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Abstract: Designing hydraulic structures requires careful consideration of local scouring downstream.
This study investigated the performance of trapezoidal labyrinth weirs in controlling flow and
mitigating scour in straight channels through physical model experiments. Sixty configurations were
examined, using weir apex angles of 20◦, 45◦, 60◦, and 80◦, heights of 30 cm, 35 cm, and 40 cm,
and flow rates of 50–200 L/s. A linear weir served as a reference. The results showed that the 60◦

apex angle consistently outperformed other configurations, reducing scour depth by up to 41% and
scour length by up to 50% compared to the linear weir. It also decreased deposition depth by 40%
and length by 50%. Lowering weir height from 40 cm to 30 cm led to reductions of 35% in scour
depth and 40% in scour length at low discharges. These improvements remained significant even
at higher flow rates, with a 29% reduction in scour depth and 25% in scour length at 200 L/s. This
study provides evidence-based recommendations for optimizing labyrinth weir designs to define the
relationship between hydraulic efficiency and erosion control. It offers valuable insights into weir
geometry, flow conditions, and the resulting scour and deposition patterns. These findings contribute
to the optimization of labyrinth weir designs to minimize downstream bed configurations. The tests
were conducted under limited flow conditions.

Keywords: labyrinth weirs; scour; physical modeling; weir geometry; apex angle; no. of cycles

1. Introduction

Water is an essential resource for both life and the advancement of civilization. There-
fore, finding creative ways to manage, distribute, and conserve it is always necessary.
The importance of innovative hydraulic infrastructures to safeguard and optimize these
resources is increased by the escalating issues of population growth, urban development,
and climate change [1]. Sustainable development requires the effective management of
water resources, particularly in the current environment, with unpredictable climate fluctu-
ations, deteriorating environmental conditions, and growing worldwide water demands [2].
Labyrinth weirs are an innovative approach, which has gained considerable attention in
hydraulic engineering due to their unique design features and enhanced performance in
controlling flow and mitigating scour in straight channels. These structures, character-
ized by a non-linear crest shape, offer several advantages over traditional linear weirs,
particularly in terms of flow regulation and sediment management [3].

It was proven that the flow over a skew weir is strongly influenced by the angle
the weir forms with the upstream flow direction [4]. One of the primary advantages of
labyrinth weirs is their ability to optimize flow control by extending the crest length within
the same width as a linear weir [5,6]. This extended crest length allows for increased
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discharge capacity and improved efficiency in regulating flow rates, thereby reducing the
risk of flooding and enhancing water management in hydraulic systems [7,8]. Furthermore,
experimental studies have found that adding an additional cycle along the lateral crest of
trapezoidal labyrinth weirs, which are crucial hydraulic structures for water flow control
and management, can further enhance these systems’ efficiency and overall performance [9].
In addition to flow control, labyrinth weirs play a crucial role in mitigating scouring
downstream of hydraulic structures. Scour, the erosion of sediment from the bed and
banks of water channels, presents a significant challenge due to its potential to weaken
the stability of structures, which leads to costly maintenance and repair [10,11]. This local
scouring downstream of hydraulic structures stands as a critical concern, significantly
impacting their safety and stability.

As water flows over the labyrinth weir, it undergoes complex hydrodynamic pro-
cesses, including contraction, acceleration, and turbulence, leading to significant energy
dissipation downstream [12]. One critical aspect of labyrinth weir design is the assess-
ment of scour parameters, which govern the potential for scouring and deposition of the
downstream channel bed and apron. Excessive scouring can undermine the structural
integrity of the weir, lead to downstream erosion, and potentially cause failure, posing
risks to infrastructure and public safety [13]. Labyrinth weirs are specifically designed to
minimize scour by promoting flow stabilization and reducing turbulence downstream of
the weir crest [14]. Furthermore, the complex geometry of labyrinth weirs creates multiple
flow paths and vortices, which help to dissipate energy and reduce the erosive effects of
flowing water. This ability to dissipate energy makes labyrinth weirs particularly effective
in controlling scour and maintaining channel stability in straight channels [15].

Numerous studies have investigated the influence of various geometric and hydraulic
parameters on the hydraulic performance and scour potential of downstream labyrinth
weirs. Researchers have studied several factors, such as weir height, crest length, cycle
geometry, and flow conditions [16–18].

Elnikhely et al. [19] carried out experimental studies to investigate, at varying flow
velocities, the local scouring downstream of a triangular labyrinth weir and demonstrated
a decrease in several scour and deposition parameters at all weir apex angles using varying
apex angles. When compared to a linear weir, an ideal weir apex angle of 60◦ can decrease
scour parameters while increasing energy losses. Yasi et al. [20] investigated the progression
of scour holes over time under three different free-flow scenarios until reaching a stable
bed state. Initial findings suggested that the curved planform demonstrates superior
efficiency in terms of flow capacity. The results showed that the depth and extent of
scouring downstream of the standard weir and the trapezoidal labyrinth design are higher
compared to the other two labyrinth configurations. The effectiveness of the triangular and
curved designs differs depending on the hydraulic head conditions. Ikinciogullari et al. [21]
compared local scour patterns downstream of triangular, trapezoidal, and labyrinth weirs
under free overfall conditions. They found that labyrinth weirs significantly surpassed
classical weir designs in terms of scour mitigation. Specifically, labyrinth weirs produced
less severe local scour and exhibited a shorter horizontal distance to the point of maximum
scour depth compared to their triangular and trapezoidal counterparts. These findings
suggest that labyrinth weirs provide improved structural safety and reduced erosion risk
in hydraulic applications, potentially influencing future weir design choices for enhanced
downstream bed protection. Dehghani et al. [22] investigated the impact of upstream
sedimentation levels and downstream bed levels on the discharge coefficients of trapezoidal
labyrinth weirs with different geometries. The analysis of the results revealed that altering
the tailwater level to two-thirds of weir height altered the flow pattern of the falling nappe
and led to significant changes in the discharge coefficients of the weirs, particularly during
high-flow discharges.

Obaida et al. [23] investigated the effects of solid aprons of varying lengths on scour
reduction downstream of a sharp-crested weir in an open-channel flow. The research found
that an optimal apron length significantly reduced scour depth and length, while shorter
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or longer aprons were less effective due to turbulence and vortex formation. Empirical
equations were developed to predict scour dimensions, providing valuable insights for
designing hydraulic structures with improved stability and scour mitigation.

Guan et al. [24] presented an experimental study investigating local scour at sub-
merged weirs in sand-bed channels, considering the effects of sediment size and tailwater
depth. New equations were proposed for predicting equilibrium scour depths upstream
and downstream of the submerged weir, accounting for factors such as sediment size, tail-
water depth, flow intensity, and weir height. The study found that decreasing sediment size
reduces downstream scour depth, while decreasing tailwater depth increases downstream
scour. They provided a new technique for estimating the maximum scour depths at the
weir based on the experimental findings. Fathi et al. [25] proved that altering the design of
piano key weirs, particularly by adding steps, effectively reduced scour depth compared to
non-stepped weirs. They found that factors such as discharge rates, tailwater depth, and
bed material size significantly influence scour dimensions. These findings emphasize the
importance of careful weir design in controlling scouring and enhancing the stability of
hydraulic structures.

Guan et al. [26] investigated the scour development downstream of submerged weirs,
revealing that scour holes form rapidly in the initial stages and gradually slow down as
they reach equilibrium. Increased flow intensity and overtopping ratios led to larger scour
depths and volumes. They also developed empirical equations to predict the temporal
evolution of scour dimensions, providing valuable tools for hydraulic engineers to estimate
and mitigate scour in riverine and coastal environments. Abdi et al. [27] examined the
evolution of scour parameters downstream of a trapezoidal piano key weir, showing that,
as the Froude number and relative vertical distance increased, the scour rate, depth, area,
and volume also increased, particularly in the early stages of testing. Most of the scouring
occurred within the first 20% of the test duration, highlighting that initial conditions play a
crucial role. The study also developed predictive equations for scour behavior, providing
useful tools for future hydraulic design and analysis.

From the review above, it is noted that few studies were performed taking into ac-
count the hydraulic design of the trapezoidal labyrinth weir and its performance on the
downstream bed configurations, expressed in terms of the geometry of local scour and
deposition. Consequently, initiating the current study requires examining the focal param-
eters involved in trapezoidal labyrinth weir design under several hydraulic conditions.
Similar tests are also carried out by implementing a sharp classical weir to explore the
superiority of the labyrinth weir and the optimum design regarding weir height and apex
angles under limited flow conditions.

This paper is organized as follows: Section 2 presents the experimental setup and
methodology, including the description of the physical model used and the parameters
measured, justifications for the assumptions, and finally, the dimensional analysis. Section 3
details the experimental results, analyzing the impact of different apex angles and weir
heights on the developed bed’s morphological changes under various flow conditions. It
also contains a discussion about the findings, comparing the performance of different weir
geometries.

2. Materials and Methods
2.1. Model Setup

The present study was carried out using a physical model in the Irrigation and Hy-
draulics Laboratory at Cairo University. The flume was 20.5 m long, 2 m wide, and had a
depth of 85 cm. The channel had a flat longitudinal slope, with a concrete bed. The sides
were made of glass supported by steel frames, providing visualization for the flow patterns
and their interaction with the sand bed. The bed was leveled to a depth of 20 cm on the
channel’s bed, as shown in Figures 1 and 2. Figure 1 also shows a plan view of the physical
model, showing its entrance at the upstream and its outlet at the downstream. Figure 2
shows the schematic diagram for the model from its side view and its plan. The flume
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walls were constructed to be smooth to minimize boundary effects and ensure uniform
flow conditions. Water was delivered from the ground sump to the head tank using a
pump at the upstream of the model. The discharge in the flume was measured using an
electronic flowmeter with high accuracy ±1%. The tail gate was employed downstream of
the channel to adjust the water depth in the downstream.
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Figure 1. General layout of the physical model (20.5 m long, 2 m width, and 0.85 m depth), (a) an
upper view of the physical model, (b) a side view of the model showing its longitude, (c) a view of
the upstream entrance, and (d) a view of the downstream outlet.
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Figure 2. Schematic diagram for the weir model, and experimental setup: (a) side view, (b) plan.

A steel-made 0.5 mm thick trapezoidal labyrinth weir was implemented as a heading
structure within the flume. The weir structure incorporated four of trapezoidal crests
arranged in cycles (N = 4). The apex angles of the trapezoidal crests were varied to
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investigate their impact, with distinct angles of 20◦, 45◦, 60◦, and 80◦, as represented in
Figure 3. The weir crest height (P) was adjustable, with three different heights (40, 35, and
30 cm), allowing for investigations at different upstream water levels and flow conditions.
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The total length of the weir structure along the flume was 2.0 m, with the central
portion spanning 0.50 m. The side trapezoidal crests were symmetrically implemented
on either side. The weir crest height (P) was adjustable according to the given scenario,
from 40 cm to 35 cm to 30 cm, allowing for investigations at different upstream water levels
and flow conditions. This model setup aimed to study the flow characteristics and the
potential for downstream scour and deposition associated with trapezoidal labyrinth weirs
of varying geometries. Special emphasis was placed on the influence of the apex angle on
these parameters. A concrete apron, 2.5 m in length, was installed downstream of the weir
to prevent direct deformations caused by water action.

The experiments involved monitoring various scour parameters downstream of the
trapezoidal labyrinth weir. A sieve analysis was conducted to define the grain size distribu-
tion of the mobile bed material (d50 = 0.3 mm), as illustrated in Figure 4. Before starting
the experiment, the soil level was adjusted to match the level of the concrete apron surface.
A linear crest weir was also incorporated to act as a reference case to assess the impact of
using the trapezoidal labyrinth weir on scour parameters. All tests were conducted over
fixed runtime duration of 4 h, which was determined from several trial tests during which
the quasi-equilibrium state was reached under a maximum running discharge of 200 L/s.
This duration allowed for the observation of the development of scour and deposition and
ensured the cessation of their processing and the immobility of the sediment particles, with
no significant change in scour hole dimensions noted beyond this time. Each experiment
set applied four different flow discharges, Q = 50, 100, 150, and 200 L/s. In the test program,
the tailwater depth was fixed at 20 cm to maintain a certain condition at the toe end of the
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hydraulic structure. A calibrated point gauge with an accuracy of ±0.1 mm was used for
the level measurements of water levels or bed levels, as shown in Figure 5.
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2.2. Justification of Experimental Parameters and Assumptions

The selection of experimental parameters in this study was based on preliminary trials
and the careful consideration of practical and scientific factors. This section outlines the
rationale behind the key parameter choices:

• The weirs were constructed from 5 mm thick metal sheets. This thickness was chosen
as an optimal balance between structural integrity and practicality. Thinner sheets
(<5 mm) led to deformations, particularly for taller weirs (40 cm) under high discharge.
On the other hand, thicker sheets increased costs and posed handling difficulties
during installation.

• The weir heights were selected between 30 and 40 cm. This range was determined
after observing that taller weirs caused complete bed material removal under high
discharge, while shorter weirs failed to produce noticeable bed configurations under
low discharge.

• The weir apex angles ranged between 20◦ and 80◦. The angles below 20◦ showed poor
energy dissipation performance, while angles exceeding 80◦ caused the trapezoidal
labyrinth weir to behave similarly to a classical sharp-crested weir, negating the
benefits of the labyrinth design.
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• Discharges between 50 and 200 L/s were tested. The flows below 50 L/s did not
produce significant bed material development for shorter weirs, while discharges
exceeding 200 L/s resulted in complete bed material movement, limiting the ability to
study the scour patterns.

• The run time duration was set to 4 h, during which the quasi-equilibrium state was
reached, and no further appreciable bed movement was recorded. Consequently,
extending the run time duration beyond this period was useless with respect to bed
configurations.

2.3. Dimensional Analysis

Previous investigations of the scour process at the downstream of trapezoidal labyrinth
weirs have demonstrated that the scour and deposition parameters considerably depend
on the geometric properties of the weir, upstream flow conditions, and physical properties
of the bed material [28,29]. To measure the developed scour/deposition downstream of the
concrete apron under various discharge conditions, several key parameters were defined.
These parameters included Ds, the maximum scour depth (cm); Ls, the scour length, which
is defined as the distance from the end of the apron to the location of the maximum scour
hole (cm); Dd, the maximum deposition depth (cm); Ld, the maximum deposition length,
which is the distance from the end of the apron to the location of the maximum sand
deposition (cm); Q, the flow discharge (L/s); P, the weir width; W, the flume width (m); Lb,
the length of the concrete apron (m); Yt, the tailwater depth (cm); α, the weir apex angle; g,
the gravity acceleration; ρ, the water density; ρs, the soil particle density; So, the flume bed
slope; d50, the median grain size; V, the mean flow velocity; µ, the dynamic water viscosity;
σ, the surface tension; N, the total number of weir cycles. The parameters are depicted in
Figure 2 and tabulated in Table 1. These measurements are significant for assessing the
erosive effects of flowing discharge and understanding the potential risks downstream of
the weir.

Table 1. The important parameters affecting scour and deposition.

P weir height g the gravity acceleration
Ds maximum scour depth ρ water density
Ls ρ ρ soil particle density
Dd maximum deposition depth So is the flume bed slope
Ld maximum deposition length d50 median grain size
Q passing discharge (L/s) V the mean flow velocity
W width of the channel µ dynamic water viscosity
Lb length of the concrete apron σ the surface tension
yt tailwater depth N total number of weir cycles
α the labyrinth weir apex angle

According to the parameters mentioned, the effective variables governing the morpho-
logical changes, presented in terms of maximum local scour depth developed downstream
of the trapezoidal labyrinth weir, were as follows:

f (P, Ds, Ls, Dd, Ld, Q, W, Lb, yt, α, g, ρ, ρs, So, d50, V, µ, σ, N) = 0 (1)

In this study, W, Lb, yt, g, ρ, ρs, So, d50, and N were kept constants throughout the
experimental work. Therefore, they can be neglected from Equation (1). The equilibrium
time for scour geometry was fixed for all experimental tests. Using the π-theorem and
applying the properties of dimensional analysis, it yields,

f
(

P
W

,
Ds

yt
,

Ls

yt
,

Dd
yt

,
Ld
yt

, α,
V

√
gyt

,
ρQ
Wµ

,
ρV2B

σ
,
)
= 0 (2)
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where V√gyt
is the Froude number, Fr; ρQ

Wµ is the Reynolds number, Re; and ρV2B
σ is the

Weber number, We. Substitute these into Equation (2):

f
(

P
W

, α, N, Fr, Re, We,
Ds

yt
,

Ls

yt
,

Dd
yt

,
Ld
yt

)
= 0 (3)

Ds

yt
,

Ls

yt
,

Dd
yt

,
Ld
yt

= f
(

P
W

, α, N, Fr,
)

(4)

The key parameters from the laboratory tests, including weir height, apex angle, and
flow rates, can be scaled to field conditions using the Froude similitude. This scaling
approach maintains the ratio of inertial to gravitational forces, ensuring that the flow
dynamics in the laboratory model are representative of those in the prototype.

3. Results and Discussion

Several cases for the trapezoidal labyrinth weir were applied for the experiments
in the physical model, with different heights (P) of 30, 35, and 40 cm and with different
apex angles of α = 20◦, 45◦, 60◦, and 80◦. A sharp-crested linear weir was also used as a
reference for the other weir cases. In these tests, different discharges, Q = 50, 100, 150 and
200 L/s, were applied for each different weir case, with a total of 60 distinct investigated
configurations. To provide a stable state at the hydraulic structure’s toe end, the tailwater
depth was kept constant at 20 cm. After the discharge flow reached equilibrium in the
channel, and no changes in bed material were predictable, different scour/deposition
parameters were measured for each configuration. The relative scour and deposition
parameters, encompassing both depth and length, were quantified, and their relationship
with the discharge was graphically represented. The various impacts of changing the apex
angle and weir height on the scour and deposition parameters are discussed separately.
Additionally, techniques such as using calibrated two-point gauges, shown in Figure 6, are
used to provide accurate data on scour/deposition depth and length over time. The water
and bed levels across the channel were measured using the point gauge that was mounted
on the carriage.
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3.1. Effect of Labyrinth Weir Apex Angle on Scour and Deposition Parameters

Results related to the influence of the apex angle α = 20◦, 45◦, 60◦, and 80◦ on the
parameters downstream of the trapezoidal labyrinth weir are shown in this section. The
analysis was based on the data and figures provided for a weir height of 40 cm, as well as
a comparative analysis of the 35 cm and 30 cm weir heights. When estimating different
bed configurations, non-dimensional parameters outperform dimensional ones in terms of
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performance [30]. Therefore, the relative scour and deposition parameters, Ds/yt, Ls/yt,
Dd/yt, and Ld/yt were calculated. First, for the weir height of 40 cm, it was found that
the relative scour and deposition parameters increased with increasing discharge for all
weir configurations. Among all the apex angles investigated, it was observed that the apex
angle α = 60◦ resulted in lower relative scour and deposition depths and lengths compared
to the other apex angles. This trend is consistent across all the tested discharges, as shown
in Figure 7a.
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Figure 7. The relation between flow discharge and relative scour/deposition parameters (Ds/Yt),
(Ls/Yt), (Dd/Yt), and (Ld/Yt) for the linear case and the other apex angles at different weir heights:
(a) P = 40 cm, (b) P = 35 cm, and (c) P = 30 cm.

This analysis revealed that at α = 60◦, lower scour and deposition magnitudes were
recorded, indicating a noticeable reduction in the erosive forces and sediment transport
capacities downstream of the weir. This behavior can be attributed to the more gradual
change in flow direction and the more uniform distribution of flow velocities associated
with larger apex angles. After completion of these experiment runs, the height of the
trapezoidal labyrinth weir was lowered to 35 cm and the same different discharges were
applied to the four different apex angles and the linear crest weir. Later, the weir height
was reduced to 30 cm, and all the previous investigations were applied.

Figure 7b shows the relationship between the passing discharge and the scour and
deposition parameters for a trapezoidal labyrinth weir of height (P) 35 cm. In addition,
compared to the case with a weir height of 40 cm, the scour/deposition parameters are
generally lower for the same discharge and apex angle. Figure 7c also illustrates the
relationship between the passing discharge and the scour/deposition characteristics for a
trapezoidal labyrinth weir with a height (P) of 30 cm.

When comparing the trapezoidal labyrinth weir with an apex angle of 60◦ to the
sharp-crested linear weir, there are several potential improvements and advantages offered
by the 60◦ apex angle configuration. Firstly, the 60◦ weir has a longer effective crest length
compared to the linear weir, which results in higher a discharge capacity for the same
upstream head conditions. In addition, the flow in the 60◦ labyrinth weir undergoes
more significant changes in direction and contraction/expansion as it passes through the
constricted passages formed by the sidewalls, resulting in increased energy dissipation
downstream of the weir, potentially reducing the scouring potential and the need for
extensive stilling basins or energy dissipators.

For P = 40 cm, the 60◦ angle labyrinth weir reduces the scour length by 50% and the
scour depth by 41% compared to the linear weir. It also decreases deposition length by 50%
and deposition depth by 40%. These substantial reductions are maintained across the 35 cm
and 30 cm weir heights, with the 60◦ angle consistently showing its superiority compared
to other labyrinth weir configurations. All labyrinth weir angles showed improvements
compared to the linear weir. The 60◦ angle consistently demonstrated the most significant
reductions. The 45◦ angle followed closely, while the 80◦ and 20◦ angles, although better
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than the linear weir, showed less pronounced improvements. For the 40 cm weir height,
the 60◦ angle demonstrated superior performance in all parameters. It reduced scour
depth (Ds/yt) by 33% compared to the 80◦ angle, 10% compared to the 45◦ angle, and
23% compared to the 20◦ angle. Scour length (Ls/yt) was reduced by 36%, 15%, and 27%,
respectively. Deposition depth (Dd/yt) showed reductions of 39%, 14%, and 30%, while
deposition length (Ld/yt) was reduced by 35%, 17%, and 28% compared to the 80◦, 45◦,
and 20◦ angles, respectively.

Regarding the 35 cm weir height, the trend continues with the 60◦ angle being better
than the others. The scour depth was reduced by 33%, 10%, and 23%, while the scour
length showed reductions of 38%, 14%, and 26% compared to the 80◦, 45◦, and 20◦ angles,
respectively. On the other hand, the deposition depth was reduced by 42%, 14%, and
30%, and the deposition length by 37%, 16%, and 29%, respectively. Finally, for the 30 cm
weir height, the 60◦ angle’s performance was even more noticeable. The scour depth
reductions are 46%, 18%, and 35%, while the scour length was reduced by 39%, 16%,
and 33% compared to the 80◦, 45◦, and 20◦ angles. Deposition depth showed significant
reductions of 50%, 25%, and 35%, and deposition length was reduced by 40%, 17%, and
31%, respectively.

For the tested weir heights, the 60◦ apex angle outperformed the other angles, with
the most substantial improvements seen when compared to the 80◦ and 20◦ angles. The
improvements are particularly notable in reducing deposition height and scour depth. The
45◦ angle generally showed the minimum difference from the 60◦ angle. Therefore, it is
suggested as the next best option if a 60◦ angle is not feasible. These results emphasize
the effectiveness and significant advantages of trapezoidal labyrinth weirs with a 60◦

apex angle in minimizing scour and deposition across various weir heights and flow
conditions. This design is the best option for hydraulic structure design when downstream
bed protection is a top concern because it performs better than conventional linear weirs
in reducing downstream erosion and sediment transport. The 60◦ apex angle steadily
established the best performance, offering significant benefits that make it a preferable
option in scenarios requiring effective management of scour and deposition.

3.2. Effect of Labyrinth Weir Height on Scour and Deposition Parameters

From the previous analysis, it was found that the trapezoidal labyrinth weir with
an apex angle of 60◦ had the lowest scour/deposition values for both scour depth and
deposition length. Therefore, this apex angle of 60◦ was chosen for investigating the effects
of changing the weir heights with different applied discharges. This study examined the
impact of reducing weir height from 40 cm to 35 cm and 30 cm on relative scour and
deposition parameters (Ls/yt, Ds/yt, Ld/yt, Dd/yt) across the tested ranges of discharges.
Figure 8 shows the relationships between the conveyed discharge and scour/deposition
parameters for different weir heights (40 cm, 35 cm, and 30 cm) at a constant apex angle of
60◦. The scour/deposition parameters downstream of the 60◦ apex angle generally increase
with increasing discharge for the tested weir heights. However, for a given discharge,
reducing the weir height from 40 cm to 35 cm and then to 30 cm results in a decrease in all
scour and deposition parameters, with the magnitude of improvement varying inversely
with discharge.

The most considerable improvements were observed at the lowest discharge
(50 L/s), where reducing the weir height to 30 cm resulted in reductions of 40%, 35%,
34%, and 55% for Ls/yt, Ds/yt, Ld/yt, and Dd/yt, respectively. As discharge increased, the
efficacy of height reduction declined, though the improvements remained significant. At
200 L/s, the 30 cm weir height still yielded reductions of 25%, 29%, 12%, and 22% for the
same parameters. The 35 cm weir height showed a similar trend but with more modest
improvements, ranging from 23 to 31% at 50 L/s and from 4 to 11% at 200 L/s. Notably,
deposition depth (Dd/yt) exhibited the most substantial response to height reduction,
particularly at lower discharges. Conversely, deposition length (Ld/yt) showed the least
improvement at higher discharges. To clearly present the comparative performance of
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different weir configurations, Table 2 summarizes the percentage reductions in scour and
deposition parameters for the 60◦ angle weir, compared to other configurations across
different weir heights. This tabular format allows for a comprehensive view of the results
across various parameters and experimental conditions.
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Figure 8. Relationship between passing discharge and scour/deposition parameters (Ds/yt), (Ls/yt),
(Dd/yt), and (Ld/yt), for a weir apex angle of 60◦ and different weir heights (P = 40 cm, 35 cm, and
30 cm).

Table 2. Comparative performance of the 60◦ apex angle labyrinth weir in reducing scour and
deposition. The numbers are represented as %.

P = 40 cm P = 35 cm P = 30 cm

α = 80◦ α = 45◦ α = 20◦ Linear α = 80◦ α = 45◦ α = 20◦ Linear α = 80◦ α = 45◦ α = 20◦ Linear

Scour depth (Ds/yt) 33 10 23 41 33 10 23 35 46 18 35 29

Scour length (Ls/yt) 36 15 27 50 38 14 26 40 39 16 33 25

Deposition depth
(Dd/yt)

39 14 30 40 42 14 30 40 50 25 35 29

Deposition length
(Ld/yt)

35 17 28 50 37 16 29 40 40 17 31 25

From these results, it is obvious that for a given discharge, reducing the weir height
from 40 cm to 35 cm and to 30 cm results in a decrease in the scour/deposition parameters
downstream of the trapezoidal labyrinth weir. This trend is observed for all apex angles
(20◦, 45◦, 60◦, and 80◦), as well as for the linear crest. The reduction in these parameters
can be attributed to the lower upstream water levels, decreased flow velocities, reduced
turbulence, and lower sediment transport capacities, associated with lower weir heights.

These findings suggest that reducing the weir height can be an effective strategy
for mitigating scour and deposition downstream of labyrinth weirs, particularly under
low to moderate flow conditions. However, the deteriorating returns at higher discharges
indicate that other factors may become more influential in determining scour and deposition
characteristics as flow rates increase. This highlights the importance of considering a range
of flow conditions when optimizing labyrinth weir designs for scour and deposition control.
It is important to note that reducing the weir height can effectively mitigate downstream
scour and deposition. Other considerations such as discharge capacity, energy dissipation
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requirements, and structural stability may also play a role in determining the optimal weir
height for a specific application.

4. Conclusions

This study investigates the performance of trapezoidal labyrinth weirs in controlling
flow and mitigating scour in straight channels. The research examines various weir con-
figurations, focusing on different apex angles (20◦, 45◦, 60◦, and 80◦) and weir heights
(40 cm, 35 cm, and 30 cm). The experiments were conducted using a physical model,
applying different discharges (50, 100, 150, and 200 L/s) to each configuration, concluding
a total of 60 different runs in the physical model. This study measures and analyzes key
parameters, including the developed local bed configurations in terms of geometry of scour
and deposition. Comparisons were made between the labyrinth weirs and traditional linear
sharp-crested weirs to assess relative performance. The research aimed to identify optimal
design characteristics for minimizing downstream erosion and sediment transport while
considering factors such as weir height and flow conditions. Across all tested conditions,
the 60◦ apex angle labyrinth weir showed the optimum performance in reducing the scour
and deposition geometries downstream of the control structure. Compared to the classical
sharp-crested linear weir, the 60◦ labyrinth weir reduced scour depth by up to 41% and
scour length by up to 50%, deposition depth by up to 40%, and deposition length by up
to 50%. These enhancements imply that the 60◦ angle represents the best compromise
between expanding the effective crest length and preserving a flow pattern that reduces
erosion downstream.

The research also reveals that weir height has a substantial impact on scour and depo-
sition parameters. Generally, lower weir heights result in decreased scour and deposition.
This effect is particularly obvious at lower discharges, though the improvements tend
to reduce as the flow rates increase. It is worth noting that scour depth and length are
found to be more sensitive to height changes than deposition length, especially under
higher flow conditions. Across all configurations, this study finds that scour and deposition
parameters generally increase with higher discharges. This highlights the importance of
considering a range of flow conditions when designing labyrinth weirs for effective scour
and deposition control. The findings contribute to understanding the interplay between
weir geometry, flow conditions, and sediment transport dynamics, providing insights for
optimizing labyrinth weir designs to minimize downstream scour and deposition, while
considering other design criteria, such as discharge capacity and structural stability. Select-
ing the appropriate apex angle and weir height requires balancing energy dissipation with
minimizing scour and deposition based on project-specific requirements.

Generally, this research has significant practical implications for creating more efficient,
sustainable, and durable water management structures by showing how optimized labyrinth
weir designs can balance hydraulic efficiency with erosion control. This study connects
engineering solutions with environmental needs. These findings are especially important
for sustainable water management and adapting to regular changing flow conditions.
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