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ABSTRACT   

ANTONIOU, P. F., KYRIAKIDOU, H. and ANAGNOSTOU, CH., 2009. Cement filled geo-textile groynes as a means of 
beach protection against erosion: a critique of applications in Greece. Journal of Coastal Research, SI 56 
(Proceedings of the 10th International Coastal Symposium), 463 – 466. Lisbon, Portugal, ISSN 0749-0258. 

In Greece, submerged cement filled geo-textile groynes have been used on sandy beaches as a method of 
protection against erosion but their results have been questioned. The shoreline changes at two coastal locations 
in Greece where this method was applied in the 90s were analysed. The study aimed at a first assessment of the 
effectiveness of the method at the selected sites. The methodology included field visits and in situ investigations, 
as well as geographical information system (GIS) analysis of time series of aerial photographs. The study 
showed that beach restoration has not been fully achieved: although there has been no shoreline retreat since 
construction of the groynes, the beach has not grown in volume to the extent anticipated by local administration 
and described in the final technical report. A sound understanding of the local transport patterns at both sites is 
necessary before a beach management plan can be adopted by local government and better beach restoration is 
achieved in the future. 
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INTRODUCTION 
Beaches are considered to be one of the most effective naturally 

occurring coastal defences. However, physical processes and 
human induced activities can cause them to erode. One way to 
protect an eroding beach is by building groynes. Groynes are built 
almost perpendicular to the shoreline and they help a beach grow 
in volume by interrupting longshore transport, causing a built-up 
of material on their updrift side (SIMM et al., 1996). Groynes have 
been also used to protect the imported materials in artificial beach 
nourishment schemes by restraining sediment movement along the 
shoreline (DONG, 2003). 

In Greece, rock or concrete groynes have been used as shore 
protection for many decades. However in the 90s an innovation 
was introduced by the University of Patras in NW Peloponnese, 
which involved the placement of geo-textile tubes filled with 
cement at fixed positions on the sea bed. These structures are 
submerged and they have been preferred over conventional 
designs as more environmentally friendly and for providing a soft 
shore protection method. Many applications can been found in 
Rhodes, the Peloponnese, Mytilene, and other parts of Greece. 
Practice has shown that in some cases these groynes have 
performed well, and helped the beach to grow in volume; however 
in some instances, the method has not proven very successful. 

The present study examined two coastal frontages in Greece 
where this method was put into force in 1996 to battle erosion: 
Tolo in Argolis, SE Peloponnese and Dilesi in Veotia (Figure 1). 
These areas faced severe erosion in the preceding decades, which 
threatened coastal uses, local economy and tourism. 

The effectiveness of the groynes at the selected sites was 
investigated, by analysing coastline changes historically. For this 

purpose, field visits were carried out and time series of aerial 
photos were manipulated. The study focused on analysing the 
results the method has brought about since 1996, and in particular 
whether there has been permanent beach protection and 
restoration, control of erosion, protection of coastal elements and 
natural sand accumulation. 

Figure 1. Location of the two study sites on the Greek coast. 
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METHODS 

In-Situ Observations 
Field visits at the two study sites were conducted in April 2008 

to investigate current status of the two beaches as well as for land 
use identification. During the field visits samples of beach 
material and photographs of the works were taken. Other beach 
parameters such as width and length of the groyne bays were 
measured. Interviews with locals, tourists and representatives of 
other coastal stakeholder groups (e.g. local government, 
fishermen) were very important in acquiring an image of how the 
beaches have reacted to introduction of the system of groynes. 

GIS Analysis of Aerial Photographs 
Shoreline changes at Tolo and Dilesi were studied by 

comparing aerial photographs dating from before construction of 
the groynes till present. Black and white prints were acquired from 
the Hellenic Military Geographical Service and the Hellenic 
Mapping and Cadastral Organisation. An attempt was made so 
that the photos are of small scale (between 1:30,000 and 1:5,000) 
and at close seasons. Google Earth was used as reference and to 
extract the present coastline. 

The aerial photos were scanned, rectified and converted to 
orthophotographs in digital format, using GIS software and a 
geographically referenced background map (Google Earth). These 
images are free from errors due to uneven terrain and have the 
same scale on every point of their surface. On every image the 
boundary between wet and dry sand was recognized and digitized, 
representing the position of the shoreline (TZIVANAKI and KNUUTI, 
2002). 

RESULTS 

The groyned beach at Tolo 

The findings of the field visits and bibliographic 
study 

Tolo is a small coastal town on the east coast of Argolikos Gulf 

in the NE Peloponnese (Figure 1). The coastal frontage under 
study is characterized by a sandy gently sloping beach with SW-
NE orientation. It is approximately 1 km long. To the south there 
is a small harbour and four old short concrete piers (Figure 2). 
According to the work of SOUKISSIAN et al. (2007), the dominant 
wind direction is north and the mean wind speed is 3-4 m/s. Less 
frequently the site is exposed to winds approaching from the 
south, from autumn till spring. The significant wave height ranges 
between 0.2-0.3m and the fetch is approximately 250 km. 

Tolo has been a popular tourist destination for many decades. 
This has given great rise to second (summer) house development 
and construction of hotels, restaurants, bars, shops, etc. very close 
to the shore and within the hydrologic catchment located to the 
NE, as the study of the aerial photos revealed. This development 
had a negative effect on sediment supply and the beach started to 
starve. Gradually, construction of restaurants and coffee shops on 
the shore led to significant reduction of the beach width. 

The Engineering Department for Coastal Protection of the 
University of Patras in the NW Peloponnese studied the problem 
of erosion in Tolo and proposed to the local authorities the 
construction of a system of submerged cement filled geo-textile 
groynes which would fight erosion and help the beach grow in 
volume by triggering natural sand accumulation (Univ. of Patras, 
1995). By the end of October 1996, twenty four 40 m long 
groynes had been installed on the beach of Tolo, and covered 600 
m of coastline. According to the study, three winters after system 
operation, the beach would have been completely restored and the 
system of groynes would have been buried under the sand. 

However the field visits revealed that this has not been 
achieved. Some of the coastal facilities and land uses especially at 
the north side of the site are exposed today to the wave action and 
the beach width is of the order of 3 m. There, some uses have been 
abandoned. To the south and up to the middle of the coastal 
stretch, the width ranges between 15 and 20 m and allows tourism 
and other coastal activities. 

Very characteristic of erosion was the presence of gravel, 
pebbles and cobbles to the north of the site (Figure 3). During 
erosion the finer materials are set to suspension and are driven 
away from the shore whereas the coarser, heavier materials linger 
(MOUTZOURIS, 2002). 

Figure 2. Tolo coastal area (from Google Earth). 
Figure 3. The northern part of the beach at Tolo where erosion 
is visible. 

464



 

Journal of Coastal Research, Special Issue 56, 2009 

Anagnostou et al. 

Analysis of the aerial photographs 
The study of the aerial photos showed that the system of the 

groynes enhanced transport and accumulation of material 
gradually. The coastline showed no retreat since 1996, and there 
was widening of the beach of the order of 3-4 m. It appears that 
the groynes managed to retain the material of the beach but failed 
to cause sand accumulation to the degree expected by the 
researchers. GIS analysis of the aerial photograph of 2000 (three 
winters after construction) showed that the beach had not moved 
seawards by 10 m, as described in the technical report of the 
study. Figure 4 illustrates the results of the aerial photos analysis. 

The case of Dilesi 

The field visits and bibliographic study 
Another system of submerged cement filled geo-textile groynes 

similar to that of Tolo was constructed in Dilesi in the mid 90s. 
Dilesi is a coastal town in eastern central Greece (Figure 1). The 
purpose of the system there was to widen the beach for tourist use 
(swimming, bathing, etc.). Erosion was a significant threat due to 
the small size of the beach (width wise) and the coastal road and 
its vertical wall to the back of the beach. 

The study site at Dilesi has the shape of a wide U. It is a sandy 
shallow bay facing north and its orientation is E to W. It is 
approximately 300 m long and it borders a breakwater to the west 
and a natural land formation (spit) to the east (Figure 5). 

The dominant winds are blowing from N-NW directions and 
less often winds appear from the east as interviews with local 
fishermen revealed. The mean wind velocity is 3-4 m/s and the 
significant wave height is 0.2-0.3 m (SOUKISSIAN et al., 2007). The 
slope of the beach which is very small (of the order of 2%) and its 
material illustrate that most possibly it is a beach of low 
hydrodynamics. The presence of coarser materials to the east is 
due to erosion caused by waves diffracted around the breakwater 
to the west. 

Similar to Tolo, Dilesi saw the advent of the 80s along with 
much second home development. Its vicinity to Athens and 
beautiful surroundings helped rapid unplanned or even illegal 

development of housing. Sand mining at the small banks of nearby 
streams, blocking of the flow of the streams, etc. reduced sediment 
supply. This had a detrimental effect on the beach width. 

The proposal of the University of Patras in this instance 
involved the placement of thirteen geo-textile structures on the 
beach. By the end of 1996, the bay was fully groyned. 

However, the groynes did not behave as anticipated. The field 
visits revealed that the beach width is today of the order of a few 
meters (2 to 6 m wide), which further means that the groynes did 
not trap the amount of sand needed for complete beach restoration. 
This also leaves visitors with little space, no room for activities 
and reduces the number of people the beach can receive. The 
groynes have not been buried under the sand, which makes it 
difficult for swimmers to enjoy the sea. These facts have created 
an unfriendly beach which drives tourists away, having a negative 
effect on the local economy. 

Analysis of the aerial photographs 
Comparison between the aerial photos of 1997 (a winter after 

construction) and the present, showed little increase of the beach 
width (Figure 6). The coastline moved sea wards approximately 
3m. 

DISCUSSION 
Historical analysis of shoreline change at the studied sites of 

Tolo and Dilesi showed that the method of submerged cement 
filled geo-textile groynes did not cause reduction of the beach 
width. The coastlines have not moved landwards and no erosion 
greater than that of 1996 has been observed. 

Another positive asset of the method was revealed through 
digital analysis of the aerial photographs: no substantial changes 
to adjacent shores were observed that can be attributed directly to 
groyne operation. This is very positive, as it is very well known 
that introduction of a groyne system usually causes sand starvation 
to nearby shores (MOUTZOURIS, 2002). 

However, in both instances, there has been no growth in beach 
volume to the extent anticipated by the University of Patras: it had 
been indicated that three winters after groyne construction the 

Figure 5. Dilesi coastal area (from Google Earth). 

Figure 4. Coastline changes at Tolo: the black line represents 
the coastline of 1996 (just before groyne construction), the 
dashed of the year 2000 and the white shows present position. 
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coastline would have moved seawards by 10 m and the groynes 
would have disappeared under the sand (Univ. of Patras, 1995). 
Since this was not achieved, a conclusion may be drawn that the 
system caused only partial beach restoration: some coastal uses 
have been protected by wave action whereas in some parts of the 
beach (especially in Tolo) the coastal facilities are still exposed to 
erosion and some uses have been abandoned. 

The findings of the field visits showed that although the groynes 
are submerged and of environmental friendly make, they pose 
dangers to swimmers and visitors due to their slippery surface, as 
people tend to walk or lie on them. However, contrast to other 
designs and especially emerged groyne systems, these groynes do 
not create any sort of dangerous current around their tip (due to 
their low crests). 

The method of submerged cement filled geo-textile groynes has 
been also applied to other locations around Greece (e.g. Gulf of 
Ghera in Mytilene and Rhodes). Study of the bibliography and 
discussions with the Engineering Department for Coastal 
Protection, University of Patras revealed that the system of 
groynes there brought about significant change to the beach and 
caused it to grow substantially (Univ. of Patras, 1995). However, 
it has to be clearly understood that the same beach protection 
scheme should never be applied on two different shores, even if 
they are close or neighbouring, due to varying hydraulic 
conditions (MOUTZOURIS, 2002). A complete knowledge of coastal 
dynamics is needed and time series of data should be analysed 
before a solution can be proposed and applied. 

For Tolo and Dilesi a thorough study of sediment transport 
patterns (longshore and crosshore) and budgets should be 
conducted and it should be established whether the sites are of 
high or low hydrodynamics. Practice has shown that groynes 
should not be constructed on coastal areas with inadequate 
sediment resources (MOUTZOURIS, 2002). Where necessary, an 
artificial sand replenishment scheme should be applied to account 
for that parameter. 

A groyne feature that needs to be examined further is the 
distance between the individual groynes at Tolo and Dilesi. Small 
distances between groynes have been blamed for creating narrow 
shores, as the dynamics developed tend to drive the sediment to 
the open sea and the expected beach widening fails to appear 
(MOUTZOURIS, 2002; SIMM et al., 1996). 

When it comes to protecting an eroding beach the potential 
solutions are (ANAGNOSTOU et al., 2002; SIMM et al., 1996): beach 
structures parallel to the shore, structures normal to the shore, 
stabilisation works (such as sea walls) and beach nourishment. 
Selecting the most suitable method depends on environmental, 
technical, economical, political, social and visual limitations 
(ANAGNOSTOU et al., 2002). Any decision as to whether structures 
are needed and where should be seen as part of an integrated 
approach for beach management. 

CONCLUSION 
The effects of a system of submerged cement filled geo-textile 

groynes at two coastal locations in Greece were studied in an 
attempt to define whether this method has been able to provide 
adequate protection against erosion. The use of aerial photographs 
and GIS analysis were very helpful in describing coastline 
changes since construction of the groynes.  

The study showed that the groynes alone did not manage to 
restore the beach completely as they did not cause adequate 
widening of the beaches and did not disappear under the sand. 
However they managed to prevent further erosion. 

It was felt that beach recharge at regular intervals would have 
maximized the results of the system: the groynes would help re-
organize the material within the groyne bays, restrain imported 
material and natural sand accumulation would initiate. 
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Figure 6. Coastline changes at Dilesi. The black and white lines 
represent the coastlines of 1997 and present, respectively. 
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