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ABSTRACT

Coastal erosion is a world wide phenomenon and it has been estimated that around 70% of all the
beaches in the world are eroding. Coastal protection works have been carried out globally to prevent
shore line erosion and coastal flooding.
This paper highlights the applications of advanced engineered products, like; Mechanically Woven
Steel Wire Mesh products and Geosynthetics in coastal protection. These products have been used for
coastal erosion protection revetment, breakwaters, dykes, groynes, jetties and pipeline protection
works. They are flexible, easy to construct and cost effective. Their mechanical characteristics, ecocompatibility and self draining properties make them preferable to other types of materials in the
construction of many water front structures.
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INTRODUCTION
Coastal erosion is defined as change in the position of a shoreline over a period of time. In
coastal cities, shoreline erosion is most destructive, river bank erosion a close second and
wind erosion a distant third. As a result, shoreline erosion usually receives the maximum
attention.
The exponential increase in the coastal city population has created a huge demand for
development of stable coastal fronts to effectively utilize the shoreline. The coastal flooding
and rising coastal water levels cause serious property damage, affect public safety and
degrade the environment. Thus, it has become essential to effectively control the coastal
erosion and coastal flooding, to sustain developments.
COASTAL PROTECTION WORKS
Coastal protection structures, when properly placed, provide protection to the shoreline by
minimizing the impact of natural and human made forces. In general, the structures adopted
for coastal protection works can be classified as:
Breakwater-: Breakwaters are usually placed at a short distance offshore. By breaking the full
force of incoming waves, they promote the accumulation of sediment between the structure
and the eroding beach.
Groynes-: They are narrow, elongated coastal-engineering structures built perpendicular to
the length of the beach.

Jetty-: These are built perpendicular to the shoreline at confluence of the navigation channel
to stabilize the position and to shield vessels from wave forces.
Seawall-: These are vertical, coastal-engineering structures built parallel to the beach or dune
line and usually located at the back of beach or seaward edge of dune.
Revetment-: Coastal Revetments may be defined as structures placed on the beach profile or
along the base of coastal cliff to absorb the energy of incoming waves.
Conventional coastal structures – construction aspects:
Traditionally the construction of coastal protection works has been done using concrete,
timber, sheet or cellular steel, rock, asphalt and rock-filled materials. Selection of
construction materials depends on factors such as material availability, cost and site
conditions, type of soil, magnitude of wave forces, availability of construction equipments
and technical expertise required for installation.
It has been observed that the cost and maintenance associated with the traditional materials
can be reduced considerably by the use of advanced engineered products if properly designed
and used. Degradation of traditional material like concrete over a period of time due to sea
water salinity and environmental factors can be avoided by today’s smart products which are
engineered to resist the degradation. When the concern comes to environment, construction
using most of the traditional methods like precast concrete or random rubble prevents the
growth of vegetation. Hence, their use affects the benthic life and is not eco-friendly.
ADVANCED ENGINEERD METHODS
A number of new products and technologies are getting evolved to conquer the shortcomings
of conventional methods of coastal protection. In this paper, the focus is given to popular and
proven product families of Mechanically Woven Steel Wire Mesh Crates and Geosynthetic
Products .The most widely accepted Woven Steel Wire Mesh products are Gabions and Reno
Mattresses while popular Geosynthetic products include Geotextile Bags and Geotextile
Tubes.
Gabions and Reno Mattress for coastal protection:
Mechanically Woven Steel Wire Mesh Mattresses were first used on the banks of River Reno
near Bologna Italy in 1879. Officine Maccaferri held the patent for original Gabion and
Mattresses which has now expired. For the past 125 years steel Gabions and Mattresses have
become widely used by Government Agencies and Private Developers alike for Coastal and
River Bank Protections, Retaining Walls and Slope Stabilization Works.
Gabions and Mattresses as per ASTM 975 and other accepted international standards are
rectangular in shape and are made of Mechanically Woven Hexagonal Shaped Double
Twisted Steel Wire Mesh. The hexagonal shape of the mesh provides a better distribution of
the working tensions along the wires that form the mesh. Double twist avoids unravelling of
the mesh in case of accidental breakage of any wire. The mesh wires as per the above
mentioned codes are of 2.2mm-2.7mm diameter with galvanized and PVC coated to provide
adequate protection against corrosion.

Gabions: Modern Gabions are rectangular crates (Figure 1a), available in different sizes to
suite the requirements at site. The inner space of the crate is partitioned with diaphragms
placed at 1 meter center to center. The edge wires of each panel are higher diameter wires
than the mesh wires to impart stiffness and retain shape. Each Gabion block is joined with the
adjacent Gabion with lacing wire. Gabions have been used for offshore Breakwaters,
Groynes, Jetties, Marinas and Seawalls. Application of Gabion for Seawall is shown in
Figure 1b.
Reno Mattress: Reno Mattress is similar to Gabion (Figure 2a) unit with large dimensions in
plan and of smaller thickness. Mattress application for Shore erosion protection is illustrated
in Figure 2b.

Figure 1a: Gabions

Figure 2a: Mattress

Figure 1b: Coastal Application of Gabions

Figure 2b: Mattress Application

Advantages of Gabions and Mattresses:
The main advantages of Gabions and Mattresses for use in coastal protection system are their
flexibility, free draining characteristics and ease of placement. Their cost effectiveness and
eco friendly characteristics make them attractive to Engineers, Constructors and Government
agencies working in coastal environment. However these products can not be used as
permanent protections where the hydraulic forces exceeds certain limits, for example, studies
done by Maccaferri has proven that Gabions and Mattresses are effective up to a wave height
of 2.0 m and beyond that we may have to use other protection measures.
Geosynthetics products for coastal protection:
Geosynthetics are being increasingly used the world over for a variety of application in civil
engineering including river bank and coastal protection, highways, railways, runways,
pavements, reinforced soil and slope protection works. As they are factory made products,
Geosynthetic can be better assured of their quality than conventional products. Possibility of
combining chemical inertness and high strength is an obvious advantage of their use in
construction field and has received greatest commercial attention.

Attempts are being made to use efficient geotextile system increasingly in coastal engineering
projects. High strength fabrics are utilized as a form for casting large units by filling them
with water, sand or mortar and they are referred as Geotextile tubes and Geotextile bags.
Types of Geosynthetic Products for Coastal Protection
Geotextile bags: These are small volume containers that are filled on land or above water and
then placed either near water or below water level. Use of geotextile bag is illustrated in
Figure 3.
Geotextile tubes: They are tubular containers that are formed in-situ on land or in water. They
are generally large volume units filled in barges above water and then deposited into
submarine environments. Geotextile tubes are mainly applied in Break waters, Groynes,
Jetties, Marinas, and Sea Walls. Figure 4 illustrate Geotextile Tube.
The most popular form of Geosynthetics containers are geotextile tubes and this paper
focuses more on the features, installation and application of the same.

Figure 3: Geotextile Bags

Figure 4: Geotextile Tube

Features of Geotextile tubes:
Woven Geotextile tube is manufactured from high strength polymer yarns, specially designed
for good soil tightness and high seam efficiency. Geotextile used to manufacture the tube
shall be dimensionally stable and able to retain its geometry under construction stresses. It
shall have resistance to damage during construction, ultraviolet degradation and all forms of
chemical and biological degradation encountered in the application. The tube shall be tailored
with the warp direction of the geotextile tube. Geotextile roll is provided with a
circumferential seam and a longitudinal closure seam for maximum confinement.
Geotextile tubes are normally described in terms of theoretical diameter D or Circumference
C (Figure 5a.). While these properties represent the fundamental parameters of geotextile
tubes, they are not of direct interest when it comes to the engineering parameters for
hydraulic and marine applications. For such application, a dimension of geotextile tube in
filled condition is of prime importance (Figure 5b).

(a)
(b)
Figure 5: Engineering Parameters for geotextile tubes

Specification of Geotextile tubes:
The fabric forming the container shall be of high strength. As a general guideline, Tensile
strength corresponding to 18% elongation should not be less than 70 kN/m in Machine
Direction and 100 kN/m in Cross Machine Direction, when tested as per ASTM D 4595. The
main hydraulic parameters, which are to be considered, are same as that of a Geosynthetic
filter. The apparent opening size (O95) as well as flow rate (in l/m2/min) is to be considered in
the selection. Apparent opening size (O95) should be less than 0.5mm for retaining the soil
particles as per ASTM D 4751 and flow rate should be more than 900 liters/m2/min, when
tested as per ASTM D 4491.
The fabric should show 80% strength retention after 500 hours of outdoor weathering when
tested for UV stabilization -tensile strength retention test as per ASTM D 4355.
Installation of Geotextile tubes:
General: Geotextile tubes used in coastal applications are most often filled hydraulically with
slurry of sand and water. A scour apron may be necessary to provide with the geotextile tube
to prevent the undermining effects of scour (Figure 6).
Scour apron is an apron made of high strength woven geotextile designed to protect the
foundation of the main geotextile tube from undermining effects of scour. Scour aprons are
typically anchored by small tubes at the water’s edge called scour tubes.

Figure 6: Protection by Geotextile tube- Schematic Diagram
Fill Port: Fill ports are sleeves sewn into the top of the Geotextile tube into which the
discharge pipe is inserted.
Fill Material: Suitable material for filling the tubes should contain not more than 15% fines
(percent by weight by passing the No 200 sieve) to minimize subsidence of the tubes after
filling.
Tube Foundation: The foundation for the placement of the geotextile tube and its scour
aprons shall be smooth and free of protrusions. Weak or unsuitable foundation material shall
be removed or stabilized.
Tube Alignment: The geotextile tubes require an alignment with in + 600mm of the base line.
Tube Anchorage: The main geotextile tube and the scour apron shall be deployed along the
alignment and secured in place as necessary to assure proper alignment after filling. No
portion of the tube shall be filled until the entire tube segment has been fully anchored to the
foundation along the correct alignment.
Tube Overlaps: The Geotextile tubes shall be overlapped at the end joints or butted together
so that there are no gaps.
Underwater Alignment: The under water alignment of tube can be achieved by placing
temporary guides on either side of the geotextile tube. Before filling the tube with the sand

slurry mix, the alignment correction should be carried out by filling the tube with water. In
case there are scour tubes along with the main tube, the scour tubes should be filled prior to
the main tube.
Tube Filling: After completing the deployment and anchorage of the geotextile tube, the
filling with sand water mixture should start (Figure 7 a & b). The mixture shall contain 515% of sand. The inlet port pressure should be limited to 35 kPa.

Figure 7a: Filling of Geotextile tube

Figure 7b: Checking of pressure on filled tube

Closure: After filling the tube, the port sleeves shall be closed and attached to the main tube.
Closing of the fill ports can be done by sewing or knotting by rope or nylon cables.
Case References – Coastal Protection
Sea Bund Erosion protection, Shell Hazira, Gujarat, India
Hazira port is situated 120 miles from Mumbai. This port is not yet operational in full swing.
For the construction of this port approximately 8.3 millions cubic meter of dredging work
was involved. The existing bunds were built using Geotextile Bags and they were needed to
protect from sea erosion. It was suggested to use the Gabion Mattress as an Apron Protection
Work for the bunds (Figure 8). Zinc + PVC Coated Box Gabions of Size 2m x 1m x 0.6m
and 2m x 1m x 1m are being used for this project .The Gabion Mattresses have done the work
they meant for and they stay intact till this paper was written and submitted.

Figure 8: Sea Protection work at Hazira (India)
Thesen Island Marina [South Africa]: Shoreline & Offshore Protection
Thesen Island development was an ambitious and technically challenging project in South
Africa where the 96-hectare Thesan Island is master planned into an estate of 19 islands
surrounded by wide tidal waterways linked by bridges. The project necessitated the use of
lengthy shore lining and outer protection wall. Design recommended the use of 230 mm thick

Mattress for shore lining .The Mattress was underlined by geotextile filter combined with a
granular filter. Outer protection wall was made by reinforced soil technology where
Maccaferri Gabion was adopted as facia with lid panel of Gabion extended as reinforcement
into the soil (Figure 9).

Figure 9: Thesen Island Marina (South Africa): Shoreline & Offshore Protection
Sg Pahang – Pekan – Malaysia:
Scour Protection work has carried out using Geotextile Bags (Figure 10) at Pehang Malaysia.
The work include under water placement of Geotextile Bags as illustrated in Figure 8.

Figure 10: Geotextile Bag Installation at Pahang (Malaysia)
Geotextile Tube and Geotextile Bag Application at Fano near Metaura River Mounth, Italy:
Pipe line instability was encountered at Metaura River Mounth at Fano in Italy. The design
was to use Geotextile Tubes and Special size Geotextile Bags to protect the pipeline. The
Construction was started in April 2008. Figure 11 and 12 illustrates the installation of Geo
Bag and Geo Tube.

Figure 11: Special size Geotextile
Bag Installation (Italy)

Figure 12: Geotextile Tube Installation
(Italy)

Reclamation Bunds at Ponnani Fishery Harbour – Coastal Protection Work – Kerala (India)

Figure 13: Reclamation Bunds at Ponnani Fishery Harbor (India)
Harbour Department, Kerala has constructed a coastal Gabion wall of 5 meter height in
Fisheries Harbour, Ponnani for reclamation purpose (Figure 13). The technology was
advocated by CWPRS (Central Water Power and Research Station - Pune) and the job was
done by Palouse & George Company in year 2005.
CONCLUSIONS
Coastal protection works always need careful considerations with a scientific and practical
approach. Engineered products like gabion and geotextile containers can be used for solving
complex engineering problems in coastal environment.
The products described above are specially designed for environmental friendliness and
flexibility. Their use assured minimal disturbance to the coastal environment or aquatic life.
Construction of structures using these advanced products involves less work volume and
execution time which will contribute to overall economy compared to conventional solutions.
REFERENCES
1. C.T. Brown, October 1979, “Gabion Report or Some factors affecting the use of Maccaferri
gabions and Reno mattresses for coastal revetments”. Manly Vale NSW, Water Res. Lab.,
Report no. 156, 75pp
2. Koerner, RM and Welch, JP (1980). Construction and Geotechnical Engineering Using
Synthetic Fabrics, Wiley, New York, pp. 160- 229.
3. Pilarczyk, K. W. (2000) “Geosynthetics and Geosystems in Hydraulic and Coastal
Engineering”, Balkema, Rotterdam
4. Sarpkaya, T. and Isaacson, M.(1981)”Mechanics of Wave Forces on Offshore Structures,”
Van Nostand Reinhold Company, New York (1981).
5. Shin et al (2002), “Construction and Monitoring of Geotubes”, Proceedings of The Twelfth
(2002) International Offshore and Polar Engineering Conference Kitakyushu, Japan,
6. Shin C E (2007), “Coastal erosion prevention by geotextile tube technology”, Geotextiles and
Geomembranes 25 (2007) 264–277
7. S. Cantre (2002), “Geotextile tubes-analytical design aspects”, Geotextiles and
Geomembranes 20 (2002) 305–319.

