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Introduction

Beach-bound plates are used to control the erosion of the walls of rivers and beaches. The
nose of the plates has always been subject to scour due to the flow contact with the structure.
Different factors are effective in reducing the scour. Recent research has shown that coastal and
beach-bound triangular slotted panels have played an important role in reducing the scour around
the nose. In this study, in order to investigate the effect of the angle, the triangular slab (slit area
= 10% of the effective surface area of the plate) was used at different angles of (23, 30, 40 and 60
degrees) in arched flume. Experiments were conducted under different hydraulic conditions
(landing numbers 287/0, 304/0 and 322/0). The results showed that the maximum scour depth at
the 23 and 40-degree angles was the lowest and the highest, respectively. The maximum stacking
height is proportional to the maximum scour depth. By increasing of the angle of the plates up to
40 degrees, the maximum scour depth is farther away from the outer curve and drops sharply at
an angle of 60 degrees.

One of the issues in river engineering is erosion in the walls of rivers and coasts, due to the
direct connection of the flow with the wall. The pattern of velocity distribution in the arc
indicates the concentration of areas with maximum velocity in the lower arch and in the vicinity
of the outer wall. Spoons are considered as protective structures that are used to reduce the
erosion and improve the stabilization of the riverside wall. But, on the other hand, the location of
the spillway in the flow path and the direct impact of the flow on the structure leads to local
scouring around the nose of the spillway and, as a result, will eventually destroy the structure. It
is noteworthy that the coastal triangular board of the modified state of the protective structures
(in terms of appearance, degree of submergence, There is a gap in the page) for A. Judd
minimum depth of scour around the nose page. . In a study by Boyan et al. (2010), in a single-
seater survey of coastal triangles, the effective method for restoring river banks is to install these
panels at low angles (20 and 30 degrees) and in the coastline. Therefore, due to the limited
research done on the beach-bound plates, in a leading research with the installation of single-
skeletal triangles attached to the coast at different angles, the angles of their placement on the
topography of the bed in the 90-degree arc have been studied.

materials and methods
Dimensional Analysis
The parameters affecting the bed topography around the triangular slab are as follows:
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p=f(V,Y,g p,u, B0,6,S0,Rc, 6, Le, a,h, L, a,b,d50, 6) Q)

In this regard, V represents the flow velocity, Y, flow depth, g, gravity acceleration, p, mass
volume unit volume, p, fluid dynamic viscosity, B0, flume width, 8, central angle of arc, SO,
longitudinal slope of flume bed , Rc, the central radius of the arc, ©, angle of position of the
structure in the arc (location of the structure in the arc), Le, effective length of the structure, a,
axis of the structure relative to the tangent line on the outer curve upstream, h, height of the
structure, L, The length of the structure, a, the length of the gap, b, the width of the gap, d50, the
average size of the bed material, and o, is the standard deviation of the bed sediment.

Batching theory was initially implemented using Buckingham's theory. After eliminating
constant and minor parameters, the results were as follows:

(0/Y)=(0,0a,(h/Y), (L1Y),Fr) (2)

In the above relation, ¢ contains: Zmax: maximum scour depth, Hmax: maximum stacking
height, S1: the maximum distance of scour depth from the outer curve.
Testing equipment and methods:
The flame used in the experiments is a 90 ° gentle pseudo-arctic flume with a width of 0.7 m and
a central radius of 3 m. The upper reaches of the flume are 5 meters in length and the length of
the outlet in the downstream flume is 3 meters. The floor of the bed was covered with uniformly
sized sediments (mm) d50 = 1.5 and 1.22 = ¢ (geometric deviation coefficient) and covered with
a depth of 20 cm. The screen was made of Plexiglas with a thickness of 4 mm. The angles used in
the present study were to investigate the effect of a single-pointed triangular angle on the bed
topography, angles 23, 30, 40 and 60 degrees, all of which are of type The experiments were
performed at landing numbers of 287/0, 304/0 and 322/0 (Dubai 33, 35 and 37 liters per second).

Analysis of results

Maximum depth of scouring and maximum stack height
If the mounting angle of the page is such that the screen is able to minimize scouring around its
nose, the plate is definitely lasts longer and will be immune to the degradation process.
Therefore, the maximum parameter of scour depth around the nose plate can be considered as one
of the determining factors in determining the efficiency of the plates. The maximum scour depth
at 23, 30, and 60 degrees slit plates is 18%, 61% and 71%, respectively. The maximum scour
depth is 40 ° in the split plate, according to the average hydraulic conditions.
Maximum scour depth location from the outer curve
In the process of scouring around the nose of the plates, the position of the maximum scour depth
is of great importance. The close proximity of the scour hole to the outer shore will weaken the
river wall and ultimately lead to its destruction. In laboratory experiments, it was observed during
experiments that in some angles and landing numbers, the maximum scour depth was formed at
the top of the structure axis and close to the outer curve. By increasing of the number of flow
Froud number during two stages (the first stage from 287/0 to 304/0 and the second stage from
304/0 to 322/0) at the angles of 23, 30, 40 and 60 degrees, the maximum scour depth was 7 / 3%,
8.5%, 6.5% and 12% off the outer curve .

Conclusions
In order to investigate the effect of a single-skeletal triangular angular angle on substrate

topography, these plates were connected to the outer edge of the arch flame at an angle of 23, 30,

40 and 60 degrees and experiments were carried out under different hydraulic conditions. The

results of the study of the substrate topographic changes around a single-plate, triangular slab

adjacent to the coast, showed at different angles and numbers:

1 The minimum and maximum scour depths around the nose of the plate occurred at 23 and 40
degrees, respectively. The maximum scour depths of 23, 30 and 60 degrees are 18%, 61% and
71% of the maximum scour depth at 40 °, respectively under different hydraulic conditions.

2_By increasing of the flow Froud number at all angles, the maximum scour depth increased.
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3_For different Froud numbers, minimum and the maximum stacking altitudes at 23 and 40
degrees have been used in different landing numbers. The maximum stacking height of 23, 30
and 60 degrees, on average, is 32%, 88% and 49%, respectively, at an angle of 40 °,
respectively.

4 Increasing the flow rate at all angles increases stack height.

5 Scours at an angle of 40 degrees, at the highest pitch, and at an angle of 60 degrees, on all
three landing points, have reached the outer curve.

6_Angles of 23 and 60 degrees respectively have the most suitable and the worst angle than the
rest of the angles in creating the balance between maximum scour depth and maximum stack
height.

7_By increasing of the angle of installation to 40 degrees, the maximum scour depth increased
from the outer curve and dropped sharply at an angle of 60 degrees.

8 At all angles, increasing the flow Froud number increased the distance between the maximum
depth of scour from the outer curve.



