل آبشستگی در دبی 10 لیتر بر ثانیه و سرریز کنگره‌ای قوسی تک سیکل
	Fig. 8 Scrouring profile at discharge of 5 lit/s and two-cycle arch labyrinth weir
	شکل 8 پروفیل آبشستگی در دبی 5 لیتر بر ثانیه و سرریز کنگره‌ای دو سیکل قوسی
	Fig. 9 Scouring profile discharge of 10 lit/s and two-cycle arched labyrinth weir
	شکل 9 پروفیل آبشستگی در دبی 10 لیتر بر ثانیه و سرریز کنگره‌ای دو سیکل قوسی
	Fig. 10 Scouring profile at discharge of 15 lit/s and two-cycle arched labyrinth weir
	شکل 10 پروفیل آبشستگی در دبی 15 لیتر بر ثانیه و سرریز کنگره‌ای قوسی دو سیکل
	Fig. 11 Changes in discharge coefficient versus water head ratio
	شکل 11 تغییرات ضریب دبی در برابر نسبت هد آب
	Fig. 12 Changes in Froude number versus scouring
	شکل 12 تغییرات عدد فرود در برابر آبشستگی
	Fig. 13 Scouring profile at discharge of 5 lit/s and single-cycle triangular labyrinth weir
	شکل 13 پروفیل آبشستگی رسوبات برای دبی 5 لیتر بر ثانیه و سرریز کنگره‌ای مثلثی تک سیکل
	Fig. 14 Scouring profile at discharge of 10 lit/s and single-cycle triangular labyrinth weir
	شکل 14 پروفیل آبشستگی رسوبات برای دبی 10 لیتر بر ثانیه و سرریز کنگره‌ای مثلثی تک سیکل
	Fig. 15 Scouring profile at discharge of 15 lit/s and single-cycle triangular labyrinth weir
	شکل 15 پروفیل آبشستگی رسوبات برای دبی 15 لیتر بر ثانیه و سرریز کنگره‌ای مثلثی تک سیکل
	Fig. 16 Scouring profile at discharge of 5 lit/s and two-cycle triangular labyrinth weir
	شکل 16 پروفیل آبشستگی رسوبات برای دبی 5 لیتر بر ثانیه و سرریز کنگره‌ای مثلثی دو سیکل
	Fig. 17 Scouring profile at discharge of 10 lit/s and two-cycle triangular labyrinth weir
	شکل 17 پروفیل آبشستگی رسوبات برای دبی 10 لیتر بر ثانیه و سرریز کنگره‌ای مثلثی دو سیکل
	Fig. 18 Scouring profile at discharge of 15 lit/s and two-cycle triangular labyrinth weir
	شکل 18 پروفیل آبشستگی رسوبات برای دبی 15 لیتر بر ثانیه و سرریز کنگره‌ای مثلثی دو سیکل
	Fig. 19 Changes in discharge coefficient versus water head ratio
	شکل 19 تغییرات ضریب دبی در برابر نسبت هد آب
	Fig. 20 Changes in Froude number versus scouring
	شکل 20 تغییرات عدد فرود در برابر آبشستگی
	Fig. 21 Final scouring changes on a single-cycle arched labyrinth weir
	شکل 21 تغییرات آبشستگی نهایی در سرریز کنگره‌ای قوسی تک سیکل
	Fig. 22 Final scouring changes in a two-cycle arched labyrinth weir
	شکل 22 تغییرات آبشستگی نهایی در سرریز کنگره‌ای قوسی دو سیکل
	Fig. 23 Final scour changes in a single-cycle triangular labyrinth weir
	شکل 23 تغییرات آبشستگی نهایی در سرریز کنگره‌ای مثلثی تک سیکل
	Fig. 24 Final scouring changes in a two-cycle triangular labyrinth weir
	شکل 24 تغییرات آبشستگی نهایی در سرریز کنگره‌ای مثلثی دو سیکل

	4- نتیجه‌گیری
	5- List of symbols
	References

