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Abstract - This dissertation investigates how vernacular
construction materials in the Eastern Himalayas—
particularly locally known Icra/lkra bamboo-based
structures in Darjeeling—can be adapted into
prefabricated  systems  without losing  cultural
authenticity. The study responds to the growing urgency
of disaster displacement in India and globally, where
prolonged post-disaster shelter conditions expose
communities to social, climatic, and psychological
vulnerability. Through field-informed analysis, material
studies, stakeholder  observations, and design
prototyping, this research proposes a hybrid
prefabricated framework rooted in vernacular logic
rather than imposed industrial standardization. The study
demonstrates  that cultural continuity, climatic
intelligence, and scalability are not mutually exclusive
when prefabrication evolves from local knowledge
systems.
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1. INTRODUCTION

1.1 BACKGROUND

The construction industry is increasingly driven by the
need for speed, efficiency, affordability, and
sustainability, leading to the growing adoption of
prefabrication and industrialized building systems.
Prefabrication offers advantages such as reduced
construction time, controlled quality, minimized waste,
and cost efficiency. However, the dominant
prefabrication models are largely standardized and
technology-driven, often resulting in  uniform
architectural expressions that neglect local cultural
identity,  traditional = knowledge systems, and
climate-responsive design principles.

Vernacular architecture, developed through generations
of indigenous practices, reflects deep-rooted cultural
values, local materials, climatic adaptation, and
community-oriented construction processes. Many
vernacular systems inherently follow principles of
modularity, repetition, and component-based
assembly—qualities ~ that  align  closely  with
prefabrication. Despite this compatibility, vernacular
construction techniques remain underexplored within
contemporary prefabrication frameworks due to
difficulties in standardization, scalability, and regulatory
acceptance.

Nestled in West Bengal's Eastern Himalayas, Darjeeling
boasts a vernacular architecture shaped by bamboo

(locally called "Icra" or "lkra" structures), where it
forms woven walls, stilts, and roofs adapted to steep
slopes, heavy monsoons, and seismic activity. These
lightweight, breathable homes by Lepcha, Nepali, and
other communities reflect sustainable ingenuity, using
local bamboo species like Dendrocalamus for flexibility
and rapid renewal.

Every year, tens of millions of people are forced to leave
their homes by floods, storms, earthquakes, conflicts,
and other crises, and many end up in overcrowded,
unsafe temporary shelters. Recent global monitoring
shows more than 83 million people living in internal
displacement at the end of 2024 alone, with nearly 10
million of them displaced specifically by disasters such
as floods and storms.

Across India, millions of people are pushed out of their
homes every year by floods, cyclones, landslides,
droughts, industrial accidents, and episodes of violence,
and many end up in overcrowded schools, camps, or
makeshift shacks for months.

Prefabrication offers a way to produce housing
components rapidly, with better quality control and less
waste, then ship and assemble them where
needed—critical when thousands need shelter within
weeks.

1.2 Research Problem

The core research problem, therefore, is to determine
how prefabricated housing systems based on vernacular
materials and building logics can be conceptualized,
designed and implemented in India so that they

(a) Preserve or enhance cultural authenticity and
everyday usability for affected communities.

(b) Many post-disaster housing solutions fail to remain

economically affordable and technically viable when
implemented at large scale, limiting their widespread
adoption in affected regions.

(c) Post-disaster housing reconstruction processes are
often prolonged, resulting in an extended limbo period
during which affected communities remain in temporary
or inadequate shelters, delaying social, economic, and
psychological recovery.

In other words, the study must address how to
transform locally available materials and traditional
construction knowledge into modular, prefabricated
components and typologies that can move seamlessly
from emergency shelter to permanent, context-sensitive
housing, rather than producing yet another generation of
generic, short-lived relief structures.
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1.3 AIM

The aim of this research is to know the importance of a
prefabricated housing framework based on vernacular
materials and building logics that can provide rapid,
scalable, and culturally authentic shelter solutions for
people in India who lose their homes due to natural and
man-made disasters.

1.4 OBJECTIVES

1. To critically review literature and built case studies
on prefabricated and modular housing.

2. To document and extract key vernacular
architectural principles and material systems from
Indian regions.

3. To develop a conceptual design framework for
disaster-responsive prefabricated housing using
vernacular materials in India.

4. To formulate design and policy recommendations
for integrating vernacular-based prefabricated
housing into India’s disaster-risk-reduction and
housing programmes.

2. LITERATURE REVIEW

2.1 Vernacular Architecture as Adaptive Intelligence

Vernacular architecture reflects cumulative
environmental adaptation rather than stylistic intention.
Rapoport (1969) argues that house form is shaped
primarily by socio-cultural forces. Oliver (2006)
positions vernacular buildings as climate-responsive
systems developed through material pragmatism.

In Himalayan contexts, lightweight timber-bamboo
systems evolved to resist seismic forces through
flexibility rather than rigidity. Walls are breathable, roofs
are steeply pitched, and plinths respond to terrain
instability.

2.2 Prefabrication
Systems

and Industrialized Building
Prefabrication involves off-site manufacturing of
components for on-site assembly. Benefits include:

e Reduced construction time

e Improved quality control

e Waste minimization

e Cost predictability
However, standardized modules often ignore social

patterns such as multi-generational living or outdoor
cooking practices common in Himalayan settlements.

2.3 Disaster Housing Frameworks

Post-disaster reconstruction literature highlights three
recurring failures:

1. Temporary shelters becoming permanent.
2. Lack of community participation.
3. Cultural mismatch between provided housing

and daily life.

Resilience frameworks emphasize “build back better,”
but better must include cultural acceptance, not just
structural durability.
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2.4 Himalayan Construction Systems

Assam-Type Housing

Developed during colonial times, Assam-type houses
use timber frames with lightweight infill, ideal for
seismic zones.

Bamboo-Timber Hybrids
These systems leverage bamboo’s tensile strength and
ductility.  Empirical  studies show  bamboo’s

strength-to-weight ratio compares favorably with steel in
tension.

Mud-Composite Walls

Breathable and thermally efficient, these assemblies
regulate humidity in monsoon climates.

2.5 Identification of Research Gap

While vernacular and prefabrication studies exist
independently, there is limited scholarship integrating:

e Bamboo structural engineering
e Modular prefabrication
e Cultural continuity frameworks

This study attempts to bridge this gap.

3. RESEARCH
METHODOLOGY

3.1 Research Approach

A qualitative-dominant mixed-method approach was
adopted.

3.2 Research Design
e Literature synthesis
e Comparative typological analysis
e Material performance review

e Conceptual prototyping

3.3 Selection of Study Area
Darjeeling was selected due to:

e Seismic vulnerability

e Prevalence of Ikra construction

e Rapid replacement with RCC housing

3.4 Variables
e Structural flexibility
e Thermal comfort
e Cultural spatial layout
e Construction time
e Scalability

4. RESULTS & ANALYSIS

4.1 Structural Analysis
Bamboo’s tensile strength and flexibility offer seismic
advantages. Lightweight frames reduce inertial forces

during earthquakes. Unlike rigid RCC systems, bamboo
dissipates energy.

4.2 Climatic Performance
Breathable mud-plastered bamboo walls regulate

humidity. Raised plinths prevent moisture ingress. Steep
roofs reduce rainwater stagnation.

4.3 Cultural Analysis

Spatial layouts typically include:
e Central multipurpose room
e Verandah as social threshold
e Kitchen as cultural core

Industrial prefab units often eliminate transitional
spaces.
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4.4 Case Study Contextualization

This study evaluates the performance, spatial adaptation,
and cultural integration of an industrialized prefabricated
housing system implemented in Malaysia. The system
demonstrates  significant time efficiency, with
approximately five months of on-site construction
preceded by two months of factory fabrication.
Compared to conventional Malaysian reinforced
concrete—brick construction, which typically requires 9—
12 months, the prefabricated approach offers substantial
time savings. The separation between factory production
(structural frames, panels, and bathroom pods) and on-
site assembly reflects a highly controlled, weather-
independent industrial process. This makes the system
particularly suitable for large-scale housing programmes
and post-disaster reconstruction where speed and
predictability are critical.

Technically, the construction system provides high
precision and robust structural performance. Mild steel
frames and heavy roof trusses—derived from Japanese
typhoon and seismic standards—enhance durability but
may be over-engineered for Malaysian climatic
conditions, increasing material use and embodied
energy. Factory-made sandwich wall panels ensure
dimensional accuracy, thermal insulation, and acoustic
performance, while bolted on-site assembly reduces
reliance on skilled labor. However, the hybrid steel—
precast concrete floor system adds structural weight and
material intensity.

Spatially, the design adapts well to Malaysian living
patterns by incorporating separate wet and dry kitchens,
generous ceiling heights, and cross-ventilated bedrooms
suited to tropical climates. Nonetheless, elements such
as the Japanese-style genkan and highly glazed garden
interfaces reflect foreign architectural language rather
than local vernacular evolution. Heavy reliance on
imported materials and technical supervision further
limits local ownership and supply chain integration.

Overall, while the system succeeds in delivering speed,
quality control, and climatic functionality, it remains
industrially dependent and culturally imported, raising
questions about long-term contextual and socio-material
integration.

4.5

4.5. Proposed Hybrid Framework

The proposed system includes:
e Pre-engineered bamboo frame panels
e Modular wall infill panels
e Knock-down joinery systems
e Replaceable components

Instead of imposing uniform layouts, modules allow
spatial customization.

4.6 Discussion

Efficiency and authenticity are not mutually exclusive.
Prefabrication must evolve from vernacular logic, not
override it. The integration of local craftsmanship into
panel production can generate livelihood opportunities.

5. RECOMMENDATIONS

5.1 Summary of Findings

Vernacular systems are climatically intelligent.

e Bamboo meets structural viability requirements.

Standard prefab lacks cultural adaptability.

e Hybridization is feasible.

5.2 Key Conclusions

1. Cultural continuity enhances long-term
resilience.

2. Lightweight flexible systems outperform rigid
ones in seismic zones.

3.  Modular bamboo panels can be standardized
without spatial uniformity.

5.3 Contribution to Knowledge

Theoretical

Reframes vernacular systems as dynamic knowledge
frameworks.

Methodological

Introduces comparative matrix analysis for hybrid
housing models.
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Practical

Proposes scalable bamboo-prefab prototype.

5.4 Recommendations

For Architects:
Adopt climate-responsive prefabrication.

For Policymakers:
Include vernacular materials in disaster housing codes.

For Researchers:
Conduct full-scale structural testing of modular
bamboo frames.

5.5 Limitations
e Prototype remains conceptual

e Requires pilot implementation

5.6 Scope for Future Research
e Life-cycle carbon assessment
e Cost-benefit analysis

e Community-led prefab workshops

6. CONCLUSION

The future of sustainable architecture lies not in
abandoning tradition for industrialization, but in
intelligently synthesizing both. Vernacular materials
such as bamboo, when reinterpreted through
prefabrication technologies, can offer resilient, culturally
embedded, and environmentally responsible housing
solutions. The Himalayan Ikra system demonstrates that
authenticity and scalability can coexist when innovation
emerges from local knowledge rather than replacing it.
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