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Abstract 

A laboratory experiments were conducted to study the effect of energy losses 

using different parameters like Velocity of flow, discharge characteristic, 

depth of flow, and energy losses over the stepped Gabion type Weir. In this 

study, total 25 runs were performed to conduct this study with stepped of 

gabion weir of the various models were tested on open channels flume of 

Dimension are 5 meter long, 30 cm height and 25 cm width. The result shows 

that the effect of various parameter play significant role for dissipation of 

Energy to avoid the excessive erosion action phenomenon. 
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1. INTRODUCTION 

Stepped gabion spillways have many applications in design of efficient hydraulic 

structure like dam structures. In areas where plenty of stones are available, this type of 

structure will be an economical alternative. Gabion consists of a porous medium filled 

with different shape and size of stone maintained in a mesh type grid. Its porosity 

helps drain off water and to reduce the water load behind the hydraulic structure. 

Stepped types of overflow structure can also be made in gabion style. At low or very 

low discharge rates, water flows only through the pervious body of the Gabion, while 

at high discharge rates, the flow over the steps may also occur in the form of cascades. 

Energy dissipation at gabion stepped structure may be higher than rigid stepped 

spillways due to the extra resistance offered by both the surface and the through-flow, 

thus reducing the cost of the stilling basins constructed. It has been observed that 

many studies have been carried out to investigate the various aspects of over-flow in 
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stepped gabion structure of through-flow has rarely ever been adequately investigated 

due to the complex behaviour of their flow patterns and resistance.  

 

2. LITERATURE REVIEW 

Salmasi et al. (2012) examined the behaviour of gabion-stepped weirs for energy 

dissipation is presented in this paper. Laboratory tests were conducted with 8 physical 

models consisting of 3 different porosities 38%, 40%, and 42% and 2 slopes 1:1 and 

1:2. They provided a comparison relative to energy dissipation rate, ΔE/E0, with the 

values of flow rate per unit width used in the present study. They used the symbols 

like gabion stepped weir with horizontal impervious plate (GH), gabion-stepped weir 

with vertical impervious plate (GV), gabion-stepped weir without impervious plate 

(G), and gabion-stepped weir with horizontal and vertical impervious plates (GHV). 

They showed that with increasing values of discharge per unit width, relative energy 

dissipation decreases for all weir arrangements.  

Chanson et al. (2014) were concluded that the study was conducted in a 26.6° slope 

(1V:2H) and 0.10-m step height facility, with both smooth impervious and gabion 

steps. The visual observations highlighted the seepage flow through the gabions, 

inducing a modification of the cavity flow. In this type of flow, higher velocities were 

measured at the downstream end of the gabion stepped, associated with smaller 

energy dissipation rates and lower friction factors, compared to the smooth 

impervious stepped chute data. For very larger discharges, the main overflow regimes 

included the nappe flow with increasing discharges. The rate of energy dissipation 

and residual head showed that the rate of energy dissipation was the lowest on the 

gabion stepped weir. 

Chafi et al. (2010) have also presented a study which indicated that a change flow 

mechanism and recirculation were observed for the spillway slope. Skimming flows 

on varying slope criteria are characterized by using different friction factors less than 

for turbulent flows on spillways with a slope greater than 27°. It is also discussed that 

that the spillways of a slope of 27° show certain effects of appropriate recirculation 

mechanism. The spillway elements form a compact set. Strong special glue was used 

in order to obtain a stable and compact spillway and to limit the infiltration 

phenomenon to the maximum. The results indicate that there is a difference between 

the energy dissipation without downstream infiltration and that with downstream 

infiltration.  

Al- Mohammed et al. (2015) have studied on different types of flow regimes for a 

Non-overflow occurs when the water flows only through the porous weir. Non-

overflow limit is the state of flow that the free surface disappears from the upper edge 

of the weir crest. Transient flow is the state that the flow gets into the filling material 

over the weir. Overflow flow limit is the flow profile that the free surface reaches just 
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the downstream edge of the weir crest. Overflow flow occur when the stream is 

running over the top of the weir. Only transition flow regimes are taken into 

consideration in the study. In this paper, the gravel samples were tested in a 

rectangular section contained in a wire mesh gabion with vertical upstream and 

downstream faces with two flow regimes through flow and transition flow. The flow 

rate was adjusted by a control valve in the flume supply line. 

Salim et al. (2014) have been manufactured with three downstream slope angles 25, 

35 and 45 and four numbers of steps 5, 10, 15 and 20.Twelve stepped spillway models 

were made from wood and coated with varnish to avoid wood swelling of water and 

to increase its smoothness. The experiments were conducted for fifteen different 

discharges runs. During testing runs, the gabions were placed into the steps and 

removed alternately. Wire mesh of rhombus shape with side length of 0.68 cm and 

diagonals of 0.65 and 1.2 cm has been used. The wire mesh boxes were filled with 

gravel of size 0.95 porosity of 41%. They concluded after experiments for the same 

discharge, the location of air inception point is closer to the crest for larger step 

heights and lesser slope angle. The location of inception point of air entrainment is 

closer to the crest in pooled steps compared with different locations. 

 

3. EXPERIMENT PROGRAM 

Four stepped spillway models were made from wood with a slope of 1:1 taken in 

experimental study. The height and length of weir were taken 20 cm and the width of 

the weir was taken 24.5cm. Each step had a height of 5cm and length is 5cm.In model 

we used size of aggregate which passed through 12.75mm sieve and retained on 4.75 

mm sieve and these aggregate are filled in the model which is hollow at the centre. 

We use a wire mesh of size of holes of about 2.36mm. The wire mesh help in holding 

the aggregate from move out with flow of water. The model for study was carried out 

in the flume whose dimensions are 5 meter long, 30 cm height and 25.5 cm width. 

A total of 25 runs were carried out at a slope of 1:1 and varying the discharge rates for 

determination of changes in depth of flow at upstream and downstream side. These 

values from the experiment help in calculation and determination of how much of 

energy is dissipated at different discharge rate. The main aim of the experimental was 

only to identified the dissipation of energy on gabion at different discharges and this 

can be calculated by the help of energy loss formula which gives the appropriate 

result of our experiments. Firstly, We should clean the flume properly and Put model 

in the flume properly and add some clay on corners if there is presence of space for 

the flow of water into the corners and start the flume for 15 to 20 minute for proper 

functioning of motor and flume. After this slightly change the discharge according to 

need and run for 10 to 15 minutes for maintaining the discharge at constant rate. After 

which 10 to 15 minutes take the reading on upstream side that is the reading from 
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back of the weir by the help of pointer gauge, and the gives the value of y1 after 

getting y1 then take the reading on the downstream side and that value is our y2 on the 

same way. The reading y2 should be taken away from the weir where the fluctuation 

of water is less. Then take the reading near the bottom of the weir where the post 

jump is produced and that value is our yc and it is our critical depth. Above procedure 

or steps helps in determining the flow depth of water in upstream and downstream 

which helps in determine the dissipation of energy at different discharge. These 

values are put in the energy loss formula and then we get the result of how much of 

energy is dissipated at different discharge rate. 

 

   

Fig.1 Stepped Gabion model  

 

Fig.2 Gabion model for experiment 
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4. RESULT AND DISCUSSIONS 

The result shows that the loss of specific energy at upstream (E0), downstream 

specific energy (E1) and relative energy dissipation (ΔE/E0) are calculated as follows 

             Eo = Hw+ yo+
𝑞2

2𝑔𝑦𝑜2       

                             E1= y1+ 
𝑞2

2𝑔𝑦12 

                           ΔE/Eo =1- 
𝐸1

   𝐸𝑜
 

Where, g is acceleration due to gravity; Hw is total gabion-weir height measured 

with a pointer gauge after the installation of the weir at the flume, y0 is the depth 

of flow at a set distance upstream of the weir and y1 is the depth of water on the 

downstream.  

 
Fig. 3. Effect of U/S Specific Energy with discharge 

 

 

Fig. 4 Effect of D/S Specific Energy with discharge 
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Fig. 5 Effect of Specific energy loss with discharge 

 

5. CONCLUSIONS  

In this paper, the series of experiments were conducted to reach a following finding as 

given below: 

1. The upstream flow may affect the turbulence fluctuating waves at the 

downstream of the gabion structure. 

2. The effect of Energy losses due to stepped Gabion types of hydraulic structure 

may also dissipated maximum Energy up to aoorx.87% which shows good 

results. 

3. Relative Energy losses over the stepped Gabion Hydraulic structure is very 

close to 75%  

4. Higher value of Discharge show series of variation of overall relative energy 

losses at the hydraulic structure. 
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