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threshold angles were made of fiberglass. Experiments were carried out using
Ripraps with four different diameters in clear water. The results of this research
showed that the highest stability number related to the spillway with a threshold
of 45 degrees and the lowest stability number was observed in the spillway with
a threshold of 15 degrees. In order to provide a relationship to estimate the relative
diameter of the checkered stone, the variables of the investigation and the
correlation coefficient of the results obtained from this relationship with the
laboratory results for the triangular spillway were obtained as 0.85.

Available online:
October 13, 2024

Keywords:

Triangular overflow,
water depth, energy
consumption, Riprap

1. Introduction

Energy consumption in spillways is necessary to protect the structure and prevent erosion in the
downstream of the structure. Flip bucket spillways are structures that are used for energy consumption
and its use is developing day by day. Considering that the flow in spillways is supercritical, as a result,
the kinetic energy of the flow at the end of the spillway is very high and can cause erosion downstream
of the spillway. Therefore, a spillway needs an energy consuming structure at the end to reduce the
excess energy output and to minimize the amount of erosion and scour downstream of the spillway.
Downstream scouring of hydraulic structures is one of the major issues that have always attracted the
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attention of engineers and designers. Lochlan and Melville [3] considered the performance of the
RipRAP layer acceptable before the depth of scour hole in it reaches 20 percent, the maximum depth
of scour, without the presence of screed. Another design variable of the filter is determining its thickness
and filter layer specifications. The tendency of the small particles in the cavities of the bottom of the
gravel bed to get out leads to its destruction in the form of a sieve. The solution to prevent this type of
destruction is to increase the thickness of the gravel layer and place a filter layer between the fine grain
and the gravel. Masjedi et al. [ 4] conducted research on the effect of roughness on the stability of the
RipRAP around the cylindrical bridge foundation. Experiments were carried out in a laboratory flume
using two types of relative density of pebbles with four different diameters at a constant flow in clear
water. The results of this research showed that the stability of the piles around the cylindrical base
depends on two factors, the Froude number at the threshold of failure and the relative diameter of the
piles. Also, under the same conditions, the presence of roughness in the cylindrical base in the arch
increases the stability of the RipRAP formations around the cylindrical base.

Kikhaei and colleagues [2] conducted research on the RipRAP pattern at the construction site of the
bridge foundation group. The results of this research showed that the area covered by RipRAP in the
group of foundations has decreased for each foundation compared to a single foundation. Farhoudi and
Sadat Helber [1] conducted research on the design of the diameter of RipRAP at the bottom of Stilling
Basin using the Froude Number.

According to the review of the sources, in the current research, the aim of the study is to investigate
the effect of the threshold angle of the triangular spillway on the stability of the RipRAP formations
downstream of the spillway, which has not been studied much in this field.

2. Materials and Methods

The use of RipRap cover at the bottom of the spillway strengthens the bed and increases its resistance
against the shear stress caused by the flow. One of the most important parameters for checking the
resistance of RipRAP against shear stress caused by flow is the dimensionless parameter of stability
number. Also, in the modeling of energy consumption in spillways, the most important goal is to
determine the amount of energy loss due to different flow conditions.

the experiment the results of this research -were carried out hydraulically in a laboratory flume located
in the Islamic Azad University, Ahvaz branch, 8 meters long, 0.5 meters wide and 0.6 meters high. The
walls of the flume were transparent and made of glass, so that the flow conditions were visible. The
floor of the flume was considered to be smooth and stable and without slope. The triangular spillway
model was made according to the USBR standard with a height of 40 cm and a length of 53.4 cm. In
this research, four spillway models with a length of the spillway threshold of 2.5 cm and four spillway
threshold angles of 15, 25, 35 and 45 degrees were made of fiberglass.

The RipRaps used in this research were made of round natural materials with a constant density of 2.1
with an average diameter of 9.52, 11.23, 12.7 and 23.1 mm. According to the criteria provided by
Melville et al., the thickness of the RipRap layer was chosen to be twice the average tile diameter.

3. Results and Discussion

Results, In all experiments, after adjusting the flow intensity, the depth of water upstream of the
spillway, immediately after the flow passed over the spillway, downstream of the spillway, the exit jet
was formed from the triangular launcher, and then a hydraulic jump was formed. In each step, the
desired variables were measured. Also, Froude number parameters in the condition of RipRAP
instability, the relative diameter of the RipRAP in unstable conditions and RipRAP stability number
were calculated. In this research, the tests were conducted to check the stability of the RipRap
downstream in the triangular spillway at the angle of the threshold and the diameter of the RipRap at
the threshold of movement. The effective variables in this research were the angle of the spillway
threshold and the relative diameter of the RipRAP. The results of this research showed that the highest
stability number related to the spillway with a threshold of 45 degrees and the lowest stability number
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was observed in the spillway with a threshold of 15 degrees. Also, the relative diameter of the aggregates
is also an effective factor in the stability of the aggregates, and the stability number at the threshold of
movement in the four angles of the triangular spillway threshold decreases with the increase of the
relative diameter of the aggregates. In order to provide a relationship to estimate the relative diameter
of the RipRap, the variables of the investigation and the correlation coefficient of the results obtained
from this relationship with the laboratory results for the triangular spillway were obtained as 0.85.
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