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ABSTRACT

Coastal dunes are vital natural defenses against storm surges, providing a critical reservoir of sand that
helps maintain beach profiles and form storm bars. However, in urban coastal environments, the
development of wide, vegetated dune systems is often impractical due to space constraints and high human
activity. This presents unique challenges for dune management, particularly in high-use areas where
balancing public access and coastal protection is essential.

Sand-filled geotextile containers (SFGCs) have shown successful results enhancing dune stability,
particularly when used as part of dune toe designs. Unlike traditional terminal seawalls, shorter, toe walls
constructed with SFGCs provide a more flexible and adaptive approach. By stabilising the dune base, these
structures help absorb wave energy and encourage natural dune development, promoting a more

sustainable coastal environment.
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1 INTRODUCTION

Coastal dunes provide vital natural defences to
reduce storm erosion by trapping sand to provide a
critical reservoir of sand that helps maintain beach
profiles and form energy dissipative storm bars in
storm events. However, in urban coastal
environments, management of dunes is complex
as the development of wide, vegetated dune
systems and large storm cuts is often impractical
due to space constraints and high human activity.
This presents unique challenges for dune
management, particularly in high-use areas where
balancing public access and coastal protection is
essential.

One successful hybrid approach is to maintain a
narrow dune and to make the dune more resilient
using sand-filled geosynthetic containers (SFGCs).

SFGC have a long history in coastal engineering
and have shown successful results enhancing
dune stability, particularly when used as part of
dune toe designs. In mild events the containers
limit erosion and retain the dune vegetation to trap
sand encourage seaward propagation of the dune

system. In severe events, the previously protected
dunes will provide a good buffer until the containers
are overtopped and the dune becomes
sacrificial. By design, the total erosion extent can
be reduced to an acceptable level. Unlike
traditional terminal seawalls, shorter, toe walls
constructed with SFGCs provide a softer and more
flexible and adaptive approach. By stabilising the
dune base to a design level of protection, these
structures help absorb wave energy and encourage
natural dune development, promoting a more
sustainable and user-friendly coastal environment
in urban areas.

2 SAND FILLED GEOTEXTILE CONTAINERS
FOR DUNE TOE STABILISATION

The following examples highlight real-world
projects in Australia.

2.1 Belongil Beach, Byron Bay

At Belongil Beach, SFGCs have been used to
stabilize dunes in a high-energy wave
environment. These containers, approximately 2.5
m3 in size, were installed at the dune base and
have since been integrated into the natural
landscape. The project addressed significant
erosion challenges, where traditional hard
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infrastructure options such as seawalls would have
disrupted the beach's natural dynamics. The
placement of low lying SFGCs allowed reduced the
risk of scouring. Over time, vegetation naturally
established over the containers, creating a

vegetated dune that further enhanced stability and
ecological resilience. This integration of SFGCs
demonstrated their capability to align with natural
dune recovery processes while providing robust
protection against high-energy wave action.

Fig. 1. Belongll Beach, SFGC at base of dune system
(mostly covered by vegetation)

2.2 Bribie Island, Queensland

On Bribie Island, SFGCs were implemented as
part of a comprehensive dune management
strategy to address chronic foreshore erosion. The
containers were strategically placed at the dune
toe to stabilise the base and mitigate erosion
caused by seasonal storms and tidal surges.
Initially, the containers served as a physical barrier
against wave energy, but their role evolved as
sand and vegetation accumulated over them. This
natural covering transformed the artificial structure
into an integral part of the dune ecosystem.

Flg. 2. Bribie Island, SFGC at base of dune system

2.3 Elliot Heads, Queensland

At Elliott Heads, the use of geotextile liner tubes
showcased the versatility of SFGCs in high-energy
environments. Here, the containers were installed
at the dune toe to act as a barrier against wave
action, which had previously caused severe
erosion. The strategic placement of these liner
tubes allowed for the dissipation of wave energy,
preventing further erosion and providing a
foundation for dune restoration. Following
installation, the containers facilitated the natural
accumulation of sand, which was further stabilised
by the growth of native dune vegetation. This
project underscored the importance of SFGCs in
creating a dynamic interface between engineered
structures and natural processes, allowing for the
progressive recovery and stabilisation of the dune
system.

Fig. 3. Elliot Heads, SFGC tube along dune system toe

2.4 Aspendale, Victoria

Erosion along the Aspendale foreshore on
Melbourne’s Port Phillip Bay threated the
beachside residences. Originally a traditional hard
rock structure was considered, however the option
of stabilising the dunes with sand filled
geotextile forms was implemented. The SFGC
installation provided the protection the residential
properties required and enabled a natural
regeneration of the dune, providing a vastly
improved amenity for beach goes and a stable
engineered
solution.
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Fig. 4. Aspedale, Victoria, before and after dune
vegetation

3 A CONTRAST: COCONUT COIR LOGS FOR
DUNE STABILISATION

In low-energy wave environments,
biodegradable materials like coconut coir logs offer
an alternative approach to dune stabilisation. Coir
logs are composed of natural fibers and are
typically installed at the dune base to reduce
erosion and encourage vegetation growth.

3.1 Cape Cod, Massachusetts

In Cape Cod, coir logs have been employed to
stabilise dunes in areas with wave heights below
0.5 meters. The biodegradable nature of these
logs supports soil enrichment and vegetation
establishment, fostering long-term dune stability in
low-energy conditions.

Despite their ecological benefits, coir logs are
not suitable for high-energy wave environments
due to their limited structural integrity. Their short
lifespan necessitates regular replacement, making
them less practical in dynamic coastal settings. In
conjunction with the coir logs, additional fencing is
introduced to reduce the wave energy hitting the
logs themselves to improve longevity.
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Fig. 5. Cape Cod, Massachusetts (Coir Log and Dune
Fence)

4 COMPARATIVE ANALYSIS

The comparison of sand-filled geotextile
containers (SFGCs) and coconut coir logs
underscores the importance of selecting
appropriate  stabilisation methods based on
environmental conditions. Table 1 summarises the
key differences.

Table 1. Comparative analysis SFGC’s and Coir Logs.

Parameter SFGCs Coir Logs

Wave Energy High (over 2.0m -

Suitability size dependent) Low (up to 0.5m)

. Long (20+ years )

Lifespan with maintenance) Short (2-5 years)
Geotextile-

Material Durable UV gi%t:rral Coconut
stabilised

Biodegradability Low High

Installation . .

Complexity Medium - High Low

Ecologlgal Moderate High

Integration

Maintenance Low High

Requirements

5 REFLECTIONS OF SFGC BEHAVIOURS IN
COASTAL STRUCTURES

Fundamentals of sand filled geotextile forms lead to
a logical and practical explanation of why the
application of SFGC'’s in toe structures can assist in
stabilising dunes and enhancing sand accretion.

e In most applications SFGC’s are filled
utilising sand native to the project site.

e The sand is therefore of a grain size and
permeability native to the location

o Correctly selected geotextiles will exhibit
suitable pore size (EOS) to be filter stable
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e High permeability of the geotextile is also
important, without compromising durability
and performance.

e Wave run up invariably carries mobilised
sand

e The SFGC’s, exhibit a high permeability
through the geotextile and (native) sand.

e The SFGC can have a “sponge effect”,
absorbing wave run up, and slowing the
overall water velocity

e The slower draw down because of the
energy absorption allows for the sand
particles to have a greater opportunity to
fall from suspension and deposit close to
the structure.

6 DESIGN APPROACHES FOR USING SFGC
IN COASTAL ZONES

Designing with sand-filled geotextile containers
requires careful consideration of site-specific
factors, including wave energy, sediment transport,
and ecological impacts. The following principles are
key:

e Site Assessment: Evaluate the local wave
climate, sediment dynamics, and dune
condition to determine the appropriate
container size and placement strategy.

e Flexible Design: Incorporate shorter toe
walls rather than large, rigid structures to
allow natural dune processes to continue.
This approach minimizes disruption to

sediment transport and encourages
vegetation growth.
e Material Selection: Use UV-stabilized

non-woven staple fibre geotextile materials
to ensure durability while considering
potential environmental impacts.

e Integration with Natural
Systems: Design structures to integrate
seamlessly with the surrounding
environment, promoting ecological
restoration and public access.

e Monitoring and Maintenance: Conduct
regular inspections to address wear and
tear, ensuring the continued effectiveness
of the containers.

7 CONCLUSION

Sand-filled geotextile containers represent a
solution for dune stabilisation, particularly when
integrated into toe designs. Examples from Belongil
Beach, Bribie Island, Elliott Heads, and Aspendale
illustrate the benefits of shorter, adaptive structures
in promoting dune resilience and natural coastal
processes. In contrast, coconut coir logs offer a
viable option for low-energy environments but are
limited in their applicability to dynamic coastal
settings.

The success of SFGCs depends on site-specific
design, ecological integration, and proactive
maintenance. By adopting these principles, coastal
managers can address the challenges of dune
stabilisation while preserving the natural beauty
and functionality of coastal landscapes.
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