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ABSTRACT: 
A study has been conducted to develop a new design of Low Crested Structures (LCS) along the North-
West coast of Egypt to protect swimmers from high waves and the shoreline from erosion while 
maintaining good circulation conditions. The wind/wave conditions and bathymetric survey along the 
study area have been used and the coefficient of wave transmission has been computed using various 
equations in literature as well as some numerical models, e.g., BEM-FEM, SMS. The latter models have 
been adopted to simulate the dynamic interactions among waves and a submerged breakwater for various 
wave conditions. The BEM-FEM and SMS models have compared with experimental results. The 
breakwater is suggested at a water depth of 8.0m and a few hundred meters offshore. Various dimensions 
and internal properties of the breakwater have been considered and the transmitted wave conditions have 
been estimated. Comparisons have also been made among the transmitted wave coefficients computed by 
various empirical formulae and the numerical models. It has been noticed that the wave transmission 
coefficient computed by the numerical models are very similar to those computed by [1, 2, 3]. However, 
the BEM-FEM model predicts slightly higher values for the coefficient of transmission than most 
empirical formulae. It has also been found that a submerged breakwater with its crest height equals 63% 
of the water depth and its crown width is about half the incident wave length, or alternatively the crest 
height is 75% of the still water depth and its crown width is 25% of the incident wave length, would 
produce a trasnmission coefficient of approximately 60% for an incident wave height of 2.5m along the 
North-West coast of Egypt. On the other hand, the coefficient of transmission for the prevailing wave 
conditions (H=1.0m for about 25% of the year) has been found to range from 75% to 90% as computed 
by various empirical formulae in literature. The proposed design would allow wave heights (Ht) < 1.5m 
for 97% of the year and Ht >0.5m for 61% of the year. Thus, wide-crown LCS can be an effective tool in 
limiting the wave heights in the area between the submerged breakwater and the shoreline while 
maintaining good circulation and limited shoreline changes.  
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transmission and submerged breakwater. 
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INTRODUCTION: 

The North-West coast of Egypt has been suffering from severe waves and strong rip currents along 
various sections. The sand beaches are generally as low as less than two meters above the Mean Sea 
Level (MSL) in some locations. During severe storms in winter seasons, high waves overtop the sand 
beaches causing serious hazards to the beach and existing structures. During the summer season, high 
waves break and induce strong rip currents that would cause drowning of swimmers or at least prohibit 
visitors from using the sea. Moreover, the expected Sea Level Rise (SLR) due to climate change along the 
North coast of Egypt would make the situation worse unless suitable and economic intervention has been 
adopted with emphasis on its environmental impacts. The latter effect was estimated to range from 0.5 to 
1.0m during the next a few decades. The levels of the beach should be kept unchanged from aesthetic and 
economic points of view while protection from overtopping remains a must.  
 
One of the effective tools for controlling waves in the shore area is the use of submerged breakwaters. 
The submerged breakwater damps high waves allowing only smaller waves to approach the shoreline 
with minor adverse impact on the environment. Although some high short-crested or surface piercing 
breakwaters have been recently constructed at different locations in Egypt and around the world, several 
adverse impacts have been noticed. These include the development of poor water quality and excessive 
shoreline changes. Thus, there is a growing need for the appropriate design of submerged breakwater 
system with emphasis on its crest freeboard, crest width, internal properties and water depth.  
 
Earlier use of sub-aerial parallel rubble mound breakwater (4.0 meter above water level) was an effective 
tool to control erosion in Mandara beach, in Miamy - Montaza area, of Alexandria in Egypt, but it had a 
severe adverse impact on water quality and aesthetics. [4] suggested a submerged breakwater system 
constructed from natural stones and armored with concrete blocks in place of the sub-aerial rubble mound 
breakwater constructed in Mandara beach (see Figure 1). The submerged breakwater has a crest freeboard 
of 0.5m below MSL and its crest width is almost as the incident wave length, i.e., crest width=36~46m. 
[5] reported the results of using submerged breakwaters instead of the sub-aerial one as follows:  

• Flushing time of water mass in the breakwater lee ranged from 4 to 6 days in calm weather 
conditions . 

• The current velocities behind the submerged breakwater were about 5 times of those in case of 
emergent breakwater and from 50% to 100% of currents in open sea . 

• The submerged breakwater provided a transmission coefficient ranging from 0.28 to 0.36 in 
storm conditions.  

• The shore line was found to be well protected from wave attack providing a width of beach sand 
not less than 30 meter. 

• Wave height is about 0.50 meter or less in the leeside of the submerged breakwater for at least 90% 
of the year.  

• Continuous submerged breakwater provided better shore line stability with a 60% decrease of the 
total eroded volume. 

• Accretion took place within 12 months after installation of the submerged breakwater. 
Some resorts used surface piercing detached breakwaters for protecting the swimmers, e.g., Marabella 
and Al-Nakhil resort at the West coast of Alexandria Governorate of Egypt constructed during 1990's. In 
the latter cases, accretion was developed shortly after the construction of the breakwaters and the down 
drift zones suffered from shoreline erosion. The erosion has been dramatically increasing causing 
demolishment of large parts of the down drift beaches. Moreover, floats and debris are usually trapped 
behind surface piercing breakwaters while eddies are evident at the end sections. It is noteworthy that the 
latter cases violate the environmental laws of Egypt, but they could somewhat protect the swimmers from 
the risk of drowning. Thus, the use of the submerged breakwaters is quite new along Alexandria coast. 
Most of the results were based on empirical formulae and field observations after construction of the 
proposed structures. Moreover, the size of the submerged breakwater used in Alexandria is seen to be 
considerably large and a room exists for the improvement of design from both economic and 
environmental points of view. To expand the use of submerged structures and mitigate possible adverse 
environmental impacts, the geometric dimensions (crest width, crest freeboard, side slope), internal 


