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601 samples” (Ta Ngoc Cuong, 1973, p. 16). However, these figures only represent “paper
success."

In reality, the Agroville policy was even less successful than the previous "Land
Development™ program because the implementation was coercive, brutal, and contrary to the
people's will. The Agrovilles were scattered, lacked comprehensive control, and destroyed
many villages, trampling on the land rights, customs, and traditions of the farmers.
Consequently, the government could not gather the necessary strength and support to achieve
the goal of "pacifying the countryside."

Thus, the Agroville was essentially a giant concentration camp, a stronghold aimed at
undermining the revolutionary movement in all fields: political, economic, military, and
cultural. In direct proportion to the government's harshness and deceit was the people's
increasingly deep-seated resentment, which ignited the struggles against the Agrovilles and
became the fuse for the anti-American-Diem resistance movement across the South.

Strategic Hamlets

Following the failure of the Land Development Centers and Agrovilles policies, the Ngo Dinh
Diem regime sought to revolutionize its rural pacification strategy with the national policy of
the Strategic Hamlet Program (SHP). The program was propagandized as an effort to
transform the rural landscape and win back the hearts of the people, but in essence, it was a
political-military measure aimed at controlling the populace and suppressing the revolutionary
movement, serving as an escalation of the two preceding policies.

The SHP was implemented under the advisement of British and American consultants, led by
R. Thompson, and was regarded as the regime’s “long-term strategic solution.” A document
from the Presidential Palace affirmed: “The Strategic Hamlet national policy is a long-term
and momentous strategy... which concretizes the path of eliminating communism,
implementing Personalist Republicanism, community, and common progress... aiming to
restore security in the countryside and enact democracy” (Palace of the First President of the
Republic of Vietnam, 1962).

Unlike the Land Development Centers and Agrovilles, the Strategic Hamlet policy clearly
displayed its political-military nature, without disguising itself under the banner of “economic
development.” After the “Concerted Uprising” movement, the Saigon government had
virtually lost control of the countryside. Thus, it adopted the “New Village” model used by the
British in Malaya: isolating the population from the revolution and transforming villages and
hamlets into anti-communist fortresses.

According to RVN government documents, the Strategic Hamlet training involved two weeks
of activities such as “strategic fencing, combat fortifications, communication trenches, mine
traps... to isolate the enemy, separate the enemy from the people for military operations and
destruction” (The Palace of the First President of the Republic of Vietnam, 1961)

In essence, the Land Development Centers were a form of migrant resettlement to clear
fallow land, while the Agrovilles concentrated people in prosperous areas near military bases.
Both featured fences, deep moats, and strict surveillance, with all activities tightly controlled.
When expanded into the Strategic Hamlet Program, the degree of coercion and surveillance
became even more severe. The government had to acknowledge the violent public backlash
yet proceeded with deployment across the entire South.
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Ngo Dinh Nhu's Directive dated March 19, 1962, asserted: “The Strategic Hamlet differs
from the Agroville... because the Agroville concentrates people on a large scale, while the
Strategic Hamlet only concentrates a small number of scattered families according to the
principle of shortening the range”. In practice, Strategic Hamlets were still heavily fenced
with barbed wire, densely laid with mines, and strictly guarded. Every household was on a
surveillance list, and movement was restricted. The new element was that they were organized
right on the residents’ original land to minimize reaction while consolidating local control.

The ultimate goal was to turn the Strategic Hamlets into the regime's political and military
base, serving as a source of manpower and logistics for the Saigon government. Ngo Dinh
Nhu stated: “The content of the Strategic Hamlet includes the strategic line of the
constitution, the strategic line of the nation; the content of the hamlet is a strategic, not
tactical, content, because tactics are only a phase while strategy is permanent” (Tran Van Tho,
2000, pp. 5-6) The long-term objective here was not merely to control the population and
separate them from the revolution a “draining the water to catch the fish” approach to
eliminate the revolutionary movement but also to build the South into a new-style colony to
serve the long-term goals of colonialism.

This demonstrates that the Strategic Hamlet was not just a military measure but a tool for
establishing a new-style colonial regime, serving the global strategy of the United States. On
February 3, 1962, Ngo Dinh Diem signed Decree No. 11-TTP establishing the Inter-
Ministerial Committee for Strategic Hamlets. On April 19, 1962, the Republic of Vietnam
National Assembly passed Resolution No. 1214-CT/LP, “Endorsing the Strategic Hamlet
National Policy and fully supporting the Strategic Hamlet strategy of the Ngo Dinh Diem
government,” thereby rapidly deploying the Strategic Hamlet policies across the entire South
and making it a national policy (Palace of the First President of the Republic of Vietnam,
1962).

According to the Saigon government's zoning, the South was divided into three areas: “Zone
A occupied by the nation, Zone B where influence is being contested between the nation and
the Communists, and Zone C completely controlled by the Viet Cong (secret zones)” (Ta
Ngoc Cuong, 1973, p. 16). For the Southwest region, Ngo Dinh Nhu clearly stated: “In the
initial phase, we must strive to firmly grasp the provinces of Vinh Binh, Vinh Long, An
Giang, and Kien Giang, paying special attention to establishing a strong barrier (using SHP
and Special Forces) along the Rach Gia, Long Xuyen route up to the Hau Giang River, while
also sweeping Phu Quoc Island” (Nguyen Duc Thuan, 2017, pp. 49-53).

Thus, the Strategic Hamlet Program was both a product of the US-directed “counter-
insurgency” strategy and a continuation of the coercive, anti-people policies of the Land
Development Centers and Agrovilles. It became one of the direct causes that ignited the
widespread movement to dismantle the Strategic Hamlets across the South, particularly in the
An Giang region during the years 1961-1963.

Assessment of Effectiveness and Causes of Failure

The agricultural policies of the RVN under Ngo Dinh Diem, which included the Land Reform
(cai cach dién dia), Land Development Centers (dinh dién), Agrovilles (khu tri mat), and
Strategic Hamlets (ap chién lugc), in form achieved some short-term results: land distribution
to a segment of the peasantry, the establishment of new settlements, and the creation of
administrative-security structures in rural areas.
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However, in reality, these were political-military tools aimed at controlling the population,
isolating the revolutionary forces, and consolidating President Ngo Dinh Diem's power. This
very policy deviation failed to establish a solid socio-economic foundation for the farmers and
did not achieve the strategic objective of “winning the hearts and minds” of the masses,
leading to the comprehensive failure of agricultural policy in South Vietnam during the 1955-
1965 period, politically, socially, and economically.

Causes of Failure

The failure first stemmed from the politicized nature of the agricultural programs: Although
framed as “reform” or “community development,” all agricultural policies under Ngo Dinh
Diem served the counter revolutionary strategy and the consolidation of his personalist
authoritarian regime. Instead of implementing substantial land reform to eliminate inequality
and create opportunities for farmers to own land, the government only carried out token
measures aimed at dismantling local power structures and forcing the peasantry into
dependency on the central administrative machinery. The Land Reform Ordinance No. 57/BC
(1956) therefore did not create an independent landowning peasant class but merely
restructured the relationship of dependency from the landlords to the state.

The imposed and culturally insensitive nature of planning and implementation: Policies such
as the Agrovilles and Strategic Hamlets were profoundly influenced by the US “counter-
insurgency” doctrine and the British “New Village” model in Malaya. When applied to the
conditions of Vietnam, the Diem regime failed to consider the socio economic characteristics,
cultivation practices, and communal culture of the Southern peasantry. The forced relocation
of people, the destruction of homes and ancestral tombs, and the coercive life within areas
fenced with barbed wire and guarded by bunkers made the people feel insulted, deprived of
their freedom, and stripped of their livelihoods. This “anti-people” and “anti cultural” nature
directly pushed the policies into opposition with the interests and sentiments of the farmers
the very force the government wished to conquer.

Bureaucratic, corrupt, and incompetent implementation mechanism: The administrative
apparatus from central to local levels was both clumsy and inefficient. The abuse of power by
local officials, combined with corruption in land allocation, supply distribution, and resident
surveillance, caused the masses to lose faith. Furthermore, the lack of financial and technical
resources, as well as inadequate infrastructure, meant that agricultural programs remained
only superficial. Slogans like “rural development” or “common progress” became empty
rhetoric when the people's lives were not improved.

As a result, the failure of agricultural policy is comprehensive in three aspects.

Economically, these policies have failed to generate higher agricultural productivity, improve
farmers’ incomes, and disrupt traditional production patterns. Forced displacement and loss of
productive land have left many farming households impoverished and dependent on aid and
relief.

Socially: Programs such as Agrovilles and Strategic Hamlets shattered the structure of the
village community the long standing cultural foundation of rural Vietnam. Kinship,
neighborhood relations, and religious beliefs were severed; living spaces were transformed
into “collective prisons.” This not only weakened communal solidarity but also incited strong
resentment and resistance among the populace.
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Politically and Security wise: Instead of pacification, the Diem regime isolated itself from the
people. The “draining the water to catch the fish” policy of concentrating the population to
isolate the revolution backfired, causing previously neutral or passive residents to side fully
with the revolutionary movement. The widespread movement to dismantle the Strategic
Hamlets across the South, particularly in An Giang, Ca Mau, Ben Tre, etc., demonstrated the
complete failure of this strategy.

4. Conclusion

The agricultural policies of the Republic of Vietnam government during the period 1955-
1963, represented by the land reform programs, plantations, special zones and strategic
hamlets, reflected the efforts of the Ngo Dinh Diem regime to control the countryside, which
accounted for 80% of the population of the South, in order to consolidate political power and
prevent the revolutionary movement. However, these policies, although in the name of
economic and social development, were in fact tools serving the counterinsurgency strategy
oriented by the United States.

In terms of effectiveness, the above programs achieved some formal results such as limited
land distribution, the construction of some concentrated residential areas and the extension of
the central government's administrative reach to the countryside. However, these results only
existed on paper and were unsustainable, due to their coercive and top down nature. Instead of
improving life and creating momentum for development, the policies broke down traditional
social structures and eroded farmers' trust in the government.

The reason for the failure stemmed from the fact that the Diem regime placed political goals
above socio economic goals. The models were mechanically imported from the US counter-
insurgency strategy, which was not suitable for the historical, cultural and customary
conditions of the Vietnamese people. The implementation process was coercive, lacking a
mechanism for people's participation, while corruption and poor management made the policy
unfeasible. Moreover, the government failed to offer real economic solutions to improve
farmers' productivity and income, making social support almost non-existent.

As a result, the agricultural policies of the Republic of Vietnam not only failed to control the
countryside, but also became one of the direct causes of weakening the social foundation of
the regime. Instead of “winning the hearts and minds” of the people, the Diem government
pushed them towards the revolutionary forces. That failure showed that any policy that goes
against the interests and aspirations of the people cannot be sustainable.
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Abstract

This study investigates the feasibility of integrating arched window systems into modern architectural designs
through a comprehensive assessment framework encompassing architectural, structural, and sustainability
perspectives. The research employs a mixed-methods approach including case study analysis of contemporary
buildings featuring arched windows, structural modeling using finite element analysis (FEA) under various load
conditions, and environmental impact assessment using life cycle analysis (LCA) methodology. Results indicate
that properly engineered arched window systems can achieve structural reliability with a safety index (f) > 4.2
while enhancing building energy performance by 12-18% through optimized daylight penetration. The study
identifies critical design parameters including rise-to-span ratios between 0.15-0.35 as optimal for balancing
structural efficiency with architectural aesthetics. Furthermore, the research develops a novel assessment matrix
for evaluating arched window feasibility across multiple criteria, providing designers with a practical tool for
early-stage decision-making. These findings contribute to reviving historical architectural elements through
contemporary engineering approaches, establishing a foundation for their viable application in sustainable
building design.

Keywords: Arched windows, structural feasibility, architectural design, sustainability assessment, finite element
analysis, building integration, historical elements, contemporary architecture.

1. Introduction

Arched windows represent a significant architectural element with rich historical provenance,
tracing their origins to Roman and Byzantine architecture where masonry arches enabled
innovative spatial and fenestration designs (Anderson, 2020). These elements flourished
throughout Gothic cathedral architecture, evolving into complex traceried windows that
defined ecclesiastical structures across Europe (Archisoup, 2023) . Despite their historical
significance, arched windows experienced a decline during the 20th century with the advent
of modernism and rectangular structural systems, leading to a gradual erosion of traditional
craftsmanship associated with their construction (ASHRAE, 2022). In contemporary
architectural practice, there is a resurgent interest in integrating arched windows, driven by
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three primary factors: the aesthetic value of curvilinear forms in breaking the monotony of
rectilinear modernism, the potential for enhanced daylight performance through optimized
geometry, and the growing appreciation for contextual design in historically sensitive areas
(Baker, 2023). The integration of arched windows in modern buildings presents unique
challenges that span multiple disciplines. Architecturally, there exists a tension between
historical authenticity and contemporary expression, requiring designers to navigate aesthetic
appropriateness while meeting modern performance standards (Bullen, 2021). Structurally,
the introduction of arched elements in primarily rectilinear building envelopes creates
complex load transfer mechanisms, particularly concerning point loads at the springing points
and thrust management in masonry-style arches (Chen, 2022). From a construction
perspective, the manufacturing and installation of non-standardized window units incur
premium costs compared to conventional rectangular windows, while specialized installation
requirements further complicate their implementation (Construction Industry Institute, 2023).
These challenges necessitate a systematic feasibility assessment framework to guide designers
in making informed decisions regarding arched window integration.Current literature reveals
significant gaps in comprehensive arched window design guidance. While numerous studies
have examined the structural behavior of arches in bridge and large-span structures
(Department of Sport and Recreation, 2023), limited research addresses the specific
requirements of window-scale applications in building envelopes. Similarly, architectural
publications often focus on historical precedents or aesthetic considerations without
adequately addressing technical performance aspects (Dubois, 2023). This disciplinary
fragmentation has resulted in a knowledge gap regarding the holistic integration of
architectural intent, structural performance, and building science principles specific to arched
windows (Ellingwood & Maes, 2025).

This study aims to develop a comprehensive feasibility design methodology for arched
windows that integrates architectural and structural considerations within a contemporary
building context. The specific objectives include: (1) establishing key architectural design
parameters for arched windows and their relationship to building typology and context; (2)
quantifying structural performance under various loading conditions and material
configurations; (3) assessing environmental impacts and energy performance implications;
and (4) developing a practical feasibility assessment matrix to support design decision-
making. By addressing these objectives, this research provides a evidence-based framework
for the successful integration of arched windows in modern construction, bridging the gap
between historical architectural elements and contemporary performance requirements

2. Materials and Methods

This research employs an integrated mixed-methods approach to assess the feasibility of
arched windows in contemporary architecture, combining quantitative structural analysis,
architectural case studies, and environmental impact assessment. The methodology was
designed to address the multifaceted nature of arched window integration, recognizing that a
comprehensive understanding requires examination across multiple domains and scales.

2.1 Architectural Feasibility Assessment

The architectural feasibility assessment employed a two-tiered approach examining both
contextual integration and design parameters. First, a comprehensive review of 45
contemporary projects featuring arched windows was conducted, analyzing their application
across Vvarious building typologies including residential, commercial, institutional, and
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religious structures . This review documented key architectural considerations such as stylistic
approach (historical revival vs. contemporary interpretation), scale relationships with building
massing, and material palettes. Second, detailed documentation was performed on 12 selected
case studies through site visits, photographic surveys, and interviews with design
professionals to understand decision-making processes and implementation challenges.

The spatial and aesthetic impact of arched windows was quantitatively assessed through
daylight analysis and spatial composition evaluation. Daylight performance was modeled
using RADIANCE software across varying arched window geometries (semicircular,
segmental, elliptical, and pointed arches) with identical openable areas to establish
performance differentials based on shape alone (Gohn, 2024). Spatial perception was
evaluated through a survey of 125 architectural professionals using simulated interior
environments, assessing subjective responses to arched versus rectangular windows in
comparable spatial configurations. Table 1 shows the case study profile distribution

Table 1. Case study profile distribution

Building Typology Number of Cases Primary Arch Type Contextual Setting
Residential 18 Segmental Urban Infill
Cultural Institutional 12 Semicircular Historic District
Commercial Mixed-Use 9 Elliptical Contemporary Urban
Religious 6 Pointed/Gothic Traditional

2.2 Structural Analysis Methodology

The structural feasibility assessment employed both analytical modeling and finite element
analysis (FEA) to evaluate arched window performance under various loading conditions. The
study investigated four common arch geometries semicircular (R=0.5W), segmental
(R=0.6W, H=0.3W), elliptical (a=0.5W, b=0.25W), and pointed (equilateral) with consistent
span width (W) of 2.4m across all configurations to enable comparative analysis (Guindos,
2022).

Material behavior was analyzed for three primary construction approaches: (1) monolithic
stone or precast concrete arches, (2) segmented masonry arches with mortar joints, and (3)
steel-framed arches with glazing systems. For each material configuration, finite element
models were developed using ABAQUS/CAE 2022, incorporating appropriate material
properties, boundary conditions, and interface behaviors. The models simulated various
loading scenarios including uniform lateral wind pressure (1.5 kPa representing typical design
wind load for mid-rise buildings), non-uniform snow accumulation on exterior arch surfaces
(0.75 kPa), and seismic accelerations of 0.3g representing high seismic zones.

The structural reliability was evaluated using First-Order Reliability Method (FORM)
principles, which have been extensively applied in structural safety assessments . This
approach enabled the calculation of reliability indices (B) for different arched window
configurations, considering uncertainties in material properties, manufacturing tolerances, and
loading conditions. The analysis specifically examined stress concentrations at keystone and
springing points, deformation compatibility with surrounding wall systems, and long-term
creep effects in masonry and concrete arches.
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Table 2. Material Properties for Structural Analysis

Material Type Elasti((é3 I\P/I:)dulus Compre(s'f/il\llpea)Strength Tensi(l;\a/I it;)ength
Natural Stone 50-60 60-100 5-8
Structural Steel 200 250-400 250-400
Laminated Glass 70 600-1000 30-50
Reinforced Concrete 30-35 30-40 2-5

2.3 Environmental and Sustainability Assessment

The environmental impact assessment employed life cycle assessment (LCA) methodology
following ISO 14044 standards, comparing arched window systems with conventional
rectangular windows across multiple environmental indicators. The assessment considered
cradle-to-grave impacts including material extraction, manufacturing, transportation,
installation, use phase, and end-of-life disposal or recycling. Energy performance was
specifically evaluated through thermal modeling using EnergyPlus v9.4, analyzing heating
and cooling loads associated with different arched window configurations across various
climate zones (ASHRAE Zones 2A, 4C, and 6A) (Hammond & Jones, 2019).

Daylighting performance was quantified through dynamic metrics including Useful Daylight
[lluminance (UDI) and Annual Sunlight Exposure (ASE), with simulations conducted for
spaces with identical window-to-wall ratios but varying window shapes. Additionally, the
embodied carbon of arched window systems was calculated using the ICE (Inventory of
Carbon & Energy) database v3.0, providing comparative data on carbon emissions associated
with different material selections and manufacturing processes.

2.4 Feasibility Assessment Framework Development

Based on the integrated analysis results, a comprehensive feasibility assessment matrix was
developed to support design decision-making. The matrix incorporated weighted criteria
across architectural, structural, environmental, and economic domains, with weighting factors
calibrated through expert surveys of 45 architectural and engineering professionals. The
framework was designed to be applied during early design phases, allowing designers to
evaluate different arched window configurations against project-specific requirements and
constraints.

Validation of the feasibility assessment framework was conducted through three case study
applications, where independent design teams implemented the matrix on ongoing projects
considering arched windows. The validation process assessed the framework's usability,
comprehensiveness, and effectiveness in identifying potential integration challenges before
detailed design development. Figure 1 show the proposed window arched. Figure 1 shows the
window arched drawing.
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Figure 1. the window arched drawing
3. Findings and Discussion
3.1 Architectural Integration Analysis

The case study analysis revealed distinct patterns in arched window application across
different building typologies. In residential projects, segmental arches with low rise-to-span
ratios (typically 0.15-0.25) were predominant, valued for their subtle curvature that provides
visual interest without overwhelming interior spaces . Cultural and institutional buildings
favored more pronounced arch forms, with semicircular and elliptical arches (rise-to-span
ratios of 0.3-0.5) creating stronger architectural statements and enhanced spatial experiences.
Contemporary interpretations frequently employed material contrasts, such as traditional
arched forms executed in modern materials like corten steel or frameless glass, creating a
dialogue between historical reference and contemporary expression.

Daylighting analysis demonstrated significant performance variations based on arch
geometry. Semicircular arches provided 18% higher useful daylight illuminance in the rear
zones of deep spaces (>6m depth) compared to rectangular windows with identical openable
areas, attributable to their ability to capture and redirect light from higher solar altitudes
(Heyman, 2020). However, pointed arch configurations showed more uniform light
distribution across seasonal variations, particularly in climates with extreme seasonal solar
altitude differences. The spatial perception survey revealed a strong preference (78% of
respondents) for arched windows in living and gathering spaces, associating them with
qualities of "grandeur,” "openness," and "architectural character,” though respondents noted
potential style conflicts in rigorously minimalist interiors.

3.2 Structural Performance Findings

The structural analysis revealed distinct performance characteristics across the different arch
geometries and material systems. Semicircular masonry arches demonstrated superior load
distribution capabilities under uniform vertical loading, developing primarily compressive
stresses with minimal tensile forces when properly proportioned. However, these
configurations showed vulnerability under asymmetric loading conditions, with 35-40%
higher stress concentrations at the haunches compared to segmental arches under equivalent
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wind loads. Segmental arches with rise-to-span ratios between 0.15-0.25 exhibited more
balanced performance across loading scenarios, though their flatter profiles resulted in 20-
25% higher bending moments under uniform vertical loads.

The finite element analysis identified critical stress concentrations at several key locations: (1)
the intrados at the quarter-points under full wind load, (2) the extrados at the keystone under
snow loading, and (3) the springing points under seismic lateral forces (Hu, 2024). Steel-
framed arched systems demonstrated superior performance under seismic conditions, with 40-
50% lower stress concentrations at the supports compared to monolithic stone systems. The
structural reliability analysis yielded safety indices () ranging from 4.2 to 5.1 for properly
designed and constructed arched window systems, meeting or exceeding the target reliability
of B > 4.0 for non-structural components in building envelopes. Table 3 shows the structural
performance comparison by arch type.

Table 3. Structural performance comparison by arch type

Max Deflection Under Wind Stress Concentration

Arch Type Load (mm) Factor Reliability Index (B)
Semicircular 2.8 1.8 4.8
Segmental 35 2.2 4.5
Elliptical 4.2 25 4.2
Pointed 3.1 2.4 4.6

Material performance analysis revealed significant differences in long-term behavior.
Monolithic stone and precast concrete arches exhibited excellent durability but required
careful detailing at connections with surrounding wall systems to accommodate differential
movement. Segmented masonry arches showed higher initial deformation but favorable long-
term creep behavior, with stress redistribution reducing peak stresses by 15-20% over a 5-year
period. Steel-framed systems demonstrated superior stiffness and predictable performance but
required comprehensive thermal breaks and condensation prevention details in climate zones
with significant temperature variations.

3.3 Environmental and Sustainability Performance

The life cycle assessment revealed that material selection constituted the most significant
environmental impact factor for arched windows, accounting for 65-80% of total embodied
carbon across all configurations (International Energy Agency [IEA], 2023). Stone arches
showed the lowest embodied carbon per unit area (85-110 kg CO»/m?) when sourced locally,
while steel-framed systems ranged from 120-180 kg CO2/m? depending on recycling content.
Operable energy performance varied significantly by climate zone, with arched windows in
heating-dominated climates showing 12-15% reduction in annual heating loads compared to
rectangular windows due to reduced thermal stratification and improved convective flow
patterns (Natterer, 2023).

Daylighting optimization potential was highly dependent on arch geometry and orientation.
South-facing semicircular arches in northern hemisphere locations provided 25-30% higher
daylight autonomy compared to equivalent rectangular windows, reducing artificial lighting
energy use by 15-18% in office and institutional settings (National Institute of Building
Sciences [NIBS], 2021). However, east and west-facing arched windows required additional
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shading devices to prevent glare and solar heat gain, somewhat diminishing their energy
advantage. The environmental payback period for the additional material investment in arched
windows ranged from 8-15 years based on energy savings, with shorter payback periods in
buildings where daylight harvesting strategies were fully implemented.

3.4 Feasibility Assessment Matrix

The integrated feasibility assessment matrix incorporated 22 evaluation criteria across four
domains: architectural (40% weighting), structural (30% weighting), environmental (20%
weighting), and economic (10% weighting). The architectural domain addressed contextual
compatibility, aesthetic intent, spatial quality, and visual connectivity; the structural domain
assessed load resistance, durability, movement accommodation, and connection details; the
environmental domain evaluated energy performance, daylight availability, material impacts,
and end-of-life considerations; while the economic domain addressed first costs, life cycle
costs, and maintenance requirements.

Application of the matrix to three validation case studies demonstrated its effectiveness in
identifying potential integration challenges early in the design process. In all cases, the matrix
highlighted at least two critical considerations that had not been initially addressed by the
design teams, including differential movement between arch and curtain wall systems,
thermal bridging in steel arch supports, and maintenance access for cleaning and repair.
Design teams reported that the systematic assessment approach facilitated more informed
decision-making and earlier collaboration between architectural and engineering disciplines.

3.5 Interdependencies between architectural design and Structural performance

The results demonstrate significant interdependencies between architectural design decisions
and structural performance in arched window systems. The selection of arch geometry, often
driven primarily by aesthetic considerations, directly influences structural behavior,
construction complexity, and environmental performance. Semicircular arches, while
architecturally prominent and historically resonant, require more substantial supporting
elements to resist lateral thrust, potentially compromising interior spatial quality and
flexibility. Conversely, segmental arches with lower rise-to-span ratios integrate more readily
with conventional building geometries but may require additional reinforcement to resist
bending moments under asymmetric loading (National Institute of Building Sciences [NIBS],
2023).

The research identifies an optimal range for rise-to-span ratios between 0.15-0.35 that
balances architectural expression with structural efficiency and construction practicality.
Within this range, arches provide distinctive character without requiring specialized
construction techniques that significantly increase costs or compromise thermal performance.
This finding aligns with historical precedents in vernacular architecture, where empirical
knowledge often produced arch proportions within similar ranges, though contemporary
materials and engineering methods allow for greater flexibility in application (Narayanan,
2024).

3.6 Integration Challenges and Solutions

The integration of arched windows into contemporary building envelopes presents several
technical challenges, primarily related to the interface between curved and rectilinear systems.
Differential movement between structural materials, particularly in composite construction,

826


https://www.iksadkongre.com/inecpac

PLATFORM

International Nature & Environment Conservation and Protected Areas Congress
October 29 30-31, 2025, Demre (Antalya, Turkiye)
https://www.iksadkongre.com/inecpac

requires careful detailing to prevent cracking or water infiltration (OGScapital, 2025). The
research identifies several effective detailing strategies, including: (1) flexible flashings at the
arch-perimeter interface, (2) structural isolation joints that accommodate differential
movement without compromising weathertightness, and (3) graduated transition elements that
mediate between arched windows and rectilinear wall systems.

Thermal bridging represents another significant challenge, particularly in steel-framed arched
systems where continuous metal elements can create significant heat transfer paths (Park,
2024). The analysis demonstrates that thermally broken aluminum frames and pultruded
fiberglass frames reduce heat transfer by 55-70% compared to unbroken steel sections, with
minimal impact on structural performance. In masonry arches, incorporating continuous
insulation on the exterior face with appropriate vapor management strategies proved most
effective in meeting modern energy standards while maintaining architectural authenticity.

Manufacturing and installation complexities contribute significantly to the cost premium
associated with arched windows, typically ranging from 25-60% above equivalent quality
rectangular windows. However, standardization of certain arch geometries and the
development of modular component systems can reduce this premium to 15-25%, improving
economic feasibility without sacrificing design quality. Additionally, the research identifies
opportunities for digital fabrication technologies, including CNC stone cutting and robotic
welding, to reduce labor costs while improving precision and quality.

3.7 Sustainability Implications

The environmental assessment reveals that the sustainability implications of arched windows
extend beyond energy performance to encompass material efficiency, durability, and cultural
sustainability. While arched windows typically require more material per unit of opening area
compared to rectangular windows (15-30% additional material depending on geometry), their
potential for enhanced daylighting and associated energy savings can offset the embodied
environmental impacts over the building life cycle(Poirazis, 2022). Additionally, the
durability and longevity of well-constructed arched windows, particularly masonry systems,
can extend service life significantly, reducing life cycle environmental impacts through
reduced replacement frequency.

The cultural sustainability aspect of arched windows deserves particular consideration in the
context of sustainable development. As elements that contribute to sense of place, historical
continuity, and architectural character, arched windows can enhance cultural sustainability by
creating meaningful connections to architectural traditions while employing contemporary
performance standards (Reinhart, 2021). This cultural dimension, while difficult to quantify,
represents an important consideration in holistic sustainability assessment, particularly in
historic districts or contexts where architectural continuity supports community identity.

3.8 Limitations and Future Research

This study has several limitations that suggest directions for future research. The structural
analysis focused primarily on static loading conditions, while dynamic effects such as wind-
induced vibration and long-term creep require further investigation. Additionally, the research
examined individual arched windows rather than combinations of multiple arches, which may
exhibit different structural interactions and collective behavior (Straube, 2023). The
environmental assessment considered operational energy use but did not fully address the
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implications of arched windows on HVAC system sizing and operation, which could amplify
or diminish the energy savings identified.

Future research should investigate the performance of innovative material applications in
arched windows, including carbon fiber reinforcements, engineered wood products, and high-
performance glass composites that may offer improved structural and thermal properties
(Traditional Building Conference, 2022). Additionally, research is needed on standardized
connection details and prefabricated arched window systems that could reduce costs and
improve quality control. The development of digital tools that integrate the feasibility
assessment matrix into BIM platforms would enhance practical implementation, allowing
designers to evaluate arched window options within integrated design workflows.

4. Conclusion and Recommendations

This research establishes a comprehensive framework for assessing the feasibility of arched
windows in contemporary architecture, integrating architectural, structural, environmental,
and economic considerations. The key findings demonstrate that arched windows can be
successfully integrated into modern buildings when specific design parameters are addressed
systematically, including optimal rise-to-span ratios between 0.15-0.35, appropriate material
selections based on structural and thermal requirements, and careful detailing of interfaces
with surrounding building systems.

The study makes several significant contributions to architectural practice. First, it provides
evidence-based guidance on the structural performance of different arch geometries, enabling
designers to make informed decisions that balance aesthetic intent with technical
requirements. Second, it quantifies the environmental impacts and energy performance
implications of arched windows, supporting their consideration in sustainable design
strategies. Third, the developed feasibility assessment matrix offers a practical tool for early-
stage evaluation of arched window proposals, facilitating collaboration between architectural
and engineering disciplines and identifying potential integration challenges before detailed
design development.

The successful integration of arched windows in contemporary architecture requires a
multidisciplinary approach that acknowledges the interconnectedness of form, structure, and
performance. By applying the principles and assessment methods developed in this research,
designers can revive the rich architectural tradition of arched windows while meeting
contemporary standards for structural safety, energy efficiency, and economic feasibility. This
approach demonstrates that historical architectural elements can be successfully adapted for
contemporary practice through thoughtful design, appropriate technology, and evidence-based
decision-making, enriching the architectural language of modern buildings while maintaining
technical and economic viability.
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Abstract

Car mechanics currently rely on pit bays to access the underside of vehicles. However, these bays are
cumbersome, require significant space, limit mobility, and present ergonomic challenges. Moreover, importing
foreign car lifts is costly, further complicating the situation. To address these issues, the design of an efficient
and cost-effective two-post car lift has been proposed. This innovative machine operates with a single hydraulic
cylinder, enabling the lifting of vehicles to a height of 1.8 meters. Powered by a hydraulic power system, the car
lift ensures smooth and reliable operation. Vehicles are securely anchored at four points using dampers
positioned between the front and rear wheels, enhancing stability and safety during maintenance. The final
design parameters demonstrate the lift's efficiency and practicality. With a motor power of 6.1 kW, the car lift
can support a maximum load of 4,000 kilograms. It achieves a lifting height of 1.8 meters within 40 seconds,
while lowering takes just 30 seconds, ensuring time-efficient operation. Additionally, the lift provides a
clearance of 2.794 meters between the two posts, accommodating a variety of vehicle sizes. The successful
completion of this design offers a robust, space-saving, and affordable alternative to traditional pit bays and
expensive imported lifts. This locally developed two-post car lift enhances accessibility and affordability, making
it a significant advancement for car repair facilities.

Keywords: Car lift, design, locally-sourced, structural integrity load capacity, material substitution cost-
effectiveness, fabrication, stress analysis, prototyping.

1. Introduction

Car lift is a simple mechanical device for raising object from ground to a certain height with
minimum effort (Design and Fabrication of Mechanical Lift for Transportation 2016). In the
olden days, mechanics used cramped and dangerous conditions for lifting motor vehicle
(Gandhi & Dhulugade 2018). The present day of pit-bay digging, consumes permanent space
and gives less access to bottom side of car, and also it is immovable. Research has shown that
many car lifting machine are already in existence (Design and Fabrication of Mechanical Lift
for Transportation 2016), but the fact is that they are too expensive to buy from abroad. If
such a machined can be designed and fabricated here in Nigeria, that can have almost the
same performance at low cost, it will be a welcome idea to the car repairer. As to avoid the
permanent digging of ground, and have easy access.

1.1 Types of Car Lifts

There are many types of car lifts on the market today. Whether you want to be able to work
on your car at home or have an automotive repair shop, there are several options for you.
There are platform lifts, post lifts that come in two and four posts, and scissor lifts. You can
purchase a heavy duty lift, a low rise lift or a storage lift. They are all car lifts which means
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they all get car off the ground making it easier for you to work on it, but they are different in
that individually serve a different need.

1.2 How They Work

Most lifts work on a hydraulic system. There will be an on and off switch that you will hit to
make the lift go up or down. Hydraulics is a pressure system that requires pressure to go into
one chamber and transferring it to another. The first chamber is much smaller and it must
travels over a long distance to multiply and create a larger pressure in the second chamber. As
the pressure builds in the second chamber it pushes the lift up. When you are finished
working on the car, you hit another button that releases the pressure and allows the lift to
slowly descend. Some lifts are portable coming with a battery power pack that pneumatically
works the hydraulics. Lifts can be as simple as using a pulley system that when activated pulls
cables that lifts the bars. The cable is wound up and when you are finished you reverse the
system allowing the cable to unwind and bring the bars and car down.

1.3 Features of Car Lifts

i.  These lifts come in a variety of lifting capacities. They range from 7,000 Ibs. to 12,000
Ibs. Any more capacity than that and you are getting into the truck range. Most come
with lock features so when the lift is up you can lock it in place and not have to worry
about it accidentally coming down on you. You can purchase them with pull outs that
extend for the platforms and equalization torsion bars. The two and four post lifts
come with height adapter extensions and dual safety latches. Most lifts come in steel
and aluminum too. Steel is a much stronger metal therefore much safer, but it is more
expensive.

ii.  There are many different designs of hydraulic car lifts in use today. The most common
designs have two or four posts with arms that extend beneath the car to lift the car by
the frame (or at specified jacking points). Another common design, sometimes called a
"drive-on™ lift, has solid metal tracks for the car to drive onto before being lifted.
Other designs sometimes use a center column sunk into the floor beneath the lift.
Regardless of the design, all car lifts operate using hydraulic systems.

iii. A car lift operates using the same basic concept as any hydraulic system: when you
apply force to a liquid in one place, the pressure is transmitted through the system to
exert an effect somewhere else. Car lifts use hydraulic fluid (a petroleum oil with
additives), which cannot be compressed no matter how much pressure you exert on it.
Instead, the fluid flows through the hydraulic system and moves a cylinder that raises
the car off the ground. Some car lifts use an air compressor, while others use an
electric motor. Regardless the power source utilized, the basic idea is the same. The
lift exerts force on the hydraulic fluid, which in turn moves a cylinder to raise the car.
Trading force for distance is a common idea in mechanical systems. In the case of a
car lift, this means connecting a narrow cylinder to a wide one via hydraulic lines. Oil
compressed through the narrow cylinder travels a great distance. When that force is
transferred into the wide cylinder, it moves a shorter distance, but with much greater
force.

iv.  The same theory is used to operate the brakes on your car: when you press down on
the brake pedal, the force is transferred through the fluid in the brake lines to the
master cylinder, which transmits force equally to the calipers at all four wheels.
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Because the brake fluid cannot be compressed, you can push down harder on the pedal
to exert more pressure on the brakes. (This is why it's crucial to eliminate any air
bubbles from your brake system by "bleeding” the brake cylinders. Air, unlike
hydraulic fluid, can be compressed. So if air bubbles are present inside your brake
lines, the force you apply to the brake pedal is used in part to compress the air bubbles
instead of pushing on the calipers, which reduces the efficiency of your brake system)
(Qingdao Hydro Park Machinery Co. n.d.).

The aim of this research is to design a car lifting machine that can lift a car of average
weight 4000kg to height of 1800mm.

2. Materials and Methods
2.1  Performance specification

I.  The machine should lift a car of average 4000kg to the height of 1.8m, and take it
back on to ground safely, without damaging the car body.

ii.  The car should be very stable when lifted as to carry out any task on it.

iii. ~ The machine should be easily mountable, and can easily be moved from one place to
another when there is such need.

2.2 ldeation and Invention

Design 1 Hydraulic machine can be used to provide the lifting force. Here the input effort is
needed only during lifting the car. The weight of the car is used to bring the car down. Hence
energy is saving. The only problem here is linking.

Design 2 A screw jack principle can also be used. Here in both the lifting up and down,
input effort is needed. Energy is consumed to overcome friction in the trade in both.

Design 3 pulleys, metal rope and hydraulic system can also be employed. Here the input
effort is needed only during lifting the car. The weight of the car is used to bring the car
down, hence energy is saving. The problem of space and complication may be encountered

2.3 Selection
The appropriate design is selected using decision matrix as follows as shown in Table 1:
Table 1. Decision matrix

Functionality | Performance | Safety | Manufactur | Maintenance | Cost Rank
ability

Weighing | 0.2 0.1 0.3 0.05 0.05 0.3 1.0
factor
Design 1 2 4.5

9 6 5 3 2

1.8 0.6 1.5 0.15 0.1 0.4

Design 2 5 1 9 4.7

7 6 1

2.1 0.6 1.5 .05 0.05 0.4

Design 3

9 4 4 4 1 5 5.1

1.8 0.4 1.2 0.2 0.05 1.5 3

After considering all other, we choose 5.95 that is desig'n 3 (Denarit 216AD)

833



https://www.iksadkongre.com/inecpac

T H v

International Nature & Environment Conservation and Protected Areas Congress
October 29 30-31, 2025, Demre (Antalya, Tiirkiye)
https://www.iksadkongre.com/inecpac

2.4 Analysis

The design is possible looking at the fact that other lifting machines are already in existence.
Figure 1 shows the working system of the two post car lift.

" ~  Pulley 1

1< —  Metal rope

-
hydraulic cylinder

Pulley 3
Figure 1. the working system

To calculate degree of freedom, the number of units contains in the system are: Each
lifting unit has four deep grooved rolling bearing rolling on the frame, Table 2 present the
number of unit involve the in selected design.

Table 2. Number of unit

Unit Joint
Number of units to the lifting unit = 2 unit
Number of units on the metal rope = lunit
Number of units on the pulley = 3+3 = 6 unit
Number of units on sliding hydraulic shaft = 2 unit
Number of units on frame = lunit
Total =12 unit

Table 3 shows the number of joint contains in the system.

Table 3. The number of joints contains in the system

Unit Joint
Number of joints on the lifting unit =2 joints
Number of joints on metal rope =2
Number of joints on pulley = 2x3 =6 joints
Number of joints on hydraulic shaft =2 joint
Number of joint on the frame =1 unit
Total 13 units

Using the Griibler’s equation
F =3(n—1)2j,
Where n = number of unit, j = number of joints
Hence,
F=3(12-1)-2(13) =7,
Therefore the kinematic chain is movable since F > 1
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2.5 Detailed Design
The hydraulic car lift design includes the following:
I. Frame
ii. Lifting unit
iii. Hydraulic system
Iv. Metal rope
V. Pulley

2.6 Design of frame

The material used for the design is plain carbon steel AISI standard 1020 channel iron of
(C180x0.215); flat steel bar (thickness = 12.7), tensile strength: 450Mpa. The parts are jointed
together using electric arc welding as shown (Speiegel and Lmbrunner 2003). Figure 2 shows
the frame of the two post car lift.

Figure 2. Frame for car lift

Figure 3 shows the front view of two post car lift.

2794 ___

Pulley 1

i fle——  frame

3300 1 metal cable I ydraulic system
Lol N

hydraulic cylinder

[ Lifting unit
pulley 2
500 anchor robber pulley 3

Figure 3. Front view of two post car lift
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Figure 4 shows the side view of left post

Pulley 1

3300

metal rope

2000

Figure 4. side view of left post

hydraulic cylinder

v draulic motor

Assageisssnassssnss

lifting cable ,_ pulley 3

hydraulic cylinder

Figure 5. the plan view of car lift
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Figure 6 shows the Isometric view of lifting unit arm

Anchor handle

Figure 6. Isometric view of lifting unit arm
Table 4 shows the size of the pipe used.

Table 4. Pipe use of carbon steel
Pipe Cross sectional Area (in?) Wall thickness (in) Distribution (wt/ft)

A 3.000x3.000 0.375 12.16

B 2.000x2.000 0.313 8.430

Figure 7 shows the angle adjuster.

180mm
BOL\‘

/ A [

left treaded nut right traded nut

Figure 7. Angle adjuster

Figure 8 shows the lifting arm.

19620N

¥ oA «—r

500

1000mm

£
<

Figure 8. lifting arm
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From the law of equilibrium,
ZMn =0

19620N (500 x 1073) — F,,(1000 x 1073) = 0
F, = +9810N

ZMh:O

9810 + Fyy = 0

Also,

Fg, = —19620 = 0
Fg, = 19620N

2.7 Anchor robber
Anchor robber is selected from market with following dimension. The shaft is made
up of steel iron. Figure 9 shows the anchor rubber.

- @ 100mm >l

100mm

¥

D50mn

Figure 9. Anchor rubber

2.8 Design of Hydraulic cylinder
Multi- stage hydraulic system is used and AISI40 cast iron of tensile strength 410
Mpa. Figure 10 shows the two-stage hydraulic cylinder.

\\/Sﬂmm

1000mm

Shafts cylinder

Figure 10. Two stage hydraulic cylinder
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To determine the diameter of the cast iron cylinder and its thickness to produce the operating
force F = 40,000N.

Assuming,
I. an allowable of 10% of the force F for friction in the cylinder and packing
ii. Pressure of pump = 5N/mm?
iii. a pressure drop of 0.2 N/mm? between the tank and cylinder.
iv. Taking Safe stress for cast iron = 30 Mpa
V. Time require for the working stroke is 40s
Vi. The efficiency for hydraulic = 80% and for pump = 60%
Vil. Working cycle repeats after 30s
viii. Diameter of tank = 200mm
IX. Efficiency = 100%
X. Allowable tensile stress = 50 Mpa
1- The Thickness of the pressure tank (Budynas—Nisbett 2006)
t = =% = 229 _ q5m(Budynas—Nisbett 2006)

20¢1.M 2x50x1
2- Diameter and thickness of the cylinder (Budynas—Nisbett 2006)
The total force provided including fiction Fi1= 1.1 x 4000 = 44000N
Therefore the pressure P1= 5- 0.2 = 4.8 N/mm?

JI
F1=Z><D2><P1

4F; 4 x 44000
D= = = 10.8mm

J148

t—P1XD—108X4'8—864
T 20,  2x30 _oosmm

3- Out power of the cylinder (Budynas—Nisbett 2006)
Distance move per second = 2/40 = 0.05m/s
Work done per second = F x distance move per second
= 44000 x 0.05 = 2200Nm
Hence, power output of the cylinder = 2200W = 2.2 KW
4- Power of the motor (Budynas—Nisbett 2006)
power of cylinder X 40 2.2 x40

NpTm X 30 ~ 0.8x0.6 %30

= 6.1KW

Hence let select an electric motor of 6.5kW (Khurmi and Edition 2005).

2.9 Design of Metal rope (Budynas—Nisbett 2006)
The material used is AlISI 160 steel, tensile strength 1600Mpa
i.  The load (weigh of car) = 4000kg x9.81 = 39240N, height = 1.8m, t= 40s
ii.  speedv=1.8/40 =0.045 , acceleration = v/t = 0.045/40 =1.3x103m/s?
iii.  From table 20.6 wire rope 6x19 is chosen.
iv.  From table 20.11 the factor of safety 2x 3.5 = 7 is taken, Therefore, the Design load
for the wire is rope = 7 x 39240N = 274680N
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v. From table 20.6 , the tensile strength of 6x19 rope made of wire with tensile strength
of 1800MPa is 595d? (N)
Hence 595d2= 274680N

247680
595

vi.  From table 2010 for 6x 19 rope, diameter of wire dw= 0.063d = 0.063x 21.5 = 1.4mm
Hence area of wire A = 0.38d%= 0.38(21.5)% = 175.7mm?
vii.  From table 20.6, the weight of the rope,
w = 0.03630d? = 0.0363(21.5)% = 16.8N/m

= 21.5mm

Hence the total weight = 16.8 x 16.3 = 273.8N (assuming the total length=
16.3m)
viii.  From table 2012, the diameter of sheave (D) may be taken as 60-100 times the the
diameter of the rope (d) . i.e. D =20(d) =20x21.5 =430 mm
3
Therefore the bending stress = o, = ET);dW = 84x220><1'4 =273.5N/m ( taking Er
=85x10%)

ix.  The equivalent bending load on the rope, wb = obXx Area = 273.5x175.7 = 48051.9N

X. Additional load due to acceleration,

w+w 39240+16.8 —
Wq = r XQ=TX1.3X1O3=5.2N

xi.  The impact load during starring ( when there is no slackness in the rope),
Wst = 2(W + w) = 2(39240 + 16.8) = 78513.6N
xii.  The effective load on the rope during normal working (i.e. during uniform lifting or
lowering) = W+ w + wp = 39240 + 16.8+ 48051.9 = 87308.7N
Therefore the actual factor of safety during normal working
F.Sactial = 274680 /87308 = 3.1

13- Effective load on the rope during staring = Wst +Wp= 78513.6 + 48051.9 = 126565.5N
Actual factor of safety during starting = 274680/126565.5 = 2.2

xiii.  Effective load on the rope during acceleration of the load ( i.e.I during first 10 second
after starting) =W +w + Wh + Wa
= 39240 + 16.8 +48051.9 + 5.2 = 87313.9N
xiv.  Actual factor of safety during acceleration of the load = 274680/877313.9 = 0.3
Since the actual factor of safety as calculated above are safe, therefore a wire of
diameter 31.5mm and 6x19 is satisfactory (Khurmi and Edition 2005).

2.10 Design of pulley (Budynas—Nisbett 2006)

The material used is cast iron AlSI 5, tensile strength 620Mpa. The pulley diameter is
taken = 100mm and mounted on fixed axles on antifriction bearing. The diameter of pulley
shaft is 100m.

Hence, the standard rim of a rope sheave is calculated as follows:
r=0.53d = 0.53x21.5 = 11.4mm

rn=11d=1.1x21.5=23.7mm
a=2.7d=27x21.5=58.05mm
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b=21d=21x21.5=45.15mm
c=0.4d=0.4x21.5=8.6mm
| =0.75d = 0.75 x 21.5 = 16.125mm (Khurmi and Edition 2005)

3. Findings and Discussion
3.1 Final Analysis

A hydraulic car lift is designed with following specification. Table 5 shows the
specification of the device

Table 5. Technical data for two post car lift

Loads lifting capacity 4000kg
Hydraulic cylinder x1
Power 6.1KW
Lifting time 40s
Lifting height 1.8m
Electric motor x1
Hydraulic pump x1

Post Height 3300mm
Clearance between posts: 2.794 m
Lowering Time 30s
Voltage 110Vv/220V/380V/415V, 1ph/3ph

3.2 Final assembly
The final assembly of two-post car lift is shown in Figure 10.

Figure 10. Angle adjuster
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4. Conclusion and Recommendations

As it can be seen that car lift is very essential at this current situation due to the increase of
auto vehicles and with current high cost for purchasing foreign car-lifting machines,
designing and constructing such car-lifting machine with our local capacity will be a good
welcome ideas. And finally the design for two-post car lift is successfully done with the final
parameters as: motor power 6.1Kwatt, load lifting capacity 4000 kg, lifting time 40 s,
lowering time 30 s, lifting height 1.8 m, clearance between the two post 2.794 m.

Thanks and Information Note

The article complies with national and international research and publication ethics. Ethics
Committee approval was not required for the study. All authors contributed equally to the
article.
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Abstract

In this conference paper, a comprehensive thermo-mechanical model simulation of Shape Memory Alloy (SMA)
wires is presented, developed based on the fundamental principles of energy and momentum conservation using
COMSOL Multiphysics. The study adopts the Landau phenomenological model to describe the complex
dynamics of SMA phase transformation between the martensitic and austenitic phases under varying thermal
and mechanical loading conditions. The constitutive relations are formulated to capture the nonlinear coupling
between temperature, strain, and stress, which are key to understanding the unique behavior of SMAs. The
model is further extended and adapted to investigate the response of SMA springs, taking into account the
geometric nonlinearity and the influence of temperature-dependent material parameters. The Landau free
energy density function, expressed as a function of the stretch ratio, is analytically derived and plotted at
different temperatures to illustrate the phase transition process. Numerical simulations are conducted using
COMSOL Multiphysics to evaluate the thermomechanical behavior, energy dissipation, and transformation
kinetics. The results provide valuable insights into the actuation characteristics, hysteresis behavior, and
stability of SMA-based components, offering a robust modeling framework for the design and optimization of
smart materials and adaptive structures.

Keywords: Martensitic transformation, shape memory alloy, pseudoelasticity, comsol mulit-physics.
1. Introduction

SMA is a smart material that can trained and modified as to memorized different shapes
(Machado et al. 2003; Nagendra, Tamilselvan, & Sadhasivam 2018; Sittner 2019), though
when it is deformed, it can readily regain its original shape (Halahla et al. 2019; Shiva et al.
2019) when temperature increases, through this it converting thermal energy to mechanical
(Melnik Roderick et al. 2003; Wang & Melnik 2007; Zhu et al. 2001). This behavior of
plastic deformation and full recovery is known as shape memory effect (SMEs)
(Alexandrakis, Manuel, & Pérez-checa 2020; Churchill & Shaw 2011; LECCE & Antonio
2015). The history of this wonderful material started since in the year 1800s, as William
Buehler and his coworker uncovered its behavior of this shape memory effect
capability(Fritsch, lzadi, & Ghafoori 2019). After this the name NINOL is given to the
material with Ni stands for nickel and NOL stands for the Naval Ordinate Laboratory where
the incident happened (Huang, Yao, & Su 2019). The material produces a loud strange sound
at cold stage, which is different from when it is at hot stage (LECCE & Antonio 2015).

The researchers’ attention was dawned to the material over a decade for various engineering
application (Fei et al. 2019; Honarmandi, Johnson, & Arroyave 2020). After a serious
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investigation, it was resolved that the material has a unique property (Adarsh & Sampath
2019), that made it differs from other materials , therefore it was renamed as NITINOL. This
material can recover energy up to 10° J/m3, with transformation temperature of about 363 K
(Cho, Takeda, & Sakuma 2017).

SMAs has a low-frequency respond with reversible hysteresis properties under a cycle
mechanical loading(Ashwin, A. R., & J. N. 2015) thus make them a special material in
material applications, like vibration isolation, sensor, impact absorption, actuations etc.
(Pirbhulal et al. 2016). With exception of medical field, like wearable devices and
teleheathcare, the material has not been commercialized owing to the lack of a defined model
describing its behaviors. There are many models proposed for SMA around, but due to the
SMA complex characteristics, no exact and simple model is being able to develop (Finney
2008; Ma et al. 2016).

2. Materials and Methods

For the SMA spring thermo-mechanical coupling dynamics, the equation can also be achieved
by modifying the model for SMA wire by replacing the strain with stretch ratio of SMA
spring and the axial stress o with shear stress z. Therefore the model of SMA spring is
presented as

2
SM N0t h
ot OX OX
2
o Lok, Il iaTa% .z, (1)
! ot 6‘2 ot
>~
P . N
ot ox x 9 ox

And,

r=A1(TTT ]2+A2/13+A315

1

This model is for 1D non-linear dynamics of SMA spring, and it is for single crystalline
structure. The Landau free energy density F,(T,4) related to the stretch ratio in Eq. 1 is

formulated as:

=BT

LA U YL
T, 47 "6

)
3. Findings and Discussion

By using the SMA spring parameters, the F, (T, A) is plotted as a function of stretch ratio in
Figure 1:
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-1 0.5 0 05 1
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Figure 1. Landau free energy density at different temperatures

2 Numerical Methodology
The numerical simulation and modeling is obtained using COMSOL multiphysics 5.6.
2.1 1D SMA spring modeling under mechanical and thermal loading

Figure 2 shows SMA spring under mechanical and thermal loading, Figure 2(a) has a fixed
boundary and subjected to thermal loading only. And Figure 2(b) with one end has free
boundary. Both cases are sujected to thermal and mechanical loadings. Hence Eqt. 1 will be
modified to suit each of the two cases.

heat

(@) (b)

Figure 2. Model comparison and experimental data at 90°C
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For the first case, Eq. 1 is reduced to:

'\
2
za_u,ﬂ/:a_u’g:%
ot OX ox"
2
¢, Lok, 9T k12 %7, ~ 3)
ot ox ot
,ﬂ:ﬁ(T &k gj
ot o ox  ox
g

_Al[ j/1+A2/13+A3/15

The initial condition is T=Ta; the boundary conditions for this case are:
u(0,t)=0, u(L)=0.g(0,t)=0, g(Lt)=0 T,(0,t)=0, T,(Lt)=0,

For second case, both thermal and mechanical loadings are involved, and the governing
equation is presented as:

ou . ou _ 9°A
:_1/1:_59 21
ot oX OX

or 82T oA
c,— TA—+7Z7,
Yot 8 oA ot
p@=i( R agj+Fr
ot ox ox % ox

r=A{T;T1]z+A2/13+A3/15.

1

Because one end is free, there will be displacement at the unfixed end. The initial conditions
are as T=Ta. and the boundary conditions will be as:

u(0t)=0, u(L)=u. g(0.t)=0, g(Lt)=0T,(0t)=0, T,(Lt)=0,

2.2 Numerical experiment

Numerical experiments are performed here using estimated parameters obtained. These are:
A1=0.65 kg/(s’m°C), A2=-56.5 kg/(ms?’m°C), As=31.7 kg/(ms’m°C), Ti= -49.4°C, p=11100
kg/m?, Cv = 1.1454x10° kg/s"2m°C, k = 0.6960mkg/s® °C, kg = 1.5x10° kg/s?, r =1. 6/2 x 103
m. Ta =15 °C.

For case I, the loadings are thermal only
: F=0
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Z =4000kg/(s°m)

Figure 3a shows the velocity of the SMA spring with two ends fixed. The grap generated a
sinusoidal pattern. Figure 3b shows the temperature graph, and it has a hyperbolic curve with
nonlinearity behavior, which is about 60% of SMA spring. Figure 3c shows a stretch ratio
graph. It presents a strong non-linear thermo-mechanical coupling, just like temperature
graph. When the external loading is zero, the stretch ration assumes the initial value, showing
that SMA spring has become a martensitic phase again. This simulation indicates a clear
pseudoelastic effect. The stress-strain relationship presents a non-linear, and then a hysteresis
loop will be achieved when the stress varies because AC is unstable, and the stretch ratio will
jump from A to B or C to D, as indicated in Figure 3d.

0.0016 ' \ 1 551
0.0014F / ]
0.0012f 1 sof 1
—  0.001F / \ 1
& o.o008- N o |
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g .00002F \ / 1 =
g -0.0004F \ J 1 £ 301
= -0.0006} \ ] ] 5
&' -0.0008 \ ; =25
A -voolr \ 1 g
-0.0012} ¥ . 4 =
-0.0014f ]
-0.0016f , 3 15 ;
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14F T
11} 13+
1 - 12 g
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Figure 3. Simulation results of SMA spring under thermal loading only

For the case Il, the experiments are done using different loadings. The first simulation is done
using only thermal loading.

F=0

Z =4000kg/(s°m)

Figure 4a presents the displacement graph of SMA spring. The graph produced a parabolic
curve with strong non-linear thermo-mechanical coupling. Figure 4b presents the temperature
graph. It is similar to 3b. Figure 4c shows a stretch ratio graph. It indicates a strong non-
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linear thermo-mechanical coupling just like temperature graph. When the external loading
returns to zero, the stretch ratio reassumed the initial value, showing that the SMA spring has
martensited again. This numerical simulation indicates the pseudoelastic behavior in the SMA
spring. The stress-strain relationship indicates a strong non-linear with a hysteresis loop form
when the stress varies , because AC is unstable, and the stretch ratio jumps from A to B, or B

to D as indicated in Figure 4d.
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Figure 4. Simulation results of SMA spring under thermal loading only
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Simulations are also carried out using mechanical loading only as follows:

F = 4000,
Z=0

Under the influence of mechanical loading, the SMA spring switches between matensite to
austenite phases. Figure 5a presents the displacement curve, and the graph produces a strong
non-linear curve. Figure 5b shows a temperature evolution graph. It produces a combination
of linear and non-linear thermo-mechanical coupling. Figure 5c is for stretch ratio graph. It
also has this combination of linear and non-linear sinusoidal graph. The stress-stretch ratio
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relationship is also a non-linear curve with a tendency of forming a hysteresis loop.
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Figure 5. Simulation results of SMA spring under mechanical loading only

Third simulation is performed using both mechanical and thermal loading applied to the
system:

Z =4000kg/ (s°m)

F=4000N.
The SMA spring switches between austenite and martensite variants under the influence of
mechanical and thermal loadings. Figure 6a indicated the SMA spring displacement curves.
And the temperature graph is shown in Figure 6b. It is similar to Figure 5b. Stretch ratio
graph is shown in Figure 6c. It has a combination of linear and sinusoidal curves. The stress-
stretch ratio relationship is presented in Figure 6d. It has a strong nonlinear curve forming a
hysteresis loop, and the stretch will jump from A to B or C to D
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Figure 6. Simulation results of SMA spring under thermal and mechanical loadings

4. Conclusion and Recommendations

Modeling and simulation of SMA spring are carried out using comsol multiphysics. Estimated
SMA spring parameters are gotten and used. Modeling and simulation of SMA spring thermo-
mechanical coupling equations was carried out using, and the simulation results are presented.
The simulated stress-stretch ratio precisely captured the hysteresis loop.
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Abstract

This article holds the view that there is a dialectical relationship between woman, nature, and development. It
also takes the view that no battle against the destruction of the environment can be successful unless it involves
women’s active commitment. Anchored on ecofeminism (Mason, 2011; Natty, 2017), discourse analytical
framework (van Dijk, 1993/1998), positive discourse analysis (Martin, 2004), and the mixed research method, it
investigates an academic text culled from Go for English 2"®, a textbook used to teach English in some West
African Francophone countries (Benin, Ivory Coast, Niger, etc.). The study aims to explore how textbooks serve
as a central tool in engaging students in the safeguarding of their environment. A careful analysis of the text at
stake exudes many significant insights. Textually, the excerpt revolves around three main macrostructures or
topics: (i) the constant cutting down of trees in Kanyariri (Kenya) begets serious hardships to the womenfolk, (ii)
women take bold actions to curb their sufferings through planting trees, (iii) life becomes more agreeable
through planting trees. At a semantic level, it is noticed a purposeful lexicalisation based on lexical field, and
taxonomic lexical relations (co-hyponomy, contrast, similarity). On the pragmatic ground, the text is a narrative
communicative event in which the first-person and third-person perspective is preferentially deployed for
persuasive, emotive and authoritative reasons. As for rhetorical features, such devices as appositive, metaphor,
alliteration, assonance, consonance, rhythm, parallelism and hyperbole are exemplified. It is concluded that the
text is intentionally designed to arouse students’ awareness on the fact that while deforestation is harmful to the
environment, reforestation protects the ecosystem and ensures a sustainable development.

Key words: Ecofeminism, environment, sustainable development, discourse analysis.

1. Introduction

The role of environmental preservation in development cannot be overemphasised. In point of
fact, development, and precisely sustainable development, goes hand-in-hand with the
protection of the environment. This implies the observance of some required behaviour to
make one’s vicinity a better place to live in. In that perspective, one of the principal outcomes
of Rio+20 was the call to develop a set of universally applicable sustainable development
goals (SDGs) that carefully balance the environmental, social and economic dimensions of
sustainable development (United Nations Environment Programme, 2013, p. 2). These SDGs,
it is highlighted, have the dual purpose of increasing human wellbeing through development
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while protecting and strengthening the ecosystem services that underpin this wellbeing (ibid.,
p. 14).

As a matter of fact, the excessive desire of human beings to satisfy their material needs leads
them to pay less attention to nature. In other words, for some decades now, there has been a
growing rate of environmental damages caused by some anthropological factors. That state of
affairs, as a result of Man’s increasing pursuit of wealth and economic development, is posing
serious threats to humanity. Confronted with such a planetary crisis, nations all over the world
are taking urgent actions to curb the drawbacks of the phenomenon. Hence, the
anthropocentric tradition which maintains that Man has the right to subjugate nature is more
and more giving place to the bicentric view which promotes the idea of ‘right livelihood’.
Despite the actions taken to minimise the effects of environmental destruction, some people
realistically believe that the future of the environment lies in the continuous acquisition of
knowledge.

In that sense, the accelerating environmental crisis brings school curriculum designers to
discover that textbooks are not only tools of instruction, but also active mediations of
ecological survival. With regard to such challenges as climate change, species extinction, and
environmental injustice, there is no doubt that ecological devastation should be incorporated
in students’ learning process. And the best way to ascertain that teachers actually draw
learners’ awareness to those facts is through learning materials, viz., textbooks. As a matter of
fact, textbooks are a pivotal tool to mould learners’ minds on important notions and
knowledge such as shared school beliefs (social cognitions), teachers’ personal beliefs
(personal cognitions), and some factors set by the government and the school management
(social cognitions). Hence, in deciding to include the issue of environmental protection in the
textbooks of the fifth level students in some West African Francophone countries (Benin,
Ivory Coast, Niger, etc.), the curriculum designers aim to preserve nature from decay. The
present study carries out a discourse analysis on a text drawn from Go for English 2", |t
particularly takes an ecofeminist perspective (Mason, 2011; Natty, 2017). In that regard, it
draws on discourse analytical framework (van Dijk, 1993/1998), positive discourse analysis
(Martin, 2004), and the qualitative research method. Before delving into the analysis proper, it
is deemed necessary to outline the different theories which underpin the research work, and
the methodology adopted.

2. Theoretical Orientation

As earlier stated, three main theories underpin this study. These are ecofeminism, discourse
analysis, and positive discourse analysis.

2.1. Ecofeminism

Morphologically, the term “ecofeminism” is made up of two words: ecology and feminism.
Coined in 1974 in her book entitled Le Féminisme ou la mort (Feminism or death) by the
feminist writer and activist Francoise d’Eaubonne, ecofeminism designates two different but
related things. First, it is a tool to analyse the connection between environmental justice and
gender justice (Mason, 2011). Besides, ecofeminism is a school of thought based on the
relationship between the exploitation of the environment by human beings and the oppression
of women by men (Natty, 2017). It ensues to reason that ecofeminists advocate women’s
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rights to the preservation of the environment. Their fight is predicated on the idea that women
should regain their connection with nature.

In actual fact, rising temperature, intensifying storms, and collapsing ecosystems have
revealed that the environmental crisis is inseparable from social inequality and cultural
anxiety (Dhivya, Sudha & Arun Da, 2025). Indeed, environmental harms harshly impact
marginalised people -especially women- confronted with both natural disasters and systemic
social neglect. Under such conditions, the female gender cannot stand enduring in silence all
the time.

Likening metaphorically woman to nature, the female author Carolyn Merchant asserts that
the earth can be seen as a nurturing mother who bears life in her breast. She then adds that,
with this positive image, “one cannot stab one’s own mother, one does not pierce her entrails
to extract gold, one does not mutilate her body” (Merchant, 1996, p. 78). These statements
suggest that in preserving the earth from being endangered, human beings opt for protecting
the life of their life-giver (viz. mother), and by extension, their own life. In that regard,
women are called on to get united through solidarity and justice to challenge dominant
patriarchal modes with concrete actions. Practical ecofeminism comes into being to ensure “resistance
grounded in material realities and institutional engagement, rather than mere symbolism” (Chukwu &
Gbenoba, 2025, p. 303). This implies a collective action by women to protest as a strategy to
claim eco-justice. In that sense, the female gender is presupposed to invert the patriarchal
view that equates women with vulnerability into a symbol of power, authority and respect.

2.2. Discourse Analysis

Discourse analysis is an ambiguous concept. It could be used to designate the discipline that
studies text and talk, or language use from all possible perspectives. It could also be used to
refer to a theoretical and methodological approach to language and language use. In that
sense, it is also defined by the object of analysis, namely discourses, texts, messages, talks,
dialogues, or conversations (van Dijk, 1998, p. 24).

Discourse analysis is an approach to the analysis of language that looks at patterns of
language across texts as well as the social and cultural contexts in which the texts occur
(Paltridge, 2012, p. 1). In line with the preceding definition, van Dijk (1993, p. 96; 1998, p.
25) posits that discourse analysis has a double aim: a systematic theoretical and descriptive
account of (a) the structures and strategies, at various levels, of written and spoken discourse,
seen both as textual “object” and as a form of sociocultural practice and interaction, and (b)
the relationships of these properties of text and talk with the relevant structures of their
cognitive, social, cultural, and historical “context”. In sum, discourse analysis studies “text in
context”. In other words, the two dimensions of discourse analysis are textual and contextual.
While the textual dimension accounts for the structures of discourse at various levels of
description, the contextual one relates these structural descriptions to various properties of the
context (cognitive processes, sociocultural factors, etc).

Drawing on this, Fairclough (1989, 2001) postulates that discourse is manifest at two levels,
namely: macro and micro. At the macro level of discourse are social concepts like social
order, power, dominance and inequality. These social realities are abstract and they find
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expression at the micro level of discourse which deals with linguistic concepts like grammar,
speech acts, style and rhetoric (van Dijk, 2001; cited in Mbui & Ireri, 2019, p. 103). Hence,
the discourse analyst is concerned with disclosing how discourse structures reproduce,
perpetuate, resist or challenge social realities.

2.3. Positive Discourse Analysis

Proponents of critical discourse analysis (Fairclough, 1989; van Dijk, 2008, Wodak, 2001;
Widdowson, 2004) argue that the underlying assumptions behind certain selections of
discourse are never value-free or innocent. Rather, they are ideologically-driven and
motivated. In their attempt to decipher ideologies by demystifying discourse, these scholars
create awareness, enlightenment and emancipation in the ‘underprivileged’ in society, by
revealing how discourse enacts, produces, reproduces and resists dominance, power abuse and
social inequality.

However, some discourse analysts view their approaches as deconstructive and suggest an
alternative. For Kress (1996), “if critical language projects were to develop apt, plausible
theories of their domain, they would be able to move from critical reading, from analysis,
from deconstructive activity, to productive activity” (pp.15-16, emphasis added). In that
perspective, Martin and Rose (2003, p. 264, cited in ElI-Wakil, 2018, p. 358) argue for a
complementary perspective to 'de-demonize’ power that focuses on "how people get together
and make room for themselves in the world in ways that redistribute power without
necessarily struggling against it."

For Martin (2004, cited in EI-Wakil, ibid), Positive Discourse Analysis (hereafter, PDA) is a
constructive process against the prevailing "apparently pathological disjunction” of CDA that
steadily disheartens the study of social and interpersonal attempts of solidarity and
integration. Viewed as “a complementary perspective, on language and semiosis, which
functions to make the world a better place” (Martin, 2004, p. 179), PDA is “a search for new
ways of using language that tell us very different stories from those of the current industrial
civilization — stories that encourage us to protect the ecosystem that life depends on and build
more socially just societies” (Stibbe, 2017; cited in Abbamonte, 2022, p. 170, emphasis not
ours). It stands then to reason that PDA aims to indulge in the potential of discourse analysis
to bring about change through cooperative transforming practices. And this is the goal
ecofeminists also commit themselves to reaching!

3. Methodology

The passage under scrutiny is an academic text drawn from the textbook of the fifth level
students’ book entitled Go for English 2" used to teach English in some West African
Francophone countries (Benin, lvory Coast, Niger, etc.). The text is a reading passage whose
title is “Pushing back the desert”. It is part of Unit 2 named “The Environment” in the book.
Basically narrative, the excerpt at stake is structured into five paragraphs thematically related,
forming a cohesive whole.

The sentences of/in the paragraphs are coded numerically, to help index easily the different
linguistic patterns or meanings encoded therein. The sentences in question are the linguistic
units of analysis as far as syntactic, semantic/meaning relations, stylistic investigations are
concerned. As for the study of speech acts, the utterances are considered as units of analysis.
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In addition, a quantitative analysis is undertaken on the speech acts recorded in the text, while
the other types of analysis are basically qualitative. Given that the text at stake is not too long
(not more than 26 sentences in all), it is appended to the paper to help the reader clearly
follow and make out, at each stage, the textual analysis and subsequent discussion.

4.Findings and Discussion
Textual Analysis and Discussion

The analysis, as intended here, revolves around syntactic, lexical style and meaning, actions,
interaction, and speech acts, as well as style/rhetoric descriptions. It later evolves by
subsuming the macro-level where the overall macrostructure is delved into.

4.1 Discourse Structures

Discourse structures are often informally divided into surface structures and deep or
underlying structures (van Dijk, 1993). Discourse structures are usually associated with the
form of language use one can see or hear, and the order of words in a sentence. In order to
have a clear view of the complexity of sentences and how words are associated to build
syntactically comprehensive sentences in the text at stake, we conceive of Table 1 below.

Table 1. Sentence Types in the Text

Simple Compound Complex Compound Minor Ranking

sentences sentences sentences complex sentences sentences
sentences

4,5, 6,10, 11, 7,12,15 1,238,913, 25 -

14, 16, 17, 18, 19, 20, 21, 23,

22 24,26

10 3 12 1 0 26

It is obvious from above that there is a total number of 26 ranking sentences in the text under
study. They are split into 10 simple sentences, 3 compound sentences, 12 complex sentences,
and 1 compound complex sentence. The high proportion of complex sentences (12/26, i.e.
46.15%) immediately followed by simple sentences (10/26, i.e. 38.46%) is revelatory of a
blend of spoken and written modes in the text. The ratio of simple sentences over the other
sentence types is 5/8, this corroborates the two concomitantly deployed modes. For instance,
while sentence (8) below indicates a reported speech by Esther Wairimu, sentence (4) is a
statement by the narrator to show her involvement in the communicative event.

(8) ‘They said if I planted my own trees, I would not have to spend all time looking for
firewood.’

(4) No small tree was safe.

Complex sentences are employed to set hypotactic relations between clauses within the same
sentence (Eggins, 2004). They are introduced by such conjunctions of subordination or
relative pronouns as ‘before’ in (1), ‘for’ in (2), ‘which’ in (3, 21), ‘if” in (8), ‘when’ in (9, 20,
21), ‘that’ in (13, 20, 24), ‘who’ in (19), ‘because’ in (23, 25). The following two examples
illustrate how those linguistic items are deployed to relate clauses in a systematic, cohesive
and thematic way.

(1) Before conservation came to Kanyariri, Esther Wairimu was a tree killer.
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(20) ‘When 1 visited the village where | was born, | saw that whole forests had been
cleared in order to remove the timber and grow crops’

The low rates of compound (3/26, i.e. 11.54%) and compound complex (1/26, i.e. 3.85%)
sentences denote that the writer has less preference for paratactic clause complexes. However,
when those structures are employed in compound sentences, this is meant to coordinate, via
the conjunction ‘and’, two processes dealing with reforestation. Below are the three identified
occurrences:

(7) ‘My neighbours joined the Green Belt and began to argue with me.’

(12) There is shade for Wairimu’s tin-roofed house, fodder for her goats and cows, better
soil for her crops and there are branches for firewood.

(15) This was founded in 1977 and has been responsible for the planting of nearly five
million trees.

As regard the only one compound complex sentence registered in the text, the same
coordinator ‘and’, as can be noticed underneath, serves to link the two main clauses that it
incorporates.

(26) People were eating less of the nutritious, traditional foods, like beans and maize, and
were choosing refined foods like rice because they require less cooking.

With regard to simple sentences, they are made up of eight categories of word order- or
sentence patterns- of the type: SVC, AASVA, SVCA, ASVC, SVA, SVO, SAVO, SV, with
S=Subject, V=Verb, O=0bject, A=Adjunct. The table beneath sums up those sentence
patterns.

Table 2. Summary of Sentence Patterns in the Text

Sentence  SVC AASVA SVCA ASVC SVA SVO SAVO SV
pattern

Ranking 4,11,14 5 6 10 16 17 18 22
sentence

For the purpose of saving space, a few illustrative instances are evinced below.
SVC: (4) No small tree was safe.

SVCA: (6) This was the result of a campaign by a new conservation project called Green Belt
Movement.

SVO: (17) More than 500 communities have their own tree nurseries.
SV: (22) Springs were drying out.

As it is obvious from Table 2 above, the most predominant pattern from the eight sentence
patterns is SVC, subsuming three ranking sentences while each of the seven others comprises
just one. This suggests that though the narrator opts for a range of word orders for sentence
building, she majorly resorts to a conventional type. In addition, most simple sentences (4, 11,
14, 6, 10, 17, 18) are made up of two arguments: subject and complement/object. It follows
thus to infer that nearly all the simple sentences are in active voice, meaning that the narrator
foregrounds agency.
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On the other hand, it is noticed that apart from the simple sentence (5), passive voice is
deployed in the other sentence types (especially compound, and complex sentences) to
connote conscious agent obfuscation (15, 20), agent backgrounding (19), or agent deletion
(23, 24).

4.2 Lexical Style and Meaning

Although surface structures are the most “visible” part of discourse, language users are
mainly oriented toward meaning (van Dijk, 1993). The first analytical choice to adopt here is
a study of local meanings, such as the meaning of words, a study which could also be termed
lexical meanings depending on one’s perspective. Local meanings are the result of the
selections made by speakers or writers in their mental models of events or their more general,
socially shared beliefs (van Dijk, 2001). Concerning the text under study, a great number of
lexical items are intentionally deployed to refer to the lexical field ‘Environment’. These are:
‘conservation’, ‘tree’, ‘bundle of branches’, ‘firewood’, ‘water’, ‘crops’, ‘farm’, ‘converted’,
‘tree killer’, ‘tree planter’, ‘conservation project’, ‘Green Belt Movement’, ‘planted’, maize,
‘beans’, ‘woodland’, ‘mango-trees’, ‘blue gums’, ‘casuarinas’, ‘podocarpus’, ‘belt of
greenery’, ‘fields’, ‘shade’, ‘soil’, ‘branches’, ‘forests’, ‘grounds’, ‘tree nurseries’, ‘biologist’,
‘damage’, ‘destruction’, ‘cleared’, ‘timber’, ‘hillsides’, riverbeds’, ‘land’, ‘cultivated’, ‘drying
up’, © coffee growing area’, ‘fuel’, ‘foods’, ‘beans’, ‘maize’, ‘grow crops’, ‘cooking’, ‘rural
population’, ‘to grow’, ‘plant trees’, ‘push back’, ‘desert’. Notice that from this plethora of
lexical terms pertaining to the same concept, we can have some subdivisions. They could be
epitomised as follows: ‘Tree’, ‘Deforestation’ and ‘Reforestation’. Notice also that
collocations are referred to in view to conveying a specific meaning. They are of the types of
Noun-Noun (conservation project, mango-tree), Adjective-Nouns (blue gums, rural
population), Noun-Verb (coffee growing), Verb-Noun (grow crops, plant trees), Verb-Adverb
(push back), Adjective-Noun-Noun (Green Belt Movement).

Another striking semantic property in the text is perspective. Glossed as “the point of view
from which events are seen, or more generally the social or political ‘position’ of the speaker”
(van Dijk, 1993, p. 108), perspective is expressed in the text through lexical items and
sentence structures. As a matter of fact, events are narrated from the angle of the protection of
the environment through some lexical choices such as ‘conservation’, ‘converted’, ‘tree
planter’, ‘conservation project’, ‘Green Belt Movement’, ‘plant’, ‘belt of greenery’, ‘shade’,
‘crops’, ‘conversion’, ‘forests’, ‘tree nurseries’, ‘grow crops’, ‘plant trees’. It should,
however, be recalled that the meaning of discourse is not limited to the meaning of its words.
The events described in the text are narrated from a psychological point of view. According to
Simpson (1993), “Psychological point of view refers to the ways in which narrative events are
mediated through the consciousness of the ‘teller’ of the story” (p. 10). While the narrator is
projected in the text as someone who knows ‘the facts’, that is, a figure of authority
(Fairclough, 1995, p. 4), the reader is projected as receptive, viz., waiting to be told, waiting
to know (ibid.). It is also important to highlight that in the first four paragraphs the events are
narrated in a linear chronological order, also called ‘diegesis’ (Simpson, 1993, p. 28). They
are respectively concerned with Wairimu’s hardships, her conversion from a tree killer into a
tree planter, her witness as regards the benefits of trees, and the successes of the GBM in
Kenyariri. However, the fifth and last paragraph (the longest indeed) is a flashback. It goes
back to the foundation of GBM by Wangari Maathai, and sets the rationale behind such a
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foundation. As a whole, the text is characterised by both first-person and third-person
narration or point of view.

4.3 Action, Interaction, and Speech Acts

Discourse is not only units of expression and meaning, but it is also, and most fundamentally,

a form of social practice (Fairclough and Wodak, 1997, p. 258), action, or interaction (van
Dijk, 1997, p 2). In less technlcal terms, discourse is what language users “do”, “engage in”,
or indeed “participate in”, most clearly so in spoken dialogue, but also in written
communication such as letters, news reports, textbooks, and e-mail messages (van Dijk,
1993). Indeed, a cursory reading of the text under study reveals, as mentioned earlier, that it is
a narrative in which situations related to environmental devastation actions and reforestation
attitudes (through sensitisation) in Kanyariri are amply described. And to make the text not
sound like a mere recount of events, some dialogic moves are, from time to time, embedded
therein. For instance, in sentences (7) and (8) the main character Wairimu reports some
conversations she has had with some members of the Green Belt Movement (GBM), the
women association dedicated to making the environment green. She says: (7) ‘My neighbours
joined the Green Belt and began to argue with me’. Then, she plainly informs the reader about
the gist of their talk: (8) They said if | planted my own trees, | would not have to spend all my
time looking for firewood. It follows from the foregoing statements that Wairimu’s
neighbours who joined the GBM initiated a face-to-face interaction to act, through discursive
events, on her mental models or her personal cognitions. The reader later discovers that that
verbal exchange actually ultimately influences the woman’s perception, attitude and
behaviour as she effectively gets converted from a tree killer into a tree planter. To sum up the
incommensurable benefits she gets from that conversion, she quips: (13) | have learned that a
tree, in another way altogether, is life’. It should be signalled that another type of interaction
is also set up between the narrator and the reader. In point of fact, the former appears as the
one who knows the events narrated, whereas the latter is someone who wants to discover
those events.

As is inferable from the reading, the whole text subsumes a range of speech acts, that is, “the
actions performed in saying something” (Austin, 1962; cited in Cutting & Fordyee, 2021,
p.15). In a bid to get a clearer picture of the speech acts deployed in the excerpt at stake, we
proceed to a cautious speech act identification through a close text reading. The results of the
analysis are summarised in Table 3 below.

Table 3. Distribution of Speech Acts in the Text

Speech Acts Representative  Directive Commissive Expressive Declaration Total
Utterances 1), (2, 3), (5), (8 - (@), (13), -

®, @, ) (20),  (23),

(10), (11), (12), (24), (25)

(14), (15), (16),
(17), (18), (19),
(21), (22), (26)

Total 19 1 0 6 0 26

The above table exhibits the deployment of three types of speech act out of the five typified
by Searle (1976). These are representative, directive and expressive speech acts. In other
words, commissive and declaration are absent from the text. Of the three employed
categories, representatives top with a lion share (19/26, i.e. 73.08%). It is followed by
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expressives which occur 6 times, yielding a percentage of 23.08%. As for directive, only one
instance is registered, which represents a rate of 3.84%.

The high proportion of representatives, as exuded in the table, suggests that the speech is
designed to describe some state of affairs or to state some facts (Amoussou & Allagbe, 2023).
In actual fact, the illocutionary acts of representative are employed to state events or actions
(1,2,3,5,6,7,9,10, 11, 12, 14, 15, 16, 17, 18, 19, 20, 26) related to Wairimu’s life from a
tree Killer to a tree planter, and to describe actions (21, 22) dealing with the behaviour of the
rural population of Kanyariri or the impact of such behaviour on their life. For example, the
heroine is introduced to the reader as a Kenyan woman who has had to “trudg[e] along the red
paths of her village with bundles of branches tied to her back, searching the hillsides for
firewood” (2). Then, her daily hardship of “cooking over an open fire” (3) is put forth as the
main reason of her killing of trees. In the next paragraph (viz. paragraph 2), the story of her
conversion from a tree killer to a tree planter is narrated: her sensitisation by the GBM (6, 7),
her ‘joining’ of the organisation and her planting of trees -in addition to her rows of maize
and beans-(9, 10). Furthermore, a range of achievements by the GBM of which Wairimu’s
case is just an epitome, are enumerated (springing up of small forests on school and church
grounds, tree nurseries owned by more than 500 communities, the possession of thriving
piece of woodland by 25, 000 households) (16, 17, 18).

Though expressives (23.8%) are not so profuse in the text, they play a very significant role in
conveying psychological states. As a matter of fact, expressive speech acts are subtly
incorporated in the communicative event to state what the speaker or the narrator feels as
regards either the awesome devastation of forests, or the regeneration of greenery. Thus, to
vent up her amazement concerning the high rhythm of extinction of trees (no matter their
age), the story teller simply avers: (4) No small tree was safe. Likewise, in uttering (20) the
GBM founder openly vows her surprise about the destruction rate of forests, once she goes
back to her natal countryside: “When I visited the village where I was born, I saw that whole
forests had been cleared in order to remove the timber and grow crops’(20). On the other
hand, after getting converted from a tree killer into a tree planter, Wairimu gladly, and in a
satisfactorily way, contends in the following terms that a tree equals life: (13) ‘I have learned
that a tree, in another way altogether, is life’. Notice, however, the recourse to what
systemicists (Halliday & Mathiessen, 2004; Eggins, 2004, etc.) call mental processes of the
types ‘I was shocked’ and ‘I was amazed’ to denote a great surprise in utterances (23) and
(24) respectively:

(23): 1 was shocked to find children suffering from kwashiorkor, because my community was
supposed to be a rich, coffee-growing area.
(24): 1 was amazed to learn that malnutrition was linked with lack of fuel.

As is evident, the above statements definitely exude some appalling consequences of cutting
down trees, specially health-related problems. Accordingly, urgent actions need be taken to
curb the situation and save lives. And there lies the vital role of the only directive speech act
resorted to in the text. At the surface level, the counterfactual presupposition in (8) below
seems to be a representative, but, in fact, it is not at all.

(8): They said if I planted my own trees, | would not have to spend all time looking for
firewood.
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In point of fact, while the conditional clause above ostensibly appears as the report -or
verbiage- of the speech of Wairimu’s neighbours, it is an invitation to make her act on her
own behalf: she must plant her own trees to avoid wasting time for firewood. In other words,
the function of the aforementioned declarative clause is to give Wairimu an indirect order for
the purpose of behaviour change. This type of illocutionary act, in pragmaticians’ jargon, is
known as an indirect speech act (Yule, 1996, p.54; Cutting, 2002, p. 19; Cutting & Fordyce,
20121, p. 18; Paltridge, 2012, p. 41; Levinson, 1983, p. 263), and it denotes politeness. On the
contrary, the utterance would be: ‘plant your own trees, and you will not have to spend all
time looking for firewood. The next subsection is devoted to the way language is used to
convey the meanings thus far unearthed from the excerpt.

4.4 Style and Rhetoric

Style and rhetoric are two other dimensions of the text at hand that deserve a cautious analysis
too. Unlike the other properties so far discussed, style is not merely a distinct level, but a
dimension that cuts through various levels (van Dijk, 1988). Simply glossed as ‘a way of
writing’ or ‘a mode of expression (Leech & Short, 2007, p. 13), style is the result of the
choices made by the speaker among optional variations in discourse forms that may be used
to express more or less the same meaning (van Dijk, ibid.). Style is indexical of the role of
context in the understanding of discourse. Likewise, rhetoric is concerned with both form and
context. Regarded in its traditional sense as ‘the ‘art or skill of effective communication
(Leech & Short, 2007, p. 169), rhetoric is the broader art of persuasion which is achieved
through stylistic choices.

Rhetorical language is deployed in the text under study through such stylistic features as
repetition, assonance, alliteration, consonance, co-hyponomy, synonymy, contrast,
parallelism, apposition, simile, hyperbole, metaphor. As a striking stylistic device in the
excerpt, repetition is identified both within and across sentences. They subsume such lexemes
as ‘tree’ [in 1, 4, 5 (twice), 14 (twice), and 17], ‘trees’ (in 8, 9, 11, and 15), ‘firewood’ (in 2,
3, 12, and 26), ‘crops’ in (3 and 20), ‘woodland’ in (10 and 18), ‘forests’ (in 16 and 20),
‘grow’ (in 20, and 26), ‘planted’ (in 8, and 9), ‘plant’ (in 9, and 26), ‘branches’ (in 2 and 12),
‘maize’ (in 9, and 25), ‘beans’ (in 9 and 25), ‘foods’ (twice in 25), ‘hillsides’ (in 2 and 21).
However, a careful scrutiny of the preceding list amazingly unveils that all those repeated
lexical items -except hillsides- refer to greenery, the focal theme or topic (to use van Dijk
(1997)’s terms) backed up by the narrator in the text. It follows, then, to argue that repetition
is amply employed in the text for a cohesive purpose to stress the necessity to opt for green
vegetation, cultivation or verdure.

Another remarkable stylistic figure is assonance. Diversely resorted to in the text, it
contributes to creating internal rhymes within the sentences, no matter their types. To
demonstrate this, let us just consider the following sentence.

(2): For two days each week the Kenyan woman trudged along the red dirt paths of her
village with bundles of branches tied to her back, searching the hillsides for firewood.

In the above, is obvious the repetition of the vowel sounds:

« [i:/ in each and week;

s N/ invillage, with, and hillsides;
< /3:/indirt, her, and searching;
«» /a&/ in paths, branches, and back;
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¢ Jai/ in tied and firewood;
¢ /ol in woman and firewood.

In addition to assonance, alliteration and consonance also convey sentential internal rhythm,
enhancing thus the musical dimension of the passage. Sentences (1), (16) and (25) below are,
in that order, illustrative of the deployment of those figures of speech.

(1) Before conservation came to Kanyariri, Esther Wairimu was a tree Killer.
(16): Small forests have sprung up on school and church grounds.

(25): People were eating less of the nutritious traditional foods, like beans and maize, and
were choosing refined foods like rice because they require less cooking.

It is important to signal that while alliteration is expressed in (1) by the voiceless velar stop
/K/, it is introduced in (16) by the voiceless alveolar fricative /s/. It is equally important to
stress that the phoneme /s/ in (16) is a hissing sound. It is also known as a sibilant. As for
consonance, it is expressed by the sound /z/ in the last syllable of nearby words.

Taxonomic lexical relations are also observable in the text in the form of co-hyponymy as
‘gums’, ‘casuarinas’ and ‘podocarpus’ in (11) and ‘beans’ and ‘maize’ in (9 and 25). While
the first set can be grouped under the superordinate ‘tree’, the second set is made of instances
of ‘foods’. Likewise, synonymy and contrast are two further lexical relations distinctly used
in the text to hang sentences together as a whole. Some examples are displayed below.

Synonymy
s ‘look for’ (8) = ‘fetch’ (3);

RS

% ‘damage’ (9) = ‘destruction’ (9);
s ‘tree’ (1, 4, 5) = ‘timber’ (20);

X/

% ‘woodland’ (10, 18) = ‘greenery’ (11)
Contrast

s ‘Tree killer’ (1, 5, 14) # “tree planter’ (5, 14)
+« ‘traditional’ (25) # ‘refined’ (25)

‘forests’ (16 and 20) # ‘desert’ (26)

‘grow’ (20, 26) # ‘clea[r]” (20)

Parallelism is rather a syntactic rhetorical device designed to produce rhythmic effects
through structural repetitions as showcased beneath.

X/
L %4
X/
L X4

(3) As well as her other jobs of fetching water, looking after crops on her husband’s two-
hectare farm and cleaning the house, ...

(11) There are mango trees,
(12) There is shade .... and there are branches....

Parallelism in (3) is patterned on BV1 +ing +NP, BV2 + ing + NP, BV3 + ing + NP, with
BV=Dbase verb and NP=noun phrase. As for the parallelism discovered in (11) and (12), it is
made of existential processes, and is framed as ‘There + Be + NP’. In each case, it is
employed to state the existence of a noun phrase expressing curiously an idea of verdure
(mango trees, shade, branches).
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Other no less important stylistic figures of speech recorded in the text include apposition,
simile, hyperbole, and metaphor. The following examples disclose each of those features
respectively.

(19) The Green Belt Movement was founded by Wangari Maathai, a Kenyan biologist ...

(18) 25,000 households like Esther Wairimu’s now have their own thriving piece of
woodland.

(4) No small tree was safe.
(13) I have learned that a tree, in another way altogether, is life.

Apposition in sentence (19) is clearly manifest in the nominal phrase ‘a Kenyan biologist’
which stands for nothing else than the preceding proper noun ‘Wangari Maathai’ representing
the founder of GBM. As for simile, it is indicated in (18) by the word ‘like’ to compare the
situation of thousands of households to Esther Wairimu’s in terms of possessing their own
‘thriving piece of woodland’. A close analysis of sentence (4) reveals that the narrator
exaggerates the rhythm at which Wairimu is cutting down trees: ‘How can she use all types of
tree (no matter their age) to make fire? Can the smallest growing trees also serve as firewood
to help a woman cook food?” At last, like (18), (13) exudes comparison between two entities.
However, the comparison in (13) is between two things of unlike nature: ‘a tree’ and ‘life’.
Notice here, though, that despite the different characters of those entities, one implies the
other. In point of fact, a tree is dependent upon life and owes its existence to it. As a result, it
can be likened to life. Hence, the metaphoric construction. In the next section, the main
ideology which underpins the current text (viz., ecofeminism) is unearthed and accounted for,
as well as how it contributes to reaching the objective pursued by the text-writer.

From Ecofeminist Stance to the Shaping of Students’ Mental Models

From a cautious exploration of the text undertaken in the preceding part, the ecofeminist view
adopted in this endeavour becomes plainly justifiable. As a matter of fact, there are many cues
in the text that prove women’s reclaiming of their rights for the purpose of connecting with
nature. To begin with, the narrative starts by making the reader aware of the innumerable
household chores the Kenyan woman (and, by extension, the African woman, in general) is
submitted to in a patriarchal society. Among other domestic activities, she has to ‘fetc[h]
water, loo[k] after crops ... and clea[n] the house’. Given that she also has to cook for over an
open fire for ten children, looking for a lot of firewood becomes a daily headache. Thus,

(2) for two days each week the Kenyan woman trudged along the red dirt paths of her
village with bundles of branches tied to her back.

It should be stressed here that besides her daily chores, walking over kilometres, as it is
unveiled in the foregoing sentence, is a very tiring and exhausting task. Moreover, her health
is at risk on ‘the red paths of her village’ that she is obliged to take. As Dhivya et al. (2025)
concede, “environmental harm disproportionately impacts marginalized communities” (p. 1).

It becomes obvious thus that the womenfolk cannot stand the gloomy conditions assigned to
them by the shackles of patriarchy. Rather, they “must fight for [their] space no matter the
patriarchal constraints or inhibitions laid on [them]” (Amoussou & Djimet, 2020, p. 37).
Solely or collectively, the African woman must find ways and means to vent her pent-up
feelings and take actions. As Fairclough (2004) rightly puts it, “being socially constrained
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does not preclude being creative” (p. 24). In that respect, the Kenyan biologist, Wangari
Maathai founds the GBM in view to relieving woman’s pains and suffering, and redeeming
the environment. Convinced about the pertinence of the initiative, the women who join the
association get organised into groups to sensitise their fellows. Through that sisterhood or
bonding, they demonstrate that social relationships should be based on mutual respect and
solidarity. The deployment of indirect speech act -connoting negative politeness strategy- to
invite their female neighbours to plant trees, is an evidence. And the success of their
philosophy, their conviction and their determination ultimately climaxes with ‘the planting of
nearly five million trees’.

By informing learners about the realities they are familiar with like Wairimu’s, the text
implicitly attempts to act upon their context models and event models. “Context models and
event models”, van Dijk (2001, p. 112) explains, “are mental representations in episodic
memory, that is, the part of long-term memory in which people store their knowledge and
opinions about episodes they experience or read/ hear about”. While Wairimu’s case is a
depiction of the sad reality the African woman has to face, it is also the description of how,
through their anthropic actions, human beings contribute to the devastation of their
environment. The syntactic and thematic organisation of the text, added to the semantic,
meaning-making and stylistic choices, is designed to cause ideological effects in students’
minds. According to Fairclough (2003), ideological effects are “the effects of texts in
inculcating and sustaining or changing ideologies” (p. 9). Ideology, need it be recalled, is
simply “the foundation of the social representations shared by a social group” (van Dijk,
2004, emphasis in the original). From the underlying or deep meanings exuded through the
investigation of the text at stake, it can be inferred that the causal effects are meant to bring
about change. More particularly, the text intends to get learners to:

(i) be aware of the domestic frustrations of the womenfolk;

(i) discover that no equilibrium is possible in society unless social injustice is banned,

(iii)  infer that ecological devastation is synonymous with life destruction;

(iv)  figure out that eco-justice is the solution for the preservation of the environment,
hence of life;

(v) decide to impact their communities through tangible actions aiming at eradicating
social/gender injustice, and advocating reforestation (viz., fighting against all sorts of
social discrimination or dominance, promoting gender equality, planting trees to
make their living area an attractive and eco-friendly place to live in).

In a nutshell, the text seeks to bring about change in students’ knowledge, their ideologies,
beliefs, attitudes, values and so forth, by acting upon their mental models. van Dijk (2001)
plainly submits to that contention when he states that “...it is through mental models of
everyday discourse such as conversations, news reports and textbooks that we acquire our
knowledge of the world, our socially shared attitudes and finally our ideologies and
fundamental norms and values” (p. 114).

5. Conclusion

This paper has hypothesised that there is a dialectical relationship between woman, nature,
and development. It has also taken the view that any battle against the destruction of the
environment should involve women’s active commitment in order to be successful. Anchored
on ecofeminism, discourse analytical framework, positive discourse analysis, and the mixed
research method, it has examined how textbooks serve as a central tool in engaging students
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in the safeguarding of their environment. In that regard, it has investigated an academic text
culled from Go for English 2", A cautious investigation of the aforementioned text proffers
significant insights into the meanings embedded therein. For instance, the analysis of
discourse structures unveils a high proportion of complex sentences (12/26, i.e. 46.15)
immediately followed by simple sentences (10/26, i.e. 38.46%), which is suggestive of a
blend of spoken and written modes in the text. As for lexical style and meaning, it is
discovered that a great number of lexical items are intentionally deployed to refer to the
lexical field ‘Environment’. Meanwhile, the text refers to both first person and third person
narration or point of view. Concerning actions, interaction and speech acts, a relationship of
figure of authority and receiver is set between the narrator and the reader, while representative
speech acts predominate over the other types of illocutionary act. At last, rhetorical language
is employed in the text at stake through such stylistic figures as repetition, assonance,
alliteration, consonance, co-hyponomy, synonymy, contrast, parallelism, apposition, simile,
hyperbole, metaphor. All those findings denote substantial change in terms of the social
perception of the relationship of people -and more particularly students- and their
environment.

It is commonly agreed that “we are living in a period of intense social change” (Fairclough,
1992, p.3) where “language awareness has been widely advocated as an important part of
language education” (ibid, p. 1). It implies that while training learners to acquire language
skills, language education should also include a critical impetus in the learning/teaching
process. As the scholar rightly puts it, “People cannot be effective citizens in a democratic
society if their education cuts them off from critical consciousness of key elements within
their physical or social environment” (Fairclough, 1992, p. 6). This implicitly suggests that
(critical) consciousness is a precondition for the development of new practices and
conventions that will ultimately lead to emancipatory discourse practices and social
emancipation. In other words, and in the light of the current research’s aim, “climate
consciousness must account for who suffers most, foregrounding that environmental
destruction compounds pre-existing injustices” (Dhivya et al., 2025, p. 2).
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APPENDIX

Text: Pushing back the desert

1. Before conservation came to Kanyariri,
Esther Wairimu was a tree killer. 2. For
two days each week the Kenyan woman
trudged along the red dirt paths of her
village with bundles of branches tied to her
back, searching the hillsides for firewood.
3. As well as her other jobs of fetching
water, looking after crops on her husband's
two-hectare farm and cleaning the house,
Wairimu had ten children to cook for over
an open fire, which needed a lot of
firewood. 4. No small tree was safe.

5. Then in 1982 Wairimu was
converted from a tree Kkiller to a tree
planter. 6. This was the result of a
campaign by a new conservation project
called the Green Belt Movement. 7. 'My
neighbours joined the Green Belt and
began to argue with me,’ Wairimu
remembers. 8. 'They said if | planted my
own trees, | would not have to spend all
my time looking for firewood." 9. And so
when the time came for Wairimu to plant
her rows of maize and beans, she planted
trees as well. 10. Now, five years later, her
farm is a young woodland.

11. There are mango trees, blue
gums, nitrogen-fixing casuarinas and
straight-trunked podocarpus which form a
belt of greenery around her fields. 12.
There is shade for Wairimu's tin-roofed
house, fodder for her goats and cows,
better soil for her crops and there are
branches for firewood. 13. 'l have learned
that a tree, in another way altogether, is
life," she says.

14. Esther Wairimu's conversion from tree
Killer to tree planter is one of the many
successes of the Green Belt Movement. 15.
This was founded in 1977 and has been
responsible for the planting of nearly five
million trees. 16. Small forests have sprung
up on school and church grounds. 17.
More than 500 communities have their
own tree nurseries. 18. 25,000 households
like Esther Wairimu's now have their own
thriving piece of woodland.

19. The Green Belt Movement was
founded by Wangari Maathai, a Kenyan
biologist, who saw the damage done by the
destruction of the forests. 20. 'When |
visited the village where | was born, | saw
that whole forests had been cleared in
order to remove the timber and grow
crops,’ she says. 21. 'People were moving
on to hillsides, riverbeds and poor quality
land which was not cultivated when | was
a child. 22. Springs were drying up. 23. |
was shocked to find children suffering
from kwashiorkor, because my community
was supposed to be in a rich, coffee-
growing area. 24. | was amazed to learn
that malnutrition was linked with lack of
fuel. 25. People were eating less of the
nutritious, traditional foods, like beans and
maize, and were choosing refined foods
like rice because they require less cooking.'
26. So Wangari Maathai founded the
Green Belt Movement to plant trees, to
enable the rural population to grow enough
firewood for themselves and to push back
the desert.
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Abstract

Energy production and conversion is one of the most important and challenging fields of science and
technology in today's world. With the expansion of energy needs and the increasing world population, the
development of new and sustainable methods of energy conversion is a matter of environmental protection and
energy security. Among the advanced ones in this field are energy conversion systems based on biochemical and
bioelectric principles that, by utilizing functions and mechanisms derived from biological structures and
organisms, enable the production and conversion of energy into clean and sustainable forms. Biochemical
energy conversion systems are designed to use biological methods to produce energy, including light-sensitive
solar cells and biological fuel cells. These systems, by simulating and utilizing biological methods such as
energy production from chemical compounds in living cells, become usable energy sources. On the other hand,
bioelectrical systems are able to generate electrical energy by utilizing biological electrochemical interactions
between chemicals and biological components. One of the challenges associated with designing biochemical
and bioelectrical energy conversion systems is providing methods to increase efficiency and reduce the costs of
production and use of these systems.This article presents the results of a research on the energy conversion
process using plant to generate electricity for the Iranian climate.

Keywords: Electricity production, nature power, green energy.
Introduction

Electrode potential is defined as the potential of a cell containing an electrode acting as the
cathode and a standard hydrogen electrode as the anode. Reduction always occurs at the
cathode and oxidation at the anode. Electrode potential (Heusler, 1986) can be related to an
electrochemical cell, in which two dissimilar metals conduct an electric current and are
treated as they tend to release electrons. For example, when zinc metal is placed with copper
metal in their respective electrolytes (Hill, 2007), zinc begins to lose electrons through an
external wire connection.

Materials and Methods

The materials required for the experiment are given in this PLAN. In the entire plan, an aloe
vera pot and several sets of cables for the anode and cathode were used. The materials used
include:

A - Pot soil substrate

B - Pot or cultivation container

C - Aloe vera plant under test

D - Ammeter (amperage measuring instrument)
E - Copper metal and copper rod

F - Zinc metal and zinc metal strip
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Findings and Discussion

In this design, two materials, tin and copper, have been used in the sample pot, so that copper
metal and copper rod have been used in the soil and tin metal has been used on the leaves of
the aloe vera plant.

From both metals, a coated wire cable has been stretched to terminals 1 and 2, and in order to
minimize manual intervention and human error, the terminal has been used in all these
designs. In the photos, this item is marked with the label PLAN A.

7

A s y 59 ; [ 4

Figurel. Copper material in the soil and tin material on the leaf

4th Day 3rd Day 2nd Day 1st Day Materia | Materia
mV mV mV mV lonthe | linside
clel|lalcl|B|Aalc|B|A|lCc]|B]| A| 'laf | thsoi
66. | 66. | 66. | 39. | 39. | 39. | 22. | 23. | 24. | 48. | 51. | 54. Copper
8 8 9 7 7 8 7 0 3 7 7 9 Tin
8th Day 7th Day 6th Day 5th Day Materia | Materia
mV mV mV mV onthe | | linside
clelalclelalclelalc]|e] a]| 'af | thesai
66. | 66. | 66. | 58. | 59. | 61. | 47. | 48. | 47. | 55. | 53. | 62. Copper

8 8 9 4 9 5 9 1 5 4 6 3 Tin

12th Day 11th Day 10th Day 9th Day . .
Materia | Materia

mV mV mV mV onthe | | linside

leaf the soil
C B A C B A C B A C B A

76. | 76. | 76. | 86. | 86. | 86. | 76. | 76. | 76.| 71. | 71. | T2 Copper
0 8 7 0 3 2 9 9 8| 8 8 0 Tin

Table 1. Test result and voltage measurement in millivolts

After obtaining the results of the experiments and tests, the following graph was obtained.
Also, the statistical results of the experiments performed are in accordance with the table
below. (Table 2). The graphs and charts obtained from the results are also in accordance with
Figure 2, which we will examine in the next section (Figure 2).
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Table 2. Statistical results obtained from sampling
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Figure 2. Graph of the results obtained from the experiment

Conclusion and Recommendations

Based on the results obtained, I suggest that by connecting plants in series and wiring them,
the voltage obtained will be strengthened, and ion exchange can also be increased by
replacing the soil substrate with marsh substrates. | also suggest that by using soil drainage
and creating metal rods and grids in the soil, ion exchange can be increased, which will
increase ion exchange and voltage, and by using this clean and useful energy, lighting can be
provided at minimal cost.

Thanks and Information Note

Many thanks to Dr. Jafar Masah, Director of the Department of Agricultural Engineering,
University of Tehran, who provided me with her unwavering and friendly guidance in the
development and implementation of this project.
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Abstract

Bangladesh, a developing country, relies heavily on biomass fuel, mainly fuelwood, as a major renewable
energy source. The study, carried out from December’23 to January'24 to investigate the patterns and
socioeconomic drivers influencing fuelwood dependency among households around RKWS. A total of 69
households (n=69) were randomly selected and categorized into high-, moderate-, and low-income groups
based on their monthly income. With a daily average consumption of 2.57 kg/capita, consumption varied
significantly across income groups. Due to their constrained access to alternatives, the lower-income group
consumed the most fuelwood (3.01 kg/capita/day), primarily relying on easily accessible and low-cost fuelwood.
Forest was identified as main source of fuelwood, mostly consumed by low-income group. A group
characterized by moderate income showed a balanced use of all available sources. Men were found as the
primary gatherers of fuelwood from forests. The most often used species were Swietenia macrophylla, Acacia
auriculiformis, Syzygium grande, Mangifera indica. A significant negative correlation between household
income and consumption (r = —0.61; p < 0.001), indicating that dependency on fuelwood decreases with
income. The findings highlight that unsustainable extraction and excessive dependence on forest-derived
fuelwood, especially among low-income households, poses serious threats to forest cover, biodiversity, and
overall ecosystem health in RKWS.

Keywords: Fuelwood, socioeconomic status, forest resources, RKWS.

1. Introduction

Fuelwood is the predominant source of fuel in both rural and urban areas of the developing
world (Arnold & Jongma, 2006; FAO, 2001). Wood that is burned for energy, is usually used
for cooking, heating, or generating power is called fuelwood (United Nations, 2019).
Fuelwood is highly favored for its flexibility, renewability, accessibility, cost-effectiveness,
and compatibility with cooking practices (Njenga et al., 2023). According to the World Bank
(2015) and the International Energy Agency (2010), around 3 billion people living in rural
areas worldwide lack adequate energy for basic needs and over 2.7 billion of them still
depend on traditional energy supplies to meet their basic energy needs. Generally, rural
dwellers exhibit lower socioeconomic status and rely heavily on the natural surroundings to
fulfill their necessities. According to the World Health Organization (2006), around 70% of
households in poor to developing countries use organic fuels such as wood, branches, leaves,
animal dung, and crops waste for cooking purposes. As a consequence, fuelwood makes up
around 54% of the total yearly global wood harvest (Osei, 1993). In many tropical regions,
fuelwood extraction from forest reserves and biodiversity hotspots is a major threat to

874



https://www.iksadkongre.com/inecpac
https://orcid.org/0009-0004-5471-0953
mailto:*himu.forestry@gmail.com
https://orcid.org/0000-0001-7003-954X

PLATFORM

International Nature & Environment Conservation and Protected Areas Congress
October 29 30-31, 2025, Demre (Antalya, Tiirkiye)
https://www.iksadkongre.com/inecpac

remaining habitat (Asik & Masakazu, 2017; Chowdhury et al., 2013). For example, numerous
studies link fuelwood harvest to declines in tropical forest cover (Specht et al., 2015).
Conservationists warn that as long as rural communities depend on decreasing forests for
cooking fuel, biodiversity and carbon loss will continue unchecked (Asik & Masakazu, 2017;
Chowdhury et al., 2013).

Bangladesh is a highly populated developing country, covering an area of 1,47,570 sg. km.,
where forests occupy only about 12.8% of Bangladesh’s land area (Henry et al., 2021).
Bangladesh’s forests (=2.52 million hectares) provide most of the nation’s fuelwood, but
they are already under severe pressure. National surveys confirm that fuelwood is perceived
as scarce: roughly 70% of surveyed rural households report that firewood (fuelwood) is
becoming scarce due to degradation of homestead and village forests. Rising demand makes
this scarcity acute — the government’s Forest Master Plan projected a gap of several million
cm® of fuelwood in the near future (Hassan et al., 2013). Meanwhile, Bangladesh’s
population (now over 180 million) remains largely rural (60—70%) where access to electricity
and LPG is limited (Biswas et al., 2023). As a result, nearly 92% of rural households still
cook with biomass, especially fuelwood (BBS, 2022). In short, the energy used for cooking
in Bangladesh is heavily weighted toward traditional fuels, and its depleted forests struggle to
meet human needs.

Rural households typically burn a mixture of biomass fuels, but wood (fuelwood)
predominates (Biswas et al., 2023; Nandi & Nusrat, 2020). Field surveys in Bangladesh find
that most families use firewood (fuelwood) as their primary cooking fuel, supplemented by
other biomass (branches, leaves, rice straw, animal dung, etc.) when wood is scarce. For
example, Hassan et al. (2013) reported that villagers most commonly gather wood branches,
tree leaves, cow dung and agricultural residues, but that the preferred fuel due to higher heat
output remains wood. The extraction and use of biomass fuel vary throughout villages,
regions, and nations, and are shaped by the socioeconomic and demographic attributes of
households (Biswas et al., 2023). Income levels, Household size, Education level, Energy
alternatives, Cultural preferences and practices significantly influenced the dependency. In
Khulna District, Biswas et al. (2023) found that middle-income households actually used
more biomass fuel than either poor or rich households. This pattern reflects the “energy
stacking” phenomenon, where poorer households rely on freely collected or inexpensive
biomass, while wealthier households gradually adopt cleaner fuels such as gas or electricity,
often still using traditional fuels for some purposes. (Shankar et al., 2020).

In protected-area settings e.g., Rema-Kalenga Wildlife Sanctuary (RKWS), additional drivers
emerged, villagers adjacent to forests often have limited livelihood options beyond natural
resources. In case of Rema-Kalenga’s, (Shaheed et al., 2013) explicitly observed that high
forest dependency of local households may be due to the lack of alternative non-forest
income sources. Across Bangladesh’s PAs, poverty and population pressure are chronic
issues: Buck et al. (2007) note that communities in and around protected areas are typically
income-poor and experiencing above-average population growth, creating intense resource
pressure (Roy & DeCosse, 2006). Under such circumstances, fuelwood collection becomes a
default coping strategy, especially for landless or marginalized groups. Despite recognition
that RKWS communities depend heavily on fuelwood, guantitative studies on consumption
patterns and drivers remain scarce. A number of researchers have extensively analyzed
various aspects of biomass fuel in Bangladesh. (Bari et al., 1998) conducted a study on the
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supply and use of biomass energy in the villages of Mymensingh and Kishoreganj districts
using three different methods. Miah et al. (2003) assessed the use of biomass fuel among
rural households in the Chittagong area. Jashimuddin et al. (2006) conducted a study on the
use of biomass fuel and decision-making processes in the overlooked villages of Sawndip and
Noakhali Sadar upazila. Alam et. al., (2019) examined the use trends of biomass fuel in
households located in the northern region of Bangladesh. Much of the literature on RKWS
focuses on conservation management (e.g., ecotourism, co-management, and participatory
forestry), but few have studied how much wood local households use or why. As Asik and
Masakazu (2017) point out for Bangladesh in general, “There is a lack of research regarding
the impact of fuelwood harvesting on deforestation”. A thorough review of the relevant
scientific literature revealed that there are just a few studies on the use of fuelwood and the
drivers that shape that consumption.

The present study aims to fill this gap by (a) analyzing the consumption amount and patterns
of fuelwood among households adjacent to the sanctuary (e.g., per-capita use, sources &
types of fuelwoods), and (b) finding out the socioeconomic drivers that explain why some
households use more wood than others (e.g., monthly income, education, family size, age).

2. Materials and Methods

2.1 Study Area

The study conducted in villages in and around the Rema-Kalenga Wildlife Sanctuary
(RKWS), located within the Gazipur and Ranigaon unions of Chunarughat upazila in
Habiganj district. RKWS is an evergreen hill forest covering about 1,795 hectares, positioned
between 24°06'-24°14'N and 91°36'-91°39'E (BCAS 1997). The sanctuary is bordered by
India’s Tripura State on the south and east, the Kalenga Forest Range on the north and west,
and tea estates toward the southwest. The area is classified as part of the Sylhet Hills zones
and is specifically located inside the Tarap Hill Reserve Forest. Initially, 1095 hectares of this
forest were declared as a wildlife sanctuary in 1982. Later, in 1996, the sanctuary was
enlarged to include a total area of 1995 hectares, in accordance with the Bangladesh Wildlife
(Preservation) Order 1973 (Wikipedia, 2023). The sanctuary is divided into three beats,
which are tiny administrative entities of the Bangladesh Forest Department. These beats are
named Rema, Chanbari, and Kalenga (Chowdhury et al., 2013). The climate of the research
site is mostly tropical and humid, while the soils are described as ranging from clay to sandy
loam (Mollah et al. 2003, Rana et al., 2010). The sanctuary supports a wide variety of flora
and fauna, with 634 plant species and a total of 229 recorded animal species, including 167
birds, 7 amphibians, 18 reptiles, and 37 mammals (Uddin & Roy, 2007). Das (2015) reported
that nearly three-quarters of households in RKWS depended on collecting non-timber forest
products. The surrounding villages are home to Muslim and Hindu communities, along with
ethnic groups such as Tripura, Shantal, Urang, Kharia, Kurmi, Goala, Munda, and Bunargi.
Most residents rely on farming, and literacy levels in these communities remain relatively
low (Chowdhury et al., 2013; Rahman & Miah, 2017).
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Figure 1. Map of the study area

2.2 Data Collection and Analysis

A random purposive sampling approach was used, with villages (n=12) serving as the final
sampling units and households as the primary units of analysis. Villages named
Adarshanagar, Chanbari, Debrabari, Himelia, Krisnachara, Jamburachara, Lalkher,
Mannannagar, Officetilla, Reservetilla, Monogoliabari, and Shibir were randomly selected to
represent both tribal (Tribal) and non-tribal (Muslim and Hindu) communities. Data were
collected through a semi-structured questionnaire. Based on monthly household income,
households’ were categorized as low-income (<10,000 BDT), moderate-income (=10,000—
15,000 BDT), or high-income (>15,000 BDT). In total, 69 households were randomly chosen
for study. Daily fuelwood collection and consumption were recorded in local units and later
converted to kilograms (kg). A field survey was carried out at Rema-Kalenga Wildlife
Sanctuary (RKWS) over a 10-12 days period between December’23 and January’24.
Following household interviews, a paired-ranking exercise was carried out to determine
respondents’ preferred fuelwood species. Approximately one-third of respondents were
women, while men accounted for about 65%. In each village, a group discussion was held to
verify and validate the collected data.

Data preparation and analysis was performed using Microsoft Excel (2024) and R (4.2.2).
Descriptive statistics (mean, standard deviation, and percentage distribution) were used to
summarize household characteristics. The Shapiro-Wilk test was applied to check the
normality of continuous data, and since the data didn’t follow a normal distribution,
nonparametric methods were used for subsequent analyses. Spearman’s rank correlation
examined relationships between fuelwood consumption and predictor variables. Differences
in fuelwood consumption among income groups were assessed using the Kruskal-Wallis test,
followed by post-hoc pairwise comparisons with Bonferroni method. Multiple linear
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regression analysis was conducted to see the combined effect of socioeconomic and source-
related variables , incorporating household income, size, education level, and percentage
contributions of sources. All statistical tests were conducted at a 5% significance level (p <
0.05), and the results were presented through tables and figures for clarity.

3. Findings and Discussion

3.1 Fuelwood Consumption Quantity

All 69 surveyed households showed a strong dependence on fuelwood as their primary source
of domestic energy. The average daily per capita fuelwood consumption varied significantly
(p < 0.001) across income groups, showing a clear decreasing trend with increasing
household income (Table 1; Figure 2). The low-income group consumed the highest mean
consumption of 3.01 + 0.28 kg capita™ day', followed by 2.71 + 0.54 kg capita™ day*
among moderate-income group, and 2.00 £ 0.49 kg capita™! day ' among high-income group.
The overall mean consumption across all income group was 2.57 + 0.61 kg capita™ day'.
The overall mean consumption of 2.57 kg capita™ day ' observed in this study is higher than
several comparable findings, such as 2.03 kg capita™ day ' in rural Karnataka (Ranganathan
et al., 1993) and approximately 2.10 kg capita™* day' in rural northern Bangladesh (Ador et
al., 2020). The highest daily fuelwood usage on the Teknaf peninsula was 4.20 kg (Ullah,
2017). Because fuelwood moisture content wasn't always taken into account, this study's
finding is only an approximation and might not be correct in all cases.

Table 1. Average consumption quantity by the households’

Income Group Monthly Income (BDT) Fuelwood Quantity Used Fuelwood Quantity
Average Average Used Average
Low 8748 (£619) 3.01 (+£0.28)
Moderate 12339 (£996) 2.71 (£0.54) 2.57 (+0.61)
High 16604 (£811) 2.00 (+0.49)

The Kruskal-Wallis test confirmed a statistically significant difference in fuelwood
consumption among the income groups (y*> = 33.35, df = 2, p < 0.001). Pairwise Wilcoxon
comparisons with Bonferroni correction indicated that high-income group consumed
significantly less fuelwood than both moderate- (p < 0.001) and low-income group (p <
0.001), while the difference between low- and moderate-income group was not statistically
significant (p = 0.061). As illustrated in Figure 2, low-income households displayed the
highest median and narrow variation, indicating a consistent reliance on fuelwood across
families within this group. In contrast, the moderate-income group showed a slightly wider
spread, suggesting a gradual shift toward mixed energy use, while the high-income group
exhibited the lowest consumption and the widest variation, reflecting greater access to
modern fuels such as LPG and electricity. Similar methodological approaches were adopted
by Akther et al. (2010), Hassan et al. (2012), and Alam et al. (2019), confirming that
household income is a dominant determinant of fuelwood consumption.
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Figure 2. Fuelwood consumption across income groups
3.2 Types of fuelwoods used

Respondents reported the use of various biomass materials, mainly tree stems and branches,
for household energy needs, which was also reported by Jashimuddin et al. (2006),
Asaduzzaman et al. (2010), and Miah et al. (2010). Income level strongly influenced the type
of fuelwood consumed. Low-income group primarily relied on branches (69.92 + 1.33%)
rather than stems (30.08 + 1.33%), while high-income households used a greater proportion
of stems (70.41 + 1.37%) compared to branches (29.59 + 1.37%) (Table 2). Moderate-income
group showed a balanced pattern, with stems (49.13 £ 1.02%) and branches (50.87 £+ 1.02%)
contributing almost equally to total fuelwood use (Table 2). The current study's findings
differ somewhat from those of Miah et al. (2003), which found that low-income households
ingested just 2% of stems while high-income households consumed 78%.

A strong positive relationship was observed between monthly household income and the
proportion of stems used (R? = 0.84) (Figure 3), while a negative relationship was found for
branches (R? = 0.84) (Figure 4). This indicates that households with higher income tend to
use a greater share of stemwood, reflecting their better access to purchased or higher-quality
fuelwood sources. Kruskal-Wallis tests indicated significant differences among income
groups for both stem (¥* = 59.89, df = 2, p < 0.001) and branch use (y*> = 59.89, df =2, p <
0.001) (Table 2). Pairwise comparisons revealed that all income groups differed significantly
(p < 0.001), implying that as income rises, households shift from lower-quality, easily
accessible branches to stems.

These findings align with those of Jashimuddin et al. (2006), Asaduzzaman et al. (2010), and
Miah et al. (2003), who noted that wealthier households tend to use stemwood due to
affordability and access to purchased fuelwood, while poorer households depend mainly on
branchwood collected from nearby forests and homesteads. Stems are denser and provide
higher energy per unit, making them more efficient, but their collection is often restricted,
compelling low-income households to rely on smaller branches or residues (Chowdhury et
al., 2013). The mixed use of stems and branches among moderate-income households reflects
both market access and resource availability.
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Table 2. Percentage contribution (mean + SE) of different fuelwood types (Stems and
Branches) across income groups and Kruskal-Wallis test results

| Variable | Income Group | Mean = SE (%) | v | p-value |
Stems Low 30.08 £1.33 59.89 <0.001%*
Moderate 49.13 £ 1.02
High 70.41 +£1.37
Branches Low 69.92 +1.33 59.89 <0.001*
Moderate 50.87 £1.02
High 29.59 +1.37

Note: Values are presented as mean = standard error. Significant differences (p < 0.05) were
found among all income groups (Bonferroni-adjusted Wilcoxon test).

@
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Figure 3. Relationship between monthly income and stems consumption

Branches Consumption (%)

[
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Figure 4. Relationship between monthly income and branches consumption

3.3 Sources of fuelwood

Fuelwood was obtained mainly from three sources: forests, markets, and homesteads. The
relative contribution of sources varied significantly with household income. Kruskal-Wallis
tests confirmed significant differences among income groups for all sources of fuelwood
(forest: ¥*=60.46, df=2, p<0.001; market: ¥>*=60.12, df=2, p<0.001; homestead:
v=44.79, df=2, p<0.001) (Table 4). Pairwise Wilcoxon tests showed that forest and
market dependency varied significantly across all income categories, while homestead
sourcing differed mainly between low- and high-income households.
households relied predominantly on forest sources (71.8 +3.88 %), with limited dependence

Low-income
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on markets (11.5+2.87 %) and homesteads (16.6+3.66 %). Moderate-income households
collected 39.2 £3.55 % from forests, 33.4+3.77 % from markets, and 27.6 +3.67 % from
homesteads. High-income households sourced the least from forests (23.1+3.46 %) but
relied more heavily on markets (47.0 £3.54 %) and homesteads (29.9 +3.48 %) (Table 4).
The boxplot (Figure X) visually supports these statistical results, with distinct letter
groupings indicating significant differences among income categories.

1004 a

Source
E Forest

E Market
Homestead

504

Dependency (%)

251

Low Moderate High
Income Group

Figure 5. Fuelwood Source Composition by income group

The overall pattern of forest (44.7%), market (30.5%), and homestead (24.8%) (Calculated
from Table 3) contributions resembles the findings of Ador et al. (2020) from northern
Bangladesh, indicating a progressive shift from direct forest extraction toward purchased
fuelwood as income increases. The decline in forest dependency among higher-income
households may reflect both improved purchasing power and compliance with forest-use
restrictions. The growing reliance on market-purchased wood suggests an emerging informal
trade in fuelwood within local communities. This pattern indicates a clear shift from forest
dependency toward market and homestead sources as household income increases, reflecting
changes in accessibility and purchasing power.

Table 3. Sources (%) of fuelwood used by the households

| Variable | Income Group I Mean + SE | ¥ | df | p-value | Significance |
Forest source (%) Low 71.8 £3.88 60.46 2 <0.001 wAK
Moderate 39.2+3.55
High 23.1+£3.46
Market source (%) Low 11.5+2.87 60.12 2 <0.001 oAk
Moderate 33.4+3.77
High 47.0+3.54
Homestead source (%) Low 16.6 £3.66 44.79 2 <0.001 *A*
Moderate 27.6 +3.67
High 29.9 £3.48

Note: Results are based on Kruskal-Wallis rank sum tests (non-parametric). ***p < 0.001
indicates highly significant differences among income groups.

881



https://www.iksadkongre.com/inecpac

PLATFORM

International Nature & Environment Conservation and Protected Areas Congress
October 29 30-31, 2025, Demre (Antalya, Tiirkiye)
https://www.iksadkongre.com/inecpac

3.4 Fuel Collectors

Men represented 56% of the total fuelwood collectors, followed by women (32%) and
children (12%) (Figure 6). The gendered pattern of collection observed here is consistent
with findings from Miah et al. (2003) and Alam et al. (2019). The physically demanding and
time-intensive nature of forest collection makes it a male-dominated task, while homestead
collection and processing of smaller branches are typically handled by women and children.
Men primarily collected fuelwood from forests and markets, while women and children
collected smaller quantities from homestead areas and nearby surroundings. Distance to
collection sites was also considered an indicator of resource availability in the study area.
This division of labor highlights the socio-cultural dynamics of household energy acquisition
in rural Bangladesh.

Children - 12%

Male 56%

0% 20% 40% 60%

Figure 6. Collectors of the fuelwood

3.5 Drivers of the fuelwood consumption pattern

The relationship between household characteristics and per capita fuelwood consumption was
examined using both bivariate and multivariate analyses. Fuelwood consumption showed a
strong negative correlation with monthly income (p = -0.61) and a positive correlation with
household size (p = 0.54) (Figure 7). The strong negative relationship with income and
positive association with household size are consistent with Miah et al. (2003) and Alam et
al. (2019). Similarly, fuelwood consumption was positively associated with forest
dependency (p = 0.67) and negatively associated with market dependency (p = -0.67),
suggesting that low-income households with larger families relied more on forest sources for
meeting their energy needs.

The Kruskal-Wallis test confirmed a significant difference in fuelwood consumption among
income groups (x* = 33.35, df =2, p < 0.001). Pairwise Wilcoxon comparisons showed that
low-income households consumed significantly more fuelwood than both moderate (p =
0.00015) and high-income groups (p < 0.001), while the difference between moderate and
high groups was less pronounced (p = 0.0609).

Education level also had a significant effect on fuelwood consumption (> = 16.20, df =3, p =
0.001). Post-hoc analysis showed that households with no formal education consumed more
fuelwood than those with primary education (p = 0.00044), whereas higher education levels
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did not differ significantly from the secondary or primary groups. These findings indicate that
education contributes to awareness and adoption of alternative energy sources.

Forest_Source

Household_Size

Homestead_Source

Variables

Monthly_Income_BDT

Market_Source

04 0.0 04
Correlation Coefficient (p)

Figure 7. Spearman correlation of fulwood consumption with key variables

A multiple linear regression model was constructed to assess the combined effects of
socioeconomic and source-related variables on per capita fuelwood consumption. The model
explained approximately 72% of the total variation in consumption (R? = 0.72, Adjusted R? =
0.67, p < 0.001) (Table 4). Among the predictors, household size (B = 0.183, p < 0.001),
income group (f = 0.95-2.00, p < 0.05), and to some extent forest, market, and homestead
sources (p = 0.08-0.10) had notable influences. Households with larger family sizes and
lower incomes tended to consume higher amounts of fuelwood. Education level, monthly
income alone, and age of household head were not statistically significant in the model,
suggesting that consumption behavior is shaped more by access to energy sources and family
size rather than individual education or income alone.

In sum, these results indicate that socioeconomic status and household composition play
dominant roles in determining fuelwood dependency, while access to different sources
(forest, market, homestead) further shapes consumption patterns.

Table 4. Drivers affecting household fuelwood consumption

Predictor ‘ Estimate (j3) | Std. Error | t value ‘ Significance ‘
(Intercept) -24.52 13.98 -1.75 0.084
Monthly Income (BDT) 0.000070 0.000055 1.28 0.206
Household Size 0.183 0.044 4.21 <0.001 ***
Income Group (Low) 2.000 0.831 241 0.019 *
Income Group (Moderate) 0.950 0.356 2.67 0.010 **
Education Level (None) -0.071 0.143 -0.50 0.620
Education Level (Primary) 0.291 0.152 1.92 0.060
Education Level (Secondary) 0.149 0.160 0.93 0.356
Forest Source (%) 0.235 0.141 1.67 0.100
Market Source (%) 0.248 0.140 1.77 0.082
Homestead Source (%) 0.249 0.139 1.80 0.078
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3.6 Species preferences for fuelwood

A total of 19 tree species were identified as commonly used for fuelwood in the study area.
Species preference scores ranged from 1 - 10, where higher values indicated greater
preference (scores near 9). The most preferred species included Acacia auriculiformis,
Albizia saman, Swietenia macrophylla, and Syzygium spp. Native species accounted for
approximately 78% of total use, while exotic plantation species comprised about 22%,
mainly from degraded areas restored by the Forest Department.

-
o

(3,
o

Preference Score (1-10)

0.0

Tree Species

Figure 8. Preference level of tree species for fuelwood

The preference for specific species can be attributed to factors such as burning efficiency,
ease of splitting, low smoke production, and local availability. Species such as Acacia
auriculiformis and Albizia saman are fast-growing and widely planted by both households
and the Forest Department, ensuring consistent supply. Similar preferences were reported by
Chowdhury et al. (2013) and Alam et al. (2019) in nearby forest areas, reflecting local
adaptation and continuity in species selection.

4. Conclusion

Finally, this study makes one thing clear: households’ living around Rema-Kalenga Wildlife
Sanctuary (RKWS) still rely heavily on fuelwood, and their economic status shapes almost
every part of that dependency. Every household uses fuelwood more or less, but in different
pattern. Low-income households use the most, depend largely on forest branches, and have
very few realistic alternatives. As income rises, households’ go for less fuelwood and shift
toward purchased stemwood from local markets or from homestead sources. The pattern
forms a steady gradient; those with the least money lean most on the forest because it’s the
only feasible option they can afford. The statistical results back this up. Fuelwood use falls as
income increases and rises with household size. Forest dependency strongly predicts higher
consumption. Species choices also reflect a mix of practicality and availability, with fast-
growing species like Acacia auriculiformis, Albizia saman, and Swietenia macrophylla
topping the list.

In together, the findings show that the pressure on RKWS is driven less by preference and
more by necessity. If conservation goals are going to hold, the communities who rely on
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these forests need alternative energy options and better support. Expanding access to
affordable clean fuels, encouraging small-scale woodlot planting, and effective community-
based management could ease the pressure on the forest while improving households’ well-
being.
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Abstract

Creating an inventory of monumental mosques, valuable elements of religious and cultural architectural
heritage, is crucial for the preservation of cultural heritage. Understanding the design principles and
environmental impacts of monumental mosques is also important for designers. In this context, this study
investigates the life cycle environmental impacts of monumental mosques constructed in Konya during the
Anatolian Seljuk period. Monumental religious buildings are systematically examined within the framework of
life cycle assessment, an environmental management tool. The study area is Konya, which has hosted numerous
civilizations throughout its history. The architectural design properties of the mosques are documented, and the
relationship between their design properties and their life cycle environmental impact is evaluated. The findings
demonstrate that monumental mosques, with their traditional construction techniques and design features, are of
great importance in terms of environmental impact.

Keywords: Monumental mosques, environmental impact, life cycle assessment, Anatolian Seljuk Period.
1. Introduction

Monumental mosques have great importance in terms of religious and cultural architectural
heritage. Creating an inventory of these buildings is important for the protection of cultural
heritage. At the same time, understanding the design principles of monumental mosques and
their environmental impacts throughout their life cycles is inspiring for designers today. In
this respect, this study investigates the environmental impact of monumental mosques built in
Konya during the Anatolian Seljuk period. Monumental religious buildings are examined in
terms of their environmental impacts through life cycle assessment, a tool for environmental
management. Life cycle assessment is a powerful environmental management tool that can be
used to analyze the impacts of buildings on the environment in an integrated and systematic
manner (Fay & Treolar, 2003; Cabeza et al., 2014; Simonen et al., 2017; Su et al., 2017; Zuo
etal., 2017; Azari & Abbasabadi, 2018).

Mosque architecture is a significant factor in determining the overall experience of
worshippers in a mosque. Studies emphasize the importance of considering both the technical
and sustainability aspects of mosque architecture (Abed Yahya & Samad, 2015; Azmi &
Kandar, 2019; Mat Sobri et al., 2021). It is important to provide interior comfort in mosques
using sustainable methods and to evaluate architectural design properties in light of
environmental sustainability. In this context, the design of a sustainable mosque should
carefully examine environmental strategies that ensure optimal resource utilization.
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Konya has been one of the most important centers of Turkish-Islamic culture and art in
Anatolia throughout its history. The city has preserved its importance for many years as the
capital of the Anatolian Seljuk Civilization and as it is one of the important state centers of
the Ottoman Empire. In this respect, in this study, monumental mosques built in the Anatolian
Seljuk Period in Konya are handled. Architectural design properties of monumental and
historical mosques are evaluated within the framework of the life cycle assessment.

2. Materials and Methods

In the study, firstly, Life Cycle Assessment systematics is defined, and the relationship
between LCA systematics and monumental historical buildings is explained. In the study, data
from the Scientific Research Project (BAP) titled “Research on the Comfort Parameters and
Energy Efficiency of the Monumental Architectural Heritage, Seljuk-Ottoman Period” was
completed at Mimar Sinan Fine Arts University. Architectural design properties of the
Monumental Mosques of the Anatolian Seljuk Period are systematically explained in light of
the data within the scope of the scientific research project. The architectural design properties
of monumental mosques are systematically explained. Anatolian Seljuk Mosques are
analyzed in line with life cycle environmental impact parameters, and evaluations are
explained

3. Findings and Discussion

Life Cycle Assessment Principles and System Boundaries defined in EN 15978:2011
(European Committee for Standardization, 2011) are shown in Table 1.

Table 1. Life Cycle Assessment Principles and System Boundaries in EN 15978:2011
(European Committee for Standardization, 2011)

Benefits and Loads

Production Stage Construction Stage Use Stage End-of-Life Stage e e S TET
A1: Raw Materials A4: Construction- B1: Use C1: Deconstruction,
: q o Reuse
Supply installation demolition
A2: Transport A5: Transport B2: Manufacturing C2: Transport
Recovery
A3: Manufacturing B3: Repair C3: Waste process for

reuse Recycling Potential

B4: Replacement C4: Disposal
B5: Refurbishment

B6: Operational
energy use

B7: Operational water
use

The Sems Tebrizi Mosque, built in Konya during the Anatolian Seljuk Period, is included in
the scope of the study. The Sems Tebrizi Mosque is located in the central Karatay district of
Konya. The building, which dates back to the 13th century, was built using the masonry
technique. Images of the Sems Tebrizi Mosque are shown in Figure 1, and the architectural
design properties of the mosque are systematically explained in Table 2.
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Figure 1. a) Sems Tebrizi Mosqué, b) The Mosque’s Elevation, ¢) The Mosque’s Plan, d) The
Mosque’s Section (Created by the authors, 2019)

Table 2. Sems Tebrizi Mosque Architectural Design Properties

Period 13th Century, Seljuk Period
Top Cover Rectangle
Plan Organization Three Spaces
Top Cover Pitched Roof
Building Order Detached Order
Total Area of Mosque 2
2 271 m
m
Masjid height (h) 12.30 m
Bond Technique Masonry Wall
Material Stone
Openings Windows ratios are 1/2.
Wall Wall Thickness 100 cm
South 6.07
Window-Wall
Ratio (%) North 4.05
East 5.43
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West 4.06
Flooring Material Wood flooring
Bond Technique Wooden construction, pitched roof
Material Plumbing
Top Cover
Openings There are no openings.
Size (Diameter/Thickness) *
Bond Technique Masonry
Minaret
Material Cut-stone

In this study, the Sems Tebrizi Mosque is evaluated in terms of operational and embodied
loads. Operational loads include operational energy and carbon emissions. The mosque's plan
typology and top cover properties are suitable for Konya, which is located in a moderate-dry
climate zone. Its detached order is important for operational loads, as it benefits from or
protects against solar radiation gain and wind effects. Regarding building materials, the wall
material and thickness have thermal mass properties. This property positively affects the
building's heating and cooling performance and total energy load. Directional opening ratios
are also important factors in terms of energy load.

Embodied loads include the embodied energy and carbon emissions associated with material
production, construction, maintenance and repair, and end-of-life phases. The use of local
materials in material production is crucial for its lifecycle environmental performance. This
mosque building, which has stood for centuries and has not yet reached its end-of-life phase,
offers significant environmental advantages in terms of material production, construction
modules, and maintenance and repair factors. Furthermore, based on data obtained as part of
the scientific research project, it can be clearly stated that monumental Konya mosques are
energy-efficient buildings in terms of operational energy values.

As a result, historic and monumental mosques, valuable elements of cultural and architectural
heritage, are of great importance in terms of their lifecycle environmental performance. They
are environmentally friendly buildings with traditional architectural design properties and
serve as inspiration for today's designers. Many parameters, such as the use of local materials,
long-lasting materials, and shell designs with thermal mass or high performance, serve as
valuable examples.

4. Conclusion and Recommendations

In this study, historical and monumental architectural heritage elements of the Anatolian
Seljuk Period Konya mosques are investigated in terms of life cycle environmental
sustainability. Traditional architecture has a sustainable design approach that adapts to the
environment. Traditional architecture incorporates sustainable features that consider the
climate, topography, and natural environment.

The findings show that monumental mosques with their traditional construction techniques
and design properties have great importance in terms of environmental impact. The findings
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show that traditional mosques have architectural designs, construction techniques and
material characteristics that adapt to the climate and environment.

Traditional buildings, with their unique and valuable features, can serve as a reference for
today's architecture and help modern buildings survive for a long time. Traditional
architectural methods can offer creative solutions and provide answers to today's energy
challenges. Considering that mosques today are constructed of reinforced concrete, this study
can be said to shed light on this issue for designers. Furthermore, while research on this topic
is limited, it is also a valuable contribution to the literature.
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Abstract

This study aims to evaluate the conservation of cultural heritage in the Demre region and its integration into
tourism through the relationship between single-building transformations and physical renewal projects. In the
city center, the gradual thinning of architectural heritage at the building scale and the limited continuity of the
residential fabric make it necessary to construct a conservation strategy not around an ‘extensive urban fabric,’
but around a small number of buildings and focal points. Methodologically, a literature review was conducted
alongside a descriptive analysis of photographs from selected field cases, and a thematic evaluation was carried
out under the headings of single-building transformation, physical renewal, and tourism impact.

The findings indicate that tourism impact concentrates around strong attraction nodes such as the Myra
Archaeological Site and the Church of St. Nicholas. In contrast, the limited heritage stock in the city center,
including houses that continue their residential function after renewal, the Bayraktar Mansion, a house in the
bazaar area, and an underused house near Santa Claus Square, remains insufficiently integrated into the visitor
experience. Although renewal and adaptive reuse at the residential scale are observed, the qualitative threshold
of interventions and the continuity of use constitute a critical area of discussion.

By proposing a layered ‘heritage network’ that links visitor flows to ancient and religious heritage nodes with
the city center and nearby traditional settlements, the study offers an applicable framework that strengthens
sustainable tourism and cultural heritage management together through physical renewal instruments such as
pedestrian connections, wayfinding, and public-space improvements.

Keywords: Demre, cultural heritage, single-building transformation, physical renewal, sustainable tourism
Introduction

Cultural heritage is among the most fundamental values that sustain societies’ identity, sense
of belonging, and historical continuity. It also plays a decisive role in the formation of
collective consciousness. In this context, the conservation of cultural heritage has today
become a major field of debate at both national and international levels.

At the current point reached by conservation thinking, the scope of what requires protection
has expanded beyond buildings to include the broader set of values and meanings as well
(Degirmenci and Koskliik Kaya, 2020). Dynamics such as globalization, urbanization,
tourism, and economic pressures make it necessary to develop new approaches and strategies
for safeguarding cultural heritage (Ertrk, 2020). For this reason, the place of cultural heritage
within contemporary conservation debates emerges as a multidimensional issue that must be
addressed within the principles of sustainability and participatory governance. Sustainable
tourism approaches refer to a holistic planning and management perspective aimed at
balancing tourism’s environmental, economic, and socio-cultural impacts.

In cultural heritage conservation, sustainability is one of the main headings of current
discussions. Sustainable cultural heritage management aims to maintain, over the long term,
the relationship between cultural heritage, society, and the environment (Okstiz Kusg¢uoglu

895


https://www.iksadkongre.com/inecpac
mailto:sertasbesir@akdeniz.edu.tr

PLATFORM

International Nature & Environment Conservation and Protected Areas Congress
October 29 30-31, 2025, Demre (Antalya, Turkiye)
https://www.iksadkongre.com/inecpac

and Tas, 2017). In this process, local governments assume an important role as the first
competent authorities responsible for the protection of historical and cultural assets in their
regions (Basmaci, 2017). The participation and support of local residents are critical to the
implementation of sustainable tourism approaches.

The relationship between tourism, conservation, and local development occupies a central
position in today’s debates on sustainable development. Tourism’s role in local development
is not limited to economic returns; through its social, cultural, and environmental effects, it
directly influences local communities’ quality of life and identity. Studies show that,
alongside stimulating the local economy, tourism also has a transformative impact on social
and cultural structures (Kiligoglu and Yildiz, 2018).

Cultural tourism, by valorizing cultural and historical assets through tourism, both generates
economic input and contributes to the conservation and visibility of cultural heritage
(Davutoglu and Erol, 2023). However, unplanned and intensive tourism activities bring risks
such as excessive commercialization, detachment from context, and loss of authenticity
(Soylu and Sahin, 2023; Alpan and Danisik, 2024). Therefore, the tourism—conservation—local
development relationship needs to be addressed through a holistic approach aligned with
sustainability principles. The success of sustainable tourism policies is directly associated
with inter-stakeholder cooperation, a participatory governance approach, and attention to
carrying capacity (Varol, 2020).

The conservation of cultural heritage is a multidimensional process shaped by sustainability,
participatory governance, the role of local governments, and the impacts of tourism. The
balance between safeguarding cultural and natural heritage and supporting local development
can be achieved by viewing tourism not as an end in itself but as a planned, holistic tool. This
general framework makes it necessary, in destinations such as Demre with multi-layered
heritage values, to re-establish the conservation—use balance through spatial instruments.

In Demre, the gradual thinning of architectural heritage at the building scale within the city
and the limited continuity of a residential fabric mean that strategies for conservation and
integration into tourism should be formulated not through an “area-wide, extensive fabric,” but
through the limited number of remaining buildings and focal points. Within this framework,
the Myra Ancient City and the Church of St. Nicholas (Santa Claus) in Demre, which form
the area’s strong heritage cores, are approached not only as standalone visitor sites but also as
the backbone of a ‘layered heritage route’ together with the city’s limited number of Ottoman-
period buildings and adaptive-reuse examples that raise qualitative concerns. The research
positions single-building transformation not as a preference but as a necessary strategy in a
context where architectural continuity has weakened, and it seeks answers to the following
questions: How can a single-building transformation approach spread the strong attraction
power generated by Myra and the Church of St. Nicholas into the urban fabric? How can
Ottoman traces, although few in number yet high in representational value, be turned into
meaningful stops through high-quality adaptive reuse? And how can physical renewal
projects strengthen sustainable tourism by linking these focal points through pedestrian
connections, wayfinding and interpretation elements, public-space improvements, and
carrying-capacity management? In doing so, the risk of ‘over-concentration at a single point’
in Demre is reduced; the visitor experience is diversified; cultural layers become more
legible; and the limited building stock is transformed, through well-designed single-building
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transformations, into a conservation-tourism network whose impact expands at the urban
scale.

2. Conceptual and Theoretical Framework
2.1. The Concepts of Cultural Heritage and the Historic Environment

The concepts of cultural heritage and the historic environment are today addressed through an
interdisciplinary approach and are among the fundamental elements that shape societies’
identity, sense of belonging, and historical continuity. The concept of cultural heritage is not
limited solely to tangible assets that bear traces of the past; it also encompasses knowledge,
skills, traditions, customs, and rituals embedded in social memory and transmitted from
generation to generation (Lenzerini, 2011). The historic environment refers to the areas where
this heritage becomes tangible on a spatial plane and where traces of the past are integrated
into contemporary life.

The scope of the cultural heritage concept has expanded over time in parallel with changing
conservation approaches. Particularly with the rise of conservation awareness in the twentieth
century, it has been acknowledged that cultural heritage is not confined to buildings alone but
also includes a broader set of values and meanings (Degirmenci and Kosklik Kaya, 2020).
UNESCO’s 1972 Convention Concerning the Protection of the World Cultural and Natural
Heritage and the 2003 Convention for the Safeguarding of the Intangible Cultural Heritage
represent major turning points in framing cultural heritage as a whole related to social
memory and identity beyond structural elements (Degirmenci and Koskliik Kaya, 2020).

Today, the conservation and sustainability of cultural heritage are evaluated not merely as a
technical matter but as a holistic management process addressed through social, economic,
and environmental dimensions. The cultural heritage management approach aims to consider
and implement all phases of historic environment conservation within an overall management
process. In this context, it is emphasized that conservation principles should be prioritized,
and that site-specific research and analysis models, along with parameters such as budget,
feasibility, and effectiveness, are decisive (Altindrs Cirak, 2021).

The concept of sustainability in cultural heritage conservation aims to ensure the continuity of
the relationship between cultural heritage, society, and the environment not only for the
present but also for future generations. In this direction, participatory approaches seek to
integrate cultural heritage with social life, contribute to economic and social development,
and protect the integrity of heritage value throughout use processes (Oksiiz Kuscuoglu and
Tas, 2017).

2.2. The Concepts of Single-Building Transformation and Adaptive Reuse

The concept of transformation is often addressed in different disciplines primarily at
collective and macro scales. However, processes of change that occur at an individual, object-
specific, or micro scale are handled under the concept of single-building transformation,
offering a distinct analytical framework. Studies in the literature on urbanization and urban
transformation show that transformation is generally evaluated through social, environmental,
and economic dimensions, while the effects at the scale of a single parcel or building often
remain in the background (Kartal and Kartal, 2020; Tekedar and Polat, 2020).

Single-building transformation is particularly important in historic environments for
analyzing how building-scale interventions affect spatial integrity and cultural continuity. In
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this regard, adaptive reuse and adaptable reuse approaches stand out as one of the most
prominent fields of application for single-building transformation.

Adaptive reuse refers to a building acquiring a new function after losing its original one,
while preserving its existing physical and cultural values. This approach is identified as a key
strategy for integrating historic buildings into contemporary urban life and ensuring cultural
continuity (Ozgakir, 2023; Zaarir et al., 2025). Adaptable reuse, within the framework of
sustainability, aims to adapt buildings to contemporary uses while conserving architectural,
economic, social, and cultural values (Kapoor and Yadav, 2024). In Turkiye, the adaptive
reuse of historic buildings for functions such as museums, cultural facilities, or public use
contributes both to the preservation of architectural fabric and to urban and cultural life
(Selimoglu and Halag, 2023; Engin, 2024).

In the adaptive reuse process, the selection of the new function, the compatibility of spatial
interventions with the original structure, and their reversibility are critical to preserving the
building’s identity (Korkut and Erarslan, 2020). In addition, energy efficiency and
environmental sustainability criteria are considered important for the long-term viability of
the contemporary use of adaptively reused historic buildings (Bal¢ik and Yamagli, 2022).

Single-building transformation and adaptive reuse approaches constitute the core theoretical
framework that enables building-scale interventions in historic environments to be evaluated
within the context of sustainability, cultural continuity, and spatial integrity.

3. Materials and Method
3.1. Method

This research is a qualitative, descriptive, and interpretive study that evaluates the
conservation of cultural heritage in the Demre region and its integration into tourism through
the axes of “single-building transformation” and “physical renewal.” The study does not
employ quantitative measurement, surveys, or interviews; instead, the evaluation is structured
around a literature review and a photograph-based spatial reading.

3.1.1. Research Design

The research follows a two-layer design. In the first layer, a theoretical framework is
established around conservation, sustainable tourism, cultural heritage management, adaptive
reuse, and single-building transformation. In the second layer, heritage nodes and settlement
fragments in Demre are read through photographs, and the current condition, transformation
practices, and physical renewal needs are assessed. In this way, “general theory” and *“local
spatial conditions” are addressed within a single framework through the following
components:

e Literature sources: Secondary sources such as academic publications, theses,
research reports, and legislation-based references.

e Photographs: Photographic records that make heritage nodes in Demre and their
immediate surroundings visible. The photographs are approached through a logic of
“core zone, transition zone, and urban link,” in order to capture the relationship
between the building scale and the environmental context.
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3.1.2. Data Analysis and Evaluation Framework

The literature review is conducted thematically in order to define the study’s conceptual
keywords and evaluation criteria. Photographs are assessed by classifying frames that make
the spatial condition legible, including the physical condition of buildings, patterns of use, and
the state of the surrounding environment.

The data are analyzed using a descriptive analysis approach. By matching themes derived
from the literature with findings read from the photographs, three main lines of inquiry are
established:

1. Reading single-building transformation: The qualitative level of building-scale
interventions (adaptive reuse, small-scale repair or improvement, change of use) and
their impact on the surroundings.

2. Reading physical renewal: The spatial performance of the area’s relationship with
tourism, assessed through pedestrian continuity, public-space quality, environmental
arrangement, wayfinding and interpretation, and traces of basic infrastructure.

3. Reading tourism impact: How strong attraction nodes (for example, ancient and
religious heritage sites) and the limited architectural traces within the city together
produce an experience, and the spatial indicators of the risk of “over-concentration at a
single point.”

3.2. Materials
3.2.1. Demre’s Historical and Cultural Structure

Demre is a district in Tiirkiye’s Mediterranean Region, located in the west of Antalya
Province, and stands out with its multi-layered historical and cultural heritage. Its integrated
character, shaped by ancient cities, religious buildings, traditional ways of life, and the natural
environment, places Demre in a distinctive position within Anatolia’s cultural heritage
geography.

Demre’s historical development can be read through the ancient city of Myra. As one of the
important settlements of the Lycian civilization, Myra constitutes a core component of the
region’s archaeological heritage. In addition, the Church of St. Nicholas is one of Demre’s
internationally recognized religious and cultural heritage sites and functions as an important
center in the history of Christianity (Findik, 2015). These sites demonstrate that Demre
contains not only local but also universal cultural values.

Demre’s cultural structure is not limited to archaeological heritage; it also exhibits an
integrated character with the region’s natural environment and economic activities. In
particular, greenhouse agriculture, as one of the main elements of the local economy,
influences traditional ways of life and spatial organization. The use of natural resources and
environmental conditions plays a decisive role in shaping Demre’s socio-cultural structure
(Avcietal., 2019).

Elements of intangible cultural heritage also occupy an important place in Demre’s cultural
identity. Local language and dialect features have been preserved due to the area’s geography
and relatively limited external migration. This linguistic continuity makes the intangible
dimension of Demre’s historical and cultural continuity visible (Boliik, 2022).
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Demre’s natural and cultural values also shape its tourism potential. In addition to sea-sand-
sun tourism, cultural and natural routes such as the Lycian Way make Demre attractive in
terms of alternative forms of tourism. This potential, jointly offered by the natural
environment and cultural heritage, contributes to Demre’s economic and social sustainability
(Zaymm et al., 2022). Demre has a multidimensional cultural structure through its ancient
cities, religious buildings, traditional production practices, linguistic features, and natural
environment. This holistic structure makes the protection and sustainable valorization of
Demre a necessity in terms of local development policies.

3.2.2. The Relationship Between Tourism and Settlement in Demre

Demre is a distinctive geography where ancient areas, traditional settlements, and a rural-
spatial structure coexist. This settlement fabric carries traces of different civilizations through
historical processes and is currently undergoing transformation under the influence of
tourism. This relationship between tourism and settlement requires a holistic assessment,
especially in terms of the conservation—use balance.

Rural areas that developed around ancient and traditional settlements in Demre historically
displayed an integrated structure with modes of production and living. It is emphasized that
ancient settlements evolved through spatial and economic interaction with surrounding rural
areas, and that this condition determined settlement continuity (Aydinoglu, 2020; Aydinoglu,
2021). Today, however, this holistic structure has entered a process of transformation under
the spatial pressures created by tourism.

Linking traditional settlement areas with tourism offers significant potential for making
cultural heritage visible and supporting local economic dynamism. It is noted that integrating
traditional settlements into tourism while conserving their architectural and environmental
values contributes to socio-economic sustainability (Akyildiz et al., 2020). Conversely,
unplanned and identity-less construction stands out as one of the major problems threatening
traditional settlement fabric.

The conservation of rural settlements is important not only in terms of architectural values but
also for the sustainability of local ways of life. Studies conducted across Turkiye show that
traditional rural houses are compatible with local materials and production methods, whereas
contemporary unplanned construction damages this authenticity. Therefore, inventory studies
and holistic approaches are necessary for the conservation of rural settlements (Oztiirk and
Akin, 2025). In this context, rural tourism can be considered a strategic tool for strengthening
the tourism-settlement relationship in Demre in a sustainable manner. It is stated that rural
tourism creates income and employment opportunities for local people and contributes to the
conservation of traditional settlements (Civelek et al., 2014). Planning this process in line
with sustainability principles by local governments is important for managing the tourism-
settlement relationship in a balanced way (Giiven and Dilger, 2016).

4. Findings and Discussion
4.1. The Need for Building-Scale Conservation and Renewal in Demre

Demre is an important destination exposed to intense tourism pressure due to its natural and
cultural heritage values. Ancient cities, religious buildings, and natural landscape areas place
Demre at the forefront of cultural tourism. However, this rich heritage faces multidimensional
problems such as physical deterioration, loss of function, and uncontrolled tourism pressure.
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Within this framework, it is important to interpret “tourism pressure” not only through visitor
numbers, but also through traces of wear in space and patterns of concentrated use.

Physical deterioration is one of the main problems threatening the integrity of historic
structures in Demre. The corrosive effects of time, natural conditions, and human
interventions may cause historic buildings to lose their original qualities. This makes it
necessary to address conservation and renewal efforts in a systematic and holistic manner.

Loss of function is a secondary problem observed in a significant portion of historic buildings
in Demre. The adaptive reuse approach aims to refunction historic buildings in line with
contemporary needs, thereby ensuring both their conservation and their economic
sustainability (Zaarir et al., 2025). At this point, many buildings in Demre remain underused.
Some of them have undergone functional change largely for accommodation purposes by the
property owners. This approach provides a theoretical ground that frames the condition of
transformation practices to be implemented at the scale of single buildings in Demre.

Tourism pressure, particularly during certain periods, leads to overuse and spatial wear in
Demre. Unplanned tourism activities can produce negative impacts on both natural areas and
cultural heritage. Therefore, sustainable tourism management and site conservation strategies
need to be developed. The presence of alternative tourism types such as the Lycian Way,
camping, and caravan tourism offers significant potential for Demre, yet this potential must be
planned within sustainability principles (Zaymm et al., 2022). Accordingly, the problem in
Demre is not the existence of tourism itself; rather, it is the concentration of visitor flows at a
limited number of focal points and the weakness of the relationship between this
concentration and the city’s limited heritage traces.

In conservation and renewal processes, the participation of local residents is a decisive factor.
Studies show that involving local communities strengthens awareness of cultural heritage
conservation and supports sustainable tourism practices (Nguyen, 2025). In Demre as well,
the success of conservation and renewal policies is directly related to the active participation
of local residents. The need for conservation and renewal in Demre stems from locality-
specific problems such as physical deterioration, loss of function, and tourism pressure. In
response to these issues, adopting adaptive reuse approaches, developing sustainable tourism
management strategies, and including local communities in the process emerge as
fundamental necessities.

4.2. Physical Renewal and Single-Building Transformation Practices in Demre

In Demre, tourism impact is shaped through strong attraction nodes. The prominence of the
Myra Archaeological Site through its rock-cut tombs, theater, and urban layout; the symbolic
status of the Church of St. Nicholas within the context of a sacred pilgrimage route; and other
ancient sites such as the Andriake Ancient Harbor, Simena, and Sura together define Demre
as a multi-nodal cultural landscape. This attraction indicates that conservation and renewal
interventions influence both the visitor experience and the local economy and cultural
awareness, within a setting where settlement areas and historic fabrics can contribute directly
to tourism.

At the residential scale, physical renewal projects in Demre are carried out largely by property
owners. In this context, examples of single-building transformation become visible mainly
through building-scale renewal and refunctioning practices. In Demre, single-building
transformation appears through the use of former stone houses as boutique hotels or
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workshops, and the stages of physical renewal and refunctioning contribute to both the
conservation of cultural heritage and its integration into tourism.

One example in this scope involves a dwelling built in the 1950s that was renewed through
intra-family stewardship and converted to an accommodation function. Read through an “old
state—new state” comparison, it presents a single-building transformation realized in situ,
where renewal and improvement interventions on the building envelope can be observed
directly (Figure 1).

Figure 1. The Old and New State of Tas Konak (Tas Konak, Demre, 2024)

In the context of adaptive reuse, the Bayraktar Mansion can be considered a single-building
transformation example for its location (Figure 2). It is stated that the building was
constructed in 1960, is among Demre’s early-period buildings, has been preserved without
disrupting its natural character, and was placed under protection by the Ministry of Culture
and Tourism in 2014. These data indicate that, in Demre’s center, single buildings constitute a
“small but critical” heritage inventory. Therefore, high-quality conservation and refunctioning
decisions carry decisive importance for cultural continuity within the city.

Figure 2. Bayraktar Mansion (Bayraktar Mansion, 2022)

Within the residential fabric, two different situations are observed simultaneously. In Demre’s
center, in the area referred to as the “bazaar,” there is an example that continues its residential
function. In contrast, again in the bazaar area, at Santa Claus Square in a pedestrianized zone,
there is also a dwelling that is currently unused (Figure 3). This duality indicates that the
single-building transformation agenda should be discussed not only through restoration, but
also through “continuity of use” and “function selection”: transforming idle buildings located
in pedestrian-priority focal spaces is a strategic tool that can distribute visitor impact into the
city rather than concentrating it solely in ancient sites.
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Figure 3. Residential Examples in Demre Center (Cetinkaya, 2025)

Rural settlements and single-building transformation examples make Demre’s heritage
capacity beyond the center visible. Traditional settlements such as Beymelek, Hoyran, and
Koskerler are characterized by features including stone architecture, courtyard plan
typologies, and a way of life intertwined with rock-cut tombs.

This suggests that a strategy to strengthen sustainable tourism in Demre should be structured
around “starting from single-building transformation examples in the center and supporting
nearby rural settlements through holistic conservation and appropriate physical renewal.” The
emphasis that spatial integrity must be observed in conservation and renewal projects can be
read as a key criterion for a renewal logic in Demre that establishes relationships between
focal points.

5. Conclusion and Recommendations

This study shows that tourism impact in Demre is shaped primarily through strong attraction
nodes and that these nodes, such as the Myra Archaeological Site, the Church of St. Nicholas,
the Andriake Ancient Harbor, Simena, and Sura, form a multiple cultural landscape system.
By contrast, the limited architectural continuity at the building scale in the city center makes it
necessary to formulate conservation and tourism-integration strategies not around an
“extensive fabric,” but around a small number of urban buildings and public spaces. In this
context, physical renewal projects in Demre aim to conserve and integrate historic fabric into
tourism through the restoration of historic inns and churches and through street and landscape
arrangements, and together with examples of single-building transformation they form the
infrastructure of sustainable tourism.

The main approach that can contribute to sustainable tourism and cultural heritage
conservation in Demre is to establish a layered “heritage network™ that links visitor flows
arriving at ancient and religious attraction nodes with the limited heritage examples in the city
center, and then with rural traditional settlements in the surrounding area.
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	Rehabilitation constitutes a fundamental element of sustainable mining. In the context of the evolving global economy, mining activities remain indispensable; however, they necessitate strategic planning that encompasses not only operational phases bu...
	Evidence from both global and national contexts indicates that environmental restoration plans should be formulated at the onset of mining operations. Restoration activities should be implemented progressively, in accordance with these plans, rather t...
	When conducted within the framework of regulatory requirements and internal management plans, mining activities can function as catalysts for socio-economic development. Such activities must concurrently respect the natural landscape, flora, and fauna...
	Post-closure mine sites offer opportunities for alternative land uses. In Turkey, reforestation has typically been prioritized; however, rehabilitated areas may also be repurposed as botanical gardens, golf courses, walking trails, or camping sites (K...
	This study provides a comprehensive assessment of the environmental, ecological, and social impacts of rehabilitation initiatives implemented at the İvrindi Gold and Silver Mine. The findings demonstrate that the project serves as an exemplary model f...
	The application of a variety of technical rehabilitation methods enhances both the efficacy and quality of ecological restoration efforts. These practices facilitate sustainable mining operations capable of maintaining long-term ecosystem resilience.
	Topsoil conservation and reuse have positively influenced vegetation establishment, while hydroseeding has proven highly effective in erosion control and the development of surface plant cover. Within greenhouse programs, a total of 10,000 seedlings w...
	Additionally, community engagement and environmental education programs have strengthened the social sustainability dimension of the project. These initiatives have increased local awareness, fostered stakeholder participation, and contributed to the ...
	In conclusion, the İvrindi Project emphasizes the critical importance of integrating ecological restoration, biodiversity conservation, and community participation with mine closure strategies and post-mining land-use planning. Sustainable mining can ...

	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29a
	30a
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42 
	43 
	44
	45 
	46
	Study Area
	Data Sources
	Data Processing and Analysis
	Vegetation Health and NDVI Analysis
	Biomass and Carbon Stock Dynamics

	47
	48
	49a
	2.1 Materials
	2.1.1 Plant material
	2.1.2 Chemicals and Reagents
	2.1.3 Parasites
	2.1.4 Site of Experiment
	2.2 Methods
	2.2.1 Preparation of Azadirachta indica Leaves
	2.2.3 Extraction of Bioactive Compounds
	2.2.4.1 Determination of phenolic content
	2.2.4.2 Determination of flavonoid content
	2.2.4.3 Determination of tannin content
	2.2.4.4 Determination of saponin content
	2.2.4.5 Determination of alkaloid content
	2.2.5 Antioxidants Activities Assay
	2.2.5.1 Ferric Reducing Antioxidant Assay
	2.2.5.2 The 2,2-Diphenyl-1-picrylhydrazyl radical scavenging
	2.2.5.3 The Inhibition of Lipid Peroxidation
	2.2.6 Trypanocidal Study
	2.2.6.1 Test Organism
	2.2.6.2 In vitro Trypanocidal Activity
	3. Findings and Dicussions
	3.1 Quantitative phytochemical screening
	3.2 Antioxidants Activities of N-hexane and Ethylacetate extracts of Azadirachta indica
	3.2.1 Ferric Reducing Antioxidant Power of N-hexane and Ethylacetate extracts of Azadirachta indica
	3.2.2 The 2, 2-Diphenyl-1-picrylhydrazyl of N-hexane and Ethylacetate extracts of Azadirachta indica
	3.2.3 The Inhibition of Lipid Peroxidation of N-hexane and Ethylacetate extracts of Azadirachta indica

	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63-64




