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Abstract
Coastal vegetation belts, depending on their capacity, can play a significant role in reducing coastal
hazards or restoring the coast by attenuating waves, trapping and accumulating sediments, and
rehabilitating the soil. Therefore, the role of coastal vegetation in modifying coastal characteristics
and reducing the severity of damage through wave damping is of great importance. This study aims
to investigate the effects of density, width of tall tree vegetation, and wave propagation velocity,
as well as to determine the significance of these factors on the changes in the destructive force of
breaking and non-breaking waves. To model tree trunks, non-flexible wooden stems with a
diameter of 1 cm and a height of 30 cm were used. These cylindrical stems were installed on the
beach section of the flume, and the force exerted on the obstacles by the waves was recorded using
a direct measurement method with an electronic load cell installed beneath the movable section of
the flume. The experiments were conducted with a fixed parallel arrangement, varying spacings of
5x5 and 10x10 cm, different vegetation widths of 10, 20, and 40 cm, and a constant bed slope of
zero. Considering 40 different wave heights and control tests without vegetation, a total of 280
different conditions were examined. According to the experimental data, for a fixed vegetation
width, the highest increase in force absorption occurred at a density of 5x5, which was 1.81 times
greater than that at a density of 10x10. Finally, based on the experimental data, an empirical
relationship between the drag coefficient and the Reynolds number was proposed.

Introduction

Floods that occur suddenly in watersheds can generate sudden waves. Investigating energy
dissipation and constructing structures suitable for such conditions is of great importance (Sajjadi
et al., 2024; Ahadiyan et al., 2024). Forests as a green belt reduce the height and energy of waves
passing through them, reducing their ability to erode sediments and to cause damage to structures
such as dikes and sea walls. As this happens, waves lose their ability to scour the seabed and carry
away sediments (Mclvor et all.,2012). Such waves can easily destroy coastal dikes through a
specific process. The destruction of these embankments, which are built to protect urban and rural
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areas, leads to economic and sometimes human losses (Ahadiyan et al., 2022; Sadeghi-Hardangi
and Ahadiyan, 2018). One of the strategies used, aside from creating roughness through vegetation
cover to control such failures, is the application of in-phase and out-of-phase submerged jets to
generate secondary flow or absorb the momentum of the opposing current (Maleki et al., 2025;
Tamoradi and Ahadiyan, 2022). It is well-accepted that wave attenuation by emergent and
submerged vegetation is a function of plant characteristics (geometry, stem density, spatial
coverage, buoyancy, stiffness) as well as hydrodynamic conditions, including water depth (h),
wave period (T), and wave height (H) (Augustin et al., 2009). Fathi-Moghadam et al. (2018)
showed that the depth of inundation by flexible coastal canopies was reduced by 14, 18, and 29%
for the coastal vegetation density of 30, 50, and 100%, respectively. Hirashi and Harada (2003)
showed that the pressure difference on the sides of the green belt is mainly due to drag resistance.
Azinfar et al. (2020) conducted various experiments in a wave channel to evaluate the effect of
submerged and non-submerged tree vegetation on breaking wave damping, simulating wooden tree
stems with a diameter of 1 cm as a green belt. Their laboratory results showed that for waves
generated with identical characteristics, when the obstacles change from a non-submerged to a
submerged state, the absorbed wave force decreases significantly. Salahi et al. (2024)
experimentally investigated the simultaneous effect of bed roughness and vegetation on momentum
absorption and drag coefficient. Their experimental results indicated that increasing the discharge
directly affects the drag force. On average, with a twofold increase in flow depth, momentum
absorption due to particle roughness can reach up to 60%, while under the same conditions,
momentum absorption for vegetation is less than 30%. Their results provide an effective method
for understanding the performance of different arrangements within the scope of the study.

Salmanzade et al. (2022) experimentally investigated the effect of tree type as vegetation cover
on momentum absorption. They modeled the hydraulic conditions of river flow and the
morphological conditions of vegetation along the river and floodplain. Their experiments were
conducted in a 'sharp-edged flume' with a length of 8.3 m, a width of 0.8 m, and a height of 0.55
m. They found that vegetation density varied with the spacing and leaf area of the models. The
density results can serve as a useful criterion for estimating the resistance caused by the presence
of vegetation roughness in rivers. In this regard, Salmanzade et al. (2024a) in another study
determined the physical properties of tree species and their response to external loads induced by
water flow. They proposed an index to describe the physical properties of tree species. This index
was derived based on the resonance frequency of the first vibration mode of the trees and a
fundamental relationship for homogeneous beams. Furthermore, Salmanzade et al. (2024b) in a
study investigating the effect of vegetation in waterways, modeled rigid and flexible vegetation
using artificial specimens. Their results showed that in both rigid and flexible models, as the
vegetation density index and relative depth increase, the drag force absorption increases. Therefore,
it can be explained that when the sea waves head toward the shore, with the green belt, the waves
pass through the canopies and the wave force, as a drag force, is absorbed by the trees, thus
decreases its height.

In this study, a new and unique method based on the principle of momentum and direct force
measurement has been used to measure wave energy decay simulated by the Green Belt. In this
research, the effect of density and width of the canopy, as well as different heights of waves and
still water, on the Attenuation of the force of the solitary breaking and Non-breaking waves has
been investigated. The importance of wave propagation velocity will also be examined through
how it affects wave force changes.

Methodology

Experiments were conducted in the Hydraulic Modeling Laboratory of the Faculty of Water
Engineering, Shahid Chamran University of Ahvaz, in an 8.3%0.8x0.55 rectangular flume called
Knife Edge Flume (Lashkar-Ara, 2010). Flume has Plexiglas sidewalls and a bed and is designed
to measure the force exerted by the wave force on the cylindrical barrier at its shore by means of a
dynamic load cell installed between the movable and fixed parts of the flume. At the beginning of
the experiments, wooden circular cylinders 1 cm in diameter with fixed spacing and parallel
arrangement were fixed in the moving part of the flume, whose slope was constant and zero. Then,
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by generating single solitary waves with different heights, the absorption force by the canopies was
monitored via an electrical display connected to the dynamic load cell.

Results and Discussion
Investigation of the maximum force with wave height

In order to better understand the effect of force with wave height, first, the changes in inlet wave
height and inundation depth with different elevations of reservoir water depth (P) and initial still
water depth (h) are examined. when the initial downstream still water depth is kept constant as the
reservoir water height increases, the wave height increases. Also, at a fixed depth of reservoir,
when the still water depth is increased, the wave height decreases. Another result is that when
downstream water depth increases, although wave height decreases, masses resulting from
breaking and non-breaking waves create more inundation depth at the obstacle's location. As the
density increases (width and distance of the circular cylinders), the force-absorbing area increases
too; as a result, the resistance due to drag form is increased, and more force is absorbed by the
canopies (Fig.1).
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Fig 1- Variation of Force at different Inundation depths at different densities of canopy

The effect of propagation velocity on the force of waves

The results show that as the propagation speed increases, the amount of wave force increases at
a higher rate, and this shows the importance of the propagation velocity on the wave force, or in
other words, the wave strength (Fig 2). These results are in good agreement with the initial wave
energy theory (Sorensen, 1997).
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Fig 2- Variation of Force with Velocity at Constant Density of 5x5 in (a): breaking Waves; (b): non-
breaking waves
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Drag force coefficient

In this study, after plotting the drag coefficient values obtained from the force measured in the
laboratory against the stem Reynolds number and fitting the data (Fig 3), the general trend of drag
coefficient changes with the stem Reynolds number was obtained.
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Fig 3- Drag Coefficient Values for Reynolds Stems at Different Widths of Canopy

Conclusions

- As the density and width of circular cylinders increase, the amount of force absorbed increases.
- As the propagation velocity increases, the amount of wave force increases at a very high rate.

- Finally, based on laboratory data, the general trend of drag coefficient changes with the stem
Reynolds number was obtained. The range of Reynolds numbers varies from 6000 to 12000.
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Table 1- Range of data collected in the present study

Parameters Dimension Range
The width of tree cover, W Cm 10,20,40
Still Water depth, h Cm 8,10,12,14,16,18,20,21
The height of the water tank, P Cm 28,31,34,37,40
Circular cylinder height, Ls Cm 30
Wave height, H Cm 6-15
Force absorption by tree cover, N Variable
F
Average wave velocity, u m/s 1.25-1.96
Circular cylinder intervals, L Cm 5x5,10x10
Circular cylinder diameter, D Cm 1
Constant slope, S % 0
arrangement Parallel
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Table 2- Absorbed force by cover at the intervals of 5x5 and 10x10

Force (N) W10 cm W20 cm W40 cm Ratio force W40 to
W10
Force on the 65.83 70.14 99.47 1.51
arrangement of 5x5
Force on the 48.07 51.50 55 1.14
arrangement of
10x10
Ratio force 5x5 to 1.37 1.36 1.81 -
10x10
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