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Introduction

Today, gabion structures and especially gabion stepped spillways have become more popular due to
the significant effect of stairs on flow energy dissipation, appropriate stability, being economic, easy
implementation, and raising the oxygen level in the water. This type of weirs has more flexibility
compared with its impervious type and is resistant to loads due to water pressure. The resistance to
water load is likely to be related to flow passing through the porous media, and the gabion stairs can
assist with the faster water drainage and reduce the water load behind the structure (Zhang & Chanson,
2016). Extensive studies have been performed on impervious stepped spillways, namely Gonzalez et
al. (2016) and Zhang and Chanson (2015).

Reeve et al. (2019) used a numerical model to investigate the flow hydraulic properties on gabion
stepped spillway. They studied gabion stepped spillways with four different stair geometries under
similar conditions. Their results indicate that flat gabion steps can dissipate more energy than
overlapping, inclined, and pooled steps.

Despite extensive investigations on impervious stepped spillways, there has not been sufficient
research on gabion stepped spillways. Hence, the primary purpose of this study is to investigate the
gabion stepped weirs features, including energy dissipation and characteristics of downstream
hydraulic jump.

Methodology

The experiments were conducted in a 7.30x0.60x0.56m flume located in the Hydraulic Modeling
laboratory of the Water Structures Department at the Shahid Chamran University of Ahvaz, Iran. Five
physical models were constructed, including three gabion stepped spillways with three porosities of
35% (Dso = 8.75mm), 40% (Dso = 14.35mm), and 45% (Dso = 22.2mm), an impervious stepped
spillway and a chute. The slope and height of all models were considered constant and equal to 1:2
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(vertical: horizontal) and 60cm. The discharge was regulated for each experiment using the inlet
control valve and the rating curve. Utilizing the downstream control gate, the hydraulic jump was
created, located, and stabilized in the toe of the weir model. The hydraulic jump characteristics,
including jump length, roller length, and conjugated depths, were recorded during the experiments.

Results and Discussion

During the experiments, the flow hydraulic conditions were recorded on the stairs. The results
indicated that by substituting the impervious stepped spillway with a gabion stepped spillway and
increasing the porosity from 35% to 45%, the downstream regime was transformed from nappe flow
to skimming flow at high discharges.

Figure (1) shows the ratio of relative energy dissipation to the dimensionless parameterg"—;3 (drop
number). According to the diagram, the gabion stepped spillway dissipates more energy than the
impervious stepped spillway. In S, G-35, G-40, and G-45 models, by reducing the g"—; ratio from

0.0038 to 0.0006, the energy dissipation rate increased 45%, 52%, 39%, and 45%, respectively. (The
marks in the figure are: C for Chute, S for impervious stepped spillway, G-35 for gabion stepped
spillway with porosity of 35%, G-40 for gabion stepped spillway with porosity of 40%, and G-45 for
gabion stepped spillway with porosity of 45%, respectively).
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Fig. 1- Variation of relative energy dissipation relative to drop number for all models

Conclusions

The results illustrated that gabion stepped weirs can reduce the hydraulic jump characteristics (i.e.,
jump length, roller length, and conjugated depths) compared to the impervious type. The extent of this
reduction depends on the porosity of the gabion structure and the drop number. In general, with the
porosity increment of gabion structure, the rate of energy loss increases. At low discharges, where most
of the flow is the seepage flow through the gabions, the increase in porosity does not cause much
change in energy loss. It occurs because the energy loss is due to the friction of the aggregates of the
porous medium, while at high discharges, increasing the porosity increases the energy loss.
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Table 1 - Range of the parameters’ variation measured in this research
Y2 L; L
Range of (1/5)Q n Ye Y2 L Lr
changes h Y1 ¥o y2
Minimum 20 35% 0.51 2.47 2.60 0.52
Maximum 50 45% 0.93 10.29 6.03 3.08
o b 4 by w Gilas! sbewds - Jsu>
Table 2- Symbols for physical models
Symbol Model type
G — 35 Gabion stepped spillway with porosity 35%
G —40 Gabion stepped spillway with porosity 40%
G —45 Gabion stepped spillway with porosity 45%
S Impervious stepped spillway
C Chute
11.0
10.0 1
9.0 1
8.0 1
7.0 1
6.0 ¢
. T K S
5.0 - X X X X X 1
X A A h|rG35
4.0 1 A ] u -
| N = G-40
01 4 8 = G-45
2.0 . . .
0.0004 0.0014 0.0024 0.0034 0.0044
qPlgH®

Fig. 6- Relative conjugate depth variation of hydraulic jump relative to drop number for all models
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Fig. 7- Relative conjugate depth variation of hydraulic jump relative to drop number for S model
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Table 3- Coefficients of equation (11)

Model type a b R?
S 9.537 0.101 0.89
G—35 28.163 0.316 0.95
G —40 25.086 0.315 0.93
G —45 15.665 0.253 0.96
50%
A
40% T 'S & ) ¢
. . N
A
30% 1 . A N
= ° ¢ IS es
° o * G-
20% - ° . R G-35
G-40
AG-45
10% T T T
0.0004 0.0014 0.0024 0.0034 0.0044
qPlgH®

Fig 8- Variation of depth reduction parameter for stepped models compared to chute model versus
drop number
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Fig. 9- Relative length variation of hydraulic jump versus drop number for all models
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Fig .11- Variation of the relative roller length versus the drop number for all models
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Fig 12- Variation of relative energy dissipation relative to drop number for all models
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Fig. 13- Variation of relative energy dissipation with porosity for all discharges
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Table 4- Percentage of energy dissipation increment in gabion stepped models compared to
impervious stepped model for different discharges

Drop Number

Model type  —5 5505 0.0009 0.0014 0.0018 0.0024 0.0030 0.0038
G—35 8.4 135 16.4 12.6 9.6 11.0 35
G —35 9.6 15.2 19.3 17.6 15.8 16.6 14.1
G — 45 9.2 14.8 19.3 20.2 21.9 223 206

90%
80% X,
0% { M _
60% - Azizi et al. (2008)
uT 50% - Salmasi et al.
9 40% - (2011)
v Ebrahimi et al.
30% - (2005)
20% - X The G-45 model in
10% . . . this study
0.001 0.006 0.011 0.016 0.021
q?/gH®

Fig. 14- Comparison of relative energy dissipation in the present study with other studies
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Table 5- Range of present study variables and other researchers

Researcher Dis(clr;g)rge Rock ?;anr;isle size Slope Flur?me\)/idth nﬁrﬁgse r Ste?crsﬁ)ight
Ebrahimi et al. (2005) 20-100 4.75 1:2 60 3 10
Azizi et al. (2008) 10-40 313 1:1 60 3 10
Salmasi et al. (2011) 5-30 31.0 1:1 25 3 10
Present study 20-50 8.25-75.4 1:2 56 6 10
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