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Abstract. Bangladesh, being completely of a low-lying landscape and
extensive river systems, highly exposes its terrain to seasonal flooding
that inundates roughly 25% of the lands in this country every year. This
is an escalating threat which climate change and rapid urbanization are
intensifying further. In this paper, we look at amphibious architecture as
the resilient design solution for flood-prone areas and show how their
applications have been executed in countries which are suffering similar
hydrological challenges. Amphibious architecture gives buildings the
ability to adapt to increased water levels through their buoyancy systems,
which enable the building and structure to float during flooding yet rest
on dry ground during normal conditions. In this way, it may foster flood
resilience, livelihoods with water in a sustainable manner, and continued
urban functionality in the face of climate change. The present study
focuses on the Haor Basin, one of the most important yet ecologically
vulnerable wetlands of northern Bangladesh. Three districts were
selected considering the prominence of haor areas: Kishoreganj,
Netrokona, and Sunamganj. The unique nature of this area, marked by
proximity to water bodies, soil type, and flood frequency, makes it most
suitable for amphibious architecture. This approach has a number of
advantages, including minimizing flood damages, maintaining habitation
continuously, and adapting to the fluctuating water level. This research
reviews the feasibility of amphibious architecture in these selected
districts, based on certain performance criteria like structural integrity,
buoyancy, energy efficiency, and social acceptability. The results
indicate that with proper design and choice of materials, amphibious
structures could offer a feasible and sustainable solution for Bangladesh's
flood-prone areas. It also underlines the potential of amphibious
architecture as one resilient design strategy for Bangladesh, a country
most susceptible to climate change and disasters, and opens up ways in
which innovation can occur.
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1 Introduction

Bangladesh, a delta country with more than 700 river crossings, suffers recurring and
extreme flooding, predominantly during monsoon seasons. About one-third of the
country is under water. each year through flooding in its main river basins, augmented
with sea level rise, unpredictable rain, and sedimentation. Regions like the Haor Ba-
sin, Brahmaputra-Jamuna floodplain, and Ganges Delta face extended flooding, with
widespread displacement, loss of infrastructure, loss of livelihood, and food shortage.
Traditional flood-mitigation strategies, including embankments and flood refuges,
have a poor record in providing long-term resilience, and new architectural interven-
tions must therefore work in harmony with, not in obstruction to, water [1].

Considering the growing danger posed by flooding, amphibious architecture stands
out as a feasible and environmentally friendly alternative at a worldwide level. With
an effective use of a new architectural model, buildings can safely sit firmly in posi-
tion yet at the same time have a floating capability during high water levels, lessening
flood-related loss and damages. Successful implementations can be seen in countries
including the Netherlands, America, and Thailand, whose governments have adopted
floating foundations and flexible structures in an attempt to make flood tolerance for
their buildings a reality. With such a model, a less costly and ecologically friendly
alternative is presented in relation to traditional flood management techniques, and
communities can occupy floodplains at a lesser expense, eradicating high expenses in
terms of relocation [1, 2].

Amphibious architecture holds significant potential for flood-resilience improve-
ment, but its success in Bangladesh will depend on localized adaptations. Integration
with locally dominant materials, including bamboo, thatch, and metal sheeting, can
make amphibious buildings both functional and economically and culturally feasible.
In addition, use of locally accessible floating technology, such as recycled plastic
barrels, water-resistant wood, and prefabricated pontoon modules, can enable eco-
nomically sound floating platforms to be developed. Community-led construction
processes can enable localized communities to build and maintain such amphibious
structures, creating long-term resilience. By locally adaptation such architectural in-
terventions according to Bangladesh's socioeconomic and environmental settings,
amphibious architecture can become a feasible, scalable, and long-lasting flood-
mitigation tool for at-risk communities [1, 3].

2 Literature Review

The amphibious construction is the green alternative to conventional flood defenses as
amphibious buildings are placed on the ground in dry seasons and on water in floods.
This flexibility has been effectively used in other countries like Netherlands, North
America, and Thailand, and shows that it can be climate resilient[4]. In the case of
Bangladesh, where traditional approaches to flood control such as embankments and
shelters do not necessarily offer long-term care, amphibious housing is a chance to
balance settlements in the hydrological cycles [5]
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The focus of feasibility is material selection and social acceptance. Research indi-
cates bamboo, ferrocement, and recycled flotation equipment as cost-effective, long-
lasting alternatives that are appropriate to local settings. The cases of the most inter-
national practice also emphasize the use of hybrid solutions that will integrate tradi-
tional and modern technologies and be more resilient [2]. Social aspects are also par-
amount: although the communities demonstrate a great interest in amphibious housing
and are ready to invest in them with the help of subsidies, the question of cost is not-
ed. To proceed, an amphibious housing should be an amphibious climate adaptation
measure, and the way forward should be prototype testing and long-term evaluation of
the prototype to make the amphibious housing a scalable approach to climate adapta-
tion[8].

3 Methodology

3.1 Materials

Amphibious architecture in Bangladesh needs to embrace locally sourced, low-cost,
and flood-resistant materials for the assurance of structural stability, buoyancy, and
longevity. The material elements that are essential are categorized into the following
types:

1. Buoyancy System: Houses float on bamboo-structured foundations with plastic
bottles filled with air or encapsulated flotation devices. These low-cost elements pro-
vide safe rising and settling with the water level.

2. Structural Framework: Bamboo is the main material due to strength, flexibility,
and availability. Three types are used:

a. Boruck bamboo for structural components.

b. Jawa bamboo for flooring and walls

¢. Mulli bamboo for woven panels (walls, windows, doors).
They are treated with boric acid-borax for durability and reinforced using metal rods
or hand-timed nylon ropes for strength.

3. Foundation & Guidance System
1. Ferrocement and a bamboo frame contribute additional stability.
2. Anchored steel and bamboo poles permit safe vertical but not lateral motion.

4. Exterior Facade & Roofing

1. Wall: Ventilation and durability through woven panels of bamboo.

2. Roof: Bamboo multi-ply system with Mulli shingles of bamboo, moisture barri-
ers, and woven insulation layers.

The roofing material receives anchoring from galvanized metal wires to stand against
both wind and rain elements.
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Before bamboo soak in a boric acid-borax solution for insect protection the operator
first selects and drills Boruck, Jawa, and Mulli bamboo species then cleans them and
treats them to boost chemical absorption for a seven to ten-day period. Upon 2-3 days
of sun-drying the Boruck bamboo becomes suitable for structural applications and
Jawa bamboo becomes appropriate for walls and flooring with Mulli bamboo used for
weaving window and door mats. The bamboo panels receive straightening from Gor-
jon wood to achieve stability and the structure maintains its integrity through metal
rods, nylon ropes, and galvanized wire at roof joints and wind resistances. The buoy-
ancy system operates through controlled water-tight units made of bamboo frames
which contain pressurized plastic bottles as flotation means[7]. A proper site prepara-
tion process requires onsite land surveys and soil tests to measure flood levels fol-
lowed by the excavation of a wet dock for controlled floating. Professionals then in-
stall reinforced bamboo or steel guidance poles to stop any movement. The drainage
channels reduce excess water accumulation and the stable foundation emerges from
combined sand and gravel compaction which maintains structural endurance through-
out flood conditions [7].

3.2 Sample Preparation

Building material physical samples were not created during the study. The research
work concentrated on developing conceptual building designs together with feasibility
assessments. Researchers built hypothetic building models using typical local Haor
region housing architectures with available local materials and implementation of
feedback obtained from questionnaires.

3.3 Experimental Procedure
This research combined quantitative and qualitative methods:

1. Research data was obtained from official institutions and research centers specifi-
cally for hydrological information and soil characteristics and socio-economic in-
dicators. The compiled data from the survey questionnaire underwent proper anal-
ysis.

2. The analysis included reviewing existing research about amphibious architecture
together with flood control methods and various case studies.

3. The team developed hypothetical amphibious building models through Conceptual
Design while using the selected materials together with findings from the ques-
tionnaire survey as well as local building practices.

4. A performance evaluation of the hypothetical structural models occurred by using
established performance criteria which included structural integrity along with
buoyancy capabilities and energy efficiency measures and social acceptability
standards. The questionnaire data provided most of the information needed to eval-
uate social acceptability, buoyancy capabilities and energy efficiency measures and
social acceptability standards. The questionnaire data provided most of the infor-
mation needed to evaluate social acceptability [1, 4].
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3.4  Questionnaire Formulation and Administration

An organized questionnaire assessed social acceptability and obtained local infor-
mation about building habits as well as flood evidence and perceptions of amphibious
dwelling. The questionnaire included sections on:

1. The study considers four demographic variables which include participant age to-
gether with occupation status and annual income and residential family member
count.

2. The evaluation includes counting the number of past floods together with their in-
tensity levels and documenting what destruction occurred as well as the strategies
used for survival.

3. People prefer different housing arrangements and favor their present housing struc-
ture along with their material selection while expressing their needs for future
homes.

Participants understand Amphibious Housing by analyzing its concept and they
evaluate both positive and negative aspects that reflect their willingness to accept it.
The research sample consisted of face-to-face survey participants from selected resi-
dential districts. For precision in data collection and translation needs the training
program conducted specific tasks for local enumerators [3, 5].

3.5 Sample Size

The research concentrated on three districts named Kishoreganj Netrokona and
Sunamganj located in Haor Basin. The questionnaire survey conducted a sample col-
lection by considering both district population numbers and confidence assurance
standards. Research covered 20 residential areas distributed among three districts.

3.6  Theory/Calculation

A submerged object experiences a buoyant force that matches the weight of the
fluid which replaces the object's space. An assessment of the foundational depth re-
quired calculation of water weight at 62.4 1b/ft* together with the dead load weight of
55 1b/ft? and live load weight of 50 Ib/ft> from the building structure. People calculat-
ed the submersion depth by dividing total square foot weights by water weight. Both
the ferrocement foundation at 36” and the water bottle foundation at 39” were created
for safety purposes during flooding since live loads presented unpredictable situations

[7].

4 Result and Discussions

The analysis revealed that amphibious architecture holds significant potential for the
Haor Basin [4].
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Ferrocement Foundation:

D. L. of dwelling: 55 Ibs/sq.ft. L.L. on Ist floor: 20 Ibs/sq.ft.
D. L. of foundation: 52 Ibs/sq.ft. L.L. on 2nd floor: 20 Ibs/sq.ft
L.L. on roof: 10 Ibs/sq.ft

Total Dead Loads: 107 Ibs/sq.ft Total Live Loads: 50 lbs/sq.ft

Total Load / Weight of Water = Minimum Depth of Foundation

157/62.4 =251t
As a safety consideration , a foundation depth of 36™ was applied

Water Bottle Foundation:

D. L. of dwelling: 55 Ibs/sq.ft. L.L. on Ist floor: 20 Ibs/sq.ft.
D. L. of foundation: 20 Ibs/sq.ft. L.L. on 2nd floor: 20 lbs/sq.ft
L.L. on roof: 10 Ibs/sq.ft

Total Dead Loads: 75 Ibs/sq.ft Total Live Loads: 50 Ibs/sq.fi

Total Load / Weight of Water = Minimum Depth of Foundation

125/624=2ft
Since the water bottle foundation contains a lot of voids between bottles
that do not contribute to buoyancy, a foundation depth of 39” was applied

Fig. 1. Load calculation of the two types of structures using Archimedes principle of buoyancy

Table 1. Structural Integrity

Criteria Ferrocement Model Water Bottle Model
Structural Stability High Moderate
Resistance to Wave Ac- High Low-Moderate
tion
Durability 15+ years 5-10 years
Maintenance Low Moderate
Load Capacity High Moderate
Table 2. Buoyancy
Criteria Ferrocement Model Water Bottle Model
Buoyancy Performance Excellent Moderate
Maximum Load Capacity 800 kg/m2 500 kg/m2
Water Resistance Excellent Moderate
Vertical Stability High Moderate
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Table 3. Energy Efficiency

Criteria Ferrocement Model Water Bottle Model
Solar Panel Integration Easy Easy
Thermal Insulation Low High
Water Collection Efficiency High Moderate
Waste Management Effective Effective

Table 4. Social Acceptability

Factor Response Rate
Interest in Amphibious Housing 72%
Preference for Bamboo Structures 85%
Concerns about Cost 60%
Willingness to Invest with Gov- 88%
ernment Subsidy

“The structure rises
along the vertical
‘guidance posts

The water level rises to push the The water level rises to push the
structure upwards structure upwards
“wet dock™

Fig. 2. Typical amphibious house showing the mechanism of adaptation
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5 Conclusion

These findings show that amphibious architecture effectively functions as a flood-
resistant system which protects the Haor Basin region of Bangladesh. Local contextu-
al factors which determine social acceptance must be considered when designing and
building these structures according to the study. Future investigations with prototype
testing programs need to occur to develop this technology better while resolving iden-
tified concerns and proving its performance in operational environments. Outdoor
architecture stands as a favorable approach to build Bangladesh's resistance against
future disaster scenarios.
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medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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