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1. Introduction

Construction of submerged groynes is one of the newest methods in beach stabilization. Practical knowledge of
the submerged groynes design and their effects on the wave, current and shoreline change is not enough and it is
developing. So far, numerous researches have been conducted for better understanding of wave’s pattern on the
groynes. However, studies of the submerged groynes in a coastal area, has received little attention. Since the
problem of coastal stabilization is of high importance, there is a need for more research in this area. Therefore, the
access to wave parameters using numerical modeling can provide useful information for the design and layout of
groynes, environmental considerations, and the main factors. In this study, a numerical simulation model of the
waves by Mike 21 around the submerged groynes and comparison with the non-submerged groynes is performed
and variation of height of the waves around the groynes is discussed. Also, the main objective of this study has been
focused on the groyne crest height impact on wave heights.

2. Methodology
2.1. Data collection

Collection of data for marine research is very important. The data obtained in this study is based on the
hydrographic map (1991) of the Dahane Sar Sefidrood Coast which was prepared by Hydrography information of
Iranian surveying institute with 1:10000 scale [1]. Information and specifications relating to deep water waves in the
range studied are the wave height, period and direction based on the results of the ISWM project which are used as
input data in the proposed model [2]. The maximum wave height and wave period based on the ISWM results are,
respectively, 6 meter and 13 seconds, Also, to obtain the average diameter of the particles (ds), 10 soil samples
were taken from different parts of the sea bed in the case study region and then grading curves of the soil samples
were plotted resulting in ds, to be obtained 0.16 mm.

2.2. MIKE 21 spectral waves

The governing equation in Mike 21-SW is the wave action balance equation formulated in either Cartesian or
spherical co-ordinates. In horizontal Cartesian co-ordinates, the conservation equation for wave action reads

N viw)=2
ot o 1)

where N(x, o, 0, t) is the action density, ¢ is the time, x - (x, y) is the Cartesian co-ordinates, v- (c,, c,, ¢, cy) is the
propagation velocity of a wave group in the four-dimensional phase space x, o and 6. S is the source term for energy
balance equation. V is the four-dimensional differential operator in the x, o, and 6-space [3].
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2.3. Important parameters for model calibration

Determination of bed resistance and computational grid size can cause large variations in the final results.
Therefore, these two parameters have an important role to get closer to the actual results. In this study, bed
resistance is assumed to be 0.00088 meter in the domain. In the modeling process for determining of the optimal
network, wave height parameter was considered as the basis for calibration of the numerical model. Finally, the
triangular irregular network is selected 9000 m? for offshore area and then it is selected 3000 m? for near shore.

3. Results and discussion
3.1. Wave climate study

In this part, wave heights were analyzed before construction of the groin and after construction of the submerged
and non-submerged groyne.

Before groyne B ——
After submerged groyne —_—
13| After non-submerged groyne

2 e y A
IRE9%
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Distance of shore Iine (m)

Fig. 1. Numerical model: (a) Comparison of wave height in different modes, (b) wave pattern before groyn construction, (c)
wave pattern after submerged groyne, (b) wave pattern after non-submerged groyne

From Fig. 1, we can find that the groyne construction will change the wave pattern and if the groyne crest is
considered higher, there will be greater changes in the wave pattern.

3.2. Analysis of wave transmission coefficient

To study the wave transmission coefficient on submerged structures considering general form of the proposed
equations by Angremond et al. we have [4]:

-0.26

(1-exp(-0.14x £)) )

H;

hS
K, =017 =5 |+2.84
H;

where A, is the crest elevation of the groyne, H; is the incident wave height, B is the crest width and & is the

Iribarren parameter defined as the fore-slope of the groyne divided by the square-root of deep water incident wave
steepness. Fig. 2 shows the variation of the wave transmission coefficient.
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Fig. 2. The change of wave transmission coefficient with respect to dimensionless

4. Conclusions

The results indicate that if the groyne crest is above the water surface, waves will have greater height offshore.
The reason for this phenomenon is reflected waves. Also, the results show that reflection condition has not changed
with the increase or decrease in the crest height of the submerged groin. Wave height for non-submerged groyne is
lower than submerged groyne onshore and then sediment accumulation in the non-submerged groyne will be greater.
After studying the pattern of wave propagation changes before and after the construction of structures, the results of
the numerical model Mike 21 show that if groynes are constructed with higher crest, further changes will be seen in
the wave pattern. The results indicate that the submerged height to wave height has a direct effect on the wave
transmission coefficient has a direct effect. Dimensionless parameter crest width to wave height has a direct effect
on transmission coefficient. When the wave steepness increases, the wave transmission coefficient decreases. Wave
steepness parameter for the submerged groyne is higher than non-submerged groyne. The results of predicted beach
deformation show that when submerged groyne is constructed on the beach, sediment accumulation will be slightly
less than of that for the non-submerged groyne; because transfer coefficient for the submerged groyne is more than
non-submerged groyne. This result will cause more sediment passing on submerged groyne.
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