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Abstract

Introduction: Stepped spillways are one of the types of weirs used in waterway systems.
This structure is used for discharge measurement, energy dissipation, and water aeration.
Due to engineers' tendency towards environmental sustainability and not manipulating
natural landscapes, porous spillways made of stone in the form of gabions are a suitable
alternative to impermeable concrete spillways. These spillways have technical, economic,
environmental, and hydraulic priorities compared to conventional concrete stepped
spillways. Porous spillways are a suitable alternative to the usual concrete spillways in water
transmission and distribution systems due to their high hydraulic and technical performance
on the one hand and negligible negative environmental impact on the other hand .In this
research, the hydraulic performance of the porous stepped spillway under free flow
conditions has been investigated in a laboratory manner. This research investigates the
effects of different variables including flow rate, upstream blockage, and porosity, on the
discharge coefficient of the porous spillway. Finally, based on the dimensional analysis, two
empirical relationships are presented using SPSS and GEP (gene-expression programming)
for calculating the free flow discharge coefficient for porous stepped spillways.

Methodology: The experiments of this research were carried out in a laboratory flume with a
length, width, and height of 11, 0.5, and 0.5 m, respectively. The main frame of the weirs is
made of an iron rod and covered with a metal mesh. After the construction of the weir frame,
stones were poured into it, and its upper part was covered with metal mesh.

The materials used in the porous spillway were selected from four gradations between 1.13
and 4 cm with a uniformity coefficient close to 1. Each porous spillway was tested for seven
blockages between zero and 100%. Also, the results were compared with a solid stepped
spillway model with and without blockage. In the following, it has been extracted to present
the empirical relationship of the discharge coefficient in these spillways under blockage
conditions, using the dimensional analysis of effective dimensionless parameters under free
flow conditions.
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Results and Discussion: For porous weirs in unblocked conditions and with few blockages,
the trend of the discharge coefficient changes is relatively steep. Gradually, with the increase
in blockage, the discharge coefficient of the downward slope decreases, and finally, in high
blockages, its trend becomes horizontal. In 100% blockage, it becomes similar to a solid weir.
These results, which are for the unblocked spillway, are consistent with the results of Salmasi
et al. (2021), Salmasi and Taghi Sattari (2017), and Safarzadeh and Mohajeri (2018).
Comparing two gradations shows that by reducing the gradation of materials, the weir
behavior reaches the solid weir behavior sooner.

The trend of changes in the discharge coefficient of porous weirs is decreasing with
increasing flow rate and increasing for solid weirs. The results show that with the increase in
flow rate, the discharge coefficient of porous weirs approaches the solid weir. In porous
weirs, unlike solid weirs, where the total flow is the overpass, the total flow is the sum of the
inflow and overpass flow. The fraction of the flow through the passage is significant at the
low flow rates. Also, with the increase in the flow rate, the ratio of the flow through the
passage to the total flow rate decreases. Therefore, with the increase of the flow rate, the
coefficient of the two weirs gradually approaches, and the effect of the flow in the passage
decreases noticeably at high flow rates.

Conclusion: The results showed that the free flow discharge coefficient increases with the
size of the filling material. The percentage increase in discharge coefficient for porous
stepped spillways is approximately 34 to 230% higher than that of solid spillways. Unlike
solid spillways, whose free flow discharge coefficient increases with increasing the flow rate,
in porous stepped spillways, the trend of free flow discharge coefficient changes in low flow
rates is downward. With an increasing flow rate, it gradually becomes horizontal and then
increases with a slight slope. As the blockage increases, the flow coefficient in the porous
stepped spillway gradually decreases. In blockages above 80%, the flow coefficient of the
porous stepped spillway is insignificantly different from the solid stepped spillway. In the
solid stepped spillway, in the percentage of obstructions below 80%, the obstacle does not
affect the free discharge coefficient. The presence of blockage upstream of the porous
stepped spillways sometimes reduces the discharge coefficient by more than 70%. The
extraction of empirical relationships based on the GEP meta-heuristic model has higher
accuracy than those extracted from the nonlinear multivariate regression using SPSS. The
average error of the relation of the GEP porous stepped spillway free discharge coefficient
was 4%, and the nonlinear multivariate regression model was 7%.
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Parameters Setting of parameter

Function set +, -0, %, N 1UX, (1-x)

Population size 50
Number of genes 3
Mutation rate 0.02
Inversion rate 0.1
One-point recombination rate 0.3
Two-point recombination

rate 03
Gene recombination rate 0.1
Gene transposition rate 0.1
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Table 4 Statistical parameters of the Eq. (9)

Error (%) Residual
2
Dataset R RMSE MAPE Min Mean Max Min Mean Max
Train 0.97 0.018 0.036 0.012 3.63 17.21 -0.051 0 0.039
Test 0.97 0.02 0.04 0.123 4.075 18.46 -0.055 -0.002 0.039
flow conditions. Journal of Hydro-environment Lailis Cow b -0
Research, 44, 65-76.
C D
Fathi-Moghaddam, M., Tavakol Sadrabadi M. and ‘ . f’-’ e
Rahmanshahi M. (2018). Numerical simulation of dso (mm) oS Sles o3l
the hydraulic performance of triangular and g (ms?) Ja ol
trapezoidal gabion weirs in free flow condition. ‘
Flow Measurement and Instrumentation, 62 (2018), H (M) 32500 59, JS £li5)]
93-104. hs (M) g, slas )|
Ferreira, C. (2001a). Gene expression programming Lw (M) 32,z Job
in problem solving. Proceedings of the 6th Online n e
World Conf. on Soft Computing in Industrial 3
Applications, 635-653. P (M) 52, gl
31
Ferreira, C. (2001b). Gene  expression Q (M*s%) &5 0
programming: A new adaptive algorithm for q (M?s1) oy axly oo
i(;ls\)/ing problems. Complex Systems, 13(2), 87- W (M) pols o ye
) ) :‘5’»[.39.1 6&74.3[.&3
Fritz, H.M. and Hager, W.H. (1998). Hydraulics of am® s
embankment  weirs. Journal of  Hydraulic L kgm™) J5=
Engineering, 124(9), 963-971. U kgmis?t) Lbg ooy
Hager, W. and Schwalt, M. (1994). Broad crested v (M?s?) (Ssloisw C3)
weir. Journal of Irrigation and Drainage
Engineering, 120(1), 13-26. .
b oo —F

Kells, J.A. (1993). Spatially varied flow over
rockfill embankments. Canadian Journal of Civil

Biabani, R. Salmasi, F. Nouri, M. and Abraham, J.
(2022). Flow over embankment gabion weirs in free

Journal of Hydraulics
18(2),2023
98



VP olcusli oF o)l VA 090

Sy yuad

Instrumentation, 74, 101769, https://doi.org/10.
1016/j.flowmeasinst.2020.101769.

Sharig, A. Hussain, A. and Ahmad, Z. (2022). Flow
over gabion weir under free and submerged flow
conditions. Flow Measurement and Instrumentation,
102199, https://doi.org/10.1016/j.flowmeasinst.
2022.102199.

Engineering, 20(5), 820-827.

Kells, J.A. (1994). Reply on discussion of spatially
varied flow over rockfill embankments. Canadian
journal of civil engineering, 21(1), 163-166.

Leu, JM., Chan, H.C. and Chu, M.S. (2008).
Comparison of turbulent flow over solid and porous
structures mounted on the bottom of a rectangular
channel. Flow Measurement and Instrumentation,
19(6), 331-337.

Michioku, K., Maeno, S., Furusawa, T. and
Haneda, M. (2005). Discharge through a permeable
rubble mound weir. Journal of Hydraulic
Engineering, 131(1), 1-10.

Mohamed, H. (2010). Flow over gabion weirs.
Journal of Irrigation and Drainage Engineering,
136(8), 573-577.

Mohammadpour, R., Ghani, A.A. and Azamathulla,
H.M. (2013). Numerical modeling of 3-D flow on
porous broad crested weirs. Applied Mathematical
Modelling, 37(22), 9324-9337.

Rahmanshahi, M. and Shafai Bejestan, M. (2020).
Gene-Expression  Programming  Approach for
Development of a Mathematical Model of Energy
Dissipation on Block Ramps. Journal of Irrigation
and Drainage Engineering, 146(2), 04019033.

Roushangar, K., Akhgar, S., Salmasi, F. and Shiri,
J. (2014). Modeling energy dissipation over stepped
spillways using machine learning approaches,
Journal of Hydrology, 508, 254-265.

Safarzadeh, A. and Mohajeri. S.H. (2018).
Hydrodynamics of rectangular broad-crested porous
weirs. Journal of Irrigation and Drainage
Engineering, 144(10), 04018028, https://doi.org
/10.1061/(ASCE)IR.1943-4774.0001338.

Salmasi, F. and Taghi Sattari, M. (2017). Predicting
Discharge Coefficient of Rectangular Broad-
Crested Gabion Weir Using M5 Tree Model.
Iranian Journal of Science and Technology,
Transactions of Civil Engineering, 41(2), 205-2012.

Salmasi, F., Sabahi, N. and Abraham J. (2021).
Discharge Coefficients for Rectangular Broad-
Crested Gabion Weirs: Experimental Study. Journal
of lIrrigation and Drainage Engineering, 147(3),
04021001, https://doi.org/10.1061/(ASCE)IR.1943-
4774.0001535.

Sharig, A., Hussain, A. and Ahmad, Z. (2020).
Discharge equation for the gabion weir under
through flow condition. Flow Measurement and

Journal of Hydraulics

18(2), 2023

99


https://link.springer.com/journal/40996
https://link.springer.com/journal/40996
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001535
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001535

