
Vol. 48, No. 4, Winter 2016, pp. 171-174

Amirkabir Jounrnal of Science and Research
Civil and Enviromental Engineering

(AJSR-CEE)

Amirkabir University of Technology
(Tehran Polytechnic)

171AJSR - Civil and Enviromental Engineering, Vol. 48, No. 4, Winter 2016

* Corresponding Author, Email:

Investigation of Sediment Transport Pattern and Beach 
Morphology in the Vicinity of Submerged Groyne

H. Afsoos-Biria1, M. A. Lashteh-Neshaei2*, A. Ghabrai3, M. A. Mehrdad2

1- M.Sc. Student, Department of Civil Engineering, University of Guilan
2- Associate Professor, Department of Civil Engineering, University of Guilan 

3- Lecturer, Department of Civil Engineering, University of Guilan 

(Received: 7 December 2013, Accepted: 22 February 2015)

Groynes are one of the most prominent structures that are used in shore protection to control the littoral 
sediment transportation. This structure can be used submerged providing the necessary beach protection 
without negative aesthetic impact. Although submerged structures adopt for beach protection, the 
shoreline’s response to these structures is not well understood at present. The objective of this study is 
to predict sediment transport in the vicinity of submerged groyne and comparison with non-submerged 
groyne with focus on a part of the coast at Dahane Sar Sefidrood, Guilan Province, Iran where serious 
coast erosion has occurred. The simulations were obtained using a one-line model, in this paper; a linear 
model is presented to estimate shoreline deformation in the presence of these structures. The results of 
the present study show that using submerged groyne can have a good efficiency to control the sediment 
and beach erosion without causing severe environmental impact to the coast. The important outcome 
from this study may be employed in optimum design of groyne systems in marine projects. Comparison 
of the predicted results with those obtained through field measurements shows the efficiency of the 
proposed model.  
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1- Introction
Understanding shoreline erosion and developing 

effective protection strategies is a complex subject. 
However, studies of the shoreline change in the 
vicinity of 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. After extensive research on 
a part of the coast at Dahane Sar Sefidrood, it has 
been revealed that this area is at high risk for beach 
erosion; therefore, it was selected for this study. It 
is noteworthy that the coastal villages of Astaneh 
Ashrafieh, due to sea-level rise, are at risk of flooding. 
Sea-level rise in some village of this city i.e., Dahane 
Sar Sefidrood are very serious as many houses have 
been exposed to destruction. In addition, rising sea-
levels have caused massive damage to hunters in 
these areas. Sea level rise in the coast of the city is an 
important issue that must be considered; otherwise, 
the city will face further damage and if sea-level 
rise continues on the coast of this city, residents will 
be facing a lot of problems in future. Threat and 
endangerment of human life due to sea level rise at 
Dahane Sar Sefidrood are shown in Figs. 1 to 2.

2- Methodology
2- 1- Data collection

The data used in this study include geographic 
location of area and bathymetry that is rare in Iran. The 
other data are information related to characteristics 
of deep-water waves which include period, direction 
and wave height [1].

Moreover, beach sediment grain size is one of 
the main date for determining beach deformation. 
The data for maximum wave height and period in the 
deep water and grain size diameter are presented in 
Table 1.

2- 2- Modeling of submerged and non-submerged 
groynes using Mike-21

Modeling of coastal structures are utilized with 
mesh generator of Mike-21 and coastal structures are 
drawn before creating the mesh file, after creating 
bathymetry that can be used in other modules of this 
software, all required information is derived from the 
study area. The remarkable thing is that the modeling 
of submerged structures is more complex than non-
submerged structures in Mike-21 and it requires more 
attention, so non-submerged structures are defined as 
Beach Ridge and mesh is done on them. Bathymetry 
of non-submerged and submerged groynes is shown 
in Figs. (3) and (4).

2- 3- Determine the coastal sediment transport 
rate using a numerical model Mike-21

Mike-21 Flow Model-ST describes erosion, 
transport and deposition of sand under the action of 
currents and waves or pure current. It is specifically 
suited for application to coastal engineering problems 
for studying sediment transport studies of non-
cohesive sediments. The hydrodynamic basis of ST 
modul is calculated using the HD module of Mike-
21 Flow Model FM. The sand transport calculations 
are carried out using a mean horizontal velocity 
component.

In the model with combined waves and currents, 
sediment transport tables need to be generated for 

Fig. 2. Coastal road exposed to waves

Fig. 1. Submerging wheat silos due to sea level rise

Table 1. Data used in modeling

Wave height 
(m)

Wave period 
(s)

Grain size 
(mm)

6130.16
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the general spectrum of wave field. These are then 
used in the calculations to find transport rates using 
linear interpolation. Currently only one fraction of 
sediment input is allowed in both cases. There is also 
a provision for including the effects of morphological 
changes on the hydrodynamics of the area which in 
turn affect the sediment transport pattern [2,3].

2- 4- Theory of beaches deformation in the vicinity 
of the groyne

Therefore, due to wave breaking, transport of 
sediment along the coast begins to move and if a barrier 
to be built along this current, sedimentation happens 
behind the beach and finally beach deformation is 
changed. Relationship to estimate the deformation 
of the beaches in the vicinity of the groyne has been 
expressed in Eq. (1):

(1)

In Eq. (1), variable a, u and θ are obtained from 
the following relations:

(2)

(3)

(4)

In the above equations; Q(m3/s) is the discharge 
along the coast, d(m) is the water depth at the toe of 
groyne, x(m) is the groyne spacing and t(s) is time. 
θ is noteworthy that no analytical solution and must 
be solved on the table. A very important point in 
solving Eq. (1) is attention to relationship between φ 
and ∂y/∂x, indicates that the wave angle with beach 
deformation is changed [4,5].

2- 5- Simiulation results
The results of sediment discharge were presented 

in Table 2 from approximate relations [6]. The results 
of sediment discharge between submerged and non-
submerged groyne with Mike-21 were presented in 
Table 3.

The results of predicted beach deformation show 
that when submerged groyne construct in the beach, 
sediment accumulation will be slightly less than the 
non-submerged groyne; because transfer coefficient Fig. 4. Bathymetry after construction of submerged 

groyne

Fig. 3. Bathymetry after construction of non-
submerged groyne

Table 2. Calculated discharge from approximate 
equations in the study area

Row Used the approximate 
relations

Discharge
(m3/yr)

1 QCERC 30763368
2 QKamphuis 11941288
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for the submerged groyne is more than non-submerged 
groyne. This result will cause more sediment passing 
on submerged groyne.

Beach deformation in the vicinity of the 
constructed groyne was measured over a period of 15 
months in the Dahane Sar Sefidrood coast.

The updated shorelines obtained from filed study, 
experimental equations and numerical model for 
submerged and non-submerged groyne are given in 
Fig. 5.

The important outcome from this study may be 
employed in optimum design of groyne systems in 
marine projects.

3- Refrences
[1] Iran Port and Maritime Organization; “General 
Directorate of Coast and Port Engineering Iranian 
Sea Wave Modeling (ISWM),” Vol. 2, Caspian Sea, 
2003.

[2] Danish Hydraulic Institute (DHI); “MIKE-21 
User Guide and Reference Manual,” Denmark, 2007.

[3] Danish Hydraulic Institute (DHI); “MIKE-21 
Sand Transport Module,” Engineering Journal, 
Scientific Documentation, Denmark, 2012, DHI, Vol. 
53, pp. 65–79, 2006.

[4] U.S. Army Corps of Engineering; “Shore 
Protection Manual,” 1st Conf. Soft Shore Protection, 
Coastal Engineering Research Center, Washington 
D.C, 1992, Patras, Greece, pp. 151–158, 2001.

[5] U.S. Army Coastal Engineering Research Center; 
“Shore Protection Manual,” Corps. of Engineers, 
U.S. Govt. Printing Office, Department of the Army, 
Washington DC, USA, Vols. 1 and 2, 2006.

[6] Kamphuis, J. W.; “Alongshore Sediment Transport 
Rate,” Journl of Waterway, Port, Coastal and Ocean 
Engineering, Vol. 117, No. 6, pp. 624–640, 1991.

Table 3. Calculated discharge from Mike-21 between 
submerged and non-submerged groyne

Row Numerical model for 
groyne

Discharge
(m3/yr)

1 Non-submerged 2850
2 Submerged 2325

Fig. 5. Comparison of updated shorelines in the 
vicinity of groyne and discussions


