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Introduction

The most common way to dissipate the water kinetic energy at the downstream of weirs ,
gates at chutes is to use the hydraulic jump. Hydraulic jump is a phenomenon that alters the flow
regime of the state of supercritical to the subcritical with dissipating much of the flow kinetic
energy and to prevent possible downstream scour of the structure. Development of the
downstream scour hole of the hydraulic jump stilling basins can cause failure of the structure
itself , which has been the interest of the researchers in the past. The extension of new roughened
bed basin is essential to pursue and complete what previous researchers concluded for these
basins. Safe and an economical design of hydraulic structures, an estimation of the maximum
scour depth, and to minimization the scour dimensions is the interest of the researchers.
Therefore, in this study the effect of placing the six-legged concrete elements under different
lengths was investigated investigated. Covering the river bed downstream of the spillways and
gates with these roughened and permeable elements can decrease the stilling basin length and
expected less scour depth. These elements are tight together and placed on the bed. The covered
length of the bed is equal to the length of jump on these elements. However, there is possibility
in which few rows of the downstream elements are escaped because of the edge failure and
therefore the roughened bed length is shortened. The main purpose of this study was to see how
much exactly would be the magnitude of downstream scour depth if the covered length is
decreased.

Methodology

In the present study, an experimental model including a spillway with 30-degree slope, and
height of 0.4 meter and a basin covered with six-legs concrete elements was built. Tests carried
out by decreasing the jump length by 8%, 16%, and 24% and tested each under different flow
conditions (Froude number ranged between 5.34-8.1). Also, Experiments were done in a flume
with length of 7.5 meter, 0.3-meter-wide and 0.4-meter-high in the hydraulic laboratory of the
Water Engineering Faculty of the Shahid Chamran University of Ahwaz. One of the most
important goals of this study is to examine the dimensions of the scour hole due to the reduction
of the length of the basin.
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Results and Discussion:

At the end of each test, bed topographic map was measured and plotted. Results have proved
that the maximum scour depth usually occurs at low Froude numbers in which the jump length is
equal to the basin length. As the basin length decreases, the scour dimensions and the point bar
dimensions become larger. The results also showed that by decreasing of the basin length by 8%,
the scour depth at high flow rates increases up to 17%. Under this flow condition, the scour depth
increases up to 43% when the basin length is shortened by 24%. For the low flow rates the scour
depth rising percentage was obtained to be 40% and 60% for reduced jump length of 8% and
24%, respectively. In general, the results showed that under any circumstances, the downstream
scour depths of the basin were initially reduced and then increased. Increasing the Froude humber
decreases the size of the scour hole. The reason for this is probably due to the fixing the length
of the basin. While the length of the jump depends on the Froude number. In the present study,
the jump length, which is approximately 6 times the conjugate depth, decreases by increasing of
the Froude number. This means that for higher Froude numbers, the hydraulic jump was
completely occurred within the basin, causing its Kinetic energy to be dissipated before it reaches
the downstream, resulting in smaller scour hole dimensions.

Conclusions

At the end of each test, bed topographic map was measured and plotted. Results have proved
that the maximum scour depth usually occurs at low Froude numbers in which the jump length is
equal to the basin length. As the basin length decreases, the scour dimensions and the point bar
dimensions become larger. In this study, it was observed that for the Froude numbers of 8.1 and
7.36, the scour depth for the reduction of 8% and 16% of the basin length, increased to a constant
rate compared to the fixed length of the basin. It costs less money and less time to build six-legs
elements. Then with the use of laboratory data and applying statistical software SPSS,
relationships to predict the maximum scour depth under the influence of the A-type hydraulic
jump were obtained, with the laboratory data.
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