sustainability
Article

Change Factors and the Adaptability of Buildings

John M. Kamara 1, * , Oliver Heidrich 2 , Vincenza E. Tafaro 3 , Sebastiano Maltese 4 ,
Mario C. Dejaco 5 and Fulvio Re Cecconi 5
1
2
3
4
5

*

School of Architecture, Planning and Landscape, Newcastle University, Newcastle upon Tyne, NE1 7RU, UK
School of Engineering, Newcastle University, Newcastle upon Tyne, NE1 7RU, UK; oliver.heidrich@ncl.ac.uk
Arcus Consulting, Newcastle upon Tyne, NE28 9NZ, UK; vtafaro@gmail.com
Institute for Applied Sustainability to the Built Environment, University of Applied Sciences and Arts of
Southern Switzerland, 6952 Canobbio, Switzerland; sebastiano.maltese@supsi.ch
Department of Architecture, Built Environment and Construction Engineering, Politecnico di Milano,
20133-I Milano, Italy; mario.dejaco@polimi.it (M.C.D.); fulvio.rececconi@polimi.it (F.R.C.)
Correspondence: john.kamara@ncl.ac.uk; Tel.: +44-0191-208-8619

Received: 14 July 2020; Accepted: 12 August 2020; Published: 14 August 2020

!"#!$%&'(!
!"#$%&'

Abstract: The adaptability of buildings addresses the responses of buildings to the changing needs of
owners/users and the demands of external factors, over their lifecycle. An understanding of these
changes is therefore key to the creation of adaptable buildings. This paper reports research which
was aimed at modelling building changes to better understand the challenges for their adaptability.
An in-depth study of the changes in selected case studies was conducted to understand the nature,
characteristics, and implications of these changes for buildings and their ability to adapt. The findings
from these case studies were analyzed against theoretical models reported in the literature on change
and adaptability. As a result, a model was developed that identified and categorized a wide spectrum
of changes to the building fabric within the broad remit of adaptability that are triggered by many
factors, which are sometimes external to the building or organization. In the cases investigated, it was
found that the factors that lead to actual changes to buildings were not necessarily due to the ease of
making those changes, but rather the organizational will and means to make the changes. Similarly,
changes were made not because the building systems were obsolete, but because of non-building
factors. The timings of changes therefore did not correspond to the assumed lifespan models of
di↵erent building layers, suggesting that a new way of predicting and/or categorizing building
changes is needed. Furthermore, the interrelationships and nature of the triggers for change suggest
that the adaptability of buildings is not just about building systems, but also about non-building
factors. Thus, the further exploration of non-building triggers and enablers for change using the
developed model presented here, will further enhance the creation of more adaptable buildings.
Keywords: adaptability; buildings; change factors; enablers; modelling; triggers

1. Introduction
1.1. Adaptability of Buildings
Building adaptability has been defined as “the capacity of a building to accommodate e↵ectively
the evolving demands of its context, thus maximizing value through life” [1]. The “accommodation” of
“evolving demands . . . ” in buildings, which is inevitable over their lifecycle, involves the ability of the
building fabric as it is to readily support the varied and changing needs of its users (i.e., the flexibility
of a building), or to be easily modified/adapted to accommodate such changes when day-to-day
adjustments are no longer feasible or desirable [2–5]. Both of these aspects, which reflect two broad
dimensions of adaptability [6], involve early considerations for how spaces and di↵erent systems
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and components are designed, manufactured, and built to enable modifications to be made when
required [7–10], and how adaptability can be retrofitted into existing buildings [5,11]. Adaptability
can also be about how users and businesses change their lifestyles and operations in line with the
configuration of buildings [12–15], a reality that is aptly captured in the quote from Winston Churchill
(cited in [16], p. 3) that “we shape our buildings, and afterwards they shape us”.
Adaptability, as a characteristic of buildings, is a key factor in managing the consequences of climate
change, promote sustainability by prolonging the useful life of buildings and minimizing resource use,
and as a practical solution to addressing the problem of building redundancy [5–7,17]. Adaptability
or adaptive capacity is also linked to resilience (a key theme in the Sustainable Development Goals
(SDGs) [18]); Circular Economy principles [19]; and the Open Building concept, a design approach that
focuses on designing for change [20].
Previous research into the adaptability of buildings has sought to classify, conceptualize, model,
and develop appropriate strategies for its implementation and assessment [2–9,21,22]. Theoretical
models and conceptions of adaptability include the understanding that buildings are made up of layers
with di↵erent rates of change: shell (structure, 50 years), services (e.g., heating, plumbing, 15 years),
scenery (fittings, decorations, 5–7 years), and set (e.g., furniture, daily) [23]. This early categorization
of layers was extended to six (site, structure, skin, services, space plan, and stu↵) [16] and more
recently to nine layers (surroundings, site, structure, skin, services, space plan, stu↵, space, social) [24].
Other theoretical conceptions and models include the use of reliability theory and failure analysis to
understand building performance and failure [5] and the development tools and methodologies to
assess the adaptability of buildings [22,25].
Strategies for developing adaptable buildings which are underpinned by theoretical conceptions
and principles have mainly focused on how the systems and components of the building fabric can
be engineered to make them easy to change (e.g., making layers interdependent to facilitate change
at a later date [24]). Some of these are focused on existing buildings or typology [26,27]. However,
the trends in these have changed (and are changing) over time. The initial focus on the functional
aspects of buildings (e.g., how to convert spaces) appears to be moving towards architectural tectonics,
the integration of building systems, and more user-centered approaches [6,14,24]. However, change
continues to be at the heart of building adaptability [17], both in terms of the nature of building use and
the extent to which the building and its components can be modified to accommodate such changes.
1.2. Change and Building Adaptability
Changes in building use are the key drivers for adaptability. However, other external factors, such
as changes in legislation (e.g., the need for disabled access to public buildings or fire safety regulations),
environmental conditions due to climate change, and market forces (e.g., to respond to new business
styles and ways of working) [5], can also necessitate a change in the building [6]. While change can
be unpredictable [28], an understanding of how buildings learn and how they have changed over
time [16,29] can provide insights into how to anticipate their adaptability [30].
Many studies on changes in buildings and construction have focused mostly on changes in project
delivery [31–33]. Other studies have also looked at change in buildings in response to organizational
change. For example, Leaman [34] proposed a conceptual framework for understanding change
which considers the ability to make quick, short-term, and high-frequency changes (flexibility) and
low-frequency changes in the long term (adaptability) against the constraints (e.g., low floor-to-ceiling
heights) and congestion (e.g., sudden increased use of space) of building design and use (Figure 1).
Thomson [35] outlines how buildings can respond to organizational change through facility planning.
However, what is change? How can it be conceptualized with respect to building adaptability?
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Figure 1. Framework for change (adapted from [34]).
Figure 1. Framework for change (adapted from [34]).

Change can be understood in relation to time [36], and since buildings are dynamic objects,
Change can be understood in relation to time [36], and since buildings are dynamic objects,
adaptability is very much about changes in time [37]. A formal definition by Worboys [38], p. 117,
adaptability is very much about changes in time [37]. A formal definition by Worboys [38], p. 117,
is
is that, “an object o changes if and only if there exists a property P of o and distinct times t and t1 such
1
that, “an object o changes if and only if there exists a property
P of o and distinct times t and t such
that o has property P at t and o does not have property P at t1 ”. Change is therefore with respect to the
that o has property P at t and o does not have property P at t1“. Change is therefore with respect to
properties of an object, which could result from a change in its inherent attributes (e.g., modifying the
the properties of an object, which could result from a change in its inherent attributes (e.g., modifying
characteristics of a building component) or a change in its relationship to other objects (e.g., change
the characteristics of a building component) or a change in its relationship to other objects (e.g.,
of ownership of a building). From a project delivery perspective, “change refers to an alteration to
change of ownership of a building). From a project delivery perspective, “change refers to an
design, building work, project program or other project aspects caused by modifications to pre-existing
alteration to design, building work, project program or other project aspects caused by modifications
conditions, assumptions or requirements” [31], p. 56. This suggests that change is with respect to a
to pre-existing conditions, assumptions or requirements” [31], p. 56. This suggests that change is with
previously defined or agreed state or condition (e.g., change of contract conditions), and if applied to
respect to a previously defined or agreed state or condition (e.g., change of contract conditions), and
buildings can suggest a change from a defined state, function, or use (e.g., the completed building as it
if applied to buildings can suggest a change from a defined state, function, or use (e.g., the completed
is, following the issue of a certificate of practical completion or final certificate [39]). These constructs
building as it is, following the issue of a certificate of practical completion or final certificate [39]).
of what change is (i.e., in inherent properties, against a defined base level, and in relation to other
These constructs of what change is (i.e., in inherent properties, against a defined base level, and in
objects) will be considered in relation to adaptability through an exploration of the triggers for and
relation to other objects) will be considered in relation to adaptability through an exploration of the
types of changes that buildings undergo.
triggers for and types of changes that buildings undergo.
One perspective on the triggers for change which draws from reliability theory [30] is that change
One perspective on the triggers for change which draws from reliability theory [30] is that
is a response to failure and is a↵ected to correct deficiencies in building performance [5]. Failure in
change is a response to failure and is affected to correct deficiencies in building performance [5].
building performance in this context is not with respect to a building’s overall fitness for purpose
Failure in building performance in this context is not with respect to a building’s overall fitness for
(i.e., its ability to provide shelter from the elements), but in the inability of the building to meet specific
purpose (i.e., its ability to provide shelter from the elements), but in the inability of the building to
functional requirements (technical performance), lifestyle, consumer/user and market expectations
meet specific functional requirements (technical performance), lifestyle, consumer/user and market
(economic performance), and legislative requirements (legislative performance). However, while failure
expectations (economic performance), and legislative requirements (legislative performance).
(i.e., less than optimum performance) can be in these three areas, the actual drivers for change arise
However, while failure (i.e., less than optimum performance) can be in these three areas, the actual
when there is a di↵erence between the user expectations and building performance (user fitness) or a
drivers for change arise when there is a difference between the user expectations and building
di↵erence between technical specifications and building performance (technical fitness), both of which
performance (user fitness) or a difference between technical specifications and building performance
are a↵ected by external factors such as climate change, change in regulations, etc.) [5]. The resulting
(technical fitness), both of which are affected by external factors such as climate change, change in
changes to address these deficiencies can range from decorating a space to a complete refurbishment
regulations, etc.) [5]. The resulting changes to address these deficiencies can range from decorating a
(Table 1) [5,40–42], all of which can maximize the value of a building over its lifetime, as per the
space to a complete refurbishment (Table 1) [5,40–42], all of which can maximize the value of a
definition of adaptability above. However, it should be noted that these are changes to the building
building over its lifetime, as per the definition of adaptability above. However, it should be noted
fabric and do not include the di↵erent ways a building as it is can support the varied and changing
that these are changes to the building fabric and do not include the different ways a building as it is
needs of users [6].
can support the varied and changing needs of users [6].
Occupant changes to adapt to the building fabric range from the day-to-day adjustments that
individual users make (e.g., to opening/closing windows and blinds, putting on or taking off clothing,
etc.) [43–45], to those that are in response to changes in organizational operations (e.g., changes to
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Occupant changes to adapt to the building fabric range from the day-to-day adjustments that
individual users make (e.g., to opening/closing windows and blinds, putting on or taking o↵ clothing,
etc.) [43–45], to those that are in response to changes in organizational operations (e.g., changes to space
layout) [28,35]. Day-to-day user adjustments stem mostly from the need to maintain a level of comfort
(e.g., thermal and visual comfort), and are triggered by environmental (e.g., indoor and outdoor
temperatures) and contextual factors which may be personal or organization-related [45]. Changes
in organizational operations, which ultimately necessitate changes in buildings, arise from the need
for enhanced business performance (e.g., efficiency, agility, profitability, etc.) [12,35]. These changes
can be varied and triggered by both internal (e.g., sta↵ changes) and external factors (e.g., change in
legislation, civil unrest, change in market demand, etc.). While change can be planned, it is usually
its unpredictability that poses more challenges in its management both from an organizational and
building perspective [28].
The primary motivation for e↵ecting change (whether planned or otherwise) is to improve or correct
deficiencies (or failure) in a system [5,28]. However, change has implications and consequences. In the
case of projects, changes can impact on their duration, cost, productivity, and allocation of risks [31,46].
For organizations, a change in operations might necessitate changes in buildings [35]. In buildings,
changes to various components and systems can cause disruptions and impact on other components,
people, and operations. An understanding of the nature, interrelationships, and implications of the
multifaceted aspect of change in buildings is therefore key to building adaptability. Furthermore,
the ability to predict such changes as has been done in predicting the likely duration of construction
projects [46] will make a significant contribution to creating adaptable buildings.
Table 1. Types of changes to buildings (in alphabetical order).
Type of Change
Adaptation

Decoration

Improvement

Maintenance

Modification
Rebuilding
Refurbishment/Renovation
Rehabilitation
Repair
Restoration
Retrofitting

Meaning
“Any major works to adjust, reuse or upgrade a building to suit new
conditions or requirements” [5].
“method of extending the useful life of buildings . . . by a combination of
improvement and conversion” [41].
“ . . . making something look more attractive by putting things on it or around
it . . . ” [47].
“ . . . covering [of] walls or other surfaces of rooms or buildings with paint or
paper” [47].
“combination of all technical, administrative and managerial actions,
intended to ameliorate the reliability and/or the maintainability and/or the
safety of an item, without changing the original function” [48].
Actions “ . . . to retain an item or restore it to a state in which it can perform its
required function” [40].
“combination of all technical, administrative and managerial actions during
the life cycle of an item intended to retain it in, or restore it to, a state in which
it can perform the required function” [48].
“combination of all technical, administrative and managerial actions intended
to change one or more functions of an item” [48].
“action following the dismantling of an item and the repair or replacement of
those sub-items, that are approaching the end of their useful life and/or
should be regularly replaced” [48].
“ . . . modifications to meet current standards, but does not involve a change
of use” [41].
“recycling of buildings involving restoration and new construction” [41].
“physical action taken to restore the required function of a faulty item” [48].
“returns a building to the condition it was when originally constructed” [41].
“event at which the ability to perform as required is re-established, after a
failure” [48].
“providing something [e.g., a building] with a component or feature [e.g., to
improve energy efficiency] not fitted . . . when first constructed” [49].

Restoration

Retrofitting
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model of
of change
change and
and building
building adaptability.
adaptability.
Figure

The building “system” represents the building fabric (i.e., the spaces, components, and systems
The building “system” represents the building fabric (i.e., the spaces, components, and systems
within the building and immediate site), users, organization, and all actors or stakeholders that
within the building and immediate site), users, organization, and all actors or stakeholders that
directly impact on the use and operation of the building. Building adaptability incorporates both user
directly impact on the use and operation of the building. Building adaptability incorporates both user
adaptations to the building as well as changes to the building fabric. The triggers for change represent
adaptations to the building as well as changes to the building fabric. The triggers for change represent
various events (e.g., environmental, economic, financial) or actors (e.g., users, owners, external
various events (e.g., environmental, economic, financial) or actors (e.g., users, owners, external
stakeholders), which can be external or internal to the building. Triggers can lead to changes by users
stakeholders), which can be external or internal to the building. Triggers can lead to changes by users
to adapt to the building, or directly to changes to the building itself [18]. Similarly, user adaptations
to adapt to the building, or directly to changes to the building itself [18]. Similarly, user adaptations
can get to the point where they are no longer adequate to provide a satisfactory level of comfort and/or
can get to the point where they are no longer adequate to provide a satisfactory level of comfort
performance, and changes to the building fabric become necessary. Changes to the building fabric
and/or performance, and changes to the building fabric become necessary. Changes to the building
(Table 1) relate only to changes in its attributes, and some of these can further trigger other changes.
fabric (Table 1) relate only to changes in its attributes, and some of these can further trigger other
Changes to the relationship between the fabric and other objects such as a change in ownership will
changes. Changes to the relationship between the fabric and other objects such as a change in
fall under the triggers for change to the fabric. The concepts and interrelationships represented in the
ownership will fall under the triggers for change to the fabric. The concepts and interrelationships
model do, however, give rise to a few questions, which are the subject of the research presented in this
represented in the model do, however, give rise to a few questions, which are the subject of the
paper. For example, what is the link between di↵erent triggers and the type and extent of change that
research presented in this paper. For example, what is the link between different triggers and the type
is produced? The review by [45] shows that considerable research is being conducted on occupants’
and extent of change that is produced? The review by [45] shows that considerable research is being
behaviors in buildings (within the category of “user adaptations”). However, at what point does
conducted on occupants’ behaviors in buildings (within the category of “user adaptations”).
this lead to building fabric changes? How can all these factors further enhance our understanding of
However, at what point does this lead to building fabric changes? How can all these factors further
building adaptability?
enhance
our understanding of building adaptability?
This paper reports research that conceptualized the process of change for enhancing our
understanding of the adaptability of buildings. The previous and related work on change and
change modelling reviewed above and the conceptual model (Figure 2) informed the empirical study,
which is presented next. The paper concludes with recommendations on how the conceptual model
can be further developed to enhance the development of more adaptable buildings of the future.

This paper reports research that conceptualized the process of change for enhancing our
understanding of the adaptability of buildings. The previous and related work on change and change
modelling reviewed above and the conceptual model (Figure 2) informed the empirical study, which
is presented
next.
The paper concludes with recommendations on how the conceptual model can6 be
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Figure 2. Interpretivist research usually lends itself to the use of qualitative methods, and a case
study
study
approach
was
therefore
adopted,
as
it
is
more
appropriate
for
dealing
with
exploratory
approach was therefore adopted, as it is more appropriate for dealing with exploratory research [52,53].
research
[52,53]. in two buildings in the north east of England, UK (Figure 3), were studied to provide
The changes
The changes in two buildings in the north east of England, UK (Figure 3), were studied to
empirical evidence for this study. Building 1 is a commercial building and business incubator center
provide empirical evidence for this study. Building 1 is a commercial building and business incubator
on five levels (basement ( 1), street level (0), 1, 2, 3). It was built in 2009 by a developer who was
center on five levels (basement ( 1), street level (0), 1, 2, 3). It was built in 2009 by a developer who
encouraged to regenerate an area earmarked for development by the local government authority.
was encouraged to regenerate an area earmarked for development by the local government authority.
It was part of the first phase of (three) buildings that were part of the master plan for the area,
It was part of the first phase of (three) buildings that were part of the master plan for the area,
designed to promote small-business development and employment generation. Building 2 is a Grade 1
designed to promote small-business development and employment generation. Building 2 is a Grade
listed 13th thcentury AD church currently deconsecrated and hosting a heritage center, a book shop,
1 listed 13 century AD church currently deconsecrated and hosting a heritage center, a book shop,
and other activities. Both buildings are owned by a local government authority, who were the industrial
and other activities. Both buildings are owned by a local government authority, who were the
partners
to the research reported in this paper. The buildings were selected mainly because of ease
industrial partners to the research reported in this paper. The buildings were selected mainly because
ofofaccess
to access
documents
and to some
keyofstakeholders
involved in
their creation,
ease of
to documents
andoftothe
some
the key stakeholders
involved
in theiradaptation,
creation,
and
management.
adaptation, and management.

Building 1

Building 2

Figure3.
3. Images
Images of
of Buildings
Buildings 11 and
Figure
and 22 (source:
(source:field
fieldsurvey
surveyofofbuildings).
buildings).

Data
was
carried
out between
MarchMarch
and December
2016, and2016,
involved
examination
Datacollection
collection
was
carried
out between
and December
and the
involved
the
ofexamination
project documents
drawings
and
specifications,
tender documents/contractor
proposals);
of project(e.g.,
documents
(e.g.,
drawings
and specifications,
tender documents/contractor
semi-structured
interviews with
key stakeholders,
most of which
recorded,
proposals); semi-structured
interviews
with key stakeholders,
most were
of which
were transcribed,
recorded,
transcribed,
by the interviewees;
and physical/visual
of the buildings.
Theof
and
validatedand
by validated
the interviewees;
and physical/visual
surveys ofsurveys
the buildings.
The details
details data
of specific
data
for eachare
building
are summarized
Table
All the interviews
for 1
specific
sources
forsources
each building
summarized
in Table 2.inAll
the 2.
interviews
for Building
Building
1
and
interview
2
for
Building
2
were
recorded
with
the
permission
of
the
interviewees.
and interview 2 for Building 2 were recorded with the permission of the interviewees. Interview 1 for
Interview
1 forconducted
Building 2whilst
was conducted
whilst
on a visual
survey/walk
around
and
Building
2 was
on a visual
survey/walk
around
the building
andthe
wasbuilding
therefore
not
was therefore
not however,
possible to
record;
however,
notesmade.
of keyAll
points
were made.were
All the
recordings
possible
to record;
notes
of key
points were
the recordings
transcribed
and
were transcribed
and validated
by interviewees
as a correct
record of what was discussed.
validated
by interviewees
as a correct
record of what
was discussed.
All the interviews were based on a template that included a brief description of the research
project, the objectives of the interview, an outline of topics to cover during the interview, and assurances
about how the data was going to be used. The topic areas, which were slightly modified to suit each
interviewee, included the role/background of the interviewee, background to the building, general
management, changes made to the building (e.g., type, process, triggers for, and e↵ects of change, etc.),
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and any other relevant issue. Each interviewee was sent the interview template at least 24 h before
the interview.
Data analysis was performed using the NVIVO software for qualitative analysis. This software
is designed to help organize, analyze, and find insights into un-structured or qualitative data such
as interviews. All the project-related documents (i.e., drawings, interview transcripts, photographs,
and other project documents) were uploaded to NVIVO. A list of themes (called “nodes” in Nvivo)
around key research questions (e.g., the reasons behind the changes, the types of changes, and the
flexibility of changes) were created. These nodes were then linked (coded) to the interviews to facilitate
the data analysis during the research. Some manual analysis was also carried out, for example in
establishing the timeline of changes, and in the review of building documents.
Table 2. Summary of data sources.
Source

Documents

Interviews

Building 1
1.
2.
3.

1.
2.
3.

Publication about the history
of the building.
Conservation plan.
Drawings for major works
completed in 2008.

Five interviews:

Two interviews:

1.
2.
3.
4.

1.

5.
Other

Original and updated drawings of building.
Contractor’s proposals for refurbishment.
Market research report for purchase of
the building.

Building 2

Original Architect for building (OA).
Building Manager (BM).
Architect for Major Refurbishment (AM).
Business development manager (Building
Client) (BC).
Maintenance Manager for building (MM).

Visual on-site survey of building.

2.

Architect for the major
refurbishment completed in
2008 (AR).
Creativity Development
Manager for building
(CDMgr).

Visual on-site survey of building.

3. Research Findings
3.1. Building 1
Table 3 summarizes the key events and changes in the building at the time of the study.
The development and construction of the building coincided with the start of the recession in
the UK (2007/2008), and the building was unoccupied for three years (2009–2012). In 2012–2013, the top
floor (level 3) was partitioned into cellular offices and this attracted tenants. However, full occupancy
was not achieved until after major refurbishments were carried out (mainly the partitioning of levels 1
and 2), following the acquisition of the building by the Local Authority in 2014. Figure 4 shows the
network of departments and individuals that were involved in the decision-making for change to
happen. The case for the purchase of the building was made by the Economic and Housing Growth
department (the key driver behind these decisions), but the actual acquisition was carried out by the
Legal, Democratic, and Property Services.
The building had been designed as fully open plan (Figure 5) based on a business model of
attracting “a blue chip big corporate [tenant] to come in and rent [or buy] the whole building . . . ”
(Interviewee BC—Table 2). However, given the adverse economic conditions at the time, this did
not happen. This was of grave concern to the Local Authority, who wanted to promote economic
development in the area. They were concerned that an empty building was not a good advert for
the area and was unlikely to encourage further investment in office buildings. The developer was
then persuaded to partition the top floor (level 3) by the Local Authority, who had a waiting list of
small businesses wanting more space to which they could expand and create employment in the area
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The completion of the major works in 2008 was followed by the economic recession, which a↵ected
many western nations from 2008. These adverse economic conditions forced the owners to withdraw
operational support for the heritage center, requiring a change in the business model in terms of its
operations to include activities (e.g., hiring the venue as an events space for meetings, conferences,
and weddings) that will make it self-supporting (CDMgr and AR—Table 2).
Table 4. Timeline of the key events and changes in Building 2.
Date

Details of Changes

Anglo-Saxon wooden church destroyed in 1080. A small chamber was built in 1350 on
the north-east side. However, some elements of the church have been dated from
around 1200 AD.
16 century
The chamber was enlarged for hosting the Four and Twenty meetings.
1644
The church is occupied by Scots and bombarded by Newcastle royalists.
1693
School in the anchorage.
1739–40
Tower rebuilt and major repairs to building.
Repairs and extensive alterations to building, including the installation of hot water
1838–40 s
heating in the church.
1854
Great fire of Newcastle and Gateshead.
1854–55
Restoration by John Dobson (a local architect).
1874–75
Repairs and alterations by Austin, Johnson, and Hicks.
1908–22
Repairs and alterations by Oliver Leeson and Wood, improvements to the graveyard.
1922
West window replaced by stained glass by Charles Kempe.
1925
Tyne Bridge Act: purchase of sections of graveyard to build bridge.
1932
Graveyard alterations and removal/relocation of c200 tombstones.
Added to (“Listed” in) the National Heritage List for England as a building of
1950
exceptional architectural or historic interest (Grade 1 listed building).
1979
Fires in vestry and tower. The church ceased to be a place of worship.
1984
Proposed repair works to boundary walls, railings, and piers.
1985
The church is acquired by the North East Civic Trust.
1990
Auction house: refurbishment and use by Philips Fine Art Auctioneers.
2001
Converted into a visitor center.
2003
Purchase by the current owners, following a four-year lease.
2007
New design proposal for the conversion into a heritage center.
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Figure 7. Finished floor of Building 2 (source: field survey of building).

Figure 8. Ground floor plan of Building 2 (source: drawings of major works—Table 2).
Figure 8. Ground floor plan of Building 2 (source: drawings of major works—Table 2).

The modified change in operations necessitated further changes to the building, including
the addition of bespoke boxes for cables to provide extra electric sockets along the main aisle (the
underfloor boxes were too small for some plugs and a number of devices could not be used) (Figure 9);
the installation of additional heating, comprising radiators, fans, heaters, and blinds on windows
to the south to provide shading for activities in that part of the building. However, despite these
additional improvements, there were (at the time of the interview) ongoing challenges to do with
storage (especially for the chairs used for various events); limitations of the electrical system to cope
with activities not envisaged at the time of the major refurbishment in 2008; and managing the delicate
balance between income generation and preserving the building as a listed building.
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4. Discussion
A key question underpinning this research was: how can an understanding of change further
enhance our ability to create more adaptable buildings? The conceptual model of building change
(Figure 2) provides the framework for analyzing the findings from the research with respect to the
triggers for change and the actual changes made to the building fabric. Although user adaptations
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4. Discussion
A key question underpinning this research was: how can an understanding of change further
enhance our ability to create more adaptable buildings? The conceptual model of building change
(Figure 2) provides the framework for analyzing the findings from the research with respect to the
triggers for change and the actual changes made to the building fabric. Although user adaptations
were not specifically investigated, the other findings will be used to make inferences on their nature
and implications for adaptability.
4.1. Changes to Buildings
From the description of the two buildings above, the building layers [16,18,24] that changed were:
stu↵, space plan, and services (Building 1); stu↵, space plan, services, structure, skin, and site (Building
2) (Table 5). New developments in the “surroundings” of both buildings might have triggered or
influenced the changes made within them. On the other hand, the changes made to the building fabric
of both buildings a↵ected the “social” layer because of the di↵erent groups of building users. The type
of changes made spanned most of the types described in Table 1, although there was no change in
use, except for Building 2, whose use had been changed from a place of worship to a heritage center.
However, these changes only reflect major works on these buildings; many other changes such as
statutory maintenance to comply with legislation were made. The as-built drawings of these buildings
may or may not be updated after such changes (interviewee MM–Table 2).
Table 5. Changes in study buildings mapped against Schmidt III and Austin’s [24] building layers.
Layer

Description

Building 1

Building 2

Social

“Humans in and around the
building that play a role in the
life of the building”.

A mix of small start-up
businesses occupied the
building.

Stu↵

“components/objects that
reside inside the space users
inhabit”,

Regular (sta↵) and
occasional users (visitors
and events participants)
now occupy the
building.

New fixtures and
furniture installed.

Window blinds and
furniture installed.

Space Plan

“components that enclose the
spaces users inhabit”.

Partitions put in and
decoration.

Services

Structure

Skin
Site

Surroundings

“components that supply and
transport physical
flows-energy, water,
communications, elevators”.
“components which support
the primary transferring of
vertical loads and horizontal
bracing”.
Exterior surfaces (e.g., façade,
cladding).
“the legal boundary in which
the building sits”.
“The larger physical context in
which a building sits, outside
of its specific lot boundaries”
(includes human-made objects
and natural geographic
conditions).

Some improvements
made to facilitate other
changes (e.g., partitions).
Not changed.

Not changed.
Not changed.
A further education
college had been built in
an adjacent site as part of
the regeneration of the
surrounding area.

Some partitions added.
Improvements made to
the space.
New improved services
put in (e.g., underfloor
heating in new
extension).
Repairs were made to the
structure.
Improvements
(repointing) made to
brickwork.
An extension was built
to house the toilets.
A music and concert
venue had been built
near this building prior
to its main refurbishment
in 2008.
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It is observed that, whilst the changes in the buildings studied can be mapped against defined
building layers, the actual changes to those elements were not made because they had reached the
expected lifespan of when changes to di↵erent building layers could be expected (e.g., major changes
were made to building, which was relatively new and had barely been occupied). The changes made
and the sequence in which they were made were not dependent on the expected lifespans, but on the
need for strategic objectives and the need for a well-functioning building in line with those objectives.
Other changes were triggered because of key changes (e.g., the need for partitions in the building led to
the need to change the services). However, this does not undermine the need for layer independence
in building design as an adaptability strategy [16], and although this was not investigated in this study,
it may well have enhanced the cost-e↵ectiveness of the changes made to the building [18].
4.2. Triggers and Enablers for Change
For both buildings (1 and 2), there were several triggers for making changes to the buildings
(Table 6), which fall into three categories:
•
•
•

Indirect, macro-level (e.g., economic downturn) vs. direct, micro-level (e.g., change in
ownership) triggers.
Building use (i.e., initiated out of the day-to-day use of the building) vs. non-building use
(e.g., top-down strategic change in the business) triggers.
Building-change triggers which arise from the changes triggered by the above.

Figure 10 shows the relationships between the triggers. Some of the triggers were interrelated,
with some (e.g., micro-level triggers) arose from others (e.g., macro-level triggers). Most of the triggers
also led directly to changes in the building fabric (as suggested in the conceptual model in Figure 2),
although a few (e.g., changes arising from change in operations in Building 2) were building use-related.
For both buildings, the triggers that actually led to building change also appear to be directly linked
to strategic business decisions, which were made not because of a bottom-up assessment of use, but
because of external “top-down” macro-level factors (Figure 10).
Table 6. Triggers for change in the case study buildings.
Category

Triggers

Macro/Non-Use

Economic conditions.

Micro/Non-Use

Disasters.

Micro/Non-Use

Change in ownership.

Micro/Non-Use

Change in business
model.

Micro/Non-Use

Need to increase
revenues.

Micro/Building-Use

Changing needs of
users.

Micro

Building changes.

Building 1
A↵ected initial occupancy and
eventually led to a change in
ownership and changes within
the building.
Bankruptcy of original owners.
Led to change in the business
model and then to building
changes.
From single occupancy to
multiple occupancy.
Need to attract more business to
the area and thereby increase the
revenues of the Local
Government Authority (LGA)
through business rates.
Noise/sound-transmission
issues between the spaces of
di↵erent tenants.
Decoration works that were part
of the major refurbishment
(partitioning of spaces).

Building 2
This led to the
withdrawal of funding, a
change in the business
model, and then to
building changes.
Damage caused by fire.
Led to building changes.
From grant funding from
owner to increased
income generation.
Need to generate
revenues to make it
self-supporting.
Need to cater for
di↵erent activities.
Remedial decoration as a
result of other changes.

Micro/Bui
lding-Use

Changing
needs of
users.
Micro
Building
changes.
Sustainability 2020, 12,
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development and regeneration of the area, and to generate income through business rates (interviewee
BC–Table 2). Regulation was also another enabler, especially for Building 2, as the listed (protected
heritage) status facilitated the grant from the Heritage Lottery Fund to be secured. However, it was
also an inhibitor, as there were severe restrictions on the changes that can be made on the fabric of
the building leading to significant expense in maintaining the wall profile (no skirting boards were
permitted—Figure 7), and in embedding service cabling within the mortar joints. Another key enabler
was the cost of change and access to funding to e↵ect changes. For both buildings, funding was
received from the European Union, and also from the UK Heritage Lottery Fund in the case of Building
2, to acquire and/or refurbish them. Regarding the role money plays in e↵ecting change, interviewee
MM (Table 2) observed that: “ . . . you can make anything adaptable. It’s all to do with money, isn’t it?
You can do whatever you want as long as you have got the money”, although he did acknowledge that
building configurations that are easy to change will make this easier.
The cost of change was obviously linked to the ease of changing the building factors, but it
appeared that organizational will (as in Building 1) played a greater role as an enabler for change. It does
seem that organizational will and money can override less flexible building conditions. Interviewee
BC (Table 2) observed that, from his experience, “ . . . it’s easier [more cost e↵ective] to take walls away
than add them in [i.e., partition larger spaces]; it’s more difficult to design larger spaces and turn them
into smaller spaces”. However, although this was the challenge for Building 1, the changes were made
nonetheless, because they were considered crucial for the reasons mentioned earlier.
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5. Conclusions
The aim of the research reported in this paper was to conceptualize and explore the process of
change to enhance our understanding of the adaptability of buildings. Through an exploratory study,
the changes in two buildings were investigated and the findings were discussed against the conceptual
model that was presented in this paper.
A definition of adaptability that focused on a building’s ability to accommodate the changing
demands of its context to maximize its value over its lifetime [1] was adopted for this study.
This underscores the fact that change is at the heart of building adaptability, but that it incorporates
both the extent to which users adapt to buildings as well as the changes made to the building fabric to
accommodate the changing contexts of the building. The concept of change was therefore explored,
and it was established that it relates both to the changes in the inherent attributes of an object and
the changes in the relationship to other objects. In the context of buildings, this translates to a wide
spectrum of changes (Table 1) to the building fabric (inherent properties) and changes in ownership,
users, and external entities interacting with the building (relationship to other objects). Since the focus
of the study was on “change” rather than on the building’s ability to respond to that change, the triggers
and enablers that lead to changes to buildings were investigated. The likely interrelationships between
these factors are represented in the conceptual model (Figure 2) that informs that empirical study
reported in this paper.
5.1. Limitations of the Study
One of the key limitations in this study is that “user adaptations to buildings” was not investigated
due to the lack of data; the full extent of the conceptual model could not therefore be explored. However,
even for those aspects investigated, it was not possible to map all the changes within the buildings
studied, apart from those which took place during major refurbishments. Even though key participants
were interviewed, the lack of routine capture of all the multitude of changes made it impossible to have
this information. Finally, because of the exploratory nature of the study and the focus on only two
buildings, the findings only apply to these buildings, and cannot be statistically applied to all buildings.
5.2. Conclusions and Implications for Practice and Research
The limitations of the study notwithstanding, many valuable insights were drawn from the study,
and these are summarized below:
1.

2.

“The concept of building layers is useful for categorizing changes, but not necessarily in predicting
when changes will be made.” It was observed that while the changes that were made to the studied
buildings were categorized into defined building layers (e.g., space, services, structure—Table 5),
the changes were not necessarily triggered because various elements were obsolete (as implied by
the lifespans of di↵erent layers), but rather to respond to changing business and external factors.
A possible implication of this is that a new way of predicting and/or categorizing building changes
needs to be developed, as the actual changes made may not necessarily follow the lifespan model
of layers. Furthermore, given the wide spectrum of changes within layers (e.g., the services
layer), sub-layers could be considered to predict and/or develop more appropriate and targeted
adaptability strategies.
“The apparent ‘state’ of being ‘adaptable’ did not appear to be relevant with respect to the
changes made to the studied building.” The findings from this research suggests that the state
of being adaptable does not necessarily mean that actual change to the building will be made
if other factors are not favorable. On the other hand, when these other non-building-related
factors are strong enough, actual change can be made even if the building fabric itself is not very
adaptable. An implication of this is that more consideration needs to be given to non-building
factors in adaptability studies. For example, could these be a better indicator of the likely

Sustainability 2020, 12, 6585

3.

4.

16 of 18

changes to buildings than building layers? Could they provide better insights into the design
for adaptability?
“Building ‘failure’ with respect to meeting strategic business objectives and regulation were most
crucial in triggering the changes to buildings.” Non-building use triggers were more crucial in
bringing about change (Figure 10), and building-use issues (e.g., sound insulation in Building 1)
only became relevant because they had a direct e↵ect on those strategic issues. For both buildings,
the need to fully comply with regulations (e.g., the listed status of Building 2) necessitate ongoing
changes, many of which are not routinely documented. However, since the “user adaptations to
building” aspect of the conceptual model (Figure 2) was not investigated, the extent to which
“failure” in this area led to building changes was not explored. This conclusion should therefore
be considered as preliminary, and further research is required to fully explore the way di↵erent
types of building failure a↵ect the changes produced.
“The triggers for change are themselves susceptible to change.” The original business models
for both buildings had envisaged a type of use which influenced the design/refurbishment.
In Building 1, the open plan nature of the building reflects accepted wisdom on adaptability [2],
but the services were not designed to enable spaces to be easily partitioned. The new business
model was based on multiple occupancy for small start-up companies requiring smaller offices.
In Building 2, the change to a self-sufficient income-generating building led to further changes to
accommodate a di↵erent type of use. A possible implication of this is that if potential changes
in demand were envisaged at the time of design/refurbishment, could this have led to more
adaptable solutions? The anecdotal evidence from this research suggest that this may not be the
case; the sound transmission problem in Building 1 was envisaged when it was refurbished but
was not initially implemented because of budget and time constraints.

In conclusion, it is evident that the conceptual model provides a useful framework for investigating
and developing an understanding of change and the adaptability of buildings. The insights reported
in this paper suggest that a greater understanding of how non-building factors lead to changes in
buildings will greatly enhance our ability to create more adaptable buildings. Further research in the
areas highlighted above and on a wider sample of buildings is required to ensure the wider application
of the findings by researchers and practitioners in the built environment and allied disciplines.
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