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Office building built environment that aims at incorporating recovery-based objectives into building codes. How-
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ever, to date, post-earthquake functional recovery is predominantly recognised from engineering
perspectives with minimal inclusion of users’ input.

To enhance post-earthquake functional recovery for effective risk reduction, this study intro-
duces conceptual frameworks that expand the scope of building functionality through socio-
technical systems (STS) thinking. While engineers focus on the technical aspects of buildings,
users emphasise additional facets that include social context. The adoption of the STS theory
guides the development of building-system functionality frameworks, examining perspectives at
both the micro and macro levels. At the micro level, users prioritise essential building services,
while on the macro level, externalities that can impact the overarching functionality of a building
are taken into consideration. The building-system functionality frameworks have a significant
impact on both functionality and functional recovery following a disaster. By prioritising users’
perspectives, the objective of the building-system functionality is to enhance societal engagement
in integrating functional recovery criteria into building codes.

1. Introduction

Amongst all types of disasters, earthquakes have accounted for most deaths and destructions caused by the collapse and/or dam-
age of buildings [1,2]. Structural collapse of buildings accounts for 75 % of deaths whilst the remaining 25 % are attributed to non-
structural components and cascading hazards such as fire, and landslides among others [3]. Accordingly, building codes and stan-
dards regulate the design of buildings to minimise the risk of collapse ensuring life safety. While ensuring the structural designs of
buildings reduce the risk of collapse, a building's uninterrupted (albeit reduced) functional capacity is not considered. Thus, the evo-
lution of the post-earthquake functional recovery concept that stemmed from the United States. Functional recovery aims at both life
safety and acceptable recovery time for a building to return to functionality after an incident [4,5]. Returning to functionality after an
earthquake event is gaining momentum as governments and the private sector endeavour to reduce losses and accelerate recovery,
particularly in seismically active areas like New Zealand (NZ), and Japan [6,7]. The functional recovery concept has so far been dri-
ven by engineering parameters. Frameworks for evaluating post-earthquake functionality, mobilising resources, repair time, and
processes are based on building performance metrics [4,8-10,11]. Yet generally, it remains uncertain how building users regard func-
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tionality. Understanding users' perception of building functionality is crucial for post-earthquake functional recovery [4]. In the con-
text of office buildings, businesses as occupants of office spaces, play a crucial role in identifying and prioritising essential building
services to reduce the risk of business interruptions. The office building and its services are integral to ensuring business continuity,
which, in turn, has a substantial impact on economic recovery, the well-being of employees, local communities, and the broader econ-
omy following a disaster [12,13,14]. Thus, the main emphasis of this paper is to enhance the performance of buildings by employing
socio-technical systems thinking, which conceptualises users' perspectives on office building functionality essential in post-
earthquake functional recovery.

Notably, buildings are designed and managed by people (experts) to be inhabited by people (users). Office buildings are salient
partners of users in performing tasks, accomplishing business goals as well as serving as an accommodation that connects building
users to their workspaces [15-17]. Hence, there is a human connection to buildings [18]. The connection between building users and
workspaces affects the health, comfort, and productivity of users particularly employees [19-21]. For instance, sick building syn-
drome is a phenomenon where building users experience health-related issues when in a building such as irritations and lack of con-
centration. Certain sicknesses like lung disorders and asthma are associated with indoor air quality where moisture and mould are
present in buildings [18,22,23,]. Another instance of users' connection with an office building is their interactions and ability to con-
trol their workspaces through building system interfaces like indoor temperature using HVAC systems [24]. Considerably, building
users are the ones who determine whether a building is performing well or not based on their needs, satisfaction, expectations, and
preferences [16,24,25]. Users are the ones to cope with and adjust to suit their level of comfort which is described as “interactive
adaptability” [24,26,27]. Similarly in the event of post-disaster functional recovery, users are the ones to accept and cope with disrup-
tions till full recovery of buildings. As such, tenant function is considered a significant component of a building's function [13]. Fur-
ther studies reveal that businesses are dependent on utilities; thus, utility services and restoration are mostly tailored toward the spe-
cific needs and requirements of tenants [28,29]. Moreover, the repair schedule algorithm developed by Cook et al [13] operates un-
der the assumption that the building owner and the repair team give priority to restoring functionality unless there are evident struc-
tural constraints that logically dictate otherwise. It is upon this premise that the study describes building functionality as an interac-
tion between users and their building. That is, the experience of users (owners and tenants) regarding a building's functionality is in-
separable from the physical building - structure, building services, and components [16,30,31]. These entities: users, physical build-
ing, and functionality, are intrinsically interconnected and therefore conceptualised to form the basic elements of a system within a
building function.

Furthermore, the assessment of building functionality from the perspective of building users is closely intertwined with the con-
cepts of Post Occupancy Evaluation (POE) and usability [32,33]. Whilst usability pertains to quality in the use of workspaces
[32,34-36], POE evaluates users’ views when a new building is completed, and it is in use for the first few months or years [37,38].
POE obtains feedback regarding the serviceability of a building and examines whether a building meets the specified demands placed
upon it [33,37-39]. Essentially, both usability and POE concepts focus on the current state of a building without considerations for
continuous use, flexibility, adaptability, and longevity about future uncertainties and the resilience of buildings after a disaster. Build-
ing resilience relates to an ability to respond to and recover from the effects of an incident taking cognisance of the time needed to re-
store basic operations [40]. Therefore, this paper argues that the conventional description of building functionality entangled with us-
ability and POE concepts is inadequate. Subsequently, articulating building-system functionality as a novel approach to foster flexibil-
ity, adaptability, and resilience of buildings that will facilitate the post-earthquake functional recovery concept.

Functional recovery spans across interdisciplinary domains, hence, relying solely on structural performance of buildings is inade-
quate [10,41]. Therefore, for a comprehensive post-earthquake functional recovery concept, there is a need to understand building
functionality from diverse aspects such as social, economic, and organisational [42]. Although building experts focus on the technical
aspect related to structural performance that is crucial for a building's safety, the continuous use and adaptability of office buildings
amidst disruptions highly depend on the building users. The involvement of users is imperative in the successful design of the post-
earthquake functional recovery concept [4]. Therefore, the purpose of this study is to:

e Conceptualise users' version of office building functionality.

e Contribute to literature by advancing the application of socio-technical system thinking (STS) in the building industry that will
mitigate the impact of cascading hazards that pose great risks to buildings.

e Introduce the building-system functionality frameworks to guide future research in the emerging post-earthquake functional
recovery concept.

This paper is structured as follows: section 2 delves into office building functionality. Socio-technical systems (STS) theory which
serves as the theoretical lens underpinning the study is considered in section 3. Lastly, the building-system functionality frameworks
are presented in section 4 while section 5 discusses and concludes the study.

2. Building functionality

The total workplace is broadly considered to have many aspects like physical, operational, social, and cultural factors [30]. This
section examines the facets of office building functionality from physical and social contexts.
2.1. Physical office building functionality

The physical context refers to the building structure with its systems and components to serve a purpose. In a given jurisdiction, all
buildings are required to conform to the building codes and standards relevant to that specific locality. Building codes primarily set
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minimum requirements for how buildings should be designed, constructed, or perform for the safety, health, and well-being of occu-
pants. The codes exhibit notable variations not only between countries but sometimes between different states. In the United States
(US) for instance, the decision to adopt the International Building Code (IBC) lies with state or local jurisdictions. These codes are
then customised to address the specific requirements and distinctive features of a particular region. To cite some examples, the build-
ing code in California places a particular emphasis on addressing earthquake risks, whereas Florida's code incorporates specific mea-
sures to address the challenges posed by hurricanes [43]. Additionally, the building code in the US prescribes standards and require-
ments that govern the design, construction, and maintenance of buildings [44,43]. In New Zealand (NZ), the building code is perfor-
mance-based. The performance-based approach encourages innovations with technical clauses that buildings must adhere to [45,46].
The technical clauses encompass stability of the structure, durability, protection from fire, access, moisture, services, and facilities,
energy efficiency provisions among others [46]. Each technical clause has its social objective, functional requirements, and perfor-
mance criteria. The functional requirements specified in the NZ Building Code delineate the technical aspects that buildings must
comply to fulfil social objectives, prioritising the safety, health, and well-being of occupants. For example, the functional requirement
of a building's structure is to ensure the building with its elements stand the loadings they are likely to be subjected to. Nonetheless,
on a global scale, existing building codes prioritise protecting lives in hazardous events, but do not explicitly address the functionality
required to maintain the operational aspects of buildings after such events [47].

Building experts, particularly engineers describe the functionality of an office building based on technical requirements such as
design, construction, performance, and operations of a structure [48]. Structural integrity considers a building's capacity to bear its
weight and withstand external forces, such as hazards. Modifications to building structures are also informed by past experiences. To
give an illustration, after the 2010-2011 Canterbury earthquakes in New Zealand, commercial buildings in the Central Business Dis-
trict (CBD) were significantly affected which led to the demolition of over 900 buildings representing 70 % of the CBD [49]. Conse-
quently, the building industry first adopted low-damage seismic design (LDSD) before it was embraced by the NZ government. The
LDSD is about structural performance to make buildings more resilient and sustain less damage after a major earthquake occurrence
[6,50,51]. Similarly, the present emphasis on the concept of post-earthquake functional recovery stems from engineers articulating
the need for higher performance of buildings [4,5,8,10,13,47].

From the users' perspective, the physical office building is a resource that partners and contributes to corporate strategy [52]. The
office provides a workspace for employees plus a place to meet clients and render services [53]. The physical functionality of office
buildings encompasses factors such as the design and layout, dimensions of each floor, the height from floor to ceiling, the effective
use of space, the arrangement of columns, the ability to subdivide spaces, and the capacity for supporting floor loads [54]. Further-
more, non-structural elements are critical in maintaining a building's functionality. They include architectural components (e.g., ceil-
ing works), mechanical (e.g., HVAC system, elevators), electrical, plumbing works and building contents. Past earthquakes have
demonstrated that while a building may sustain minor structural damage, its functionality can still be compromised due to significant
damage to non-structural elements [55]. The non-structural components also account for up to 75 % of a building's economic value
[56]. The primary consideration for users regarding the physical functionality of a building is contingent upon the anticipated type of
hazard, emphasising the key role of risk management. This involves evaluating acceptable risk levels and safety [57].

2.2. Social context of office building functionality

Apart from the office building providing workspace for employees to perform job activities, it serves as a conduit for innovation,
exchange of knowledge and ideas, social interactions amongst employees, cultivating organisational culture, and promoting business
image/brand [17,20]. Additionally, some workers value their workspaces such that they are emotionally connected to their work en-
vironments [15,17,58]. Users’ perception of office building functionality is substantially driven by a series of additional social values
and benefits [52].

When choosing workspaces, businesses usually evaluate office buildings to ensure a fit-for-purpose [25]. In other words, to iden-
tify suitable accommodation for use that aligns with business goals and culture and is easily accessible for employees and clients. Al-
though leasing office space could be costly, it represents the second most substantial financial overhead following labour expenses
[59]. The prevailing trend in the post-pandemic office market is a shift towards quality, emphasising the balance between cost and
benefits, with businesses seeking contemporary offices equipped with premium facilities to attract and retain talent [60].

For office users, the functionality of an office goes beyond the physical building to be mainly driven by social benefits. The social
benefits encompass the quality of office building including workspace, enhancing business culture, promoting sustainability, and
brand image of the business. A quality workspace incorporates different areas that cater to the needs of users such as informal spaces
(e.g., for breaks), spaces for collaboration like technology-enabled meeting spaces, and in some cases amenities outside the office like
childcare and gym that provide maximum comfort to occupants [19,20,48,61,62]. The flexible workspace allows space division and
rearrangement of fit-outs like co-working spaces to accommodate the changing needs of an expanding or downsizing workforce
[63,64]. Moreover, the quality of building features such as a modern fit-out and amenities contribute to the grading of office build-
ings. For instance, grade “A” buildings incorporate the latest innovations in design and technology (e.g. smart buildings where Infor-
mation Technology (IT) management systems regulate services) while grade “B” buildings may lack such qualities [54,65]. Higher-
grade spaces enhance the health, safety, and well-being of employees and facilitate job processes, operations, and productivity
[15,66,67]. Establishing quality in a workspace relies on the uniqueness of the business structure, culture as well as individual em-
ployee's personality traits and behavioural characteristics [68]. Each tenant, representing a distinct business entity, is likely to have
specific needs for essential building services within an office building [13,69].

The functionality of a building plays an essential role in shaping business culture. Business culture includes the values, beliefs,
work norms, and policies regarding how a business conducts its operations and interacts with the employees, customers, and society.

3
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Business culture influences the working environment and office layout [67,68,70]. For example, depending on the business culture,
workspaces could be enclosed with private offices or open plans with no constraints [15,17,67,70,48,58].

Functionality also adds value to the brand image. For example, modern buildings often achieve sustainability ratings which in
turn contributes to businesses’ commitment towards minimising impact on the environment. Likewise, technology infrastructure en-
ables efficient communication, data management, and collaboration. These modern features communicate a sense of reliability, sta-
bility, and success to the public and investors enhancing the business brand image.

In summary, the review of office building functionality from both physical and social contexts has uncovered differences in view-
points between building users and experts. Building experts, particularly, engineers prioritise the physical functionality of a building
based on technical parameters and performance criteria. Users on the other hand prioritise the social aspect of a building's functional-
ity. They include a fit-for-purpose in aligning with business goals and culture, quality of space that meets the evolving modern work,
and branding. The functional requirements of building users inform the physical parameters and structural requirements of office
buildings.

3. Theoretical lens

In this section, the socio-technical system theory (STS) that underpins the study is considered. Beyond the researchers who devel-
oped the theory, subsequent researchers have expanded the STS theory into broader perspectives. This section illustrates the two key
philosophies considered for this study: internal and hexagonal STS theories.

3.1. Overview of the socio-technical system (STS) theory

The general systems theory was first developed where limitations were found regarding different studies of science (living organ-
isms, inanimate things, or social phenomena) as mutually independent philosophies resulting in contradicting philosophies. Conse-
quently, there is a better understanding of philosophy when scientific conceptions that can form a system are considered holistically
[71]. A system is frequently described as anything that is first seen as a whole followed by its elements, parts, or components that
have relationships that interact between or amongst themselves through actions and reactions [72]. It could be used in any form such
as biological (e.g. ecosystem), structural (e.g. railway system), organised ideas (e.g. democratic systems), social (e.g. family), or the
interaction of living things and inanimate entities such as employees and the machines they use to perform a task [71,73]. The latter
led to the emergence of the socio-technical systems [74,75].

The STS theory evolved in the United Kingdom (UK) in 1949 during the industrialised revolution, and post-war reconstruction of
industries [74]. Ken Bamforth, a former coal miner and a postgraduate Tavistock Institute Fellow, and Eric Trist, one of the Institute's
founders undertook a study in a newly established coal industry that was not performing well. Despite the upgrade in mechanisation,
productivity failed to align as anticipated. This was due to a substantial shift in the technical aspects without sufficient consideration
for the impact on the social structure and the needs of the employees. Thus, the STS theory considered a paradigm shift of work blend-
ing both technical and social components for an effective output [74].

3.2. Philosophies of socio-technical system (STS) theory

One school of thought considers STS theory strictly from the internal processes of an organisation with four key interacting fac-
tors. These are people, structure, technology, and tasks as demonstrated in Fig. 1. The people are mainly the employees, whilst the
structure relates to coordination, leadership, as well as how reward systems are prescribed within an organisation. With the employ-
ees’ skills and knowledge, they perform tasks within the organisation with the available raw materials and technological artifacts
such as tools, computers, and machinery that enable them to transform input into output. In effect, the technical sub-system should
not be over-emphasised at the expense of the social sub-system. Eventually, for efficient output, which is the main aim of organisa-
tions, there should be a blend of both social and technical components [75-78] as illustrated in Fig. 1.

Despite the initial development of STS for internal processes of organisations, its application to other areas became intriguing,
thus the establishment of the second school of thought; the hexagonal STS framework as illustrated in Fig. 2.

From Fig. 2, the hexagonal STS framework considers six interrelated factors. Further than the internal processes that consider em-
ployees and technical components within an organisation, other external factors tend to impact organisations, for instance, end-users.
To cite an example, a study conducted by Hughes et al. [80] for effective telehealth service within the National Health Service in the

SOCIAL SUB-SYSTEM TECHNICAL SUB- SYSTEM

Structure B Technology

-
S\

People «-— Tasks

Fig. 1. Interacting variable classes within a working system. Source: Bostrom & Heinen [76].
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Fig. 2. Hexagonal socio-technical system framework. Source: Challenger & Clegg [79].

United Kingdom (UK) revealed that telecommunication devices used for recording health-related information were not meant for
health workers only but the end-users like patients. The patients and/or carers were expected to deliver health-related information
such as blood pressure, glucose levels, and heart rates from the patient's home to the clinic using telecommunication devices. With the
application of the hexagonal STS theory, the researchers highlighted that the effective output of the clinic included the end-users who
used technology to submit the right information to the clinic [80]. Also, STS was used to explain the occurrence of three major crowd-
related disasters: the Hillsborough football stadium disaster in 1989, the King's Cross underground fire, and the Bradford City stadium
fire in 1987 and 1985 respectively [79]. Using the hexagonal STS for all the disasters, the study underscored that there was a lack of
safety concern which was the goal as illustrated in Fig. 2. Culture which is an interrelated factor addresses the attitude and mindset of
the people. The people were complacent and thought they were immune to disasters. For the processes and building infrastructure,
there was inadequate coordination amongst agencies as well as poor ground conditions and maintenance of facilities like escalators
that were insufficiently cleaned and lubricated. Technology included the failure of radios whilst the people who were involved lacked
overall control and responsibility. It was therefore accentuated that disasters happen because of mistakes, misjudgements, and poor
planning causing unexpected failures of systems [79]. The STS theory facilitates the predictions of future events by identifying signifi-
cant issues and potential risks. This is primarily based on acknowledging and paying heed to prior experiences as well as identifying
factors that contribute to susceptibility to hazards [81]. Whilst it is impossible to prevent the occurrence of disasters like earthquakes,
it is feasible to minimise both life safety risks and building damage. The capability of STS theory to predict and elucidate the causes of
man-made disasters and malfunctions of complex systems renders it well-suited for the building functionality approach in the built
environment. Thus, the adaption of the STS theory to develop building functionality system frameworks.

4. Building-system functionality frameworks

Notably, some researchers assert that there is a need to advance STS thinking and its application to address contemporary issues
[75,82]. For instance, its application in Artificial Intelligence (AI) like military intelligence systems [77] and in design science to pre-
vent and forecast future malfunctions of systems [81]. Also, emphasis has been placed on the importance of employing STS as a trans-
formative strategy for enhancing the resilience of engineering systems [75,83-85]. This section presents the application of STS theory
in the built environment and the establishment of building-system functionality frameworks with a specific focus on advancing the
post-earthquake functional recovery concept.

4.1. Socio-technical system (STS) theory in the built environment

The literature demonstrates the utilisation of STS theory for complex systems. A building is regarded as a complex system espe-
cially when the physical and human components are considered [24,30,31]. The involvement of human components particularly
building users plays a substantial part in achieving effective design, execution, and optimum performance of buildings. One aspect of
human involvement requires interactive processes which necessitates dialogue and communication between experts in providing the
technical aspects and users for their satisfaction in the use of buildings [26]. Another part involves interactions between technical
components and social elements (users) of buildings which stem from thermal building performances [26,86]. For instance, the inter-
nal temperature of a room is operated by heating and cooling systems which are regarded as technical. Yet, building users control the
interfaces to provide suitable temperatures for their comfort.

The socio-technical systems (STS) theory is gaining momentum in the built environment as it is becoming more widely adopted.
So far, it has mostly been used for indoor environment-behaviour studies. In one study, users adapted to their personal energy conser-
vation strategies rather than programmed adjustments using systems control [24,87]. STS was also used to identify challenges regard-
ing heat metering where it was observed that measurements are influenced by human behaviour such as the opening of windows
when heating is in use [88]. Lastly, the STS theory was used to assess the design of higher education learning environments to under-
stand the interactions among learners, physical space, technology, and pedagogical activities [89]. The built environment is continu-
ously evolving, thus the need to progress the discourse and practical implementation of STS principles to improve the resilience of
buildings.
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4.2. Application of STS theory to develop building-system functionality frameworks

As mentioned earlier, STS theory has been employed to anticipate and mitigate disasters caused by human actions, aiming to
lessen the repercussions on systems and organisations. Nonetheless, the built environment has not yet embraced the use of STS theory
in addressing cascading disasters. For the development of the post-earthquake functional recovery concept, this conceptual paper fo-
cuses on advancing the application of STS theory to develop building-system functionality frameworks. The concept of building func-
tionality represents an innovative approach aimed at promoting the adaptability and resilience of buildings. Bordass and Leaman
[31] emphasised the importance of extending the evaluation of building functionality into a broader realm of systems thinking to en-
hance building performance. Subsequently, the STS theory has been adapted to create building-system functionality frameworks to
develop the post-earthquake functional recovery concept in the built environment.

To ensure a comprehensive post-earthquake functional recovery of office buildings, the two aspects of office building functionality
must be considered: physical and social factors. Building experts must work with the understanding that their role is, in part, to pro-
vide structural perspectives, technologies, and control systems within which users will choose their actions and devise strategies by
making adaptive decisions. These adaptive decisions will be based on users’ needs and preferences accompanied by comprehension of
essential building services and components [26,31]. Also, individual recovery processes vary from person to person [90]. The prioriti-
sation of essential building services and components is vital for the continuous use of buildings as well as for facilitating recovery fol-
lowing an event. Hence, for this paper, the conceptualisation of building functionality points to an integrated approach that considers
both the technical and social aspects of buildings. The interrelationships between the socio-technical components are constructed on
micro and macro-level perspectives.

4.2.1. Micro-level building-system functionality framework

The building functionality on the micro level is based on a single-level construct that shows the interactions between building
users and the office building/workplace. This is based on factors such as needs, wants, purpose, and level of performance of building
systems and components as illustrated in Fig. 3.

Fig. 3 demonstrates the interrelationship between the social and technical components. The social component shows the connec-
tion between the users and the building/workspace. The technical component on the other hand shows the link between the building
components and the function of a building. The users set the criteria for the use of the building or space which defines its purpose.
Without users, a building fails to meet its intended purpose [91]. The purpose of the building also shows the function of the building.
When a building fails to fulfil its purpose, it is considered to have not achieved its intended function [92]. Additionally, the needs,
wants, and preferences of the users influence the building systems and components to be considered in a building. For instance, an
enclosed office space will have a private space such that the user can control the internal environment like the temperature in a room
as compared to an open space office layout [93]. The level of performance of the building components determines the functionality
of a building. To optimise the use of an office building, the functionality of the building must meet the expectations of the users.

4.2.2. Macro-level building functionality

The macro-level building functionality system considers in a much broader context, multi-level constructs, that relate to both in-
ternal and external interconnecting factors. Apart from the four key elements, other factors such as building codes and regulations,
culture, and external factors could affect the overall functionality of a building. This philosophical stance is illustrated in Fig. 4.

From Fig. 4, the elements within the hexagonal building-system functionality are interconnected and represented by nodes. These
convey the notion that the functionality of a building can be influenced by multifaceted factors that extend beyond the micro-level in-
corporating all six nodes. Building codes and regulations set the rules, performance, and functional requirements that buildings must
adhere to. They also provide clear expectations buildings must meet including functional requirements. Generally, the functional re-
quirements address social concerns regarding the safety, health, and comfort of users. The building infrastructure comprises struc-
tural components, utility systems, communication networks, and transportation that are essential for the functionality of a building
[94]. Culture is contextual to the local environment. For instance, within a seismically active country, some areas could be designated
as high-risk zones whilst some areas will be low-risk. Thus, in prioritising building components and systems for functionality, there

fsocml COMPONENT TECHNICAL COMPONENT\

Building systems/
components

Office building
(workplace)

Performance

Expectations

\_ /

Fig. 3. Building-system functionality (micro-level).Source: Partially adapted from Bostrom & Heinen, [76] & Oosthuizen & Van’t Wout, [77].
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Fig. 4. Hexagonal building-system functionality (macro-level).Source: Adapted from Challenger & Clegg [79].

could be variations based on the needs and preferences of some particular people. Business culture influences the design and layout of
office spaces, the work environment, and even how resources such as technology and finance are utilised in managing building sys-
tems and components. Externalities affecting functionality refer to consequences to an individual building beyond the users such as
hazards and market demands [57]. For instance, the growing acceptance of a hybrid working model post-pandemic is driving the de-
mand for co-working spaces, and hot-desking. This, in turn, is influencing the structural forms, design, and functionality of office
buildings.

In summary, whilst the micro-level building-system functionality deliberates on the internal factors such that essential building
systems and components can be prioritised from users’ perspective, the macro-level construct considers a wide range of factors that
can substantially impact the overarching functionality of a building like utility systems.

5. Discussion

Functionality can be described as the overall capacity of a building to fulfil its intended purpose according to building codes and
standards as well as meet the needs and expectations of users. Building experts especially engineers regard the physical building with
its technical components adhering to building codes and standards while building users look beyond the physical building to consider
the social context. The functionality of office buildings, as perceived by users, is often driven by their distinct needs, requirements,
and preferences. In essence, while building codes establish the fundamental purpose of a structure, users prioritise their individual
needs and specifications when choosing office buildings.

The conceptualisation of users' version of office building functionality is a resource that partners and contributes to corporate
strategies. The physical functionality primarily encompasses aspects such as design and layout, size, effective space utilisation, and
risk management to ensure an acceptable level of safety for business operations. The social functionality includes a fit-for-purpose
that aligns with business goals and culture, quality of building and workspace for the comfort of employees, and social interactions. In
New Zealand, earthquake risk influences building user decisions. Tenants obtain structural reports to confirm the level of seismic re-
silience. The New Zealand Building Act 2004 [95] set the framework for managing earthquake-prone buildings. Although the Act in-
troduced a 34 % New Building Standard (NBS) as the minimum earthquake rating for existing buildings, tenants in high-risk seismic
areas target buildings above 67%NBS which results in high vacancies in buildings. To cite an example, in May 2022, the Ministry of
Education allowed their employees to work from home as a result of the low earthquake rating of their office building [96]. Moreover,
to meet the fit-for-purpose criteria for functionality, the alignment of an office building's structure and workspace layout must satisfy
the business goals, culture, and values. For instance, egalitarian organisations will prefer an open-plan workspace design to foster em-
ployee interactions, socialisation, and teamwork within a less hierarchical environment [15]. Pertaining to the quality of office build-
ings, workspaces should be flexible and adaptable to evolving work trends and business needs. For example, the primary strategy for
maintaining operations during the pandemic era was centred around remote working. Presently, the office market demand encom-
passes requirements like meeting facilities, co-working spaces, and hot-desking. Therefore, the functionality of an office building is
influenced by social factors as the needs and preferences of users play a crucial role in shaping structural forms and office building de-
signs.

In prior major earthquakes, lengthy and restricted access to commercial buildings forced building users to rent spaces and relocate
to spaces that may not have been optimal for their needs [97]. Consequently, it was uncovered that life safety alone as earthquake
performance of buildings is inadequate for modern buildings [51]. Following a major earthquake in which a building is declared safe
for re-occupation, businesses would want to get back to the building for continuous business operations. However, the responsibility
falls on the building users to determine how they can adapt to the disruptions till full recovery. The continuous use and functionality
of an affected building highly depend on the building users. As emphasised by Bruneau & MacRae [51], tenants who prioritise re-
duced operational disruption following an earthquake influence the selection of structural systems for specific buildings. Therefore,
the frameworks for building-system functionality offer a proactive approach to the post-earthquake functional recovery concept.

The building-system functionality approach is based on the needs and preferences of users, plus external factors that can impact
the overall functional recovery of a building following a disaster. At the micro-level, functional recovery is contingent upon the inter-
active adaptability of users where users identify and prioritise essential building services and systems to facilitate functional recovery.
The macro-level considers multi-faceted components that can influence the overall functionality of a building such as the building in-
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frastructure, culture, and building codes. The functionality of an individual building after an earthquake depends on external systems
like access to utilities and transportation systems which can prevent a building from functioning ([28]; [571, [94]). For instance, even
if a building sustains minor damages after an earthquake, a cordon of an entire neighbourhood or the damage to utility network can
significantly impact the functional recovery of an individual building. Additionally, the decision-making process for post-earthquake
functional recovery is profoundly influenced by cultural factors, particularly at the community level. The culture of a neighbourhood
plays a crucial role in shaping the functional recovery of individual buildings, as the recovery of one structure is intricately connected
to the recovery of others within the community [14,58]. Lastly, building codes and regulations can vary standards to expedite recov-
ery processes like fast-tracking building permits for repairs and minimising cordon periods. The macro-level building system function-
ality extends beyond the scope of an individual structure, encompassing integrated systems and services, plus community culture de-
signed to support functional recovery at the local level.

In contrast to countries like the United States (US), where the International Building Code is the main legislation addressing earth-
quakes, New Zealand (NZ) relies on the Building Act as its primary legislation for earthquake-related concerns. The NZ Building Code,
in this context, serves as a secondary framework outlining specific functional requirements and performance criteria. Yet, the Build-
ing Code concentrates on protecting lives but does not explicitly tackle the functionality needed to maintain a building's operations af-
ter an earthquake. Nevertheless, there is a clear need to incorporate building functionality into the codes with building owners proac-
tively retrofitting their buildings beyond the minimum code requirements (i.e. >34%NBS) and the adoption of the low-damage seis-
mic design (LDSD). Following the lengthy cordon of the 2010-2011 Canterbury earthquakes, the typical lease agreement would in-
clude clauses to protect tenants if their premises are inaccessible for extended periods with an option to terminate the lease. Appar-
ently, businesses occupying modern office buildings desire a reasonable timeframe to return to their buildings after a major event.

The rationale behind the study lies within the context of the current literature where assessments of post-earthquake functional re-
covery are primarily driven by engineering approaches including computer simulations like agent-based models (ABM) along with as-
sumptions, stochastic parameters, fault-tree analysis, and quantitative assessments [8-10,12,13]. However, these methods do not
provide a holistic estimation of the post-earthquake functional recovery concept. As emphasised by Molina Hutt et al [10], despite the
engineering approaches establishing the baseline requirements for the emerging post-earthquake functional recovery concept, the
building performance alone is not enough. Researchers underscore the need for empirical data to comprehend real-world recovery
processes and repair time such as planning and making decisions [13,14,98,99]. While structural integrity is crucial, certain decisions
and recovery processes are not solely dictated by structural factors [100]. To improve the resilience and adaptability of buildings after
an event, it is essential to expand the assessment of functionality by embracing a more comprehensive approach rooted in systems
thinking. This study utilised the socio-technical systems (STS) theory to ensure the involvement of users in understanding a building's
functionality, thereby promoting a practical post-earthquake functional recovery concept.

To integrate recovery-based objectives into building codes effectively, it is crucial to involve stakeholders such as building users as
emphasised by Sattar et al [4]. This entails understanding the social context and considering how users perceive the functionality of
buildings to facilitate functional recovery. Thus, this research is a bottom-up approach to foster user participation and engagement in
the post-earthquake functional recovery concept. The essential building systems and services necessary for continuous operations or
the recovery of buildings, along with external factors, will shape the functional recovery criteria to be incorporated into building
codes. This approach will prevent the building industry and market from devising their own strategies but instead, promote a stan-
dardised practical framework that will contribute to achieving multi-hazard community resilience.

6. Conclusion

A holistic post-earthquake functional recovery concept will require multidisciplinary perspectives. Prior major earthquakes
demonstrate significant business interruptions due to lengthy and restricted access to office buildings. Presently, occupants of modern
office buildings need a considerable amount of time to return to their buildings after an event. This study conceptualises users’ ver-
sion of office building functionality for post-earthquake functional recovery.

While building experts particularly engineers are focused on the physical structure along with the technical components to deter-
mine the functionality of a building, users consider other factors including social context. Beyond the acceptable level of risk and
safety that pertain to the physical structural performance, social factors include alignment with business goals and culture under the
umbrella of “fit-for-purpose,” the quality of space featuring modern fit-outs and technology, collaborative spaces that accommodate
office work dynamics and branding. The structural forms, physical designs, and layouts of office buildings are shaped by the social
considerations stemming from business needs.

The conventional concept of functional recovery primarily relies on the technical performance of buildings (engineering parame-
ters). Nevertheless, this study adopts a more holistic approach grounded in bridging social and technical perspectives, thus socio-
technical systems (STS) thinking. The STS was employed to formulate building-system functionality frameworks to consider social as-
pects that significantly influence functionality. In the context of post-earthquake functional recovery, which entails maintaining or re-
pairing the operational aspects of buildings, the micro-level building-system framework examines the inherent interconnection be-
tween users and their buildings to determine functionality. This approach assists in recognising and prioritising essential building ser-
vices and systems to expedite functional recovery. On the other hand, the macro-level framework considers external factors that can
profoundly influence the overarching functional recovery of a building. This facilitates the efficient allocation of resources to address
the most critical issues, thereby streamlining functional recovery efforts at the community level.

To achieve functional recovery and ensure effective risk reduction, the building-system functionality frameworks offer guidance
for empirical studies that focus on engaging and involving building users. This proactive step creates a basis for understanding users’
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perspectives and needs, which can be adapted and leveraged for different hazards, expediting recovery after a disaster. The user-input
engagement brings a layer of social considerations that will enhance quantitative models and computer simulations within realistic
timeframes. Ultimately, the involvement of users will build trust and confidence in the post-earthquake functional recovery concept
when integrated into building codes.
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