ISSN : 2319-5991

Vol. 22 No. 4 (2026)

ijerst.editor@gmail.com 2

editor@ijerst.com


http://www.ijerst.com/

\)EBST 0 " 3 "
Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 @’ International Journal of Engineering Research and Science & Technology

ISSN 2319-5991 www.ijerst.com
© 2026 IJERST. All Rights Reserved
Peer Reviewed, Referred & Indexed Journal
Research Paper

Aqua mangrove Tetrapod-2

Prof. Sakshi Sanjay Dhongade
Dwip Ganesh Nawale
Sparsh Rahul Bende
Suyog Lahane
Gokul Devanand Bhore
Sayali Ravindra Sambre

DRGITR (Poly), Amravati, Maharashtra , India

Abstract: Coastal erosion and land degradation are increasingly critical challenges caused by
rising sea levels and intense ocean wave dynamics. While conventional concrete tetrapods
offer immediate structural defense by dissipating wave energy, their reliance on heavy
Ordinary Portland Cement (OPC) and steel reinforcement causes severe ecological damage,
marine toxicity, and carbon emissions. Conversely, natural mangrove bio-shields provide
excellent long-term shoreline protection, but young saplings frequently experience high
mortality on open coasts due to wave shear forces and soil washout. To bridge this gap
between hard infrastructure and ecological restoration, this project introduces the Aqua-
Mangrove Tetrapod—a hybrid, bio-engineered three-legged structural unit. Designed with a
low-cement bio-concrete shell and reinforced with non-corrosive bamboo, the structure
features an upper planting cavity filled with cocopeat briquettes and internal water-passage
chambers. This configuration acts as a temporary incubator that breaks high-energy waves
while sheltering young mangrove saplings during early root growth. As the mangrove root
system expands through the internal channels and anchors firmly into the sea sand, the bio-
matrix naturally decomposes over approximately 10 years, leaving a fully established, self-
sustaining mangrove forest in its place. The proposed system effectively reduces wave
impact, eliminates toxic metal corrosion, restores marine biodiversity, and provides a
sustainable, blue-carbon alternative for modern coastal engineering.

Keywords: Bio-engineered tetrapod, Coastal protection, Wave attenuation, Mangrove
restoration, Bamboo reinforcement, Low-carbon concrete, Blue carbon.

Sustainability of Tetrapods

Although tetrapods can provide effective coastal protection, they are not environmentally
neutral.

Concrete production requires significant energy and raw materials. A 2025 life-cycle
assessment of tetrapod armour units examined production, transportation and placement and
found that cast production was the dominant contributor to the assessed environmental
impacts. The study particularly highlighted the importance of concrete and steel-related
production impacts

Consequently, the proposed hybrid system should follow the principle:

Use engineered protection where it is necessary, while maximizing natural protection where
ecological conditions allow.
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Potential strategies for reducing environmental impact include:
o Optimizing tetrapod size and quantity.
Using locally sourced aggregates where appropriate.
Investigating lower-carbon concrete mixtures.
Minimizing transportation distances.
Designing structures for long service life.
Reusing suitable materials where technically feasible.
Avoiding unnecessary construction within mangrove habitats.

O O O 0O O O

Design Methodology

A site-specific design should follow a multidisciplinary process.
Step 1: Site investigation

Collect:
Functional arrangement

Zone 1 — Offshore/outer armour zone

A rubble-mound breakwater or submerged/low-crested structure is protected with tetrapod
armour units.

Zone 2 — Transition zone

Zone 3 — Mangrove restoration zone

Existing mangroves are conserved and degraded areas are restored using appropriate
native species.

Working Principle
systems can support fisheries and aquaculture while encouraging communities to
maintain designed  breakwater  can alter  tidal = exchange, sediment transport
and mangrove dominant  contributor to the assessed environmental impacts. The
study particularly highlighted the importance of concrete and steel-related production
impactsrapod size should be selected according to the design wave conditions, water depth,
slope, placement arrangement and hydraulic stability alone is insufficient; armour units must
also have adequate include mud crabs and selected shrimp species, subject to local
regulations and environmental suitability. SEAFDEC documentation. Research has
specifically identified breakage asa potential failure mechanism for slender. Damaged
tetrapods may need replacement, while mangrove areas require protection from cutting,
pollution and resistance and are particularly useful where wave forces are too large to
be managed by vegetation alone. Their interlocking geometry and rough surface can
dissipate wave energy effectively. However, their production has an environmental footprint,
particularly because of concrete and associated as living infrastructure, providing habitat,
sediment stabilization, carbon storage and livelthood opportunities should focus
on developing quantitative design procedures specifically for hybrid mangrove— that
encourage marine defence. The approach uses tetrapod armour to provide resistance against
severe wave attack while Advantages of the Integrated Approach
Improved coastal resilience
Step 1:

o Bathymetric data.

o Topographic data.
o Tidal levels.
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Wave characteristics.

Current velocity.

Sediment characteristics.

Shoreline-change data.

Existing mangrove distribution.

Aquaculture conditions.

Ground conditions.

Step 2.These parameters are then used in hydraulic stability calculations and/or physical
modelling.

Step 3: Tetrapod design

Tetrapod size should be selected according to the design wave conditions, water depth, slope,
placement arrangement and accepted coastal-engineering design procedures.

The design should also consider structural breakage. Previous research has demonstrated that
hydraulic stability alone is insufficient; armour units must also have adequate structural
strength.

Step 4: Mangrove assessment

Identify existing mangrove species and determine:

O O O O 0 O O

Design Methodology

A site-specific design should follow a multidisciplinary process.
Step 1: Site investigation

Collect:

Bathymetric data.

Topographic data.

Tidal levels.

Wave characteristics.

Current velocity.

Sediment characteristics.

Shoreline-change data.

Existing mangrove distribution.

Aquaculture conditions.

Ground conditions.

Vegetation density.

Stem diameter.

Height.

Root characteristics.

Age structure.

Natural regeneration.

Sediment elevation.

Salinity.

Tidal inundation.

Step 5: Aqua-mangrove planning

Aquaculture areas should be located and designed so that mangrove vegetation
remains functional.

Potential cultured organisms include mud crabs and selected shrimp species, subject to local
regulations and environmental suitability. SEAFDEC documentation specifically
discusses Scylla  serrata, Scylla  tranquebarica and Scylla  olivacea in  aqua-mangrove
systems.

O 0O o 0O 0o 0o 0o 0O o o o o o o o
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Step 6: Numerical and physical modelling

Hydrodynamic modelling should be used to investigate:
Step 6: Numerical and physical modelling

Wave transmission.
Wave reflection.
Overtopping.
Current patterns.
Sediment transport.
Mangrove inundation.
o Tetrapod stability.
Future Research

O O O O O O

Further research should focus on developing quantitative design procedures specifically for
hybrid mangrove—tetrapod systems.
Recommended research areas include:
1. Laboratory = wave-flume experiments  comparing  bare tetrapod  structures
with tetrapod—mangrove combinations.
2. Numerical modelling of wave attenuation through mangrove vegetation
behind tetrapod armour.
Long-term monitoring of sediment accumulation.
4. Life-cycle assessment comparing tetrapod structures with conventional seawalls and
nature-based alternatives.
5. Low-carbon concrete for armour-unit production.

98]

6. Development of ecological designs that encourage marine organisms to colonize
armour structures.

7. Economic analysis of construction, maintenance and ecosystem-service benefits.

8. Investigation of performance during cyclones and extreme storm events.

9. Development of India-specific design guidelines for hybrid coastal protection.

10. Community-based monitoring and management of aqua-mangrove systems.

Conclusion

The Aqua-Mangrove-Tetrapod Integrated Coastal Protection System provides a conceptual
framework for combining engineered and nature-based coastal defence. The approach uses
tetrapod armour to provide resistance against severe wave attack while retaining or restoring
mangrove ecosystems behind the structure.

Aqua-mangrove farming demonstrates that mangrove conservation can be integrated with
productive aquaculture and community livelihood development. Repository Tetrapods,
meanwhile, provide an established form of concrete armour for breakwaters and can
contribute substantially to wave-energy dissipation.

The principal advantage of the hybrid approach is that it does not rely exclusively on either
concrete infrastructure or natural vegetation. Instead, it combines the immediate protective
capacity of engineered structures with the long-term ecological functions of mangroves.
However, the system must be designed according to local hydrodynamic, geomorphological
and ecological conditions. Particular attention should be given to tetrapod stability, structural
breakage, sediment transport, tidal exchange, mangrove health and the environmental
footprint of concrete production.

Overall, the concept has potential as a sustainable coastal-management strategy for tropical
and subtropical coastlines, particularly where communities require both coastal protection
and livelihood opportunities. Future laboratory experiments, numerical modelling and field-
scale demonstrations are necessary before standardized design guidelines can be established.
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