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Introduction

Embankment weirs are finite crested weirs with various side slopes that can be used for different
purposes such as flow measurement and diversion, water level management, aeration or water
purification, etc. The hydraulic performance and the characteristics of flow over solid weirs with finite
crest length in free and submerged flow conditions have been of interest to many studies (Azimi and
David. 2013). Unlike the impermeable weirs, porous weirs contribute to the water purification in the
rivers and channels downstream of the structures. Hence, they are structures with positive impact on
water treatment.

Sargison and Percy (2009) studied the performance of BC weirs with side slopes varying between
vertical positions to 1V:2H. Results indicated that by decreasing the slope of upstream face, the
discharge coefficient increases and the height of the upstream water surface reduces. Although the
characteristics of flow over porous weirs have been studied until now, there are still remaining facts to
discover about performance of these kinds of structures in practice. Hence, this study has benefited
from extensive experimental data obtained by laboratory tests to develop formulas to estimate hydraulic
parameters for discharge reduction factor in the submerged flow conditions.

This study investigates the hydraulic performance of flow over the porous embankment (PE) weirs
for both free and submerged flow conditions. To do this, the hydraulic behavior of flow over 16
different PE weir models was examined in a rectangular flume. Results showed that the effect of the
upstream slope of weirs is negligible on the modular limit index while the downstream slopes of weirs
did not affect the free flow parameters. Also, both up- and downstream side slopes have no significant
effect on the characteristics of the submerged flow.

Methodology

Laboratory experiments were conducted in a rectangular, glass-walled laboratory flume of 0.3 m
width, 0.5 m height, and 15 m length at the Hydraulics Laboratory of the Department of Hydraulic
Structures at Shahid Chamran University of Ahvaz, Iran. An overshot gate installed at the end of the
flume allowed the adjustment of the downstream depth at any required level for modular and submerged
flow conditions.

Frameworks of all models were made of 4 mm diameter metal rods which were stuck on the bottom
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base using soft wire. The frame was covered with 5x5 mm fine wire mesh which was smaller than the
smallest filling stones. Finally, the weir boxes were filled with different material sizes with a
coefficient of uniformity of the materials expressed by the ratio of d,,/d,, close to 1. Model weirs
were installed at a distance of 4.5 m from the entrance of the flume. Experiments for every model were
performed in flow rates ranging from 10 to 30 L/s. Flow rates were measured using an ultrasonic flow
meter with an accuracy of £1%. Water surface levels were measured

Tablel- Experimental variables

Parameter Range
Weir length (L,,) 15-74cm
Weir height (P) 18 cm
Weir width (B ) 30 cm
Discharge (Q) 10to 30 I/s
Upstream slope (« ) 7/6,7/4,7/3,7/2 rad
Downstream slope ( ) /6, 7/4,7/3,7/2 rad
Gravel mean size (d., ) 7.2,11.3, 14.3, 17.5, 22.0, 31.3 mm
Gravel porosity % (n) 51,50, 47, 46, 44, 43

using a point gauge with an accuracy of £0.2 mm after stabilizing the water level. In this study, 16
models of PE weirs with different side slopes were investigated in different flow conditions and filling
materials sizes. Complete experimental conditions of this study are listed in Tablel. The experiments
for all models have been carried out for both free and submerged flow conditions in order to provide a
better understanding of the effect of the flow conditions on the hydraulic behavior of flow over and
trough the porous weirs. Also, the threshold submergence or the modular limit is determined as the
water level in which the approach flow regime converts from free to submerged. This is defined as the
water level where the upstream water depth starts to increase by +1 mm caused by increasing the
downstream water depth (Hager and Schwalt 1994). Then, both up- and downstream water depths were
measured. The up- and downstream water depths were recorded at various submergence ratios to
account for the calculation of the discharge reduction factor caused by submergence. Generally, the
discharge passing through and above the weir at submerged flowQ, is equal or smaller than the

discharge Q at free flow condition at the same upstream water level. Hence, the discharge for
submerged flow would be described as the following equation:

Q

Q. =vQ — V/:Q

1)
Where, Q is the free flow discharge and  is the discharge reduction factor.

Result and discussion

Results indicated that in a constant submergence ratio, by increasing the filling material size, the
discharge reduction factor reduces. Comparing the results for various particle sizes indicates that by
the effect of changing the slope of both up- and downstream ramps increasing the ratio of dso/P is
eliminated so that increasing the ratio of dso/P from 0.071 to 0.195 has reduced the difference between
trend lines of y for all geometries. In addition, it can be seen that changing both up- and downstream
slopes has negligible effect on the discharge reduction factor. Thus, it could be concluded that the
discharge reduction factor is almost independent from both up- and downstream side slopes. Figure 1
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shows the variation of y versus y»/ y: for different weirs.
Conclusion

To evaluate the hydraulic behavior of a PE weirs and to develop an empirical relationship for these
weirs, extensive experimental models of various PE weirs with different side slopes were built and
tested. The effects of the filling material sizes on discharge efficiency were evaluated by all PE weirs
models with varying d,, between 7.2 and 31.3 mm. According to the results, the discharge reduction

factor (y ) increases with decreasing the mean size of filling material and it is nearly independent from
the up- and downstream side slopes.
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Fig.1-Variation of discharge reduction factor versus submerged ratio for PE weirs
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Fig. 1- Broad Crested Gabion Weir with upstream and downstream slopes
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Table 1- Geometry of laboratory weir models

P(cm) Lw(cm) Upstream slope(U)  Downstream slope(D) Symbol
(o) (B°)
18 24 30 0 G-U D,
18 24 0 30 G-U Dy
18 34 30 30 G-UDy
18 41 45 30 G-UiDy
18 54 60 30 G-UwDy
18 32 45 0 G-UnD,
18 32 0 45 G-UDy
18 41 30 45 G-UyD
18 49 45 45 G-UniDm
18 61 60 45 G-UnDyyy
18 44 60 0 G-UwD,
18 44 0 60 G-U Dy
18 54 30 60 G-U; Dy
18 61 45 60 G-UyDw
18 74 60 60 G-UnDiv
18 15 0 0 G-U\D,
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Fig. 2- Aggregate degradation of gabion weir materials in this study
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Fig. 4-Transition of free flow to submnged flow
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5 G-Uy Dy 472 0.24 0.81

6 G-UiDy 3.22 0.15 0.12

7 G-U, Dy 3.56 0.14 0.91

8 G-U D 8.03 0.25 0.78

9 G-UnbD, 4.07 0.22 0.70

10 G-U\ Dy 4.15 0.18 0.67

11 G-U\Dmi 3.94 0.13 0.12

12 G-UDwv 9.77 0.30 0.78

13 G-UwD, 443 0.21 0.77
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