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Abstract: Adaptability is a crucial yet often misunderstood aspect of sustainable architecture. This
study explores how adaptability can be systematically embedded from the early design phase
through construction, use, and eventual transformation or repurposing. By conducting a
comprehensive literature review, the research categorises adaptability into distinct types of change
and examines their relevance at different project stages. The findings emphasise the necessity of
incorporating adaptability considerations early in the process, ensuring that buildings can respond
to evolving spatial, functional, and environmental demands over time. While existing research
acknowledges the importance of adaptability, gaps remain in its practical application across the full
building life cycle. This study addresses these gaps by proposing a methodology to support long-
term decision-making and reduce obsolescence in the built environment. By promoting life-cycle
thinking, this paper contributes to a more comprehensive understanding of adaptability, advocating
for strategies that enhance the longevity and sustainability of buildings while responding to future
uncertainties.

Keywords: adaptability; building life-cycle; flexibility; sustainable architecture; circularity; project
phases; obsolescence

1. Introduction

The built environment constantly evolves, influenced by internal and external factors [1].
Buildings that fail to adapt to these changes may require extensive renovation or early demolition,
leading to obsolescence [2-4].This obsolescence can increase waste generation, resource
consumption, and environmental and economic concerns [5,6] .

Given these challenges, it becomes imperative to rethink how we manage the building's life-
cycle. In an era of ambitious sustainability targets set by legislative bodies, demolition or extensive
renovation should be a last resort [7]. Preserving and extending the functional life of buildings can
substantially contribute to achieving these sustainability targets [8-10]. As highlighted by scholars,
adaptable buildings offer crucial advantages in resource efficiency and longevity, requiring fewer
materials and less energy to meet changing needs, thus reducing obsolescence [1,11-13].

Central to the concept of adaptability is the openness to change. Scholars define transformation
capacity as a metric indicating how efficiently a building or its components can adapt to evolving
needs and requirements .[14] This capacity serves as an indicator of both adaptability and sustainable
architecture [15,16]. However, diverse interpretations of adaptability, as highlighted by Schmidt III
and Austin [17]and Pinder et al. [13] reveal the need for further research to bridge the gap and
enhance our understanding of adaptability in construction.[13,18-20]

Adaptability enhances a building’s lifespan and transformation capacity by responding to
variables and changing conditions, offering regenerative alternatives to today’s often obsolete
buildings [20,21]. Designing adaptable buildings allows modifications in response to changing
occupant needs or purposes without extensive and costly renovations, thereby increasing their

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202502.1748.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 February 2025 d0i:10.20944/preprints202502.1748.v1

2 of 19

overall value [3,22]. Property owners and investors favour adaptable buildings due to their added
value, higher occupancy rates, and long-term market viability [23].

Integrating specific considerations throughout the entire building process is essential to
optimising the benefits of adaptability [23-25]. This requires a successive commitment to
incorporating adaptability into construction projects, with adjustments to design and planning as
they evolve. Recognising adaptability as an ongoing process necessitates foresight, strategic
planning, and deliberate decision-making to ensure buildings remain functional, efficient, and
relevant over time.

Existing literature discusses adaptability in relation to design strategies [15,17] , but few studies
offer a structured framework for embedding adaptability throughout the entire building process—
from conceptual design to end-of-life consideration [19,26,27]. This paper aims to address this gap by
investigating how adaptability should be incorporated into the different stages of the building life-
cycle. The approach involves analysing adaptability and its associated terminologies, focusing on the
types of change they represent in buildings. This analysis thoroughly reviews the relationship
between these adaptability considerations and the entire building life-cycle. This paper provides an
outline for integrating adaptability into building design and construction processes by examining the
specific terms and their broader implications..

2. Materials and Methods

This research employs a combination of systematic literature review and narrative review
methodologies to provide a comprehensive exploration of adaptability within the building life cycle.
The systematic review ensures a rigorous and transparent process for identifying and synthesising
relevant literature, while the narrative review complements this by offering a qualitative, holistic
interpretation informed by existing theories, models, and the researchers' expertise. Together, these
approaches provide both breadth and depth in analysing the complexities of adaptability.

2.1. Systematic Review

A systematic review, characterised by its structured approach to literature retrieval and analysis,
was conducted following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) framework [28]. This approach included four phases: identification, screening, eligibility,
and inclusion, ensuring a transparent and replicable process.

The indexed databases Scopus and Web of Science were utilised to ensure broad coverage of
relevant academic literature. The search queries targeted titles, abstracts, and keywords in Scopus,
and the “Topic” field —covering title, abstract, author keywords, and Keywords Plus®—in Web of
Science. The queries focused on key phrases such as “Adaptability AND buildings” and “Project life
cycle AND buildings”. Conducted in March 2024, the search yielded 97 articles on adaptability and
238 articles on the building life cycle (Figure 1).

The review included peer-reviewed journal articles, conference proceedings, books, and book
chapters published in English between 2013 and 2023. Articles without validated methodologies were
excluded. Duplicate and irrelevant articles were also removed during the PRISMA stages.
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Figure 1. Results of database search for adaptability and project life-cycle in buildings.

2.2. Narrative Review

The narrative review complements the systematic approach by synthesising the findings from
primary studies and contextualising them within broader theoretical and practical frameworks [29].
Narrative reviews are particularly suited for addressing comprehensive and multifaceted topics like
adaptability, where diverse perspectives and interpretations enrich understanding [30] .This method
enables incorporating qualitative techniques, such as meta-ethnography and phenomenography, to
compare studies and add interpretive value [31] .

2.3. Categorization and Refinement

Building on Schmidt and Austin’s [17], categorisation of adaptability into six dimensions —task,
space, performance, use, size, and location—this research refines the framework to focus on four
principal dimensions: internal layout, function, components, and volume. The exclusion of location,
typically determined during the conceptual phase, simplifies the applicability of adaptability
principles across the building life cycle.

This refined categorisation integrates findings from the systematic and narrative reviews,
offering a structured yet contextually enriched framework for understanding and applying
adaptability in architectural practice. By combining these methodologies, the study ensures a robust
and comprehensive exploration of adaptability, bridging theoretical insights and practical
implementation throughout the building life cycle.

3. Results

The concept of adaptability is often misused and misunderstood [13]. Scholars have noted that
various interpretations lead to overlapping meanings and confusion [20,23,32]. Moreover, there is a
lack of clarity on when to incorporate adaptability into a building’s life- cycle despite its known
impact on project outcomes [16] .

This chapter attempts to clarify the concept of building adaptability by examining its different
definitions and then emphasising the importance of integrating adaptability throughout all stages of
the building life-cycle.

The first section reviews ten definitions of building adaptability and examines the type of change
they represent. The second part explores the building's life-cycle, categorising it into ten phases and
highlighting practical considerations for adaptability within each phase.

3.1. Adaptability

Building on the idea that adaptability is closely tied to evolution and change [13], is evident that
adaptability is highly dependent on the specific context, and it varies across different fields. In the
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field of product design, for example, adaptability is often associated with extending a product’s
service life [33] or enabling products to adjust to differing requirements [34]. In process design,
adaptability is viewed as a strategy to overcome inherent limitations [35]. This nuanced
understanding of adaptability extends into the architectural domain, where scholars have
systematically analysed and categorised the concept to enhance its applicability.

In their efforts to deepen the understanding of adaptability in the context of buildings, scholars
have proposed dividing buildings into distinct layers [17,18,36,37]. According to Brand [18]
adaptability is dynamic and includes different lifespans for the various elements of the building.
Friedman introduced adaptability in the context of the relationship between buildings and their
users, defining it as the ability to accommodate various functions over time [32]. Arge described it as
the ability to change in response to internal or external factors [3].

Other scholars tried to decipher adaptability in buildings by dividing it into the process of
building and the building as the final product [23,24]. Adding an economic perspective, Blyth and
Worthington defined adaptability as ‘The capacity of a building to react within a short time to new
circumstances with minimal effort and at a justifiable cost'[38]. Ross further expanded on this by
describing adaptability as the ease with which buildings can be physically modified, deconstructed,
and reconfigured [39].

3.1.1. Flexibility

Flexibility represents the capacity to adapt to new conditions or circumstances [40]. In the built
environment, flexibility is vital for addressing uncertainties and adapting to evolving conditions.

Gerwin [41]describes flexibility as the capacity to respond effectively to environmental
uncertainties, emphasising the need for buildings to accommodate unforeseen changes during design
and construction [3,41]. Engel and Browning further define flexibility as the ability to withstand stress
without damage, highlighting the importance of resilience [42].

Russell et al. [43] characterise flexibility as facilitating minor shifts in space planning, enhancing
adaptability without significant structural changes. This practical aspect of flexibility allows
buildings to meet the changing needs of their interior layout with small adjustments [43] (Table 1).

3.1.2. Elasticity

Elasticity encompasses two main aspects. The first definition pertains to the ability of a material
to resume its initial form after being stretched or compressed. The second aspect refers to the ability
to change or adapt [40].

In building structures, elasticity represents how a material responds to forces or heat exposure,
emphasising the stress or movement involved when it returns to its original form [44]. In architectural
discourse, elasticity extends beyond materials to encompass the building itself. It signifies a
building’s capability to be extended, shrunk, or partitioned according to specific requirements,
altering its volume [3,45] (Table 1).

3.1.3. Generality

Generality refers to a condition encompassing a wide variety of elements rather than focusing
on specific details [40]. In architecture, this concept is particularly significant as it represents a
building’s ability to fulfil changing functional purposes without altering its core properties [3,27,45].
The essence of generality lies in its capacity to future-proof a structure, enabling its interior to adapt
to diverse uses over time without requiring substantial structural modifications (Table 1).

3.1.4. Transformability

Transformability is regarded as the ability to go beyond the existing trajectory and discover new
ways of development [46]. It is considered a crucial path towards resilience [47].


https://doi.org/10.20944/preprints202502.1748.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 February 2025 d0i:10.20944/preprints202502.1748.v1

5 of 19

Within the built environment, transformability is defined as a component’s capacity to assume
a new function [48]. This definition encapsulates the dynamic nature of certain elements within such
systems, showcasing their ability to transition into different roles or functionalities in response to
changing requirements or condition.

Brancart further elaborated on the concept of transformability in buildings by identifying two
fundamental principles: deployability and design for disassembly [49]. Deployability focuses on
adapting a system’s components for efficient deployment, ensuring that they can be easily moved
and reconfigured as needed. In contrast, design for disassembly emphasises strategic planning and
construction of components to facilitate their disassembly when necessary, promoting adaptability
and sustainability.

In essence, the concept of transformability encompasses both the inherent adaptability of
components to assume new functions and the deliberate principles guiding their disassembly (Table 1).

3.1.5. Adaptive Reuse

The term ‘adaptive reuse’ refers to repurposing buildings that have outlived the original
function for which they were constructed [50,51]. Essentially, adaptive reuse is the process of
transforming existing buildings to serve contemporary or different purposes [2]. This concept goes
beyond merely altering a building’s physical structure; it involves a collaborative effort between the
conservation community and the field of architecture to revitalise and reoccupy these structures
[51,52].

Adaptive reuse breathes new life into buildings that have fulfilled their initial purpose [22]. This
process is collaborative and transformative, preserving architectural heritage while contributing to
sustainable urban development. By repurposing existing resources to meet contemporary needs,
adaptive reuse conserves materials, reduces waste and fosters a connection between historical
architecture and modern functionality [53]. This approach underscores the importance of
sustainability in the built environment, ensuring that structures remain relevant and valuable over
time without necessitating new construction (Table 1).

3.1.6. Adaptive Capacity

Schuetze and Willkomm [54], conceptualises adaptive capacity within the built environment as
the intrinsic ability to accommodate diverse functions or adapt to changing requirements. This
capacity is realised through the design and construction of components and products that enable
efficient reuse and recycling with minimal effort while maintaining high-quality standards. As such,
adaptive capacity serves as a central element in building circularity [54] .

Building upon this foundation, Geraedts et al. [23] extend the understanding of adaptive
capacity by encompassing all characteristics that enable a structure to maintain functionality
throughout its technical life cycle while withstanding changes in requirements and circumstances.
This broader perspective categorises adaptive capacity into three integral dimensions: organisational
flexibility, process flexibility, and product flexibility. Organisational flexibility pertains to the
adaptability of the overall structure and its components to organisational changes. This involves the
capacity of the building’s design to accommodate shifts in use or management practices without
necessitating major structural alterations. Process flexibility involves adapting construction and
operational processes to accommodate varying demands. This dimension focuses on the methods
and procedures used during the building’s construction and operation phases, ensuring they are
adaptable and can respond to changes efficiently. Product flexibility centres on the adaptability of
the built product or structure itself to evolving functional requirements. This includes designing
building components that can be easily modified, replaced, or repurposed to meet new demands [23]
(Table 1).
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3.1.7. Modularity

According to the Cambridge Dictionary, modularity is the quality of having separate parts that,
when combined, form a complete whole [55] .

Ross et al. [39] and Slaughter [5] have conceptualised modularity in the context of buildings.
This concept involves standardising component sizes and interfaces to promote consistency and
compatibility within a system or structure [5,39]. Using standardised elements in construction allows
for more efficient and interchangeable building practices.

At a micro level, modularity can be applied to the assembly of individual rooms. Here,
standardised components are used to create spaces that can be easily modified or reconfigured as
needed. On a macro scale, modularity extends to entire buildings composed of standardised rooms
or modules [23]. This principle supports constructing large structures with consistent,
interchangeable parts, facilitating easier expansion, renovation, or repurposing over time (Table 1).

3.1.8. Convertibility

Convertibility is the ability to change into a different form or use [40]. In buildings, this term
explicitly denotes the capacity to transition between different functions or uses [1,13,56]. This concept
highlights the dynamic adaptability of buildings to serve various purposes, showcasing their
versatility and flexibility in responding to changing requirements or evolving societal needs [44] .

The significance of convertibility lies in its potential to mitigate the risk of obsolescence. By
enabling buildings to evolve in response to shifting demands, convertibility ensures that structures
remain relevant and functional over time, minimising the need for extensive renovations or
demolitions (Table 1).

3.1.9. Scalability

Scalability refers to a system’s ability to expand its capacity by including more elements, thereby
increasing its size [55]. In the field of architecture, scalability signifies the dynamic capacity of a
building to adjust its size and volume, permitting both expansion and contraction as needed [57] .

The core of scalability lies in its flexibility to meet diverse needs, whether that involves
increasing or decreasing the overall dimensions of the building. This concept is crucial for
accommodating varying space requirements over time, ensuring that the building can adapt to
different uses and functions without necessitating major structural changes (Table 1).

3.2. Open Building

N.J. Habraken and Valkenburg [58] first introduced the open building concept, a term associated
explicitly with architecture, in 1972. This concept implies designing buildings that can be precisely
adjusted to meet users’ needs. Habraken’s approach involves dividing the building volume into two
distinct layers: the “base building” and the “infill’ [58] .

The “base building’ refers to the fixed structure of the building, which includes the fundamental
and permanent elements. In contrast, the ‘infill’ comprises the interior parts that can be rearranged
and modified according to the users’ needs. This separation allows for greater flexibility and
adaptability, enabling spaces to be easily transformed to accommodate changing requirements
without altering the core structural framework [59] (Table 1).

In conclusion, adaptability can be defined as the ability to change in response to various stimuli,
encompassing a broad spectrum of interpretations depending on the specific type of change
accommodated. Scholars have extensively explored and categorised these interpretations,
recognising that adaptability is not a monolithic concept but a multifaceted one (Table 1).
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Table 1. Adaptability terms (from literature).
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3.3. Life-Cycle of a Building

Over the past four decades, the concept of the building life-cycle has undergone significant
evolution, reflecting the increasing complexity and demands of construction projects [60] .In the
1980s, scholars identified four primary phases in construction projects: conceptualisation, planning,
production, and termination [61,62]. As research advanced, the model expanded to include a ‘use’
phase, while the original stages were refined into sub-phases to capture the nuanced processes within
modern construction [63,64] .

The evolution of the building life cycle framework reflects the increasing complexity of
construction projects and underscores the-need to address emerging challenges within the industry
[65]. Among these challenges, environmental sustainability has gained prominence as a central
concern, prompting the integration of assessment tools and methodologies to evaluate buildings'
ecological impact [66-70].

The increasing emphasis on sustainability in the construction industry has driven the
development and widespread adoption of Life Cycle Assessment (LCA), a systematic methodology
for evaluating the environmental impact of buildings throughout their entire life cycle [66,70-73].
Anchored in standards such as EN 15804 and EN 15978, LCA provides a structured framework for
analysing key lifecycle stages, focusing primarily on a building's physical attributes [66]. These stages
include the construction phase, subdivided into A1-A3 (material production) and A4-A5
(construction processes), the operational use phase (B1-B5), and the end-of-life phase (C1-C4), which
addresses deconstruction, demolition, and material recovery or disposal [74,75] .

3.4. The Critical Role of Early Design Phases in Enhancing Sustainability and Adaptability

The LCA framework offers a structured methodology for evaluating the environmental impact
of buildings across their physical life-cycle. However, it does not inherently encompass the early
planning phases —namely, the concept and design phases—where critical decisions about materials,
construction methods, and spatial configurations are made. These phases are pivotal, as they
profoundly influence a building's operational performance, environmental impact, and overall
design quality [38,76-78] .

Integrating LCA considerations into these early phases ensures that sustainability principles are
embedded from the outset, minimising environmental impacts and aligning the design process with
long-term sustainability goals [68,72].

By incorporating strategies for energy efficiency, material reuse, and adaptability into the
concept and design phases, buildings can be better equipped to address future changes with minimal
interventions. Early decisions to include modularity, disassembly, and transformability principles
enable buildings to respond effectively to evolving societal, technological, or functional demands
[3,32]. These strategies help reduce obsolescence, enhance flexibility, and extend the functional
lifespan of buildings.

The significance of embedding adaptability criteria during these phases is widely emphasised
in the literature [79]. Scholars argue that early integration of adaptability is essential for creating
sustainable, long-lasting buildings [25,79,80]. Andrade and Braganca [l6]Junderscore that
adaptability considerations at this phase can extend building life expectancy, reduce environmental
impact, and support sustainability goals. Failure to address adaptability early can lead to structural
challenges and increased costs in later lifecycle phases [6,16,81,82]. Strategic planning during the
initial phases ensures that buildings are designed to accommodate future changes, thereby mitigating
risks and reducing potential renovation expenses.

Neglecting adaptive reuse principles during these early phases further limits opportunities for
disassembly and material reuse once a building reaches the end of its technical life. This omission
undermines the potential for circular material use, a cornerstone of sustainable construction practices
[16,25,83]. Early integration of adaptive reuse strategies allows architects and engineers to design
buildings with future material recovery and reuse in mind, thus enhancing circularity and
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contributing to more sustainable construction projects [6,82,84]. Incorporating these principles
ensures that buildings meet current needs and are resilient and adaptable to future demands.

3.5. Building Life-Cycle and Adaptability Considerations

The building life-cycle offers multiple opportunities to integrate adaptability strategies, which
play a crucial role in mitigating obsolescence, minimising the need for costly renovations, and
enhancing sustainability. This study segments the building life cycle into ten distinct phases,
encompassing both the early planning and conceptual stages [61] , as well as the physical stages
defined by LCA [75]. By examining how adaptability considerations can be embedded at each phase,
the study highlights strategies to foster resilience and promote circularity. This comprehensive
approach ensures that adaptability is addressed holistically, aligning the initial design and planning
processes with the practical and environmental demands of the building’s physical lifecycle (Figure 2).

CONCEPT DESIGN CONSTRUCTION USE END OF LIFE AFTER LIFE

= mupPpPIwo
N muD>IT©
W mwuprIv
B mupIv
B murPIT
& mWwB»IT
N mwupIo
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Figure 2. Project phases framework utilised in the study.

Phase 1: Initiation

In the initial phase of project development, the clients decide on the type of building and its
location. Practical adaptability strategies focus primarily on design modifications and building
considerations, so they are not yet applicable during this phase [20] (Table 2).

Phase 2: Feasibility & Project Brief

In phase 2 of the building life-cycle, the intentions for the building are established [85]. At this
phase, all the considerations for an adaptable building are defined [20]. A feasibility study is
conducted to assess the project viability, and the project brief is developed, often determining the
type of adaptability required [64] (Table 2).

Phase 3: Architectural Concept

The concept phase is crucial for determining the architectural form of the building. It serves as
the foundation for setting all criteria concerning the future building During this phase, construction,
strategic, and technical adaptability criteria are established, and the initial building volume takes
shape [86-88]. Additionally, the conceptual framework for the building’s afterlife is developed
during this phase [89] (Table 2).

Phase 4: Design

In the design phase, adaptability criteria materialise through collaboration between architects
and engineers. Practical elements for the adaptable building are decided upon, and predictions about
its future use are made. This phase involves finalising the adaptable design, determining future uses,
selecting scalable infrastructure, and choosing future building materials [3,19,22,59,90]. If the
building follows adaptive capacity criteria, architects and engineers must design all elements to
facilitate easy disassembly [54,83,89]. Additionally, consideration of aesthetics, legislation,
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environmental strategies, constructional challenges, structural aspects, and economic factors is
imperative to achieve a holistic, adaptable building [20,21,84,91] (Table 2).

Phase 5 : Manufacturing

This phase encompasses the production and transportation of materials, including raw material
extraction, processing, and delivery to the construction [75,92]. Adaptability strategies can be
integrated at the component level by prioritising components that facilitate modularity, disassembly,
and reuse. Materials designed to support these strategies enhance the potential for future
reconfiguration or recycling of the building’s elements [93].

Phase 6: Construction

As construction proceeds, the physical assembly of the structure begins. This phase is where
adaptability strategies are manifested by selecting appropriate building components and materials
[93,94]. In addition, allowing assembly tolerance during this phase can ensure the maintenance of
adaptability during the building’s life cycle [90] (Table 2).

Phase 7: Handover

In the handover phase, the building is officially handed over, marking the termination of the
construction process. During this phase, all envisioned targets, including adaptability strategies, are
validated and implemented [95]. A thorough inspection ensures that all elements are in place and
functioning correctly before occupancy. The handover phase confirms that the building meets
specified requirements and standards and is ready for use while accommodating future adaptability
needs [95] (Table 2).

Phase 8: Use

The use phase signifies the occupancy of the building by its users, marking the transition from
construction to practical use. At this phase, adaptability strategies are actively employed to adjust the
building to varying needs, thereby extending its lifespan [11,13]. The building undergoes extensions,
transformations, and alterations in response to different internal and external factors [3]. This phase
ensures that the building remains functional and relevant, accommodating changes in usage and
requirements over time as originally envisioned (Table 2).

Phase 9: End of Life

In the final phase, the building’s technical life-cycle concludes, opening opportunities for
alternative uses beyond its original design through adaptive reuse or recycling and deconstruction
possibilities facilitated by circularity principles [22,50,54] (Table 2).

Phase 10 : Afterlife

Incorporating an afterlife phase into the building’s life-cycle significantly reduces the potential
for obsolescence. This approach ensures that the building’s materials and components can be
repurposed, recycled, or safely deconstructed, thereby extending the building’s overall lifespan and
minimising environmental impact [75] (Table 2).
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Table 2. Chosen set of project phases, their descriptions and adaptability considerations.
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PHASE DESCRIPTION

ADAPTABILITY
CONSIDERATION
(The strategic identification and
integration of adaptability within each
stage of the building life cycle)

ADAPTABILITY
REALISATION

Phase

Client requirements and goals
regarding the type of the
building set. [96]

No adaptability actions [16]

Phase

The client approved the Project
Brief, and the site is chosen.[64]

Adaptability is decided as one of the
building criteria. Predictions about
the changing needs of owners/users

are made [16,21].

No adaptability

realisation

Phase

Architectural Concept
approved by the client and
aligned with the Project Brief.
[64]

Adaptability criteria [97] and
potential costs are established [27].
Architects and Engineers decide on

the physical features of the
building.[98]

Phase

Architectural drawings

completed. Engineering

calculations, as well as
drawings, are

completed.[61,64,96,99]

Adaptability strategies
implemented into the design of the
building [20,21,84,91]. The
building’s physical features, which
promote future adaptability, are

designed and calculated.

No adaptability

realisation

Phase

Manufacturing and
transportation of building

materials [75,92]

Adaptability solutions are
implemented in the component
level. Materials that will assist in
adaptability strategies and
disassembly of buildings are

constructed [93,100]

Phase

Construction of the building
and commissioning of the
contractor are

completed.[63,64,75,92,101]

Adaptability-chosen solutions are
implemented during the building’s
construction by following the

architectural drawings [18,93,94].

Phase

The building is handed over,
aftercare is initiated, and the
building contract is concluded

[63].

Validation that adaptability

strategies are implemented [95].

No adaptability

realisation
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The building is used, operated, | Adaptability is used to encompass
and maintained efficiently changes in the building. The Flexibility,
Phase [64,75,92,99]. building is altered to incorporate Generality,
8: changing needs at a low cost. Modularity,

Building’s life span is prolonged Convertibility,

[11,13]. Openplan,
The building’s technical life is | Building's technical life is prolonged | Transformability
Phase finished [75,102]. until a halt.
9:
Benefits beyond the system The building is either transformed | Transformability,
Phase boundary. The building or or recycled/deconstructed with ease | Adaptive reuse,
T parts of the building are re [22,50,54,103] Adaptive
used [75]. capacity

4. Discussion

Adaptability in architecture is a complex concept, resulting in inconsistencies in interpretation
and application [13,26,104]. It functions as an umbrella term encompassing a range of related
subcategories, each representing distinct types of change [20]. These aspects include flexibility,
generality, open-plan design, convertibility, adaptive reuse, transformability, modularity, and
adaptive capacity, all reflecting the various dimensions of how buildings respond to changing
requirements, emphasising the breadth and complexity of adaptability as a concept.

To enhance understanding, scholars have sought to categorise adaptability based on the types
of change it [3,23,58]. Schmidt and Austin [17] , identified six types of change: task, space,
performance, use, size, and location. Building on this framework, this research refines the
categorisation to focus on four principal dimensions: internal layout, function, components, and
volume. Location, typically predetermined during a project's conceptual phase, is excluded from this
analysis. By consolidating the remaining categories, the proposed approach simplifies the application
of adaptability in architectural practice, ensuring a more structured and comprehensive integration
throughout the design phase.

4.1. Internal Layout-Related Terms

Scholars have identified several key terms related to adaptability in building design, each
emphasising different degrees and types of internal spatial changes. The three terms—flexibility,
generality, and open building—focus on facilitating change within a building’s internal layout,
during the use phase of the building life cycle. The primary distinction among them lies in the extent
of change they accommodate.

Flexibility refers to spaces designed with the anticipation of future additions or modifications
[3,42,43]. This concept requires consideration of potential structural elements that might be needed
later, such as additional support beams or infrastructure capacity for new systems.

As far as generality is concerned, changes are minimal and do not affect the core properties of
the building [3,27,45]. The design aims to maintain the building’s structural and aesthetic integrity
while allowing various uses. This typically involves creating versatile, multi-use spaces that require
little alteration to switch functions.

The open-plan approach allows for the most significant potential changes. By creating a fixed
external shell with a non-specific internal layout, the building can undergo extensive internal
reconfiguration [58]. This concept is ideal for environments where spaces” functions are expected to
change frequently and substantially over time (Figure 3).
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Figure 3. Visual representation of the internal layout terms, highlighting the reconfigurations that can be

achieved through flexibility, generality and open plan examples.

4.2. Function-Related Terms

Convertibility and adaptive reuse are two key concepts related to building functional
adaptability. Each addresses different stages of a building’s life-cycle. Convertibility refers to a
building’s capability to change its function during its active use phase. Buildings designed with
convertibility in mind are intended to adapt to different uses as needs evolve over time [1]. This
adaptability-related term allows for functional shifts within the building’s original lifespan, enabling
it to accommodate various purposes without significant structural changes.

In contrast, adaptive reuse pertains to the change in function that occurs after the building’s
original use phase has concluded [2], during what is often referred to as the building’s “afterlife.” This
approach focuses on repurposing and revitalising buildings that might otherwise be demolished,
giving them a new lease of life by transforming them for different uses beyond their initial design.

While both convertibility and adaptive reuse aim to extend the functional life of buildings
through changes in use, they operate at different points in the building’s life cycle. Convertibility
allows for functional shifts during the building’s active use phase, facilitating ongoing adaptability
to meet current needs. On the other hand, adaptive reuse repurposes buildings after their initial use
phase has ended, ensuring that existing structures are utilised efficiently and sustainably rather than
being torn down. By addressing both active use and post-use phases, these concepts contribute to the
sustainable management of the built environment (Figure 4).
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Figure 4. Visual representation of the function-related terms, highlighting the reconfigurations that can be

achieved through convertibility and adaptive reuse examples.

4.3. Component-Related Terms

Transformability, modularity, and adaptive capacity represent different approaches to
designing buildings with adaptable components.

Modularity focuses on standardised components for efficient construction and easy
modification [5], making it suitable for buildings requiring frequent changes or expansions during
the use phase. Transformability emphasises designing components that can assume new functions
[49] both during the use and after-life phase, enabling spaces to be repurposed as needs evolve.
Adaptive capacity involves designing with the future reuse of components in mind during its after-
life phase [54], promoting sustainability and resource efficiency.
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In conclusion, all three terms refer to building components but differ in the type of change they
offer: modularity allows for quick construction and flexible reconfiguration, transformability enables
buildings to adapt to different functions without significant alterations, and adaptive capacity
ensures the long-term sustainability of materials (Figure 5).
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Figure 5. Visual representation of the component terms, highlighting the reconfigurations that can be achieved

through transformability, modularity and adaptive capacity examples.

4.4. Volumetric-Related Terms

Two important concepts when considering changes in building volume are scalability and
elasticity. Both terms pertain to the building’s ability to adapt its physical volume during the use
phase of the building life cycle, but they differ in their approaches and implications for long-term
use.

Scalability involves permanent adjustments to the building’s volume [57]. Once the building
changes its physical volume, the new additions become a fixed part of its structure.

When designing with elasticity in mind, temporary changes in building volume should be
considered, allowing the structure to expand and contract as needed [3] .This adaptability strategy is
advantageous for buildings that need to adapt quickly to changing spatial requirements.

In summary, scalability and elasticity are critical concepts for managing changes in building
volume. Scalability focuses on permanent expansions to meet long-term needs, while elasticity
provides the adaptability to adjust space temporarily and revert to the original form (Figure 6).

Al = 14 2L = 114

Elasticity example Scalability example

Figure 6. Visual representation of the volumetric terms, highlighting the reconfigurations that can be achieved

through elasticity and scalability examples.

4.5. Implementation of Adaptability in the Building Phases

Adaptability in building design is often addressed reactively, introduced in fragmented
responses to evolving needs rather than as a cohesive design principle [26]. To address this concern,
adaptability considerations should be embedded early in the conceptual phase [16,21] (Phase 2),
where projections for the building’s future adaptability and sustainability are first outlined and
continue to be applied throughout the whole building cycle.

The design phase (Phases 3 and 4) is widely regarded as an essential phase in the development
of an adaptable building [23]. During this phase, architects and engineers define and integrate design
criteria aligned with the selected adaptability considerations [98]. This phase involves making
strategic decisions to accommodate changes in the internal layout, function, volume, and components
and considering the building’s afterlife [20,21,103]. To accommodate internal layout changes, designs
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should incorporate surplus space, increased ceiling heights, and scalable technical systems, such as
oversized ventilation shafts, while using lightweight, demountable partition materials for flexibility
and minimal disruption [3,23,39]. Functional adaptability can be achieved through open-plan layouts
and flexible technical systems, enabling seamless reconfiguration to meet changing user needs [3,23].
At the component level, modular construction and standardised components allow for efficient
replacement, upgrading, and reconfiguration, while durable, reusable materials ensure long-term
performance and sustainability [5,93]. For volumetric adaptability, robust structural systems and
advanced joining techniques enable future expansions, such as adding floors, without compromising
structural integrity [39,105] .

During the construction phase (Phases 5 , 6 and 7), the building takes shape through
manufacturing and assembly [93]. While many adaptability elements are predetermined in the earlier
phases, adjustments can be made to accommodate unexpected changes or deviations from the
original designs [106].

In the use phase, adaptability related to the internal layout, function, volume, and components
becomes essential. The building is now changed, allowing it to adjust to new requirements and
extend its life-cycle [13].

Finally, in the afterlife phase, the building ends its technical life. This is where adaptive capacity
and reuse are crucial, either giving the building a new purpose or repurposing its components for
new construction projects [22,103].

5. Conclusions

In conclusion, adaptability is a fundamental concept in contemporary building design, serving
as a cornerstone for creating functional, resilient, and sustainable structures. To fully harness its
potential, adaptability must be embedded as a guiding principle across all phases of the building life
cycle, from the initial conceptualisation to the building’s afterlife.

The conceptual and design phases are particularly critical, as decisions made at these early stages
establish the foundation for a building’s future adaptability and sustainability. Architects, therefore,
need to anticipate the types of changes their buildings may face over time and design accordingly.
Whether these changes relate to internal layout, function, components, or volume, embedding
adaptability ensures that buildings remain responsive to evolving needs with minimal structural or
technical disruptions.

Equally significant is the afterlife phase, where strategies for repurposing or reusing building
components can minimise waste and support circular economy principles. Adaptability must be
viewed as a continuous process that spans the entire building life cycle, avoiding fragmented, ad-hoc
implementations that compromise its long-term benefits.

This study categorises adaptability into four dimensions—internal layout, function,
components, and volume —based on the types of change it represents. Integrating adaptability across
these dimensions ensures that buildings can evolve alongside changing societal, functional, and
environmental demands, reducing the risk of obsolescence and enhancing resilience.

Future research is essential to understand stakeholders' perspectives—including architects,
engineers, policymakers, and end-users—and will be crucial for developing comprehensive
frameworks that bridge the gap between adaptability theory and practice. By embracing adaptability
as a cohesive and ongoing principle, architects and other professionals can create buildings that meet
present needs and are prepared to address future uncertainties.
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